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Abstract

Unit 1 of the Kuosheng nuclear power plant has entered the
decommissioning stage and Units 2 will enter the decommissioning stage
immediately after the expiration of the operating licenses in 2023. In order
to regulate the safety of the spent nuclear fuel temporarily stored in the
vessel during the transitional phase of the decommissioning, this study will
perform LOCA transient analysis and safety assessments to assist the
regulatory agency in reviewing works. The research results include the
completion of the safety assessment during the loss of coolant accident in
the transition phase of the decommissioning, the effect of different decay
heat conditions, the effect of the isolation environment in the accident
development, and the assessment of the reliability of LPCI and the fuel
integrity.

Furthermore, CAMP is an international program for sharing
assessments, research, code development, and accident analysis for reactor
and plant systems. Taiwan could obtain the latest advanced thermal-
hydraulic analysis program version through the CAMP, and this project
will strengthen the technical capabilities of domestic's safety assessment
through technical experience exchanges with the United States. In addition
to collecting and obtaining the latest version of the program released by the
USNRC, this research also integrates the latest developments and
regulatory experience of EU countries and regulatory agencies, which is

helpful to feedback to domestic nuclear regulatory agencies.
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b /= (cm) 1.005
&% P2 (cm) 0.884
EEH Zr-2
% »2 % & (gm/cm?) 10.50
#At 2 E 42 (cm) 0.867
R Y T3 396
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© 3D Vessel x
Nodalization | Connections
Select Axis |Axial Levels
Level Length Position
m m
10 1.0 24 336524
9 71 23.336524]
3 34106 16.236524]
7 1.784 12.825924]
i} 1783 11.041924
5 1.4097 9258924
4 25527 7.849224
3 0.27788616 5206524
2 1.6286378 5.0186378
1 3.39 3.39
Translate Zoom Rotate
A 2 A
< ' p g <8 p
v 2 v
“~
Close
NE L= R~ A L S
B 3.1.3 & )f&}é-"— o f\?iﬁ‘“@'&: T_F m
© 3D Vessel X
Nodalization | Connections
Select Axis |Radial Rings
; Radius Position
Ring
m m
1 2.31648 231648
2 1.03632 3.3528
3 376 7.1128
Translate Zoom Rotate
N 2 N
L8 p by LE P
v 2 v
“~
Close
NE | ‘.1 - i L =2 A T
B 3.14 F BReEdsr BB EeKIE &
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@ Volumetric and Edge Data - Vessel 20 hed

LDV I EEN Display Mode Ring |All E|
Volume & Area Frac > 1.0
. Volume (m’) Levels Ring: 1 Ring: 2 Ring: 3
} If’,-1.Tj_:_3__ || volume Fraction Sect 1 Sect 1 Sect 1
“\‘ o Void Fraction Level 10 1.0 1.0 1.0
T - Level 9 1.0 1.0 1.0
Initial Vapor Temperature (K} Cevel B 10 10 0.0
Initial Liquid Temperature (K) Level. 7 10 10 0.0
Level: 6 1.0 1.0 0.0
Pressure {Pa) Level: 5 05533 05533 0.0
Noncond. Partial Pressure (Pa) Level: 4 05533 05533 0.0
Side View i Level 3 0.5533 05533 0.0
Boron to Coolant Mass Ratio Cevel 2 05533 0533 0.0
Level:10 [ _______ Plated-out Boron Density Level: 1 0.5533 0.5533 0.0
Level:9 | ___________ Boron 10 Mass Fraction
Level:s | ___________ Level Tracking
Level:? | ___
Levell6 | Tube Rows
Level!s | _____ Flat Plate Geometry
Levelrd Lo 0 Narrow Rectangular Geometry
Level:3 [ ___________
Lavel 2 Short Dimension over Long
Level: 1 :| Long Dimension (m)
5? Surface Area Ratio ?

B 315 F Rl R8MAEL~SFRELT 6

@ Volumetric and Edge Data - Vessel 20 =
Top Down View l/CeIIs r Edges | Display Mode - ’:EA”
‘|| Volume & Area Frac > 1.0 :
_ Volume (m’) : y— Ring: 1 Ring: 2 Ring: 3
e | volume Fraction Sect 1 Sect 1 Sect 1
1 Lo }I__:_:i_ :
v || void Fraction Cevel 10 10 10 10
Initial Vapor Temperature (K) tx:: g g gg 3 g
Initial Liquid Temperature (K} Level: 7 0.0 0.0 1.0
2 Level: 6 0.0 0.0 1.0
|| Pressure {Pa) Level:5 0.0 0.0 10
Noncond. Partial Pressure (Pa) Level: 4 0.0 0.0 1.0
Side View | Boron to Coolant Mass Ratio tm:z g g gg 1 g
Level:10 [0 .. Plated-out Boron Density Level: 1 0.0 0.0 1.0
Levell® | ___________ ;|| Boron 10 Mass Fraction
Level8 [0 20 | Level Tracking
Level:? | :
Levets | : Tube Rows
Levels | ___ ________ || Flat Plate Geometry
Leveld | ‘|| Narrow Rectangular Geometry
Level3 | ___________ :
Levet2 [ || Short Dimension over Long
Level: 1 || Long Dimension (m)
| surface Area Ratio
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@ Volumetric and Edge Data - Vessel 20 hed
Top Down View : (Cells r Edges |
: Ring: 1 Ring: 2 Ring: 3
Face : LEas Sect 1 Sect 1 Sect 1
s Flow Area (m?) Cever 10 10 70 00
Tk 3 Level: 9 1.0 1.0 0.0
o S Flow Area Fraction Level- 8 10 0.0 0.0
Geen Hydro Diameter {m) Level: 7 1.0 0.0 0.0
Level: 6 0.0 0.0 0.0
F. Vapor K-factor Level: 5 0.0 0.0 0.0
F. Liquid K-factor Level: 4 0.0 0.0 0.0
X Level: 3 0.0 0.0 0.0
Laminar Shape Factor Level: 2 0.0 0.0 0.0
e — Initial Vaper Velocity (m/s) Level: 1 1.0 0.0 0.0
Initial Liquid Velocity (mis)
Level:10 L ___________ Liquid Wall Fric Mult
Leveld | ______ X
Levets | Vapor Wall Fric Mult
Level:? | ____ Orifice Option
Level &
———————————— Abrupt Area Change
Levels | _______ g ¢
Leveld | _____
Level3 | - _________
Level:2 | _____
Level: 1
4l Y
Close
e S A : [ S
B 3.1.7 F et s Rl BAEAS TR LT
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&) Channel g (Fuel Rad) - Properties View *
[¢ Il Channel 9 (Fuel Rod) =
 General [ ] Show Disabled |*|
Component Name Fuel Rod I:' ™ 7
Component Mumber 9‘ ™ 7
Description =none= E T 7
Component Geometry Cells: 27 E ﬁ ?
Initial Conditions [Valid Conditions ] E ﬁ ?
Friction Kfac (0.0,0.0,0.0,0.0,0.0,00,0. % |[§4 9
Wall Roughness | U.U| (m)| 4 | ™ 7
Inlet Vessel 20 Cell 1,1,2 Positive Axial E ﬂ ?
Outlet Vessel 20 Cell 1,1,6 Megative J‘\HIF ﬁ ?
Cross Flow Connections [0] Connections F ﬁ ? i
Leak Paths [0] Leak Paths E ﬁ ?
Axial Heatstructure Properties | [25] Fuel Modes, [2] Rods, [1]Wa...E ﬁ ?
Liquid HTC | 0.0| wim?y| 4 | [ 2
Vapor HTC | 0.0| wim?ny| 4 | [ 9
Outside Liquid Temp. | 333.U| (K}: ﬁ ?
Outside Vapor Temp | 313.U| (K}: ﬁ T
Advanced BWR Desiagn ® True ) False ™ 7
Rod Symmetry ‘[U] Constant Pitch-to-Diameter ‘v ‘ ﬁ T
Surface Rays | ol |79
Fuel Bundles | 624] [ 9 |-
Rods per Row | 10 [ P
Lower Unpowered Cells | 1| ﬁ %
Cells Below Lower Plate | 1| 8P
Use Radiation Enclosure i True im0 False ™ 7
Pitch-to-Diameter Ratio | 1.2889| (—}D ﬁ 2
Rod Locations BIak
Water Rods [1] Water Rods ==K
Fine Mesh Reflood ) True ® False ™ 7
Radiation Model ‘[n] On ‘v ‘ ™ 7
Anisotropic Calculation ‘[U] on ‘v ‘ ﬁ ?
Enable Mixed Numerics () Trug ® False ™ 7 -

Close

@] 3.1.8 CHAN = i* 2
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@ Geometry - Channel 8 (Fuel Rod) X
Row Order |Automatic
Cell Vol. Avi 2D Drawin
Nomer Volume (m) | Lengtn(m) | Neag(mz) DZ (m) o £
27 153519863 01524 0.010073477| 01524 =
26 1.535198E-3 01524 0.010073477| 0.1524) ]
25 1535198E-3 01524]  0.010073477, 0.1524) O
24)  1535198E-3 01524]  0.010073477| 0.1524) O
23 1535198E-3 01524 0.010073477| 0.1524) O]
22| 1535198E-3 01524]  0.010073477, 0.1524) O
21]  1535198E-3 01524]  0.010073477| 0.1524) O
200 1.535198E-3 01524 0.010073477| 0.1524) O]
19 1535198E-3 01524]  0.010073477, 0.1524) O
18 1535198E-3 01524  0.010073477, 0.1524) O
17 1.433436E-3 0.1524]  9.438949E-3| 0.1524) O]
16 1438496E-3 01524]  9.438949E-3| 0.1524) O
13 1.438496E-3 0.1524]  9.438949E-3) 0.1524) O
14 1.433496E-3 01524  9.438949E-3] 0.1524) O]
13| 1438496E-3 01524 0.438949E-3| 0.1524)
12 1.438496E-3 0.1524]  9.438049E-3] 0.1524) O
11 1.433496E-3 01524  9.438949E-3] 0.1524) O]
10 1438496E-3 01524 0.438949E-3| 0.1524)
9 1.438496E-3 0.1524]  9.438049E-3] 0.1524) O
8 1.433496E-3 01524  9.438949E-3] 0.1524) O
7 1438496E-3 01524 0.438949E-3| 0.1524)
6 1.438496E-3 01524 9.438049E-3] 0.1524) O
5 1.433496E-3 01524  9.438949E-3] 0.1524) O
4 1438496E-3 01524 0.438949E-3| 0.1524)
3 1.433496E-3 01524 9.438949E-3| 0.1524) O
2 1438496E-3 01524]  9.438949E-3] 0.1524) O
1 26229533 027788616  9.438949E-3| 0.27788616,
Total| 0.040990865] 4.2402862 0.2611969] 4.2402862|
Calculate
@ Volume () Length () Area
Cells Edges | Orientation
N > 3 rpbkal YL 2 e T
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@ Define Radial Geometry X

Mesh Options
@ Standard Mesh| () Finite Element

Material Regions | Add || Remove |
Material Inner Radius (m)| Outer Radius (m)| Thickness (m)| Calculation | Mode Count| Start Mode (m)
Material 1 (Mixed Oxide) 4.276264E-3 4.2?5254E—3|Manua| 4
Material 3 (Gap Gases) 4 276264E-3 4.3595E-3 8.323624E—5|Manual 2|
Material 2 (Zircaloy) 4.3595E-3 5.02539E-3 5.558902E~4|Manual 2

Radial Intervals | Split | | Merge |
Interval Material Inner Cuter Relative Relative Thickness (m)
Number Radius (m) Radius (m) Inside (-) Qutside (-}

1 WMaterial 1 (Mixed Oxide) 0.0, 1.976861E-3 0.0 039337474 1.976861E-3
2 WMaterial 1 (Mixed Oxide) 1.976861E-3| 3.953723E-3| 0.39337474| 078674948 1.976861E-3
3 Material 1 (Mixed Oxide) 3.953723E-3| 4.276264E-3 0.78674948 0.85093168| 3.225406E-4
4 Material 3 (Gap Gases) 4 276264E-3 4.3595E-3| 0.85093168 0.86749482| 8.323624E-5
5 WMaterial 2 (Zircaloy) 4.3595E-3 5.02539E-3| 0.86749482 1.0/ 6.658902E-4]

o o]

B 3.1.10 * 7+ 2okl iie K LT 6

) Edit Outer Wall Surface

2] x

Outside Component Vessel 20
Cell Boundary Condition
Cell: 1 |vessel: 20 Cell: [1][1][3]
Cell: 2 |vessel: 20 Cell: [1][1][3]
Cell: 3 |[Vessel: 20 Cell: [1][1][3]
Cell: 4 |vessel: 20 Cell: [1][1][3]
Cell:5  |vessel: 20 Cell: [1][1][3]
Cell: 6 |Vessel 20 Cell: [1][1][3]
Cell: 7 |vessel: 20 Cell: [1][1][3]
Cell: 8 |vessel: 20 Cell: [1][1][3]
Cell: 9 |Vessel: 20 Cell: [1][1][4]

Cell: 10 |vessel: 20 Cell: [1][1][4]
Cell: 11 |vessel: 20 Cell: [1][1][4]
Cell: 12 |Vessel: 20 Cell: [1][1][4]
Cell: 13 |vessel: 20 Cell: [1][1][4]
Cell: 14 |vessel: 20 Cell: [1][1][4]
Cell: 15 [Vessel: 20 Cell: [1][1][4]
Cell: 16 |vessel: 20 Cell: [1][1][4]
Cell: 17 |vessel: 20 Cell: [1][1][4]
Cell: 18 [Vessel: 20 Cell: [1][1][5]
Cell: 19 Jvessel: 20 Cell: [1][1][5]
Cell: 20 |vessel: 20 Cell: [1][1][5]
Cell: 21 |Vessel: 20 Cell: [1][1][5]
Cell: 22 lvessel: 20 Cell: [1][1][5]
Cell: 23 |vessel: 20 Cell: [1][1][5]
Cell: 24 \Vessel: 20 Cell: [1][1][5]
Cell: 25 lvessel: 20 Cell: [1][1][5]
Cell: 26 |vessel: 20 Cell: [1][1][5]
Cell: 27 |Vessel: 20 Cell: [1][1][5]

‘ OK H Cancel ‘

B 3101 & ¢ s F o rd b2 B R iEe
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©) Rod Locations - Channel § (Fuel Rod)

Rod Groups

1| Average Rod [83]
Fuel Rod 1 [8]

Water Rod 1 [9]

-
=

[
w [=-] - [=:] (3] - [#) %] - -—

PoPPRReeRe) -
PPORPLOO ~
Do) -
PooRRoLRR) -
PPoRReeRIR) -
DEEEEEEEEE

=
[=]

B 3.1.12 k=% 7 2 F

1 2 3 456 7 8 910111213 14151617 18 19 20 21 22 23 24 25
P B

Bl 3.1.13 $he # 54 57 & Bl
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© Edit Constant Power Shape >

Axial Laocation (m) 1
1 0.084805724 0z
2 025441717 077
3 042402862 0.89
4 0.59364007 0a
5 0.76325152 0.9z
B 093286296 0.94
¥ 1.1024744 1.0
8 1.2720859 1.02
g 14416973 1.06
10 1.6113088 1.1
11 1.7809202 12
12 1.9505317 123
13 21201431 1.29
14 22897545 1.35
15 2459366 1.38
16 26289774 1.395
17 27985889 127
18 29682003 1.26
19 31378118 1.21
20 33074232 1.16
21 34770347 1.08
A 36466461 0.95
23 38162576 0a
24 239858649 0.36
A 4 1554805 017
OK Cancel

B 3.1.14 $he 2 T o F X T ] &
Valve Type [1] Flow Area Fraction Table - ‘E @
Component Geometry Cells: 2 F v 7
Initial Conditions [ Valid Conditions | el 9

Bl 3.1.15 VALVE 2 # 5 #%

A-26



Q) Geometry - Valve 70 (4.4)

Row Order |Automatic -
Cell - Waol. Avg. 20 Drawing
Length DZ
Mumber Volume (m’) engih (m) Flow Area (m?) (m) Pivot
7 7 5088E5 0.05 151976E-3 005 ]
2 7.5088E-5 0.05 151076E-2 0.05 L]
Total 151976E-4 01 3.03952E-3 01
Calculate
i Volume O Lenath O Area
Cells | Edges | Orientation |
Close
B 3.1.16 VALVE 2 %0 2 1% 2 F w
Minimum Position 0.0/ ()[][y P
Maximum Position | 10| HD P
B 3.1.17 VALVE & & /i m &K T_P m
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Max Flowrate Change

'1.UE2[J| {kg.if}

&) Fill 100 (LPCI) - Properties View x
| /A Fill 100 (LPCI)] -]
v General Show Disabled |+
Component Name ||_|:r[;| | ™ 7
Component Number | 1UU| ™ 9
Description =none= = ™ 9
Inlet Yessel 10 Cell 2,1, 4 Positive Radial E ﬁ ‘i’
Fill Type 51 Mass Flow Table Bk
Length | 05 m) | [P
Volume | 1.0| m3| > ||B 9
Initial Gas Volume Fraction || U.U|{—}T ™ 9
Initial Liquid Temperature | 324.67| (K}T ﬁ ‘I’
Initial Vapor Temperature | 324.67| (K}T ﬁ ‘i’
Initial Pressure | 1.051E5| {Pa}f E ‘i’
Initial Noncondensable PP | U_U|{Pa}f L 7 L
Initial Solute Ratio | u.n|{-}T Vals
Initial Coolant Mass Flow | U.U|(kg’s}T ™ 7
Liquid Vel | n_n|{mrs}T ™ P
Vapor Vel | U.U|{rrh‘s}f ™ 7
Timestep Holdover | u.nh—;i Nl 7
| o
Bl
EY
s‘

Fill Table Rows: 4 [0.0,0.0],[722.0,0.0],[723.0,318.0] [1.0E... ™ 9
Rate Factor Table Rows: 0[] ™ 7
Table Signal Problem Time 1011 N 7

B 3.1.18 LPCI ;i-k % 3L FILL X 2_F o
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© Break 50 - Properties View e

I? LY |Break 50| =
v General [ ] Show Disabled =
Component Name unnamed |:| ™ 7
Compenent Number 50| 7Y 9
Description <none= ™ 9
Inlet Pipe 40 Cell 2 outlet w P
Break Type [1] Input Pressure Table - ‘E ?
Temperature Table Option ||[0] Enter liguid/gas temp - ‘E @
Fluid State Option [0] Last Interp State Held Const. - ‘E ? 3
Length | 01| (m) ||| 9
Volume | 158.93921| (m¥ | || P
Initial Gas Volume Fraction || 10| HD ® P
Initial Mixture Temperature || 130/ ) [ [ P
Initial Pressure | 1.013€5| (Pa) | 0| A @
Initial Noncondensable PP || 0.0 {Pa}l:l P
Adjacent Pressure Flag i True (& False ‘E @
Max Pressure Change Rate | ‘1.DE2E|| (Pals) :I ‘E ?
Break Table Rows: 2[1.0,1.013E5][1.0E41.01. |3 | & ¥ | |
Rate Factor Table Rows: 0[] ™ 9§
Break Signal Problem Time 1 @ ™ 7
Break Trip =none= EI Nl

Close

@ 3.1.19 BREAK X Z_} w
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300

299.5

299

298.5

298

2975

Temperature (K)

297
296.5
296
2955

295
0 1 2 3 4

Time (hr)

= TRACE R R B
%l 3.1.20 'z iR R R KR R ORGR 2 Bcdp & TRACE 4255 1
28

202

200

198 ~— o —

Flow rate (kg/s)

194
192

120
0 1 2 3 4

Time (hr)

e TRACE B e M R B
LIRR AR RS E; SRR R TR ST i R b S

TRACE 423\ v #i
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298

2975

297

296.5

296

Temperature (K)

2955
295
294.5

294
0 1 2 3 4

Time (hr)

e TRACE gtk e
B 3.1.22 “,f X iE R HP R AR A "$ A EL R TR R T ORUR £ By &

TRACE #2378 vt #2
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B #RBF LARHR)RH % > RHR ¢ 7 £ Fk 3 i
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FAUE BB EESLRREEIE 047 mo inG S
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60°C » KRG % s B E £ RIK 5 - + § & 1.013x105 Pa » £
B AR R RS R AE R E RN 5 233 m &

BRAEEFLEREIPIERRINF Y 0 N RER

ALY TERR RN R O FIL BT R TR SRS F
AT E 5 T_E o
A 7 %

AAOYTES B LR T A (FEHARA)ZIEEITLA
AEG(KH- ) B 3.1.23 2 A AE bR e SRR
FRUCE o BT ESSET A LOCA T&F EA DT
PR R K 5 2900k REF A Aok SR A o kR
BOUE LR MR EERT PR AR RARK B R

1§ lj; ]if%lj; ?E/rlﬁu§§0kg/5;E;'}’/I\’Fr—rf(ﬁ/

kv F BB XK 5 F 2L BRg A 22 LOCA BF g
K ] Jet Pump i&-k3V R R {6 LIEE FRE D 0 F
Ygrs R g TR X)) 2/3 AL B R Ry 4o 3.1.24 4757 o ] 3.1.25

SAAEGFE RSB SR L ARE S LA
‘—’,B:“’:E‘:_i"g ,,l: «uﬂ”’}\l“'j‘g"'/\i‘_—a‘[lg—; 716 Av\éfﬁ“kf‘};}”fg—)}ébt"—
12 B (Bottom of Cavity) » ¥ #5548 .5 9.46 4 455K i "% 3 %

L7 4 (TAF) » 0 P 50 B doik f > 5 Tk 8 5] 2/3 0 3 B
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ARG GHAIEE R 3120 A AAEH Y EPF R ERER
2ZRE 0 BP RETEEREARSN T RF AN 247 /)
PR AT R & E &8 2 BRE G 600°C (873K) > F #
EE3S5A ) FRERRERPI A IV RF A ERF RT800°C
(1073K ) B3t o AR 20 BB > 7 i FIH B H AL
A IR %ALY TRACE 42583 8 2 #01 » Tt 4258 f #
R

=3
B

b ood T s % ATRIUM-10 #4845 - &

N

FrARGpH BRGNP R 2 1R 5 25 &8k 2 LOCA
Fs e o 2AERESRERERE AR 22 0 F R B
TR R AART B4R 3.1.27 #1or o
TRACE #2;% a3t B L2 S Bl g pF > € Fla HAppin ~
S AERES G A P A BB TP FATRTER
¥y TSt P fA# 8 Regime if i o TRACE #2583+ & Wil
% B3 Regime PF » B A A4 /8 RAEHY %o 1~9 %
T_3%:Regime | % 77 ;% %8 H 4p 44 (¥ (Liquid Single Phase); Regime
2 % % $2 A %6 # @ (Nucleate Boiling) ; Regime 3 4 7= i J& 1% i*
"% @ (Transition Boiling) ; Regime 4 # 77 5|32 i 550 A4
@ (Inverted Annular Film Boiling) ; Regime 5 % 7= & g7 5

"4 19 (Dispersed Flow Film Boiling) ; Regime 6 # 7 H 4p 7%
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#. @ (Single Phase Vapor) ; Regime 7 # 7+ 4 % %4 i@
(Condensation Film) ; Regime 8 # 77 & %4 @4 B {rjk p 44 1@
z_ B en g % (Transition Between Film Condensation HT and
Liquid Phase HT) ; Regime 9 # 77 47 K 4c # B 4 &4 @
(Feedwater Heater Condensation) - ] 3.1.28 # &7 %&li% & 2k
58810~ 88152 822 LOCA #iF™ 2 #
% Regime 3+ & % % » 2+ B 2% ¥ 1 {7yl LOCA ¥ &
WEAET o Hod SRRl TR b S ik B LT /€ _Regime 1 F) Regime
20 T IR E AR B F T A RS P AER B
B IOk 2t & 8E1S i ~ Regime 6(H 4p 77 @ 41]) o
AR A AL 9825 3 9822 3 i » 3| Regime

To mARYOEHRY S AL REEN FRSERY AR

-

W kBB VR R A R 21 T R

Bl € A4 BB E -

T RN T A B £t FBE ERFT
BB ET RSB EARFEF LB RF ot E =
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Zr + 2H,0 - Zr0, + 2H, + heat

R 3.1.26 ¢ g I E AE R R R B 1000K =+ 1R
B b Akl F 4 pohg e 4e o B 3.1.29 5 TRACE #2583+ 8 o)
BEEERF LV HEEETEROM AR B T g3
FRRBE I073K 18 > ER F vt bl Pesd Ff 4 B D4RV E
BEabpr k] 1.98% W 3.130R 5 & 5§ A& 2EEER B
G - RT U IFEREABE 103K 8 §F A E P
HAvE DA2N @ H R FRTI 1128 27hd § A4 BE o

FERR R R EEF RP LIRS O S
LOCA Ty ph i e R R~ P g B R F T
BLRARG BRSO P AF T REPC R RFTRT TR
22 BEH(BHETX 302 ~60% ~90 % ~ 180 % ~ 11 %
365 X )i T AP et o B 3.1.31 L & - 3 % b vk
ERCE Y T s BRI T
TR RRAD B RE R KR R D] TAF 2
RER LG RS SR A A AR BT B
e g kD 23R EF R MERERRL] AR RE
SATR EFERER AT FIM B 3131 P s BRI o F

KM 23 G RS B kT 2 sk Bty

A-37



TR R AL A BT AL L R AR
FIpL 4 FroR R FE IR EE T AR R o i
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o | ] PO
dispersed IR | | [3‘ | Lo - droplet entrainment
droplet ¥ GI 1 0 from the film
flow 2 gl : a -
o ¥ +— = droplet deposition
"‘T;,':,:L} ; u_, ¢ n’ on the film
]ﬂ_no: | : 5 G o - — = velocity of droplets
annular IiU | i ’ = dragged by gas
flow ]: II | : 0 o a Lh? - velocity of liguid film
\ |d I S | drogged by gos
o\ Jod | |
~a_ : ‘Y/(El I TT‘D v - gas velocity
| 1 '
slug G| | . i - film evaporation
f At | i (or condensation)
- ue) X 90 '
50 % | = - droplet evaporation
Do E el O ¥ {or condensation)
bubble 2 i | IE)O o
How Og| . a 099'- vt - heat transfer from
J 2 “0L 2] the wall, beiling

Bl 3.2.2 /8 g i p #TA 2 & 8756 (R.P. Chhabra. et al., 1999)

Framework Improvements

l Current Work
V5.0 V5.370 V5.802 V5.1240 V5.0 p7
(2007) (2010) (2013) (2019) (zozz)l
1 1 ] ] [ | 11
| | | . I »
t V5.1082 V5.1263 V5.1560
(2019) (2019) mprovedDropField
. (2021)
Initial
Implementation
of Droplet field
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Total Continuity

d(agp, + (1 -

(g ),0;)

dt

Total Gas Continuity

da

Droplet Continuity

dapp
dt
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Continuous Liquid Equation of Motion
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Droplet Equation of Motion
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Nomenclature
g —gas
[ — liquid
D — droplet

Constitutive Relations
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Interfacial Area Transport Equation

da

@_; + V- (aﬂ_f p) = ﬁbfﬂ-m. T (.bpool + ¢Pf1

B 3.2.6 * & wés’é‘ﬁ%ﬁ #25(4 p USNRC f 3F)

Film Entrainment Pool Entrainment Phase Change
(Wang, Sawant, Ishii 2019) (Yoo et al. 2019) THBEE "5'02;%‘20“’ Rl
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B 3.2.7 ¥r#l > A2 e (3 p USNRC # 48)

FLECHT-SEAST Facility Description

Geometry

Full-Scale electrically
heated 17x17
Arrangement

Pressure Test

Range

L. low Diwgran for Forces
Avfzed

Power Test 0.89-2.3 kW/m
Range
Plenum 0.14-0.41 MPa

Flooding Rate
Test Range

10.2-152 mm/sec

Inlet Subcooling
Test Range

ioed Cosfipuret 3=
BT SEARET Lrblaend
ey

3-78°C
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B 3.2.9 TRACE #i-5¢ ¢

= 2 #3)(3% p USNRC ff 4)

Test No. Flooding Pressure Initial Coolant Peak rod Number of
rate (m/s) (MPa) rod temp. power failed rods

temp g9 (kW/m)
(O

31701 0.1550 0.28 872 53 23 2

31302 0.0765 0.28 869 52 23 4

31203 0.0384 0.28 872 52 2.3 2

31805 0.0210 0.28 871 51 2.3 2

32013 0.0264 0.41 887 66 2.3 2

34209 0.0272 0.14 891 32 23 5

B 3.2.10 pl:F &3 p USNRC § 3%)
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& 3.2.11

7=1.2192 m

7=1.9812 m

Z.=2.4384 m
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Low Flooding Rate

Z=1.2192 [m]

TRACE Calc. of FS Test 31B0S

Rl Clnd Tarn pawisbyrest o 4 B ooy oo B3

w= TRACE rlin-6A01RD7®1.2192
-- data 12D-048

-- data 2H-D4B

-- data 5H-048

-- data 5)-048

-- data BH-048

-- dama BK-D48

- data BN-048

Time {sec)

TRACE V5.0 P7

TRACE Cale. of FS Test 31805
Red Clsd Temperstures atd t from Hestel Bottam

1500 - -
1400 == TRACE rftn-6A01R07@1.2192
-~ data 120-048
- - duta 2H-048
1200 -+ duta SH-D48
_ 100 -~ data 5]-048
) - data BH-048
g 1000 -~ data 8K-D48
§ 900 - data 8N-048
S
£ 600 1
v 700 ]
§00 J
500 J
400 3
300 " L i
] 200 400 600 500 1000
Time (sed
3-Field TRACE

Mk (a8 Tampermines & e

TRACE Cale. of FS Test I1EDS

et omsn

== TRACE rfin-6A01RD7dP2.4384
-- data 11K-096
data 12D-096
-- daa 121096
-- dana 121L-096
data AL-0%
-- dana SH-096
- data 6E-096

== dats 9H-096

400 600 BOO 1000

Time {sec)

TRACE V5.0 P7

TRACE Calc. of FS Test 31B0S

e Clast Temperamiren it & fe fom Hemad Somom

K

nperatune

Tes

== TRACE rfin-GAO1RO72.4384
- dats 11K-006

-« data 12D-096

-- dana 121-096

- dana 12L-0%6

-+ data AL-096

-- dana SH-096

- data 6E-0D6

- data TE-09%6

-+ dana TM-096

- data BK-096
-- dats 9H-096

400 600 BOD 1000

Time (sec)

3-Field TRACE

Temperature (K}

e Clad T

7=2.4384 [m]

TRACE Calc. of FS Test 31805

Ve o 6. R o Haed Bemam

== TRACE rfin-6AOLRO7@1. 9812
-- dmalOD-078
-- data 11G-078
-- daa 11K-078
== dma 12D-078
-- dats 13F-078
-- daa 141-078
-- dans 6F-078
-- data 6]-078
-- dana 6K-078
-- data 6L-078
-- data BK-07B
-- data BN-078

Time (sec)

TRACE V5.0 P7

600 800 1000

TRACE Cale. of FS Test 31805

Pad Clad Temperstures 3t 6.5 Ft fram Hewted botter

1500 T .
. we TRACE rfn-6AD1R07&1.9812
-+ dxta100-078
13do -+ datn 110:078
1200 - data 11K-078
it -+ datn 120:078
S -~ duta 13F-078
i - data 141078
E e - datn 6F-078
& g0 - data 6]-078
ki - datn 6K-078
700 - datn 6L-078
600 -- data BK-078
s00 - data BN-078
400 1
300
o 200 400 &00 800 1000
Time (569
3-Field TRACE
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Medium Flooding Rate

7=1.2192 [m]

TRACE Cale. of FS Test 311302

Mot Chind Termparatares 41 4 B bz Hhaaticd Bemoen

TRACE Calc. of FS Test 31302
Rod Clad Tempervtures ot & ft from Hewted Bottorm

150 r - - - 1500 - . - -
1400 == TRACE ritn-BAO1RD7@1.2152 1400 == TRACE rtn-5A0 1 RO7S1.2192
-- data 12D-048 - data 120-048
data 2H-048 148 data 2H-048
-- data SH-048 1200 - data SH-D48
-- data 5)-048 1100 - duta, 5)-048
- data BH-D48 =3 -~ data BH-048
] - data BK-048 g 1000 - data 81048
23{ data BN-048 % 900 .. data BN-D4E
H g 500
= 1 " 700 1
4 600 4
4 S00 4
400
- T
300 300
S0 100 150 200 250 300 50 100 150 200 250 300
Time (sec) Time (sed
TRACE V5.0 P7 3-Field TRACE
Z2=1.9812 [m]
TRACE Calc. of FS Test 31302 TRACE Cale. of FS Test 31302
Rt Clad Tariparatiret i 6.9 & o Mt Simsen Rod Cisd Temperstures 1 6.3 FL hom Heated Bottom
1500 - - r : & 1500 T T T s T
w= TRACE rfin-6A0LRO7@'1.96812 1400 == TRACE rtn-6AD1RO7&1.9812
i o data, 100-078
data 10D-078 THiiti ntn
data 13C - data 13G-078
-+ dana L0-078 1200} - data 181-078
- data 3L-078 1100 - data IL-07E
data 6F-078 e - data 6FO78
-- data 78-078 £ 1808 data 7B-078
-- daa 7D-078 E s00 - data 7D-078
data BH-078 §- 800 - data 8H-078
-- data BK-078 [ data, BK-078
- data EN-078 7na - data BN-O78
= 500
J 500 ]
- 400 -
100 300 L : A .
) 50 100 150 200 750 300 50 100 150 200 250 300
Time (sec) Time (sec
TRACE V5.0 P7 3-Field TRACE
Z2=2.4384 [m]
TRACE Calc. of FS Test 31302 TRACE Calc. of FS Test 31302
Rod Ciad Tempenture ¥t § 1t frem Hevted Bo ttem Rod Civd Tempentures 3t 81t from Hevted Battom
1500 T T T T T T T T T T 1 1500 T T T T T T T T T T ' 2 1
1400 += TRACE rftn-6A0TRO7 2 2.4384 s TRACE rftn-6A0 1 RO7 @ 2 4 384
: - data 10)-096 -+ data 10J-096
00 dats 10K-096 dwt 10K-086
1200 - data 120-096 - duta 120-096
1100 - data, 121096 - data 121-096

Temperature (K)
"
e
=]

- data, 121-096
-~ data 130-096
-« duta 2H-096

- data 41-096
-- dwta 5F-096

- data, SH-096
-- data 6F-096
- data 7D-096

data 7M-036
data 8K-096

100 150 00 250 300 350 400

-- data 9H-096

Time (sed

TRACE V5.0 P7

Temperature (K)

datn 12L-096
-~ data 130-096
-~ data 2H-008
-~ data 41-096
-~ data 5F-096

duta 5H-096
-~ data 6F-096
-~ data 7D-096

data 7M-096
-~ duta BK-096

-- data 9H-096

50 100 150 200 250 300 350 400

Time (sed

3-Field TRACE

B 3.2.13 7 jiFr 8 2% (@E A USNRC f 4F)
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High Flooding Rate

TRACE Cake. of FS Test 311701

Rt Clad Tarmparaancs o 4 & fom Ml Smem

7=1.2192 [m]

TRACE Cale. of FS$ Test 31701
Red Ciad Tempentures 3té (L Mom Hevted Bothom

1500, 1500
1400 == TRACE fiin-6AQLRO7@1.2192 1400 == TRACE rftn-6AD1RO7&1.2192
-- data 120-048 -~ data 120-048
1300 - daa 2H-048 11m - data 2H-048
1200 -~ data SH-048 1200 - data 5H-048
-- dama §)-048 - data 5)-048
“ data BH-048 = data 8H-048
L -- data BK-048 t - data BK-048
3 -+ dana BN-048 H -- data N-048
B ] i ]
e ] = |
. . L i 300 i A L . i
50 ) 100 120 140 40 60 80 100 120 140
Time (sec) Time (sed
TRACE V5.0 P7 3-Field TRACE
2=1.9812 [m]
TRACE Calc, of FS Test 31701 TRACE Calc, of FS Test 31701
fod Ol Tarsiparasirest ot 6.9 . thomn Phasmect amorm Red Cind Tempensture ¥ 6.5 £t frem Hevbed Battom
15 T T T T T 1500 T T T
1400 == TRACE riin-6AQIRO70L. 9812 1400 == TRACE rftn-6A01 RO7E1 9812
-- data 10D-078 -- data 10D-078
- data 11G-078 -~ data 110-078
-- data 11K-078 -~ data 11K-078
- data 120-078 -~ data 120-078
B data 13F-078 = duta 13F078
z -- data L4078 ¢ <= data 141-078
B -+ data IL-07E H data, 31078
i -- data 6F-078 'g'. -~ dats 6078
a2 -- daa 6)-078 K -- data 6-078
data 6L-078 data 61-078
-- data BK-D7B -~ duta 8K-078
-- data BN-078 -- data §N-078
e e
4 [:] 20 40 60 BO 100 120 140 - wD 40 60 80 100 120 140
Time {sec) Time (sec
TRACE V5.0 P7 3-Field TRACE

Temperature (K)

TRACE Cale. of FS Test 31701
Rod Clad Temperstures 3t 81t fram Hexted Battom

1500

7=2.4384 [m]

1400
1300
1200
1100
1000 §-

== TRACE rftn-6A0 1RD7 @ 2 4384

- data 10K-096
-~ data 11)-096
-- data 11K-096
- data 120-096
< data 121-096
-- data 12L-096
- data 41-096
-- data 5F-096
-- data 5H-096
-- data BE-096
- data 70086
-- data 7E096
- data 7M-096

data 5K-096

- data 9H-096

1500

TRACE Cale. of FS Test 31701
Rod Clad Temperstures ot &t from Hesbed buttom

1400
1300
1200
1100
1000 §-

Temperature (K)
™
s
S

300

Time (sed)

TRACE V5.0 P7

& 3.2.14

=

B

0 20 40 60 80 100120140 160 180 200 220 240 260 280 300 320 340 360 350 400420 440

oh T

e

-~ data 10K-096
-~ data 11)-086
-- data 11K-096
--dats 120-096
-~ duta 121-096
-- duta 121-096
-~ data 41-036
- data 5F-096
-- data 5H-096
-- dats GE-096
-~ dwta 7D-096
- - data 7E-096
-~ data 7M-096
data BK-096
-- duts 9H-096

== TRACE rftn-6A01RD7 &2 4384

Time (sed)

3-Field TRACE

%%k USNRC #f #)
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(= )CAMP 2% F% B & i

FERD DT I F o EERRRP CAMP % E 5 s 0 3
iox et CAMP % % ¢3¢ # % T CAMP Activities in the
CzechRepublic ;> M T EH LB PN 123k 1 5 ~CAMP 3+ 3
P~ E 58 CAMPE & Bk edp B B0 f o 5 %2 CAMP
a1 ﬁi‘« % %5 UJV Rez, as. ~ State Institute for Radiation
Protection (SURO) ~ Research Centre Rez (CVR) ~ TES, s.r.o »
Skoda JS, a.s. ~ Czech Technical University in Prague, Faculty of

Nuclear Science and Physical Engineering 3 #$ 4 °
BEREP PR AL

Wyp B 3215 P sedes 2 EPia T B A WA
WWER-1000 ~ WWER-440 > 121 2 4 B F %M F R H¢ 2
A& > LVR-15 ¥ LR-0 %% Centrum vyzkumu ReZ > VR-1 d
Czech Technical University i& ¢ ~ @ VR-2 & 837 o % il
%73 # & %] =3t Dukovany ~Jachymov ~Rez - Litomerice » Beroun
TS5 BRE o

WWER-440 i+ ** Dukovany > B] 3.2.16 > 7_1985 & B 438
OGP R RME T 4B F Y A B HEY 500 MW - WWER-
1000 = ** Temelin > B 3.2.17 > j£.2000 & B 4~3& ¥ > 3% % & Fa
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42 BF R A EHE G 1090 MW o

LVR-15 & - fdts k4 1 ~ &Y% B 3.2.18~% 3.2.19>

FE1898 & B 4ot 38 > 38 (775 F ) I0MWt» A & % 3044 pLpe

1

P IR A R EL AP ERY

LR-0 ##g-k~ % # F s 3V F B B 3.2.20~ B 3.2.21>

A& v v 0 % % VVER(Water-Water Energetic Reactor,

WWER)F &Y 7 Bori #* el 2 §5 5445 5 ~ S P ol

7}“"? _%:? l%%:%%éﬁ.g °

£ 5. %87 CAMP 3+ 4 enim g 17 8

State office for Nuclear Safety (SUJB, regulatory body
and NRC partner in CAMP agreement since 1994)
Nuclear Research Institute Rez (UJV Rez a.s., started
work with the NRC codes in 1990)

Research Centre Rez (CVR)

TES, s.r.o.

CHEMCOMEX, a.s.

Institute for Applied Mechanics Brno (UAM)

Technical University Brno (VUT), Faculty of Electrical

Engineering and Communication

Czech Technical University, Faculty of Mechanical
Engineering
Czech Technical University, Faculty of Nuclear Science

and Physical Engineering

Skoda JS, a.s.
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® National Radiation Protection Institute (SURO)
® ES Group s.r.o.

He FHBBE NP FEFHFERP:

Nuclear Research Institute Rez (UJV Rez a.s.) #f3% &
Temelin 7 WWER-1000 2 2 Dukovany 7 WWER-440 5875 X
3t A ® F X (Design Basis Accident,DBA) 12 % % 3+ 4t # 1% i
(Design Extension Conditons,DEC) /4 47 » G4t 4% 7 B3k 35~
FEEA ALK 2L 2F L FETE o ¥ O
UlVs 27 %= 3 %FLIT NI 2HFEBEITL~1UE
FEIFaRE UV 2593 L FEFE 2R
(OECD/Nuclear Energy Agency (NEA)) » % & £ & (Rod Bundle
Heat Transfer, RBHT)3* & 7 #t 3+ & 1P &84 # ) RBHT % *&
EEFH OMAREFT L AR EET o5 R I PWR
PR AR 2R S (Bl s R ) 2 T E
SRR EEF MR CRRAT BB foRFRA AT
IR TRy 4E- HRFETFRRNS FE I G

Research Centre Rez (CVR) i & 2% = WWER-1000 £
WWER-440 7 DBA % » 4 47 ~LVR-15 4= LR-0 % ¥ % 2
& 47 ~ 12 % Energy Well 3+ % - Energy Well 24 % - B -] 3]

Waet3RF % 252595 20MWto d %5 B4 4ro B 3223+
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] 3.2.24 -

R i & B # 7= 3 ¥ (State Institute for Radiation
Protection ,SURO) #2017 & =& 5 7 SUJB feia & 2ARI i
T @ﬁ%l & BuF 7 B > (Tansmission System Operator, TSO) » @ %
2017 2. % » SURO ¥ %45 541 455 6 TSO o fode— B 45
SURO £ Rez# % ¢ «w %* & ¥ w35 SURO #%3 WWER-
1000 2 2 WWER-440 # TRACE $i3] » 2 % H s enfic| &
CAMP code ~ PARCS #%;' > [ 3.2.25 5 WWER-440 RPV #-%
* AT L Pk3+3% i o SURO # i 5 SUJB it 7= %
2R S EEFLEFATE

TES, s.r.o. #1431 & §4 {7 RELAPS & TRACE #2352
%+ ¢ A |3 & RELAPS & TRACE & {7 1p 3 :

RELAPS :

1. WWER-1000 4 2 WWER-440 =7 DBA ~ DEC % 2 ~ 47>
B Agglf N ga‘»_f-é ?ﬁ%;ig, o

2. WWER-440 & & &k % X% { 3% 200 mm
LOCA(Loss of Coolant Accident) & % Extreme Wind (p=10-
5/y)

3. CZ-s#RF 73 P @ 47 PWR &2 APR i 7] PWR #F
3 DEC R PF > (T8 B A FfEa 4 o s34 > ¢
* PSB-VVER UP-11- 08 (IB LOCA 11% of the Upper
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Plenum)ip]:# #cdi > 41 * RELAP5/MOD3.3 code i& {7 3% 1% o

TRACE :

1. WWER-1000 2 2 WWER-440 -7 DBA ~ DEC % 2 4~ 47 >
H* %gglf N ga"_f-é, %%ﬁig o

2. ® @ 7 OPPIK(Application of Codes and Correlation for the
Calculation of Boiling Crisis in Nuclear Reactors )3+ & » #f
TR AR VIOOOCT—I(ﬁi‘“’, HE PR AL A dr)
BESRREY 0 Fik- T ALTHAMCI2 349 + i
@@ﬁm@ A

3. CZ-sx®F 3P
> DECR A PF » B (7B A0 4 -2 = ATLAS

F S B ot B 01 - TRACE V5.0 12345 Test Ad.1 shiicdy

D 44H3E 7 PWR 22 APR % 7] PWR 4

# 73 > H #cdy 4 IB LOCA on the Cold Branch of the
Primary Loop of Equivalent Size 17% on the APR1400 -

Skoda JS,a.s. H =& > 7 WWER-1000 3 TRACE #-3]
AT AT ~ & £ 8 E x(Loss of Flow Accident, LOFA) -
d % = X )4 Fr-k E #(Loss of Secondary Water Events):* &
#i :i2 WWER-440 5 TRACE #-3] ~ Modeling of Boron Insertion
Actions ~ LOFA ¥ #3+ 5 ; ¢ * GenPMAXS {r Serpent » #f i&

2D WWER-1000 » & BH#-3] & & % PARCS ¢ & WWER-440

BRI et KRG PR PR3

A-83



Czech Technical University, Faculty of Nuclear Science

and Physical Engineering (FJFI) & * PARCS-PATHS
(Termohydraulic) Coupling > # 7 BEAVERS 728 & #ic iy &2
NuScale %2 4] - ¥ * B &2 7 & PARCS ¢ 4rimig *
SCALE Poaris £ Serpent #cdz:c7 /% o §]* RELAP-PARCS

Coupling & {7 VR-1 % # &5 F &Y% 7 DBA & 47 ©

A-84



=n B Rei
& PRAHA
BiBeroun

Pribram )
> Olomoues

Jihlava .

Tabor
L ]

Temelin D:Ic.o:a.ny Broo Kroméiiz

Y S

®] 3.2.16 WWER-440 % & (3 p CAMP » SURO 3 &)

A-85



® 3.2.18 LVR-15 & % F %54 i CAMP > SURO # &)

A-86



[T R Risscite sl
lorval wdar
Abgorplion
clusier deiver

Fiasl adsaamibly

Hiorizonial Suppors \s5a
dhanneis " aF
Supporing
LD
Sufaly vahm
Moderstor
Ll oubiel ube
irlied buba

@ 3.2.19 LVR-15 X3+ [ Bl 3.2.20 LR-0 X 3+ @

(4% p CAMP > SURO # i)

#3221 LR-0 ¥ % F b4t i CAMP > SURO 4% i)

A-87



FEN STATE IRIVERSITY

Tl
%nl%:mm EUTIC
] STEM SUPRLY
|
ILECTION
Y o .
LAREE !
R T TAK
ﬁ

] 3.2.23 Energy well #-7 ®] 3.2.24 Energy well 3% ]

(48 p CAMP > SURO # &)

A-88



Reactor Pressure Vessel

& =

p =

B 3.2.25 WWER-440 RPV i3] * 375 20 Pk3+3% & (4F B

CAMP » SURO # i)

8] 3.2.26 Power distribution (rods) in BEAVERS, calculation(4§ p

CAMP > SURO # i)

A-89



Triton-PARCS-PATHS

[ —
5 s
4
=
= 3
o v,
2 Laf Varianta1 - - - -
Varianta 2 - - - -
Y Varnanta 3
1 v Varianta 4
RELAP - ekvivalentni model ———
0 | ~ PARCS/RELAF ——
0 50 100 150 200 250 300 350 400 450 500

Cas (s)
B 3.2.27 0.7Bef/ 7 s insertion to VR-1, RELAP — PARCS (4§

CAMP > SURO # i)

A-90



SR 2022 = B CAMP #4 % ¢ k¥ 4 S B R
7 7 < (VIT) & & > Seppo Hillberg % # T Status of CAMP
Activitiesin Finland ;> & % @B R 74 R~ 33 & B~ AR
U H A, s s VIT A KR E - 2021 &# S & & v
P4 kK 532% A 32. 7% i Re R R 13.7%
Hois f b 0.4% > 4o 3.228 77 0 @ K 20 £ ks Tk
P s W R - RS FRTERL RIS Ao B
3220 # o FRFTHAY 2023 E 4L E BRI A X 28 PR
#R%E >3 FH(SAFER) &R AP EA T i
SAFIR(Series of Government-Led Nuclear Safety) £2
KYT(Nuclear Waste Management Safety):* & » 2 ¥ 6 # I 2 4%
$83 CAMP R" 585 2 B8 B ATHIRAZS » 5 22 CAMP
2.8 =& 7 Fortum(%§F ic & 2 ) ~ Teollisuuden Voima(TVO
+2 % B ~ Radiation and Nuclear Safety Authority (STUK 5 & &2
% 8e € 2 ¥ ) ~ Platom( % sc € 2 PR 4% = &) ~ Lappeenranta
University of Technology (LUT + &)~ 2 %2 VTT Technical
Research Centre(% A HA T )& » M T wmig £ H L H =

B CAMP -4 + 2 %rd 22§ T o

A-91



Fortum % % ffith o & 0 A & ¥ i T fk Loviisal 5L
Pl 2 5l > Loviisa 2% fi'w = VVER-4040 Z]%%
Loviisa 1 %fu%}gi%] 174 & 5 507MWe s Loviisa 2 %i%}ﬁ%l e F L
502MWe o .4 & 3048 1 3F & 3 BR A W)Y 2027 & &2 2030 &
$|4 > Fortum #-¥ GR7h3q BB 124t (L 3 2050 # & ° Fortum 2
7% B~k * TRACE 4 RELAPS #2582 g% > p = 2
& * SNAP 12 2 MELCOR(CSARP)fz ;¢ -

Teollisuuden Voima(TVO) 2 i % = B 7 > &= 3
1969 & » 1 & 5 3 ™ le s w L Olkiluoto 1(1978 #) > Asea
Atom BWR 3 iy » i@ # # & 5 890MWe ; Olkiluoto 2(1980 # ) »
Asea Atom BWR 3| it » @8 # 5 2 890MWe > & R4 v 18 (T
PE 3 2038 & ; Olkiluoto 3 » EPR & sy » :@8 & 7 & 5 1600Mwe >
oL I BIRIEARF B 2022/12/27 B HH EL > A&VKR
(Feed Water Pumps) 4 3L & > F]pt p #p#-€ 2£ 45 o

i % 2 5 i % > % Radiation and Nuclear Safety
Authority (STUK) & % jf ¢ 4 4 #1468 » STUK & % 3 4218
* iz CAMP 4258 @ {}%r} TSOs ig * o

Platom: 7 — #E PR EFLZ 2AMIRIEZZ 22 > A %

By L CAMP A2 3V A7 38 T i #* o

A-92



£ % W ¥ 1 + & Lappeenranta University of
Technology (LUT)3 & (T2 frit #2287 4 1 LUT ~ &%
ERELECCHY BAFTEPR IR ARRRRE
%k o LUT * 8% CAMP & T3 (E1 2 > M 7
KBS ¥ BERC-300 #5783 * TRACE #2358 £33
SWRERRIRFTL Y S (VIT) R # b < 4 2 =
1942 & 5 H VIT & 2 7 5 5 4 € 24254 kigak o VIT
Mg R EW P Eomu 2 22304 SAFER eh@ 3 » -4

TRACE #& 3¢ ¥ 32 = NEFH 2 Bz A 178000 B B3 2

A-93



Electricity generation by energy source 2021

0.4
137 \

— 53.2

327

I Renewable energy sources total B8 Nuclear power
I Fossil fuels and peat total W8 Other energy sources

Bl 3.2.28 % jF 2021 # g 2 £ v (g p CAMP > VTT # k)

Electricity generation by energy source 2000-2021

GWh
50,000

40,000
30,000

20,000

10,000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
= Nuclear power —— Fossil fuels and peat lolal —— Renewable energy sources lolal —— Other energy sources

B 3.2.29 % jF 2000 #£-2021 #F 4 2 A% R p CAMP > VIT #%

)

A-94



BN

l.

342
S. Carlos, F. Sanchez-Saez, S. Martorell, “Use of TRACE Best
Estimate Code to Analyze Spent Fuel Storage Pools Safety”, Progress
in Nuclear Energy, vol. 77, 2014, 224-238.

M. G. Zakir, “Simulation of reflooding on two parallel heated channel
by TRACE”, AIP Conference Proceedings, vol. 1754, no. 1, 2016,
050045.

T.E. Collins, G. Hubbard, “Technical Study of Spent Fuel Pool
Accident Risk at Decommissioning Nuclear Power Plants”, NUREG-
1738, U.S. NRC, 2001.

US Nuclear Regulatory Commission. “Residual Decay Energy for
Light-Water Reactors for Long-Term Cooling”, Branch Technical
Position ASB 9-2, 1981.

cER ARG AP Ty J&% rE 3 02022 & -

U.S NRC, TRACE Theory MANUAL V5.0 P5 Field Equations,
Solution Methods and Physical Models , 2017, Washington.

A. Machiels, B. Cheng, J. Kessler, F. Rahn, R. Yang, K. Edsinger, B.
Carter, “Summary of the EPRI Early Event Analysis of the Fukushima
Daiichi Spent Fuel Pools Following the March 11, 2011 Earthquake
and Tsunami in Japan. ”, EPRI TR-1025058USA, 2012.

R. P. Martin, Design-basis Accident Analysis Methods for Light-

water Nuclear Power Plants, 2019, 376.

A-95






FRIERT LR €
SRR Tk 2

11 2R TREARE 2AFTER 2R FEFA KL FFE
R REAN R R TR R B R 2 R
2022 Thermal-Hydraulic Safety Analysis and Regulation Technical
Improvement for Nuclear Power Plant- Safety and maintenance

impact induces by the microbial corrosion on components of NPP

during decommissioning transition

4 %% 111B008
LLEPNE) N2 E 2
PRI E AR
BT 03-5715131#42858
E-mail address : yungshintseng@gmail.com
Fole A48 4 0 3 BT
Ay P EAR111E67% 3 111 & 128
FLER CATEW 344 FA
Zahan R W Y

L pE111E 118 22p


mailto:yungshintseng@gmail.com

20SRB FHRIE T B R e 6

2.2 BB IR B BT IR B Bl et 7
.20 B F B B e 7

2.0, JB I T B oo, 8
223 4 B EETE LB IR oo, 9

F o ABFIRIEBE e sssenes 11

3.1 AT 3T 304 SSMIC FEEBI2] oo 11

3 LD BT T FBTE A BT oot 11
302 FFRBF T LA F oo 12
3003 R T T IR oo 14
31 4CLSM 2 F#HEER R Gi A FT3EF o 25

3.2 4e B BREFEIT 304 SSMIC A oo 27
32,0 FFE BB FAIFEF oo 27
322 20 T TR oo 28

B AFLFRIEFIERT A et ssssssssssssssessessens 35
ix}%éﬁ ........................................................................................................... 36



¥ H H ¥ 5 ¥ 5 H

=

|- 3 - TP 5
2~304 % 4545 DL-EPR 2% e 11
35304 7 44 0 R T (MG/OM?) oo 12
4~ AT 304 A A4 2 TR TR (IME/em?) o, 13
S5~ATit 304 2 AR A P AT AR 2SR 16
6~ F ) 60 % {2 AT 304 7 &4k 4 A 4 EDS A 47 17
7~ 150 = plzEis » agiv 304 7 #54% % % 4 % SEM 22 EDX B 18
B~ ATH 304 2 Samim R RIRF B R R RIBFFBAS (85

555 (LR BRE 5 ABE) e 22
O At 3042 R A R ARIBFHRAF 2L 467

B (258 E L5 ABEE) st 25
10 ~ 57t 304 2 &4k % o 2 %05 X (a,b) ~ 30 % (c,d) ~ 180 = (e,f)

11~ % F R5FiE T a0 304 7 4545 22 1 £ 22 % (mg/em?) ......... 27

12~ m4c B RS2 ATIC 304 2 4540 7 b R8T £ % 2 F AR

TR B A F TSI oo eee e eeeenee 31
14 s BT T X555 BbSac 304 2 kn 27 b = &
LI A T L Y 32

15~ 7 Fo R&FIE 2T A7 304 7 4545 % 30 X Bt M 5T ehi

B2 37 B0 T s 32
16~ 7 F RETIEET AT 304 SSER ko KT s 34



o U

D

P&

1~ POSTGATE MeditM ..c..coovveeerreeeeeeerseere.
25304 H Bk it E A A F (WE%) o
3~ DL-EPR Hcd oo
4304 SS #2ag i 304 SS 5 A E o

5~ % I PRSI 2T AT 304 SS 3 B A

B-iii



PR

Hed $o a5 P T R R BN nidlz — 0 F 304 7 4
e XA i a A4 i B 2 B R ek
PEIMCFREE AL I ARPERN D2 LV FS
gaFT A g R > TR LT R e o AR JRd G
E 2 AP RBEERYIHRRE AR TP L iR
BT o H A R A S AT a2 b R BT %
FERMET OB SHS T RRRIIIRT LY RPRAE R
WA B2 M aF R ER Y Ay KT 2 RE ERE X8

ok BRI EZ X AR ©

e
>
5

B4t A PR A S R EEIEE ~ R A BBETE -

B-1



Abstract

Microbial corrosion is one of the mechanisms of localized corrosion
of nuclear power plant components. The surface of 304 stainless steel is
affected by the chemical reactions catalyzed by microorganisms and the
continuous accumulation and concentration of chlorides or sulfides;
especially in the area of heat affected zone (HAZ) of stainless steel. In the
HAZ, SS203 may be sensitized and changed its properties of passivation
layer. Therefore, an experimentation has been established to evaluate the
influence of microbial growth and metabolites on the HAZ of SS304 under
radiation does environment. Experimental results show that the microbial
corrosion mechanism will not cause significant safety concerns for the
cooling water boundaries e.g., SFP liner), because the cooling water of
decommissioning phase NPP still maintains the same water quality as

operation phase.

Keywords: MIC, decommissioning transition phase, SS304 > HAZ
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Abstract

The primary fire protection concern for decommissioning nuclear
power plants is protecting the integrity of the remaining spent fuel in
spent fuel pool and preventing or minimizing the release of
radioactive materials resulting from fires. In this project, the
procedures of the fire protection plan for Maanshan nuclear power
plant were reviewed. Recommendations or precautions for various
decommissioning stages were proposed after comparing with the
contents of RG 1.191. NUREG-2233 updates the fire hazards data
(e.g., HRR, TER) of transient combustibles, and conducts statistical
analysis of the data again, and proposes new fire parameters and
correlations.

The main conclusions of this project are: (1) After completing the
review of the procedures related to the fire protection plan of
Maanshan nuclear power plant and comparing them with RG 1.191,
we propose recommendations or precautions that may helpful to the
domestic regulatory agency. (2) To take into account both fire hazards
management and decommissioning activities, the data from
NUREG-2233 can be applied to obtain more practical results of fire
assessment. (3) The results of the fire hazard analysis of transient
combustibles during decommissioning of the fuel build of Maanshan
NPP show that, according to the current configuration, the fire areas
on the first floor are not suitable for storing transitent combustible
materials; the fire hazard analysis should be conducted again on the
second and third floors in the future in response to the "built-up spent

fuel pool island" and the "low-level radioactive waste treatment area".
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% 2-1. Tep® %4 L 2 2% HRR -~ TER ~ 22 ZOL A (2 2 1)

- BRI 2 TCCL

AT PRI IANGE i< RTINS 'S
75th 98th 75th 98th
HRR (kW) 41.6 278 24.6 143
TER (MJ) 11.8 123 7.0 59.9
SE 1.9 5.49 1.44 3.26
TP 0.56 1.78 0.4 1.0
£3 ZOI (m) KC 0.53 1.64 0.38 0.94
TS 0.45 1.47 0.32 0.8
TI 0.41 1.33 0.29 0.76
SE 3.27 9.47 2.54 5.64
TP 0.99 2.96 0.71 1.69
djx2 &8 ZOI(m) | KC 0.91 2.74 0.66 1.59
TS 0.79 243 0.57 1.4
TI 0.71 2.18 0.52 1.26
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% 2-1. Tep ™ %4 L 2 2% HRR ~ TER ~ 22 ZOL 4 (2 2 2)

- BRI 2 TCCL

AT PRI IANGE i< RTINS 'S

75th 98th 75th 98th
SE 0.21 1.05 0.15 0.68
TP 0.09 0.36 0.06 0.17

kT ZOI (m) KC 0.07 0.22 0.05 0.1

TS 0.05 0.11 0.03 0.05
TI 0.03 0.05 0.03 0.05

TR kR NUREG-2233 5 2F7 3 f B ik o



2022 N UEA M A EE T E S RQ 2 1)

5 T EREA N %o
Peak HRR (kW) AN 3 B4 2-X R L A ks 2
TER (MJ) KR A B4 2-Y R LU A kA 2o
£ i * — e HRR & %% DHC #
DHC (MJ/kg) el 25
e 7 8238 ZOI & HGL -
Q* X ¢ Froude #c 0.54
ze (m) 7B R 0.15 RRCTCTLE-RRS - Rl sy I S
Soot yield (kg/kg) hg AR 0.052 AR A2 g2 DHC 5 B -
COvyield (kgikg) | — ¥ A2 0.043 Ak A2 22 DHC 5 M -
Growth exponentnl | ¥ & = & 4p ¥k 2.7 AR et F LAY o
Decay exponentn2 | ¥ % % i 4p ¥ 0.32 AR ot LAY o

Growth time tg (s)

‘)\' ‘Qé:{ﬂi:ﬁ'n&

1000(n1+1
N2 t, = XD 6 186TEROL
Qpeak
2
1000(n1+1
N 24 ¢y —g(TER—
Apeak
C'Ipeak) 0.186TERY01
1000 / 0.186TER1-914+0.955TER0-940

FA R AN FHpH AL ]
Fyo Rlecd 238240




#0220 N UHEA|Z AP S EEE A2 2 2)
R S o ERE A D ey
1000TER ¢ -
2} -\ - = —_ g _ ) ,‘t ’ J_ 1:,\.
v 2-3 tp Gpoar e fl ok /ﬁk‘ PR o ‘/F’
Plateau time tp (s) | ¥ K& RAFRE | BREERE S 140 PR 25
N o J_ E ¢ = o4 o
1 second PTERPFE AR E R PR
A 20 ¢, = 2000@2H) ) 955TERO-940
N2qpeak
e i oY AN 220 F R AL
Decay time td (s) | X X EREE |
23025 145 Blsc® 27 2.5 ¢
£ = 1000(712 + 1) (TER _ Qpeak) 0.955TER0'940
¢ N2Qpeak 1000/ 0.186TER1 + 0.955TER?-940

T kR : NUREG-2233 5 47 3
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% 2-3. §REET 4P L A A #kz HRR %#cfr FDTs £ & %k

B~ | peak HRR (kW) | TER MJ)| tg(s) | nl |[tp(s)| n2 |td(s)| Q* |MaxD (m)|Lf(m)|z0 (m)

98 278 123 322 | 2.7 3950321311 0.54 0.74 148 | 0.03

95 180 747 | 208 | 2.7 [28.1 032 [1258] 0.54 0.62 124 | 0.03

P T 114 428 | 269 | 27 [165] 032 [1182] 0.54 0.52 1.03 | 0.02
| 5 79.1 272 | 245 | 27 | 82 [ 032 [1110] 0.54 0.45 0.89 | 0.02
80 57 178 | 222 | 2.7 | 1.4 [ 032 1038 0.54 0.39 0.78 | 0.02

7 75 41.6 11.8 197 | 27 | 1.0 [ 032|947 | 0.54 0.35 0.69 | 0.02

50 7.8 1.17 | 902 | 2.7 | 1.0 [ 032 ] 511 | 0.54 0.18 0.35 | 0.01

25 0.58 0027 | 217 | 27 | 1.0 [ 032 | 160 | 0.54 0.06 0.13 | 0.00

98 143 599 | 301 | 27 | 25 [032 1290 0.54 0.57 .13 | 0.03

95 95.3 374 | 281 | 27 | 15 [ 032 1244 0.54 0.48 0.96 | 0.02

reer| % 62 223 | 256 | 27 | 5 [032[1178] 0.54 0.41 0.81 | 0.02
S 443 147 | 234 | 27 | 1 [032]1108] 0.54 0.36 0.71 | 0.02
80 32.8 10.1 211 | 27 | 1 [o032]1028] 0.54 0.31 0.63 | 0.01
i 75 24.6 7 190 | 27 | 1 [032]949 | 0.54 0.28 0.56 | 0.01
50 55 0.91 98 | 27 | 1 |032] 565 0.54 0.15 031 | 0.01

25 0.6 0035 | 29 | 27 | 1 032213 054 0.06 0.12 | 0.00

FHL &R NUREG-2233 5 247§ % J Sl o
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% 2-4, - BTREET 24U X TS T H2L B ER(ZOD it

NUREG/CR-6850 | NUREG-2233
% 98 F 4 =2 HRR (kW) 317 278
kT 7Ol 0.45 m 0.11 m
£3 7Ol 22m 1.47 m

T4 &R : NUREG-2233 5 57§ i B Skt o
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(=) Regulatory Guide 1.191 Rev.l “Fire Protection Program For
Nuclear Power Plants During Decommissioning” !
2021 & 01 * d % B NRC % # 2 { #7%(Revision 1)E # 43
5"@19”*4’13\“% R B2 E e T pETE
TR EE AT T ER A TR TR
72 v~ % TNFPA 805 thac s v izt d | & "4r A 5 T ¥
WEIZPNEH B pAfrat el XpERY BRE L
Apalgo ARM P F P AT o
$ & 4p 3 (regulatory guide, RG)F.P % B +xF € (NRC)*7
FXa3E > B ENRCH»? e HPH T e A A ip i@ "
Pid gl e 8 F g R AH S FREFOVILFET R
(Fire Pretcetion Program) (14 ® f§ ff7 L3+ )2 R 2 o
EE? TR VR PEREESNEE RS LY
L& S -k Bufoe i (Structures, Systems, and Components
SSCS)Fdf % » FEffeii J3% 2B LA a® > BB G - a
KA RBCR )T R R LR R B R
2 Wl e M s Tk B AR MOF] L A B gt
4 % ¢ 18 10 CFR Part 20 % %_cig S A B 7@ ¥ 204 4 b4
PR RV R F P T R A R okt oo gt b 10 CFR
20.1101(b)¥+*+ £ 3] & mHr 4 (as low as reasonably achievable,
ALARA)fE R * 3 R E R iV g & cfg st &
+ & ALARA -
PEEEY A VP FT LA L R RD VP F g
He PRRCF R EE V- aop R g 5 R ETiFERD
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3.2 I# X 42 K % (Fire Protection Procedures)
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B E g R R o
3.3.2 I L 4R (Fire Watch)
3 o R Rcfods VR L GR AR Bl R
F oo EIIAR BRI RV BRI R FF
¥ AR e
333 bR R vt A g
LT S SR e iF
PR o R R e R ¢ Efuﬁ‘&% i
Mkepey s TA R AT s TR E ~ T
XE >~ THEHED R TEY TR 2 FiEd
BE | GRR e
47 g B
TR S 4 R e SRl REEF M 2 AH
e & > U g T #LF L L L N s REG A
% o4n B NFPA %7 %4 NFPAL % 19 £4-% 63 % >
12 %2 NFPA 241 % 5 % ~ NFPA 30 ~ 4 NFPA 55 -
3.4.1 §2pF ¥ %t 4= (Transient Combustibles)
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EASIET T e L
f@.@‘} P R
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