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Major Parameters

YGN Units 3/4 Conditions

- Core power (3 days after reactor
shutdown) [kWt]

- Primary / Secondary pressure

- Hot leg / Cold leg / Secondary water
temperature [K]

- RCS water level / Noncondensable gas

- Initial mass inventory [kg] / RHR flowrate
[kg/s/loop]

- Pressurizer/SG plenum manways area[mz]
Cold leg open area of 5 % and 30 % [mZ]

14,125 (0.5% of full power)

atmosphere/atmosphere
327.6 / 313.1 / 313.1

mid-level of hot leg / air
104,618 / 126.0

0.13 7/ 0.13
0.0228 / 0.1368

£ 3132 9 34 5719 AAYALY o F 957 24

RCS openings (units: minutes) { Time to boil Time to core | Time to core
uncovery heatup

Pzr manway open with 12.5 186.7 220.0

. water-filled SGs (Case 1)

Pzr manway open with 12.3 91.7 144.0
emptied-SGs (Case 2)

SG inlet manway open with 13.2 41.7 88.3
emptied-SGs (Case 3)

Small cold leg open with 10.2 (13.6)* | 86.3 (91.5* 136.7
emptied-SGs (Case 4)

Large cold leg open with 9.8 (13.6)* | 458 (59.9)* 116.3
emptied-SGs (Case 5)

* CE typed-PWR data




Loss of Shutdown Cooling
SYMBOLS v

Yes
Successful heat removal Recovery of Shutdown Cooling ?  |——

* No
[ Core damage ] Is RCS open ?

Ny [ v

-4_ Secondary Cooling ?
o ¥y No No
Seq. 3 |— Forced Feedwater ? Forced Feedwater ? —>
— No * Yes Yo
es
Seq. 4 Bleed Path ?
eq 4——L —l
Yes No
~———— No . .o . o
Seq. 5 Long Term Recirculation ? Long Term Recirculation? | g
|
Yes + Yes

29 3131 QREAAWAATY 42 ol F A5E AR Ao
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Pressure (kPa)

Mass Flow Rate (kg/s)

I B e L B S s MMM

Case 1: Pzr manway open with full-SGs

200

L e Case 2: Pzr manway open with emptied-SGs 7]
— - — Case 3: SG Inlet manway open with emtied-SGs ]

250 I,;‘\‘ -
It "‘N B

: ~ ]
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l/ ) ‘V‘I \'“""‘.\‘/ ﬂ‘n"-"-‘\' ‘.J y 15 T

150
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100
Loss of SDC
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0 2000 4000 6000 8000 10000 12000 14000
Time (s)
SE
I% 3-1-3-3 Case 1, 2, 3949 AFEHd 4¥
50 LIS S S S S S S S B S B S S S B A A S B S e s S s s S
i Case 1: Pzr manway open with full-SGs ]
L e S Case 2: Pzr manway open with emptied-SGs n
|
o ﬁ — - — Case 3: SG Inlet manway open with emtied-SGs B
O '\
y.i] -
o b
|
L b
.I
0 s
- Loss of SDC E
10 PYPRRPU VN [NTUR YT W YU DT VAV U U IS SRS R W S SRR I SN
Y 2000 4000 6000 8000 10000 12000 14000
Time (s)

Y 3134 Case 1, 2, 3049 APRE £8 B2



Temperature (K)

Water Level (m)

L e e . e e e s s Sy M B B e S R S s S B A B LA
8 - ———— Case 1: Pzr manway open with full-SGs -
------ Case 2: Pzr manway open with emptied-SGs
Boiling start — - — Case 3: SG Inlet manway open with emtied-SGs
6
4
2
o beee W v Uy e e e e e
Y 2000 4000 6000 8000 10000 12000 14000
Time (s)
L P
a9 3-1-3-5 Case 1, 2, 39149] 4A2 &7] ¥4 4
900 L I o I A e b o e e o B S S i e
- e Case 1: Pzr manway open with full-SGs 1
g0 ~ | m==--- Case 2: Pzr manway open with emptied-SGs —
L — - —  Case 3: SG Inlet manway open with emtied-SGs i
700 -
A P
L /- / 4
,' \ /
!
600 Case3 Case2 .
| /' T i/ Case 1
i Time to core ime to core / )
500 |- Time . ncove , Time to core
to boil uncovery / uncovery , uncovery
40 :—/4»:;:—;2;;‘:::‘.;./‘ W <]
r V\ Time to core heatup ’
300 e by by e b e b e by e )y
0 2000 4000 6000 8000 10000 12000 14000
Time (s)

2% 3-1-3-6  Case 1, 2, 301419 Slddg R yBy &%



Pressure (kPa)
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Case 4: Small cold leg open with emptied SGs

Case 5: Large cold leg open with emtied-SGs

Loop Seal Clearing

"

PSRV ST S SUr N ST ST RN IR N ST T SO NI S

(=]
g
(=]

1% 3-1-3-7 Case 4, 5o)A19] AR Z g ¢d

12000

Case 4: Small cold leg open with emtied-SGs
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Major Parameters

Simulation Conditions

Core power (MW thermal)

Primary and secondary pressures

Hot leg, cold leg water temperature (K)
SG secondary water temperature (K)
Water level in primary side

Water level in SG secondary side (m)
Initial mass inventory (kg)
Noncondensable gas

RWST water level

RWST water temperature (K)

PMO and SMO area (m2)

S % and 30 % of CLO area (m2)

14.125 (0.5% of full power)

Atmospheric

327.6 and 313.1
313.1

Mid-level of loop
empty or 11.0
104618

Air

70 % of full height
307.0

0.13

0.0228 and 0.1368

Pressurizer SG-A
manwa -
161.3 ft y ;!; (-\
2
A3romt -
SG inlet = RPV
plenum RWST Hot leg

Cold leg
opening ]

xﬂway /-\ injection I —

jon
= RCP
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RCS Configurations Timing (minutes) Remarks
Core Core
Case Opening SGs Status| Gravity Injection |Boil-off | uncove h
_ ry eatup
Case 1 Pzr manway |water-filled none 12.5 186.7 | 220.0
At Case 2 Pzr manway emptied none 12.3 91.7 144.0
&7 Case 3 SG inlet emptied none 13.2 41.7 88.3
# 4 manway
A7 |Case 4 Small cold emptied none 102 683 | 131.0
3 leg . . .
37t —
Case 5 Large cold emptie none 9.8 458 | 1163
leg
Core
Case A Pzr manway emptied Hot Leg (10-in) 96.6 Uncovere
d
Case B SG inlet emptied Hot Leg (10-in) OK
manway
Case CO Small cold emptied Hot Leg (10-in) OK
leg
Case Cl Small;gcold emptied Hot Leg (7-in) OK
=
] .
=q Case C2 Smallfl:gcold emptied Hot Leg (6-in) OK
3%
after Core
7} |Case C3 Small cold emptied Hot Leg (5-in) Uncovere
leg 180 d
Core
Case D Pzr manway | emptied | Cold Leg (10-in) 95.1 Uncovere
d
Case E SG inlet emptied Cold Leg (10-in) OK
manway
Case F Largl:gcold emptied Cold Leg (10-in) OK
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Case A: Hot leg injection and pressurizer manway open
Case B: Hot leg injection and SG plenum manway open
Case C: Hot leg injection and small cold leg open

Gravity Injection Start
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1 Loss of SDC CaseB
] | 1 | L | L i ]
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Time [s]
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200 p— Case C: Hot-leg injection and small CLO discharge ]
é, 150 |— —
% o {\'\ 10 inches -
z 100 fp=— ] —
1] 7 inches
s = -
2 Gravity Injection r\,
g ¥ MNan / 6 inches —
| \ fwmA i
0 ot
L T toss-of-RHR -
0 1 ] 1 1 1 ] 1 | 1
o] 2000 4000 6000 8000 10000
Time [s]
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(1) Pressurizer Manway Opening (Case 1)
(2) Pressurizer Manway and Cold Leg Opening (Case 2)
(3) Pressurizer Manway and SG Inlet Plenum Manway Opening (Case 3)
(4) Pressurizer Manway and SG Outlet Plenum Manway Opening (Case 4)

(5)Pressurizer Manway Opening with Nozzle Dams (Case 5)
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RIA Prompt Increase of Fuel Temperature

| Fuel Pellet Thermal Expansion | Rapid  Expansion  of
l Accumulated Fission Gas

y
Fuel Pellet Expansion ’

| Pellet/Cladding Contact(Gap Closure) |T;rain Boundary Seperaﬁonj
y
Decreased Cladding PCMI [ Fission Gas Release |
Ductility due to Loading
Radially Localized
Hydride Layer v
v Increase of Rod

L4 [_DNB Internal Pressure

Incipient Cracking in
Cladding Periphery

Hydride Assisted
PCMI Failure

\d

l Fuel Fragmentation I

v

Thermal iInteraction between Fuel

Fragments and Coolant

‘ Cladding Temperature Increase ]

A4
Mechanical Energy

Generation

l Decreased Strength of Cladding |

A4
Large Deformation/Ballooning or|

Post-DNB Failure
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Aol tiat A FRI HAY HAVE] =2 7 UE ALE ¥d =

gtHrled, FHAAARF), FALAFAT Y, =dAHA
TFa7 ALALDE FAEHS Program®] Fdd o H ol
¥ 3-23-1 TALE A8 WHEEAD 2N T2 A B €91 (I

Category A - Plant Transient Analysis PIRT

Importance | Applicability | Uncertainty
H{M|L|F|C|R|K|PKIUK

Subcategory Phenomena

Calculation of Power History
During Pulse Control Rod Worth RIO[O(N|[N[N]7([O0fO
(Includes Pulse Width)

Rate of Reactivity Insertion 3 (S| HPININ|N|[4]3
Moderator Feedback 0|62 Y|[N|N|[5;3
Fuel Temperature Feedback 12|00 | N|N|N|6 1|0

Delayed Neutron Fraction for
High-burnup Fuel

Reactor Trip Reactivity 0OlO0|IO[N|NIN|6[O0]O0
Fuel Cycle Design (Include

Loading and Control Rod Pattern)

Calculati f Pi Fuel
alculation 0 n ue Heat Resistance in High-burnup

Fuel, Gap and Cladding 31150 N{YIN|[3([6]O0
(Including Oxide Layer)

Enthalpy Increase During Pulse
(Includes Cladding

Temperature)

Transient Cladding to Coolant

Heat Transfer Coefficient
Heat Capacities of Fuel and

I5]2[0|N[N{N|7([3}0

Cladding
Fractional Energy Deposition in

0|1 |I3IN{N|N|7]|2}|60
Pellet
Pellet Radial Power Distribution 4 (12| 0 [ N|IN|N|[5)3]|0
Pin Peaking Factor 151 [O0[N|IN[IN[7[O0[O

In Importance Columns, H ; High, M ; Medium, L ; Low

Applicability Columns are related to the following issues related to extended applicability,
F ; Fuel type, e.g., mixed oxide fuel (MOX)

C ; Cladding alloy, e.g., ZIRLO, MS, Duplex

R ; Reactor type, e. g., CE, WH

Y ; Y means the cases in which the importance ranking will be altered from the base case
ranking

In Uncertainty Column,

K ; Known, approximately 75~ 100% of full knowledge and understanding

PK ; Partially Known, 30~70% of full knowledge and understanding

UK ; Unknown, approximately 0~20% of full knowledge and understanding
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2 HoME olg Az d@d A7 ZFAE Zledvh 4 gl g A4
< 988 F3 FHAAAM F=xT 5 ok

1. dBFF LA LOCAT F7 Y435 27t

MN

7} A
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o £¥H AFALE TP 21 £ HS AL AHel ZA3
o 948 AL BAsm sed A7 4 Ae vt REAE
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F71E ARG5S BEEHe 1% € AAMAFAAE, FAFYYa, ue
s AT 2A, AZArda L AdE7] A wEx2e AHA Y &
4, @Y B4, SV divEeds dA 2 2d BN 58 ¥3
T AA 3 A 5Ao] HESE MukH A% dA £ $AHL ANE A7
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: 104 118 4
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HPSI & LPSI Pump Actuate (Cold Leg)

Aux FW Actuate

Yes

OSP Available

No

1<t<2 hrs

Actuate Steam Bypass Valve

r Actuate Atmos Steam Dump J

J

L 4
Isolate or Vent SITs 1<t<3 hrs
2
Initiate Pressurizer Cooldown 1<1<4 hrs
L
Align HPSI Flow 1/2 to Hot Leg & 1/2 to Cold Leg 2<t<3 hrs
. Maintain t
g<t<10 hrs Hot leg & gcl:lcsileg
Yes
2
Establish SCS Condition Secure SGs

SCS Operable
Yes No

Align HPSI Flow to
Cold Leg

v

Actuate SCS

v

Secure SGs

a9y 3-3-122 3=

Maintain SG
Heat Removal

EEY 439 F7¥4 A
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Total Mass (kg)

10 i Reactor Vessel Core Level ]
r [ meememmmeee Reactor Vessel Downcomer Level
8
€
2 5
o e
-t
g |
S 4
2
0
a4
3000000 ——— —————
I 0.02 2 ]
S e 0.1 ]
- — e o 2 4
0.5 ft ——_—-
2000000 - - ’,/ —
! ,/ L *
i ,/ el
1000000 | ,/ ’,/' i
e
o L& N BT N S
0 10000 20000 30000 40000 50000
Time (sec)
2% 3-3-1-4 28 YA ALAALT RWT 35 hdZ g
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2. A9 AENAAFA T A Hot
7t d583a

AGAE WA ZSAE (IWSS: In-Containment Water Storage System)d} & & 3}¢]
AR E  AAZEAZY AAVIEzIARY  A¥E nysta U
[2-5-3-1). WEHA  AAZIFEA zZE  STAHA  GFHESEE ANAD
(IOPOSRV: Inadvertent Opening of Pilot Operated Safety Relief Valve)E & + 1o
w o] H$ AdL7]|29 HAIAHEFD 4 A A 49 7h5Ao] vtk ¢hAw
9B POSRV)7H 28 F 71gb] ol rawEwn Aeune wyugA)
AR gaste Adwnst wew BEdds F2EG. a9y 0 2] 9
o] hEEUR Awnel FYARAAA BadelE Y AAY FolE
7kt &7 AL AGAENWAAZAsEAZ (IRWST:  In-Containment Refueling
Water Storage Tank)Z FAH 22 7 9% Hr7Hg dart ok EHQA AA
NEZHAILZE S$HFFAA (TLOFW: Total Loss of Feedwater)o] 2Tt o]
AAFAAE At AAATol ALHY FAYS VR AF AYSHT FAY
zwipe 49 2 2IHAA Alel2 4EE FAETh 2 4ol ¥V #WE
of FAFYSHEZ7L 715HA Fevh SHAFFEAY FFS &35her] Al
EotAwEdBE £F5 Aty 4¥E AR AFYFEIL SAHEE
3ted 2 A-FZ(feed-bleed) 2 & FATT 8T A 9 FAAAuIIA
X (SDVS: Safety Depressurization and Vent System) 8] ¥ 2 IRWSTo| X 9] G4
Aol ot dtFo] wAHER $M d5EALS HUHE ot o A
el 7| A S v Ho A e mHsIHol st FAT AES FAWEUE FFA T
gste B W 5% 2 2aF, F/VIE AT A8 RWST $83, o
wEuesl 9d W 2AsE Afdel P S AY Folk

7hty) tAgEwBsl ZAE5sr) A ARG IIAEY wiBedE F71%
IRWST S99t Zo] b Atk ¢AWEWEIL 25sA =™ S717F e

ol oet wig | o] FA8HA H 22 Qg IRWST= &0 W
294, olojd wW@e T/ WEA H1 ez Z77h wEEY.
%i“o‘%ét’ﬂ 234 HY FUIEEE TEgH 24 Hol Wiy W &4F
o] Azt wi# HE FAZ A JHT‘Z— o) dojdrt. o] & FAAZA
(Vacuum Breaker)7} ZHg&bi ¢hd 1A% iz JPded =284 2

o

o
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2
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=
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oleig due) d5d A4 19 33-2-1 vehhglon d4d Bd 8%
= X 3-3-2-19] L}E‘rﬂi‘}iﬁ}. oA & F YXo] FRIFOLEE IRWST HAW
(83} wtehel v X e &%, A5 TR E] vX = Drag Loads, 234 A A dje] )
A o2 BRE ¢ duh. 2 F & (Water Clearing)e] 74 9o = IRWST
A" vAE &5 A9 wHse F71%E (Air Clearing)®l H$ oo o}
T devdn 4dA Atk F71WE (Steam Clearing)?] 7 $-oll& Z 7]
7 QA& (Stable Condensation) dAto] @A slA A 2 W & &%}
ol TAstE AAEH dHAAMY $F55F L vud Fomg IRWST HF
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APR-1400 AYABWAZFATY A% A=dE 52 F¥Hoz aoksn
E 33228 2k BelA “HAER'S T HA 2 ATERL Aoy
(-32-1-3], “HEEY" S FFAAPAA/1& U0 Fhdsh AE s oFe
Aol [3-3:24~7]. “AFHF S A HFo| qAHE FAWENY A5
A5, 271484 92 ) $e45208 A% 37182837 AF 5o 29
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¥ 3-32-1 IRWST 9438

cECLR

e POSRV % & fAYE

T 0E ot u| W) BYE7)o o o A2 E Drag Loads
(Water 279 o= e 23tA A AY sHF
Clearing) ¢IRWSTEZ & AE B4

o 42 E7)9 IRWSTY 7+ * 37 EH}T
s e 1o E7V|E BA ¢ IRWST ZAB( % vtd) 85
5 ?] g o T 7% BH T FZo e 314~ 2% Drag Loads
(Air Clearing) A% AE o ~3}4 AAY s}

e IRWSTFHOZ XS Ao sts

¢ IRWSTZ F7|AEXNZE 37185 R AF3T
2o s e Z7\7|X 8A ¢ IRWST ZAAAE A vt 85
;t o= 2% 9 A% o 143 % E Drag Loads
(Steam e ZJ|AE/E AAW EA o 257 AW 3%
Clearing) | solngs an49 €%
X=l e5zo £EIt ¥m 30|

A g%
el ¢ 2718 AEYE e A% 57185 % AT

i‘;};; ¢ [RWST 4& =7} o [RWST AA W ute) 35
o o=

(Continuous
Steam

e F 272 AAY =4
«8%g0] Za

eI 3718F

e 3} 2 E Drag Loads
e 20tA AAY B
*IRWST F2o] AFAE 23T

e ezsl%e A% 2 % A% ol 2A 2712 754
o A3 YT A
e Z7|UE L] Ha AR =2
7 «Z77%7 F28] $% % | «IRWST ZAEET v a5
(Chugging) ey o A4 FZE Drag Loads

e 2mtn AAY A%
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E 3322 d-EdddE 24 L AEEY

A5 | EF8EN AAEE HEH |7
o 1 7 %_7] ) o AZHKOPEC):RELAP | -POSRVH]# 2 IRWSTd| u]xj= pous
o 2 u ilrﬁfk% -é-_l??d(K:AERI): _HHT&LH G}E-—E:*_# o%}‘ﬁ%! 73—3‘: oL A 74]%1“
NAE -2AGRY | x ¥ ¢¥YEA AFHAEE 53 A5 PR
Z7] -RELAP ojH] A4+ =
o 7l %}H(KOPEC) o At
-POP:21.2 psid -84 Al2] 7}A, Rayleigh-Plesset
-PUP:-11.5 psid A Fo ey JE
-Frequency:4-14Hz A ZE g Hed 2
-ABB-Atom Testd]] HE5Ed Ag
2 A% Scaling e A -3718E
27 Analysis and Rayleigh | -A&& F7]712 9] AF A5 A%
_;] o5 Plesset Eqn. -ABB-Atom¢] A g A5 &8 A AHVOF
oAy 7Vs4d 2 EAHE =% (Scaling Eaxg
(ABB-Atom) Unit Cell Analysis, Forcing Function) )
Test -AgAy 89 Elgyol v FY
(KAERD) JF % 7% APR-14002] $AZAES
IFSEE 24 g FUNE A U
dH g MY AEANE £ FALWAY
(Inplant Test)S F§ YFr<t
_ o A4t
Ay A o A 2HKOPEC): 8} 5 EHELE L PFLre 2y,
= WA -%3718%315:+58 WA S 9% IRWST E&%
4= =7 psid (30% margin) A&gHrl mdgd BAAY
A :géﬂ 5 -Frequency:90-180 Hz A EZZ e e 2
.; E;i?'ﬂ- -ABB-Atom Testol| AZ338 A -local 2
4 AL 7% 18| -FEREFYFT L 9 F bulk &%
_SR'P e AIXHKOPEC): 2 & AFAEE 5 45 B XA
6221.C -DBE:local temp o Ay -2 1}k A (sp
(BWR) 200°Fo] 3} (TEMPEST) | -d A7 &A1 ¥ age_r)
200°F -BDBE:bulk temp AN ZHA A £2 g=z7
NUREG- ¥ 3}-2 & o] &}(Energy, FEASH Y A ¢ eI 5 19
0783 Mass Eqn.) (53 2347 7]& 4749 AP A
Steam -FLl_JENT(KAERl) Hl G2 9 c}_% ABB-CE9] I3 9} o)
fluxe] @2 » 413 :DCC(KAERI) ﬁﬂm% A}%—Q 72_;‘-‘%) v}
sogqa | EANEES Ade | Swudvik d¥A 24 BHIY 24
= AFdgoe=w AFEA= FLA IRWST
LR TALETA B E4A
*KAERI4 & 4 3} ¢ 599 )
A w3 SHAHAWAEE 53 495U
L e -R A
g} o Q) =
NeUle ) egnzugang | -@cdesd g9 g aswe | Do
(Inplant %71 Abel]l FAL - 24 HE A% 9l
Test) )
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.‘,

i e >
HE

LIQuID AIR STEAM STEAM
(X=1) ( @<{X<KY)
WATER JETS OSCILLATORY STEAM JETS STEAM-LIQUID JETS
BEHAVIOR OF STABLE STEAM
AIR BUBBLE CONDENSATION CONDENSATION
0 ..... 0.1 SEC ....... 1.0 SEC ..o 4000 SEC ..cvvnenn 6000 SEC
JET HYDRODYNAMIC CONDENSATION AND
IMPINGMENT  LOADS ON OSCILLATION(CO)
IRWST STRUCTURE LOADS ON

IRWST STRUCTURE

DOMINANT 5.6 HZ
BUBBLE SEVERE CO LOADS

FREQUENCY IF POOL TEMP. > 200°F

SOURCE 21.2 PSID
PRESSURE

oz

a9 3-32-1 294 wERA 49 4
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U}, IRWST & 34
@A L

% AellA AFE vl} Zo] APR-14009] IRWST AAolA me s ojo} &=
239 UEM ATA Fx LEAT Q. o] WL Fx H5FY A=
o] ¢HAA4Z  (Pressure Suppression Pool)ol] thdt A Q76 71%3 Aot}
I W82 AHEESEE A xR HEHE F719 FFd Y £z &x
b dsstd &5 T¥Hol gHo IFHoER By §
Condensation)2 WA A vj# 2 Fxzo AAA 9IL = 4 ¢
& oIAE F JdeE Aol ol& WAEY] A Fxe 2EE AT o
At o] AtFL s AAHTFAA L FEHAAA 62.21C “H5F2 &
TE" [3-3-2-8] o Z1eHo ew A W&o siAe NUREG-0783 [3-3-2-9]
< HEEE 53 o

#3H APR-1400 IRWSTE ¥ =AWZAAE B 2 AGEr] 45-HE ¢t
HAed FY9& AT3==2, A3 NPSH (Net Positive Suction Head)7} X &= o]
oF ¥T} APR-14002] IRWST A= 239 oty sldel AdL Ashd ol @
SEFZ Add 7lxstd AAHo Jemz, AAY A FA 2 AHA I
AL AsHA APR-1400¢] - A8 £ FAATS ol Hasu)

IRWSTS] €58 A5 AluA £z 2 & AE/mBe AAMNS BAs)
A QAZATLERH HEHE F7] THES AR 5 Y4Y +
Fes drlsteg 53] QMY $5& WASE &2 LEATA dd Flo]
Zosdttt. o] AeAE dAl APR-1400 <tdA Friol A IRWST #oke] dotaLgt

aHFHI = IRWST LEATA A gk FALTE Fdsr] g5t o2
At digk W&E Zesh
b 71& B]E’kiq] ALdE &2 SEASR 8149 7Ied 2 A}
() 71& BleFREY wEud ¥ §F55F9 APR-1400 HAZGAAT 2
IRWST 7&94 A Apolel thE xAF |

(th 71& 5529 H4d $2 2EAFX 879 APR-14000] 9] =84

37t

(}) APR-1400 IRWST €538 A% H7tel a3g 7el Alde =25 5
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f
-

Q

o
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(2) APR-1400 IRWST 5% %34

APR-1400 IRWST #Z X340 dslre ZEXPAEHEINAN= 4
A Wee 7lEsta UAA Fou, A GAAH Y Zeol B HAAAM A
g A [3-3-2-1] “KNGR IRWST Load Analysis Report, N-001-END461-201, Rev.1”
o A 8Ad wzA AT ArIF AAH Yok old WEW BAHAVIEAL R
A A7) 23 A3 (Beyond Design Basis Accident) ©l] ] &) 4] POSRVE 7|WA| 7l &=
Ane nHEY. olFoA BF7)RFA44E AR (Loss of Condenser Vacuum
(LOCV))¢] 7= 2744psia ol 4| 4.6723F POSRVE ABAIZG. F530@AL
A] (Feedwater Line Break (FLB))Jl& of 18%x%F POSRVE /utd. 23
POSRV 7§¥A} 3L (Inadvertent Opening of POSRV (IOPOSRV))elHE 30£7+9) 7}
Be ARaT. A AANEARE o Anst 2 £E4 0 AwAD
2 2 g o] Aad] diEiAE 2709 :hkAFS (High Pressure Safety
Injection, HPSI) E @I 17§28 AAYAAT E#HIE A3t Ao 2 71AH
o At

M A7)12% A1 (Beyond Design Basis Accident)oll tidiA < Sdags/d4d4
T (Total Loss of Feedwater Accident)S #|§AlLZ H3 glow, o] Atms|A 7}
Qo A= 2712 POSRV7E 7® 7 %ol 2 HPSI 2 1 SCS E#UE AH&3he
o 47)¢ POSRV 71" 4 HPSI 2 2 SCS E AL A&stes A$ ]
zA A o] sl = DBAol tislAE NUREG-07839] =7 2= 7|& (2
0F)& #&stglont, BDBAAG = FALES LHLE o]5gde Hole Ao
A Ao

PFLE AN E Bd AHoz A IRWSTH ofgh Mass and Energy
Balance MethodS A}238Q 3, POSRV F¢ Z7] #Z/ded, System A 4H=
T3 HPSI 4% S& Argatgnh AXYAATY de o IRWSTEZ S
o8 AlLEE S 5000 gpm/trainO. 2 3¢, o]F T3 20°F wWzhe] o] Fo
Aok 7hA sk

#A A, IOPOSRVe] thalAE 200°F vwte] H#&%, TLOFW A$ol=
212°F vlwte] HFeEst FaAHT FREE o E TEMPEST Code7} AHE
519l o0y, IOPOSRV Alare] oisiAut ai4-& S8t 200°F vlte] IH2EE
e & YATh oA A B, /A, HHE, & 71FEA AL el
g8 =gt

1 %

~

N

My ox >

(=]
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Q) Fx TEATAN 23 2 V=3 2A

HIZ7HA A AAIFLE oF 100 o7]9 v|5+2 dA
< F9 "5 4dHE GE A9 vEFE dHAo2A ALy Fy 2 Fxo
utel Mark-I, Mark-1I, Mark-1ll 522 g9t 2 3-3-2-2& Mark-l A3 4712
Ze HE5F d4xze AYHA EF S HAF. BEFE 42 Agers=
Wetwell 7} Drywell2 U¥ ol th. o] BE: nis} Zo] A4z 47 AR
7180l EEujde] AR AA F7WEE HH A HE AR A
AREA ZF71= Ag47) 83 EYx Rol(Torus)oz MAx® gAdAsze
Btk Torusyd <A¥JAFzRAE F7] #HE 2 2& T BAARR
(Quencher)7} AAHol & o FA don 19 3-3-230] e wie) o] £x
Wiole B 4o wi# J9Z2 9 TA¥ Quencher, Drywell2 9] 7] W&

g0l AAH 3.

=9
==

G vEFY AAze eAN YolM, AT BE 79 $F FzolA

J BHY $5 AEAUt RuHYS 2F HEHA BAY $F An9 o
et 2ok

(7h) 19729 £U¢) Wurgassen BWR 9704 HAUEWEES 58 25 52

29 27 Wl dAed, MBL 16AANHD BEUB TUL Fxol

65ft A YU o HEALIE NFLAF oF 08 2 27|

BEol o3 obld Ao 529 SEE I60FE zFaidon 2o

$5 2 A5 £U5At o 2% W@ L NAY A%s} BeHE

(W) 19723 &9 29 GE 274 BWRE W& ¥B AFME 458 40%9)
A oF 385lbm/ft’-sec O F& o2 8RZI Z|wrEo] gllon o AT
F£Z 2EE 140FZ HUA BAASE 9 AFd 93 &£io] Az

AT

(th #1=re] BWR 91N A8d B& Al § 2 25 100FE 233
HEZHE A 2, 1149 R=AIL F 5Y AladAdEe BE9A
S&o] BHHA Fgon o5& BF F¥¥ (Ramshed) Quencherd #

z2-gk 9ok
olgigt FEAne] FEE FHA AdWESUE wEufd B9 Quenchersb
B &5d wlS 2% 988 32 4A o, BWR 7|&A A A



2o Fatd e FoFe A AU (I
Z 2% 110FA 92 AR, 1200FA N Q22

19704 Tk o] &, £2 YoM EGAHEE H IF A=FEE T4t
A aAgo] 35 sith & F 3-3-2-32 NUREG-0783

oA =AY F3d APzzade] a4g HAgFA Qth
o] FAX BE Hls} Zo] A¥L GKM 59 4384 % Monticello BWR €
A 59 AA $EFFoA BHL W Hd¥eR FIYPHIJLH, X-quencher,
T-quencher $0] AFEEHALS S & & gt A AAoAes 7L 2 HE2
T7t 3oy, ZdIAAAET &4 T d¥=

ZAFE A T}
olelet A T2 Ug ¢ AnE F8lA A€ Databases 43 99
o] $£ZLEF 213~237F, ol¥Z4EE 20~160°F2 HWHoly, F7]H&S 0~200

bm/fi’-secd) M2 EZatm gioth ol W disl AAA F7 5990l
ANEQen, o] g 9o oo Bod gxgddez FAHU (h¥Z
T7t 3, 7] §%0] 2 AL) USNRCE olgid vulolee HE ZAH} (94
Ibm/f’-sec, 200°F), (42 lbm/ft’-sec, 20°F olW¥ZE)E HA F718F Jgdoz 244
sttt ®d o] HolHE Ed Hrid FE-FF 2% Holx EF Confined
Tanko] twhg ool AHAl SFFx4s Aol
Quencher Amo] A x| wWatel AJAE AAA BAE F de ALE HAH
. agla ALAAAES 48 28 YA &H 2 0E AT A
e Faggd o 4 e = glgo] A o A
NUREG-07830] Al &= t}& ¢
b $2 LEATFANE AGAE FUd IdFE oIAIIA de ¢
Z7] ¢3¢ 2R E U Fx X2 ATy
- Quencher BER 2] Z7|f&o0] 9albm/f’-secE Z#3stE SRV
2 RE el g £ FE L5 200FE 23814 T A
. 271950 abm/ft-olste] BEAElY WE £F FRLEE Hi 2
0°F 2] ol¥zZt=E 712 A (Quencher®] F 5 o7} 14ftd) 4% 210°F
of 33)
- 27]9%&0] 42~94lbm/ft*-secq] Transientso] W& 2 ZHSEE )7
2)e] FRLEATR Alolor AF HIEE (Linearly Interpolate) 2
.ol 3 FReT A9 HLA AFAFOZA o] 27 Monticello

l

ro,

d

Mo
)
rd

A}

—114-—



()

=h

A9 " T-quencher, Caorso ¥ F 9 Quencherd 3 &2 Hole Pattern$
uenchero] W34 A&, olgt & HPole FHARE A

ek i
P O

g 3% wo¥x $AA 183 Quencher HIE: A}
4

AL AR FHR-BE 2= AolE 7 Yol V€ FFE & o
T F7F49Q in-plant testo] 2]3 dFo] H Qg

TH-YF 2% AolE Tt ©l In-plant Tests: ALETFTIE Ag Az}
=i

49

- H Buk) 2% FZ2F st ¥d GAALLE JHAStT FH R4
ol o8 AdEHE BE Fx 2E

- FRLEE: F7I%E A QuencherF x| A2 FA &EZ Quencher 9 F
d Folol A Quencher armo] YAZ FHoZ I FFE o oA T
He ¥T &%, @ RHRo| ARG 24 Quencher M7 54 2%
(HZA Am 9 2% ¥3h

- 35 ol = : Quencher YX9 A5t H AVt APt T3
59 IRFEEES Aol (AFE7] drlY ZHt Ede wiA)

FEIE A Al

ojgF FF2L ATFAE ¥y GALESUE AL FEAL )
A sl Z. SRV Blowdown &<te &5z A/ dUA HY &
e HL dES X EE Ao dist §E2E A= AHE @

YT GHYE8E 1250 (SORV)

AT T3-S SRV Y 2 23 A (FEAAAT End7]

A4, YRAE AAA FZI)1AEUE MSIV) 243 QA 271X
o

Isolation/Scramol] ¢} 3+ SRV #3&

SAREA o8 FZrAvuE F 9y L A2 A (LA
2 Z¢4e 9% SRV AL (A2 A F 2~3 AY F HGex)
23 Hehiza) 3 Ak T (SBLOCA)
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(=h

2 &
7] &% 52 SRP 627 9] Containment ¢&H/2% X7 A S 7}

x5z 27 FYE 7IeXNIAY H& FH= T
MSIV 232 A2az ¥ 35% o MAHE AR 7}@% A

9xZ £7] Pedestal Yol EAstE B9 AHL 3

FrEZd A3 7H3

Isolation/Scram 2 SBLOCAAldlE A9d Y v7t&& 7HAE A (FF

AW z+4 39] (HPCI, High Pressure Core Injection) =2 HPCSE
zexd d8 FrHE A2 HAET A

s
27 F 102 Fo E&AANE AT
Hol FE2zd dg ZlexdA A

RHR &do] Waeg A9 RHR & A7, ) A
&
=

$24z PAAS

SuAL TS A AR HE NFINYS RYAES ZAATE AR
g 2

S5z £E ANe Fo REY AP YF (Quencher R FE HUL
E Z4oz dal 7b5)

- Ha59 olstel MM AA (TIS)

4z EEE Aodd AX 2 7% (FTFELE AHL AT 2Hd
A8 A2HAE AR L A4 ) 4A, AZ AL FdAQ
AEEE meiste] Fu APA HA)

o,
il
ox

{

ta

sl
=
2
fr
=
el
ol
zj
o
e
I
il
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B>
=
)
oz
=
rj\_g
>
ofo
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(4) AA Zo] H7}+

Aol AANE F22E ATF2AL BWR ¢HAASR Odt Aoz o
87°] APR-1400¢] HHsA 282 ¢ X Frrsdck ¥ 3-3-24= Jury
?l BWR & A4} APR-1400 IRWST 2 Ae] F 9 g 2o tjd vuE 1o
Fi

o] Hlmo] 2]3lW NUREG-0783 Database ©] 12® BWR Pool/Quencher ¢}
APR-1400 IRWST/Sparger 5749 zto] EATE & = Utk a3y o] zpolr} 4
Z2E @A HAE dFE A& Ao AAdrt. T3 Itype Quenchere]| o
&A= In-plant Test 3¢ v} glomg A|PL 359 NUREG-0783 7|0 A
€ 7tedS 45T a7 ok

A 5 B7)FEo] AHEEHoJoF = AL HWH APR-14009] Az
NUREG-0783 Database toll& HEF7]2 dH/AE (d€9) 2 2 27244
8 Aol7tk EAsY T2 LERAFAE FFL WS F AL AoT Ho|A
NUREG-0783 7]#o] EFAd A2 AAHE ol disir:

THrh

ESH APR-14009] <Hdv}&wlE (
&8t7] A E HE7I7 308 B¢ AP TR i&t% 2ot dvh. Ay
& [3-3-2-9]0] AAlE wie] o] wad %{%#%@‘A}i (TLOFW)A] 100~
600lbm/sec (Sparger 82 65.6~337Ibm/ft* -sec), o]™, 2322l POSRV 7Ru} A}3LA]
100 ~400lbm/sec (Sparger -4 65.6~258.56lbm/ft2—sec)0]9113}. w2} A APR-140009) 4]
T2 ZEASANG HALHE ZE oA AlEe  NUREG-0783 7]
94lbm/fi’-secE 2 T}etE A STA ZTRLE A& 2000F7 FLRL o % 9o},

19 3-3-2-4%= APR-14009] A FFAAA o] s )4 @4& POSRVE
T3 LEHe AFAH € 99 E RdE.

TH UG a4 E BWRH APR-14009] A 2 A o] w o
NUREG-0783 21¢ 23 H437] olagd& Aoz Ro|xut 7]23oa POSRV
g /NLATIe BE ALLE nEdlojol & Ao ® melt)

s|AAle) Fhgol A= BWRH APR-14009] H7A 2 &4 Xfo] wlEo
NUREG-0783 2718 24 Z&317] olal& RO E Ho]xu NUREG-0783¢9] 7]&
A WL AtmEiA b BEeAd dun HopA, vy mAd 5 w4l s}
Aol A gxojol & FHoT HAL.

—-117-



ZB PFesE apold thsAE NUREG-0783 A% BFA] 2% &4
Aoz <s] 2 In-plant Testo] o8] ZHFLEE ZAUD AL BT
ol FRLT WYL 1984 £ W EF EFAT AHq #

o] WA (NUREG/CR-3471 [3-3-2-10)2 B4 Hgoz AANHA L, @A
APR-14009] thslA = CFX, FLUENT 5 @dj9] CFD 7|€¢ 2¥2 72 3
Mol 7458 Aoz AL

Jeju CFD sj4e 58 ZHSE o34 msadel By 2 A%E A%
3 U7E 2HS 58 AT 430 a7dh oA e AN B dTAME

- Full-scale Teste}e] BvlaE £3+ HF (eg 1978 Monticello T-quencher
Thermal Mixing Test, Chap. 6, NUREG/CR-3471)
- Two-phase Model, 34 Modeling 5ol =& o Bk,
NUREG/CR-34710] 2]8d ZE L% sjaA o) thd giFo] maisofof

- 4% Z7]|AE (Steam Jet in Water)

o,

gt}

- A% % (Density Currents)
- 9423} (Thermal stratification)
NUREG/CR-3471¢]l AA€ 814 2RME thg AHEe] a2 H Ut
- AN 4&3 =24 (Overall Thermal Mixing Model)
- Quencher ¢ FUFHET =2
;Quencher A F714E5d
2 A 3 (Plume Transport Dynamics)
2 2% 2938 (Plume Impingement Dynamics)
- Merging Plume Dynamics
- 43 3k 29 (Surface Spreading Model)
.22 Q%3 29 (Local Recirculation Model)
- Quencher ¢1 2 oz HHY

- 4749%F 2d

- Quencher 1 Z-974 §% J5aE&
BWRI A & A5z T840 A 2z o dx2 EY
W pged AR So] TS WAHL B 2T Az ATY AL

NUREG-0783 oA 27&tn & vlsl, dx APR-1400014 = IRWST uf 374
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9 HAA £E E4e s Ao WAH| YUk o= 7|E BWR (>16)9] 1]
3w werd oA

, olHE 25 AF o2& Inplant TestS $3s)x Az
4 e =

% Z7o] olplg Aoz MY HaAA oo He o e

4z
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E 3323 $34x 4

Type Plant Purpose Scale Quen Sub- Test Condition Result
cher merge
Mark-1 | GKM Model Develop discharge 1/100 Optimum Quencher Dev.
Tank device
GKM Scale-up 1/4 18.5ft | 95/40 Ibm/fiz-sec | Smooth Cond. Up to
Test facility 203/214 °F
KKB (1974) In-plant Test /1 | KWU 13 ft 75-1100 psia 150~170 °F
X-type 1000 tests Uniform temp.(9°F)
KKP(1975) In-plant Test 11 15f Similar to
*74 Test
Monticello In-plant Test /1 Mark-1 1000 psia Bulk-local temp. diff.
(1977) Load/Pool Mixing T- type 2 test w/o RHR 43/38°F
Monticello In-plant Test 1/1 Modified 7-min. discharge | Bulk-local temp. diff. 15°F,
(1977) Modified T-type T- type RHR credit check
Mark- | Karlstein KWU 21 ft 30-1199 psia 140 °F
1l Facility (77) T- type Smooth steam condensed
Caorso (1978, | In-plant Test i1 X- type 18 ft 13-min. 102 °F, Bulk-local temp.
79) Pool Mixing discharge diff. 5°F
Mark- | Kuoseng (81) | In-plant Test 1/1 X~ type
il
Grand Guif In-plant Test 171
(83)
¥ 3-3-2-4 BWR 48 9A$= 2 IRWST AA v
3= APR-1400 BWR H] 11
A2 ZY 1400 MWe | ~1436 MWe
FZ AAAA 117,391 f3 254,000 ft> | Suppression of drywell air during LOCA
FZ B A4 84,391 {13 135,000 ft3
Fz 7144 33,000 f1° 119,000 fe?
FZ g4 %3 (Cylinder)| 3 (Torus)* | Different Configuration Mark 11, III
Tz W% 53/75 ft
Sparger/Quencher I-type T-type, X-type | T-, X-type Quencher: tested In-plant
I-type tested in ABB-Atom Test Facility
A 2o 9ft 13~21 ft
A A Sparger T 12 ~14
Hole*/Sparger 144/1 80
Hole Area 0.127 ft2
A =9 1.524 fi2 AARE v, FAE Ao 2 d4d
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ORNL -DWG 81-8602 ETD

|—" REACTOR VESSEL
DRYWELL

PRESSURE SUPRESSION POOL

Y 3322 ujS4E Az a2

ORNL - DWG 845477 ETD

MAIN VENT
BELLOWS:
RING GIRDER\ 7 .
TQRUS WALL\ == VENT HEADER /
g

Y SAFETY AE(IEF VALVE
§ DISCHARGE LINE

F-Te==

' 100 REOMER

a9 3323 gHIAFFE FAs
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M A8

APR-140001 A= H]4A AA2YAYAZS Y
POSRV (Pilot Operated Safety Relief Valve)& £l 12
(In-containment Refueling Water Storage Tank) W&o =
BEA 1A "ot POSRVA Spargerol] o] 27)742] o}F tidst seje] ujzo]
x50l gEd, o7]dE Reducer, Expander, 90° Elbow, Branch (22 3#) 2
T-junction Fo] 3Uth. APR-14009] ¢ RCSe AAYHE 2250psiac] T L& =
668°F (=353.3°C)o]t}t. ¥urd o2 POSRV Etho]:= th7|¢te] AL32 2 POSRV
A5 ¥R S "ot wakd POSRVZE xb7] A2iA H9 vz yu
e FRHOZ BAY n&5F50] YW Bl ohz TN SRA a%
(Hydrodynamic Loads)e] z-&3}A €t} watr] 23 ¢hgAo] B3] a7dg:=
YAHEA ¢ RCSY HA AN FF5EH EHE w9 Fasg)

£ AT POSRV 7AAIZto] o}F Fe 7o) 2% waolA wagse
ddE FANNE Fotod AHEQY olF A8 TUT Felo wido] tiste 2
A W 3 v A A E 84 (Unsteady Analysis)S 8819tk =8 90° Elbow
of dalM widadl 2&sE P& Az FF2 Fato 2219 A AP 3349
AN AdHE B w3 At

Sparger= 43 Y dFo] LAHR GEE IRWSTE 2718 w47
= X olth. maA Spargers A glo] MAF Fort 2PFEHE o}F Fod

T/dF°lth. APR-1400°] 489 Sparger= ABB-AtomA}7} 7jutst T3 Sparger©]
t}. Sparger 3}¢to) Dlscharge Headoll & g% g0z 10mme] AL 7t = e
Tl 97 Lol EAA 144707k %A dvh. 223 Sparger dhEol: A
25mme] Frgo] st glevdl, o|RAL Spargerg T WEEE F7)9 IRWST 4
z4ote) ERE 2AATE J5e 2e W3 2 EW Apolo] 42w
#e $5E $HNA BEGEL BLA7 Asd $F24AY (LRR: Load
Reduction Ring)o] 5o MAx]=o] ¢}, dutzoa IRWSTZ WEHE Z7|9
20~30%7} LRRE F3te] $5dch AABLNIAE 25 279 LRR%
Discharge HeadE &3l W&

A Sparger® Fotol $E

Ir
e

L]

mH

N

Y Abold] 4448 A 5o

2l
AEshe B/¢Ee B2AATA B



Sparger7t ZHEatA HA wi#@ %o Bo] WA WEHI oA wid £ 7
A (Z7), 283 AREAAAY 79 Lo yasgol DAET, ol 242t
o B2 gHMSe wE" o IRWST Pool ol T8 ¢HAWASFE HATH UnkH
oz x7 W@ %9 %o WEHE A% Pool W embﬂ:a}b a9) 27 @
o 28y 71 A7 HEHE
o ¥ A%HoR £33 Ao WEHy] HEY Ao . e
#H Pool WHE 2 Z717} HEHE H
Zo) dolu} 2 e s
nenge T A% BEH £2 &7t 45
A4 kR EA Aok gtk Hebd HFH F718
o] MAT FY8 7|gdol I AL ¢ F A

POSRV (Pilot Operated Safety Relief Valve)7} 25 % 7% Spargers =35td
sxdo0z 2, 27, £7]7F RWSTZ #&dch u} 2} A Sparger«] 715 € POSRV
AEA AZe AFPsiFe] LAHA FES BE G WEAINL, IVE 4
g3 WEA7 3, 2717 FLEA $EHES dto] IRWST W59 72 §1°]
EYYES I}

o] oME T7|WEe] st FEHeR AHHEUTE o FTIIEEN
z e s 2 £88A stFol gyl WEolth wEAd & ATAME
IRWST o] zgsts g8e A9 52 AH Bt of Add ‘]94 AW
g2& =37 % 71X =2 Ut b POSRVolA Spargerd] o] 27]7hx] A&
e u}ow Feel wael A SEEHS BAs HHy FAARE g

g e W TAHE FE89 A
& A8t Sparger 4 74]°ﬂ g3 HrirlE 71Ne FEE Aotk watd &
ATl M= vl BA S} SpargerE HEE FE | AHEUT

+

Ir

@ A4 29

Sparger’} ZHEEE £t 7z Holeg T3t WEHEe FEwAe z714 Z,
2 olFo] 27, 28z AZEHoE FUIth wEtA o1& HAS HAside AA
7t~ o]A4% (Liquid-gas Two-phase Flow)ol| & T dgo T”_S_é}t}. =3
JRWST AR = 28 EdW(free surface)d 7HA3 gloem g olg 2 S-Ao o3

Interface2 A 2| & & U Rholojob At
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YRt o2 IRWST ¥ B9 2x7F % A9 Sparger® £} W
e Aed 23 APFSFE B9 AAHA $55Ho A g
Wkl e 2y IRWST B2 d&5xog F7|71 way
Sparger @A ¢ 27t IR How Friste] Fr$Fo] BAMAA o). o
1= 53 F712 339 $£5& dEsd 2 & ]

[ == e

-~ T2

FAFE oIAE F vk dutdoez F7¢¥o] IRWST WHEyadn 2
(o)

L

o4y o
B
_OIL

o
e
t
ol\
N

A% BRHD e S 5 o wd o5 AL BN ARA
£ WS} (Phase Change)l ti@ 2o Basm, FATL 4T + Yook
k.

AEH o2 Sparger FH A2 I5¢
Edo] 234 A z=v) :ﬂgzg}o o 4

* 2% #rF (UF&-9A)

e 2+ ¥ (Free surface)

e A} w3l (Phase change)

o /} (Phase) A}ole] FAY (YA WAA T3

e sy A e dea e
o}

O

Ch g+ % 24

q71A e 4 AT A8 E FLUENT AASAGst I oo s A9y
2 @ Addgel F kX FA 2ESE GRS 1AL 98] FLUENT
dME A 7tA 2d$ AT 4 Ed, 97]ol= VOF (Volume of Fluid)
Model, Cavitation Model 22] 31 Algebraic Slip Mixture Model©] )t} (FLUENT Inc.
[3-3-2-11]).

VOF Bl nHZAAE o] &3t F 71x] o] EFHA = #-4 Ato] <]
BA™ A 2T Bl AL ¢ JEE 2¢d 2ot F, AFFHS
7tA e 29 F8& WSy AP Edolrh. VOF 2N $EZdAAe &
Asd oA FREHL, 474 AMAAAA Z FA MHAEE (Volume
Fraction of Each of the Fluids)& Al4}3l:= Zojth. VOF 59 HL7l% Rops A
HEH, AE F¢ (Jet Breakup), d4 £ Z F7)vE &% (Motion of Large
Bubbles in a Liquid), ¥ &3 9 4 A% (Motion of Liquid after Dam Break),
HA-71A BAFE B4 B B=48 814 (Steady or Transient Tracking of Any
Liquid-gas Interface) 5o] 1t}

rd]o
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(}) VOF =&

Hirt et al. [3-3-2-12] & 24 59 ZAA9 A5S 4387 95t VOF 24
& /ALakAct. o] VOF 22 d 2 £% AE sAYsted AEH
k. ey o] 2o §35y] A 4ud FE o] Energy Equations A%
+ 7] W&ol VOF 2d2 dugs Fitste 24 &% ddde 482 + ¥
=2

rlo
&

rlo
mt!

D VOF 2.9 o] &

VOF Rd-& 5 71A ol {FAEo] AR Holx F= 2l HE #53
4g A4 AU o2 9skel Az FA) E F7HHA 4 Phase) o]
gol shpel Mg Wi £dsEY el vz AHRgeln. 12 27
Aol HoA EE FAY AFEE e 1o . RE €Wy R X
(Variables and Properties)= Ztzte] falo 9ste] = 247 Ao A4
g 21 Yt B AHRFEES YedD 2R o= & A (Celhol N9

EQS AHES ol gy &FaA shue] fAle i mEHSY ¢
IiﬁzﬁﬂﬁfﬂﬁwﬁwléﬁﬂﬂQW}QEQQ%1¢ngké3@qqg
A fAe) ARELS o, 2 E/18THE e e A A A7 sbsen:

aq = 0 the cell is empty (of the g th fluid)

aq.= 1 the cell is full (of the ¢ th fluid)

0 <@, <1 the cell contains the interface between the fluids
wetd o] @,9 & 71ES Addd W 4 AoAH HBIE 5% W
47h 228 9E Aot

A A LG ulAR} A

Z+ 4} (Phase) AFol9] A AR (Interface)S 4 7hH&d v T thge AAE
go] o3 AZWHAS o] &t Tl ¢gHA Ao Gz AHEE JAS5HAHY
2 ves 2o

0 oa
il +ui——q = S,
ot 0x; d

o] Aol 9 &2 9= Source Terme VOF Edo|x 0o ®r} 3H AR &
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o] A} 1x}At (Primary Phase)oll thgt x| 282
2 ojgate TETh

za, =1

g=l

EA X] (Properties)
A EAXE Z+ AoA Y &A= 8
o

3, % e gol EAHE FERN 2L oA
ol g AR L

“I'T"é'a

so| ostd AUt 4%
I3 13} 22 FrletE A9 %

FYTHA 7} cellel A 9] WEE 23 o] Fa).

p = ap;+(-a)p
YAH oz NS 42 AAE $539 49 BEE 423} 2o| P
P = Za,p,

2

(2 n

LEF WAA

VOF RdojA= A A4
B4 ztzte de se
o]

& &x8 7Hat

‘1% HJ- 2 A)

2E 4o AHEE 91-11 2451

| |t
0 oP 0 |[ou, Ou
517“, 2x, puu E"Lg,”[ng EJ+pgj+Fj
AR FEFE FAVTE ADL 4 Aolo] 2 £E ok EAY 4 Uk
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9.90e+04

= 0.00000 s
9.22e+04
] 8.540+04
- eron = 0.00003 s
7470404
Neasnsts = 0.00020 s
- 1 5.80e+04
« = 0.00030 s
7 4.430+04
3.750404 = (.00040 s
id 3.07e+04
2.380+04 = 0.00060 s
1.70e+04
1.01e+04 = 0.00090 s

:La]t! 3'3'2‘6 %‘Z% E}‘T&mp’] %}-3_5'3 'E‘E\Z—, Pdrivcr = 101325Pa, Pdriven = 10132Pa

1.106+06

1.020+06

9.33e+05

8 500+05

| 767e+05

6 830+05_

o 6 00e+05

4
45 170405

4 33e+05

13.500+05

2.67e+05

1 83e+05

1 00e+05

18 3-3-2-7 Expandert] ¢ E X, Paiver = 1013250Pa, Pariven = 101325Pa,
Time = 0.0002sec.
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005 01 015 02 025 03 035 04 045 05
Distance (m)

0.QE+00 :

:]-% 3-3-2-8 ?C}.‘%‘oo}"‘ﬂr‘ X'HJB‘::}: ?:}-Q‘E‘E, Pariver = 1013250Pa
Pariven = 101325Pa, Time = 0.0002sec.
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FLUENT 5.5 (2d. counied exp, lam, unter FLUENT 8.5 (3d, coupled oxp. lam, unstonsis,
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(c) Time = 0.000611 sec.
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Force acting on a wall in the x-direction (N)

19 3-3-2-10 90° Elbowo) A] x-u} 3k

Force acting on a wall in the x-direction (N)
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FLUENT 5.5 (2d, coupied #xp, tam, unste: FLUENT 5.5 (24, coupled #xp, lam, unsiea

lC«lm of Static Pressurs (pascal) (Time=0.0000¢+00) Nov 18, 2001 z Contours of Static Pressure (pascal) (Time1.73118-04) MNov 18, ﬂ,'v‘{!]

() Time = 0 sec _ (b) Time 0.000173 sec
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Contours of Ratc Pressure (pascal) (Time=2.1970e-04) Now 18, 200 Contours of Static Pressure (pascal) (Time=3.0963e-04) Nov 18, 2004
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7% 3.93e-01 {54 2.360404

2.62¢-01 1.758+04

1.31e-01 1.13e+04

5.200403

0.00e+00

Time = 0.00060 sec
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Time=0.000 sec Time=0.060 sec Time=0.13 sec Time=0.17 sec  Time=0.27
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Starting point of air cleaning

0.08 = through a load reduction ring
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Static pressure at the wall on sparger
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(c) Time = 0.035 sec (d) Time = 0.0375 sec
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AGAENAZFAT (IWSS)S] HALACEZE vF LAYFANYLE (US.
NRC)¢] ##HQ73 EPRI URD (Electric Power Research Institute Utility
Requirements Document), System 80+¢] w3l <tAAH77F w7 o). =3
IRWST#HH oAl AP6002] <tAAF7IBTIM7L F3m7h 2 4 Uk BE4=
(BWR)9] IRWSTel| thajr& 1980d AT FEE d77 APHAN FABA
o) EaME ZAAHAJC ol /AdA s g A AdHo), IRWST B oA
o vFFRd g tAAEE7L BE EEAANAE L FARH A3 2
dEg2 F 3-3-2-59 o

9= FALAIEE BH FEFHAAR 6221.CHA vz s
BE ZFA 2AGE FEFS AUERE HAE AL 8781 o Fx9
LA g et AR Yok HEFE Y Mark 11, 119 A& wegd

53 8t 3 3 871%-S NUREG-0802 App. A 2 App. BojlA] z+z 7148
Qo™ NUREG-07839= 2EAFXEZA FHLE 200°F o] 3fA Ee 5EA 9]
510 714 871 S T} EE gt ok NUREG-07630 - = S L&
Alg (Confirmatory Inplant Test)ol thale] 7|&38t: ¢ict. W K-URDY| <3t
2718 aHHoz £33 A4S L FF9Po] HANHEZ 2y M7

Heish AXE FAKL Yom LA F45S RWSTS BATZESY A

s

Al wdst=E st gl
o] AN ¢4 JIAAFZE 7FLZ dlo FE FFAAXEHR nZ

AYFAN RS AAYAINES EUE APR1400 FAFALAL AA 1A

St & dtAFA LN FRBAL L APR-14009] A AW LS v Hrta}

o 9] APR-1400 HHAHHEE ¢ AR Addes 2A5HT o 7]

HTTE2Y AAEA 9 Ad4 H7MES 98 FaE a9 974 #Ax

wHAE EPRI URD, System 80+, AP600, EPR (European Pressurized Water

Reactor)5& 9|msttt. AGAENAZFATA a tA7ALA /AddasE 1

Y 3-32-172 YA}

(r

() HAFALA A
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APR-14000] H&HE AFALAL dAzALTY7IE7|SALTTA (°]
8 “dAzFH ol ¥, dAAAAH R FAFALLA T MAER 7Y

2 9t} UAEFHE w2 10CFRS0 F2A AWt A7|E (GDCO)Y FFEolm <
AAANR A FAFANDL AA7I&De WA gdt. I F A=
WAAFASD A4, 2dHes #dd FALdY AAst FaREs 29 &
3-3-2-63 Zth d7|A AAZFHLe A g oln AAFAAH, THAALX]
A, EFAAGALGEAR A (SSAR) FAXNAH L FF spEs oo st 8]
og2A o] AAE HeE FAFY. dAZFAde dHAFEF B 74, 448
9l AANZE, YAZAYHE 59 2o FAH Uk FHAAAN(DHS 8
Z F232 A% 2949 A4, ¢H € HEREe] THRALNWEAIANE, BA

Rovsax 5L FAHL gon FAFAALERHS FARZE WL 3

. EEAAMAARA BTN FAXAHGHS AR AF R A T SSARZ
Aol AFoz AAsE Aol

ol AFe AAFALR FoAA AGAEAZFAT SAAANAERH +
Zolx T3 FAYLE 843 thSI 2.

AGAZWAAGAZT S APR-14000] HEo2 =YHE ATl oA
IRWSTW o d5gdd o] #3Hxn 7 QLR 6§23 34 R 49 AlE 9
bHAgol el 9 #HEEHojof drh IRWST E-dIdo=s

29 gAo] glom oz Q1§ dFo| FAE HriEolor F. 53| of
FH9 dFozA FrHEaETH FAHA FVNEES AT FAT R@
Asqs AE7 2790 § A5Y ¢AAAeE 7189 usFRe APAA
o ek a4 2 AFAAI BEE F QoY o]9] APR-1400 H G| iy BT
Ho] glZgojol atn 1A YW APR-1400€ 3 Ex o] siAF AYo]
sl gjojot & AHolt} offg WAAW #<2AAY (Confirmatory Inplant Test):= 3 A
o Y3 dAH A3 mE oo vk ARHozE dFHIAYLE AT

OHHU

71,

Sze 228 nAstd RWST A4 2 A572E 4A BGHES sojo}
& ol

AGATNALFAS g Ay 2 Ah: thest gol gokdy
[3-3-2-21]:

(1) AEAE FAARA A
M7 Sol FRYAAH Foi 61%715:— =, oa

Q AAE, B39 S B
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)

A3)

AEAE 5 A% % A79 gen ge s
dold 95l BARAL BEH=AE FEDT

Ch BAEAZAL AT AGATAALREAAY 85 3R
h 7M1 R 2022y 225 §A9 24

) FEFA 9% #F 2 a3 4%

(h SAAZRIY FHNT
AEAE 47 13 2 284 HEY 9 5 ALY FnEY

g oY $H2e A3R ofY FABHLY BAANRE ¥ AEan
A R Agol BEANA FHHAEA, 2 2% AAe) B By
NEAE =S TP DY ¥ GBENLS Fakd ATo] ByaA 4
AR QEAE AEDY.
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F 3-3-2-5 AGAEWAZFAF

#d FAed 9 GBI d&

PWR

BWR

Standard Review Plan 5.4.11
“Pressurizer Relief Tank”

Standard Review Plan 6.2.2

Standard Review Plan 6.2.1.1.C
“Pressure Suppression Type BWR Containments”

Stand- “Containment Heat Removal
ard Systems”
ll}lewew Standard Review Plan 3.6.2
an “Determination Of Rupture Locations
And Dynamic Effects Associated
With The Postulated Rupture Of
Piping”
Reg. Guide 1.82 -
“Water Sources for Long-Term
Recirculation Cooling Following a
Regula- Loss-of-Coolant Accident”
tory Reg. Guide 1.1
Guide “Net Positive Suction Head for
Emergency Core Cooling and
Containment Heat Removal System
Pumps”
NUREG-0661
NUREG-1512 “SER: Mark | Containment Long Term Program”,
“Final Safety Evaluation Report July 1980
related to Certification of the AP600
- NUREG-0408
Standard Design”, September 1998 “SER: Mark 1 Containment Short Term Program”,
NUREG-1242 (PWR&BWR), 1977
“NRC Review of EPRI's Advanced NUREG-0487
Light Water Reactor Utility “Mark 11 Containment Lead Plant Program Load
Requirements Document”, August Evaluation and Acceptance Criteria”, October 1978
1992 and Supplement No.l1 September 1980
NUREG-0808
yFliJr::F(S;;lf:tgz,Evaluation Report “Mark 1! Containment Program Load Evaluation and
related to the Certification of the Acceptance Criteria”, August 1981
System 80+ Design”, August 1994 NUREG-0802
NUREG “SRV Quencher Loads: Evaluation for BWR Mark

Il and 1l Containment”, October 1982.

NUREG-0783
“Suppression Pool Temperature Limits for BWR
Containments”, November 1981.

NUREG-3471
“Pressure Suppression Pool Thermal Mixing”,
October 1984

NUREG-0763

“Guidelines for Confirmatory Inplant Tests of
Safety- Relief Valve Discharges for BWR Plants”,
May 1981

NUREG-0978
“Mark 111 LOCA-related Hydrodynamic Load
Definition”, February 1984
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M AL

APR-1400
AL

H] 3

A2 5
A2z, A13%,
A15%, A23Z%,
41z

Sol Bg 4AANZE
A2A¢AE 5
¥, BN, A4 2 Be

e O o ¢ o
2l e to o
oxl

8 LAZTFH AN

A A EWAZ ATl
NEHog HEHE
L.

A AR J (D
84 AGHEEA
AAES A5 3B
7}

e dY7|7]Y 2 5o WHAEE=
Ao 3t B2

e AGHUE AAAEFT F= o NPSH
o AFAITY AAA T Y

e 7155 AA 2 AFA AYd
AA 2 FPAY

dEA 5o FFHo| AEFH2o
ulxl= 3

71Z9] RG 1.13} 828
235} ANSI/ANS 56.52
Fi2 ngsld A3 g

GAHAA D (DD
6.8 AGHEWA

A%

e X2 aHZRE ¢HFF 71719
&4 2

e AAFTF7I7] i vAAENY
Eiog)

37185 R TXEIF HasE
A 2mtA o] HA

o 7kt7] XY EWHE BEE (E,
71, 37Dl 71 HE FY&F &
EdHE 78 59

¢ IRWSTUW 9] & 2= A%

34 2 AnzANY A

e o] NPSH &7

* IRWSTW 3}qbeb=] gl 43w

YA

0o A5E FA2 39
AgdEWAZFATEY
A S A

*SRP 54.11

tdr1gEwa

e SRP 5.4.16 AALAAE

*SRP 622 AdAE
A AAE

* SRP 6.2.1.1.C BWR
AG1E B{YYA

* BTP/RSB 6-1

*RG 1.82 LOCAZ #7]
Ay zrd

* NUREG-0783 BWR

e T71E ¥ W W& FFo AGHE $F5FF
ojg B2 wyntx &5 A8
* [RWST A 3l7]%5 ¢ NUREG-0763 A AW
*F7134 e ¢ A¥E #2144 (Confirmatory
ebdrE B o] WA A E<AAY | Inplant Test)
o AFE A AT ¢ URD, APR-1400 SSAR %
e TTATFATY H45(E8WF, F2| JgAdAA=R
Ty 2 dwes
S | e A7 & RG 1.70, CESSARE 12
AAJENB 1 | e AEAA atof 2%
A ZAAAARARYH | e AAH
6.8 AgdEY o AlY H A}

AZrAE

s ASFAFT A
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SRP 5.4.11
74471 & A NRC <tAAH 7}
SRP 6.2.2 BIA
AGAE dAAAF PRI URD
RG 182 g 80+
LOCA AT %7) ' AYPS;E?
A Wz )
ZQo3lEgz QAFAJES
BWRA A A= x
APR-1400 PWR dAAE
BWRSHA A 3 7} tAFA LA .EPRI URD
B A NAFE =& -System 80+
BWR Alaiatz | 28  (wss#d)  |«HEB | . Apeoo
APR-1400
HgAE
APR-1400

tAFALD ME

19 3-32-17 AGAZWAZFAE HAFALA AL
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.79 54 49 97}

7 A8

a9tE FHstE IR FL AlnAlY AR gEEUe FAY Bde 47
Hel Az €8S o¥ + doH, dAE £719 AN Ao & £
At o] 4L HY 5 /MY EF A (Pressurized Thermal Shock)o]2tx o). o)

A FAALS = FAAR L154 [2-1-7-1]18 TPsAN A3 ddne 7}
% “zaoﬂ Ha dA HE=E Frtstes g8k Qi

MEESH Hrte U 4948 Ldxid dd FA 2e2 AAHT Y=
F714 ddAd el QoA A F2H 84 F9 FJuE dHT Ao @
o AAHTA Ada 2 WY IAEL 1Y 1378 T dAERHLY £
¥ dFE FsEA 4AY PTS Alxdl 93] fE¢=Es 9IS Hrulsly ¢
o PTS AP =& oAJE Al FoA F3718 ddAne 23 IAA
R A ES A FHE st MG gl Z Aln F9 S|tk du] AT
ostd, HlF o] ojalae WANFAHL 64x10°224 HAF PTS AtnHlz o
0.6%cl =3t Hde] F=E wjf AX HA PTS AF=d "vXe 9L
)% actm g 4 gk |

2 47 29 157]9 I4ESE Brbd Aol 2 AnFd e F

TX AT Iy ATE Hristn FFdHY £F ASS
%ﬂzﬂh U Z34E 531 Aok 53 2g 18715 F718 kAR AHrlolM A
FAa0)7] HEo] FoAe] ¢ Aga B £ gk B AFoA

= AA PTS A¥= H7t Y FolM €48 AT E4Ne ek 39 9
RYAA ATo2 AL HA=AYTFI FAHYE 25 EFSA =
AR A7 AAGH FL Fdo] =8 A WA YF45o) g ¥
3] o] FojA A F= BTt A&E + Yok (4 F). olElF 4F TR A=
of sl & AT SN B A7 G W8S FF [3-3-3-1]0] AA o
At

. AbSL Fo)
1Y 333-les 2 157]9) &9 F2718 FAb AA Ge Al
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22 0 2 AZgA sty sE AL Folrt F Ao AAH gt
An £Exol EA (Heading)s At ¥ kAT AlF9 aF 24 AR, FF
et R, 2787 HE (), 2 9 e F), BEEFFY e 9%, 1
AT 01—‘?—, $AY ZAZAN ZIRA7 AdHe e EEEs ad o
=d &% ¥4, 7t47] PORV HH So] nasu g

Ches
AA 2 A B4 dF HES FIHAM =&

4
©
)

s
PN
o ol
¥
:{o
j&
2
B O{N

(=2
WAo| 03363m’el F7|1@e Fo Hug mEsn Uk A HELS £d
[3-3-3-119l AAI = 3T

= A
B zz7ggdAlad 42 948 AF $14<S 918 RELAPS/MOD3.2.2 beta
=7} A}%,q 2th o] == RELAPS/MOD3 Z=¢] 7b #Al Version 24 A
277 Ao, AF 2 F #F T o8 7hA "elAM AXE 54 7R A

B o RELAPS;“A _?‘]s}]/q A3 1l 1 57)9 o3 Nodalization
28 33320 AMAHO gtk AA ASL 17409 FHTH A F, 229749 FH
3} # Junction, 238709 EFZEE EAIHo] Utk o] RdHdE AR £7],
717 2 Z7AE, NA=AYLAE Fo] RdEol g 53] A= &

b
7) Rl = G

ol\

e 9% BPoz 4 Y AYE PSHAL, FYFo2
=10 Ao Adez Beadt. 9F WFY W A Aolde TAF
Junctiong sl AF wEe HEFS BB BA FSHES At

zt aztFHoleE £AASTE 10022 AT
Z

zz/lauAn B4e 99 27 2Ae A4 423 £dzdT £
oman} e A B4 doln 27 24 E 33310 At A
Ae) A4 Ase A4 €3 20 F AR UAsE ¢ F A

2. 43 R B9
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A9 BAE 272N E o83l FHE AN FAHUL. ANART 7
AR AAAT R 23 AT dFE 1Y 33330 AAHO ok TP B &
ARol F71g gdel g8 233 ¢FPe FAHF Fasty oo wal AR
FH= F43 Fadd olF dAFUe] AANHRL FY Z/R 477 pBE=
Aol M e =4 FHEd 8 AAS geo] oA A53A "ot o)x g
AATY ¥ 152MPa ol FA € o)gt e mgt 2 FtolA F4p
9 FA 2= EXE 1Y 33349 AAH Utk o] 2P 2wt 4719 9
Ao 2= £X7F =AY Utk 14 Ao ostw A2 £7] Ao
T Hx 560K fFrALEolA o 1002 FoE 450K X9 4AZ AYAA H
= B A= BEsA 2o #8H Aol & 3 2x9 xloj:= Huy
1K =2 #3207t 2 371 44 FoldA 44 £89 A4S vear.

ol Y Ao et E Hrlety] A& AR E AL FHsig ug
EANE Z5E He FAe 41 £ 22 9Ad BEE 2dg 4 gE
T8 FEZE 442 Urz 4 AR IAFES 2L AY 9dE xus

¢

N

P

L2 A Aol B A g EF [3-33-1]9] AAH Ut wgx =2
HodazxM a9 33355 Z4@ AL g3 2PN AS ex Bys
el Ful o] B9, Ay LE ol AFwaoz 50 K ojge] H F& 39
tEEd A¥=ed 9%E F £ Y9 B 4o g 44 yse 23

[3-3-3-1]e A A=} Qdrh]

¥ 3331 1 157] 3278 FeAT 27%2A

Parameters Nominal Value | Calculated Value
Core Power (MWt) 1730.2 1730.2
RCS Pressure (MPa) 15.5 15.5
Hot Leg Temperature (K) 592.6 597.0
Cold Leg Temperature (K) 555.3 558.2
Feedwater Temperature (K) 491.6 491.6
Steam Flow Rate (kg/s) 455.0 471.0
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full power

OA

S| SG AFW . Pzr
lMSL Signal MFW Blow- AFW HPI AFW Flow Chargin PORV
arge enerated Isolated down Actuated | Occurs | Isolated to controfled g Flow Reseals
break 9 low Pzr SG

Yes N/A
Yes Yes

NoSG  Yes Yes N/A
Yes N/A
No Yes

Yes

Yes N/A
Yes Yes

Yes
‘Yes N/A
No Yes

Yes 18G Yes Yes
Yes N/A
No N/A Yes
Yes N/A
Yes
256G Yes Yes N/A
No
No

27 3331 2 137 A4FF FF7FHDAL 755
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Turbine Stop

Feedwater

Feedwater

620-8
3H8 33 2 1222
620-7
6206 1221
- €]
2He| |2 2|3 gl 626
" € | 6204
w
é’ 620-3
o 620-2

a9 3-3-322 18] 1357] 27|83 59Al11 RELAPS Nodalization
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Pressure (Pa)

1.6E+7

1.2E+47

8.0E+6

4.0E+6

0.0E+0

RCS Temperature (K)

600

550

500

450

L ) . .
N
\\\\‘
R
T H— 5SSO
et aa il e vl Ll I S S I W Y
1 10 100 1000 10000
Time (sec)

a9 3-3-3-3 YxHAS 2 olHRAFT oY

s sl

1 ;.

100

Time (sec)

1Y 3334 BB LE BE
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600

(4]
(52
o

500

Downcomer Temperature (K)
g

T

T —

T T T T T T T T T T T¥TT

- N

! separate channel

—. ;  ———— 10601
« \\ , TS — w01
'\ P D 306-01

| ——— a06-01

N e L

" ia ol L L0 s el . A E | £ gy
1 10 100 1000 1000
Time (sec)
% 3-3-3-5  Z5d Adz 9HEYA xRy
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4. AFA-TZE A53E 9433 371
7} &

AdAre FEAA A4 wF BAE AU a@Y BYA 39 sut
oth. AAz AARAY WEEe FHY B

30 A%% % nF% 94 A2, 2
2e &7 TS0 8 AAY A
o gARY ofUzt 71E tF LAY
@ e 2 371047 Fue AH 3
e Al Y FTFE s

we 4 ok geld A7 A2
ol YolA 2 F E47 TS o

£Ag ndd #AY £

A E
2 Mo g HBOK
oX of Mo
2 2,
ol 2
g, o
f‘“
1
o
=3
5
0
iz

O{N
o
e
e
K3
°

el AFES H2Ee 4FHE, €8 }IELS) Mg, ¥4, dEv4 H
A2 NFAX ] I3 oNHH kA FR dIAME Ttgr] BHE, FEA
A, AFJuie, 1LFY/EF =5 2 oi#, S5 0F Sl 24T 7}
A0l e Aoz gelA Utk 53], U o AWE AR BAA AT
of AZE 12 FFAA wiBSNA 4P Z E&H Lo A wet
o2 9xgy FA71BY US. NRC7F #E3 4888 2Y3le LE8EE ¥
HAe] dd#e FAS T AR WAA AF AES AET €5HY A
g w3 Y= WD YMAE 998 AAE AT AP 2AE AL AL
Bulletin No. 88-08 [3-3-4-1]9] #3)& Es}oq 27sg. 281 ojold 1%
# 288 AT FAA sy 2ER d4F AV VM ToE HHAY
oz Bzbgo] wel dA% WA wE Jihy] 9Ed 3R AL A A

9 +9 2 o83 T AANAL 9P A £X FFE 278 Bulltin No.
11 B3421% LG SAdAANE FAZIR P R A NRC

Bulletin 3ol B3t 4% FE F Fu AFAR e FA2A} L2 A
o2 Buso] AYAZ steld FHgy] BB S4By A 2
Yo 424 A 4% Fern, 2a4 A4 F& NS ARES 279
o et

G42e oo BE B YR WHFol 4REI HIo| & W] £
JHEAC Wl w7] WEel A7led, shtel T 1L B3 ALy o
WEL Aidoz WEs} e neel ol Yol WEBWA MR 2§ ok
e 2ach duHom W@ A BASRE G4FoR AP AR £E
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e ad 4A ARXE 2ARAY AFH A2E xYsdE FEY Ao
g #2AZ F U 59, ] LYBL YA 1AABL FAHD Y= 1
2BE F syolth 2&¥ YAAEG o £ 259 JQYFE B Y= Y
7 Atolg ARt BoH SAxAM Hel L& %‘19} e %zﬂﬂ EEEX)

A 47T GsAe BANA WYB A94E AdE Aoz wad Ug
442 AAA S Aol 42@ £5 425 A2 FEAALNI} ALHA @
neoyl 243 718 2 A 24 Fol F2 ADY. A4F02 2Yse 9
Ty eETe Ede WBol 3%z o W FAVLUL Vi Ro|
o}

SHAAR, =SHE 53 22 &Y AFEYAEAME ALy 2 =3
AT 289 E9=2 a9 wBFd 2 2 5 wjdndol xgg 4
ATt o] o] NRC Bulletin No. 88-08 2 No. 88-110]4 S 18 nje} zto] 7ot
AezEol dE 1Y) BB GAZol S B AWY A FAHL
Brhste de F2@ APl B AFNE /Ity WPBY dHFoz
Aste] ol BYHE AL AMateH YoM B4zAY B LER
g 737 9% 292 J1de AU

A1 AdEdE Q43 B Fﬁﬂlﬁd%—% A5, 945 REANE 9
& JNRge 4den 2
24% 75 B e 9 AL 4Ae AF AAAH A4 AHES ¥

sta 22t A4 2 qg A A A
A 438 AYE AT d4F 7% TY 12 2 AL xﬂﬂ«l HE BA
A3 Aol dAGEE WAHALE ol&% wAw FM FEA (Body-fitted

Non-orthogonal Grid System)E o] &8t ZAAE WA LTBEEZS u2s}s)
I, 22t AY % A% EAG slao) s EE gon, s BB GA
3} 4 34 (QUICK, HLPA, HYBRID % COPLA t| &3S o] &3] 231 &
T s e AHHE FYsA

ofj

oX,

v A4S EE HAEL

(1) NRC Bulletin 88-08 : A2 WZHAE (RCS)o] A2 wi#e €3
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1987d 129 99, Farley 2357} 33% £¥ed Fo AddE v s34 ¥
Abso] Z71Ee gttt v el FAELE 0.7gpmo|en, FAHY AU
Bl A2@d A9 v4=4¥ZAF (ECCS) W@ &1 vAd FL9

We S we 4% FAOIAUTH o REY B =2, F A W spool,
5% P Aawns FYHen 1Y 33410 2o nFT g2l 94 #
ge AZWEE Agelrlel 32 GPNA AAY gobe WB L T3
AojA Aesol 9@ Aok

A globe WHE 27 334204 HAxE AXNY FAFYLI BIDFH
S 3ujo] YXch FASAEFS o] WHe 1 99 AEL FIHEY ESS
ooy ECCSE FAAv. FRPZ siey Wue] Fdd w2} 139
3-3-4-10] YJEld AP ECCS vi@d ol IASHALo] TN, F712 17 &
HEE 280 A 208 F7]12 70°F 1 &9 2xa%e] 2AHIY

i
32

(2) NRC Bulletin 88-08, Sup.3 : 42 QW AAA S 429 W& 48

1988 69 6Yoll B AL AL} 100%ZHEAFL B IHLE ¥
& §%F (% 02gpm)e] AYAE SumpE FAHol FAAHJY. FHYL RCS
Loop-A Z2%o] 2% JIAA (RHR) @] vz ¥ Hds 538 ¥
9z FdolAth I FEL W@ WEEH 38AX Zolon, 1§ 3-3-4-39 A
HoxlE AXY RHR 22 29 A 9x AdE 47 F389 f3-d2y
AR 9x3kel. 8912 A7 (Schedule 140, 0.8 Inch Thick) RHR 2412 316
Austenitic 26| A 2282 71FHn HAHJG dE€E $HFSIINESH A
ol ANZEH, §HFSez Agdr oW A £ &4 Z¥E ¢AHA
orgtch. AA HAZR wjBZe) gy dro A& TN wiE AF =
o] Zo] 453X ol Aol7t FAY 60% thE AFHF FHo] AHAUT

RE TS5 Wedged RHR ZAa¥ue AG4Hoz 283t @2 472 RHR
Wl el falE FAHAL RCS 13 Loopell frAleh wlma)] ALolqih dE
JezRy SRz ¥4 gt @AY, #AF Glnde RIL HE P
Leak-off wj@ol o8] ZHEHN7] W&ol FAFHDL AT P2 A F &5
7 WY F& ZAE 97 Glnd FHE Y 5Ho =R WS
Leak-off ¥jgol &7t ZADAeE, gold & #FAHA &Fskoh Arfstd,
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ex 2.}1154 Leak-off 2}l & HAE A &gkn #7302 A&d Hol Wzyy| o
Zolth. #¥€2 RHR WH9 w7 Gland FA 2 23] RCS LL&BFOTHE =7 H
o2 WA U nefAd A% 292z et TLHAE W@ Yol A

SHA BRE EH, wB D8 fwste wEe AR} Hr exas}
ekt

RHR #uHolsel d¢8e 19 3.3-449 o] dde) 3o 27 5o|n}.
RHR Ade 47o AAY $4E 8402 94 o yzang. uzdy &
Ae Py gaae) 4558 4230 459 e 98 NEY 459 ga
axole) e g WA Ye trag wE
Gland7tx] 2 Leak-off %2 Zfated 932 Feupect F4e nenony

H

b

B Z2FAE WA dc 1L FAZL G433 ES fdste Wy AR A
27 A Ao A 2 AFAZ D2FHAE FAHAL AdstE 88 AES ga
A Ateld F8 Hgezi dE Y239 duAS fusy. oy, ME A&
FAHE 842 €44 Hol WAEY. neBo2RE ILHAS Wiz IA
S A3 FA2E F¥ste 2 AL FriFez wEdTL.
(3) NRC Bulletin 88-11 : 7}¢}7] 2@ QA =3}
Trojan ‘2ol 42 &2 7147l DB 2 Yol RAH o8 BN
& A3, dds 7hE, ¥4 2 AN Fol Mgy 2y B €42 @4t
Aot 2 A2 sFo 2 HFEHADL 24U Fo] o, 2HA FtEA o 7}

¥7] Zol < 440°Folm, 1 W Fgr) Wl F171Es} AU,
HS AGY Waol SHsA oYX BRAW, LLFT} U de fFo

2 /Mb7l2RE 2YBe B3 B WH4 Lo TS WA, B

o dEHS T L2FE AXFF A2 RN wiB ARE 2y
IR SEY o EolAA HAUW (28 3345 FF). HAL $AFN dagE
21 2A2 %E W, 2Rl A9 300F7F duk ol =7 FoA wB
259 €3 Aole WS AA BFANZ 5 Utk F AR Jgy] Y
o €4S Aol AA &L wiEe AYHY AAH LAWFS Swdgs
A& 9ZFAh ZE PWRY 7igly] 2P BolA dM239 d 2Ry HAlo] w
B = ez, ol FFS A HAFLIEL 7MYy PR AAA
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WITH WITHOUT
— TOPOFPIPE | gaqaGE LEAKAGE
BOTTOM OF PIPE Eanact  “iaser

225°F 490 °F

ST\

l 3 ECCS

FAILED WELD

RCS COLD LEG B

2% 3-3-4-1 Farley 2 €% Hl°]H

RCSGS

NORMAL CHARGING
TO RCS COLD LEG B

CHARGING/HIGH
PRESSURE SAFETY
INJECTION PUMPS

29 3-3-4-2 Farley 2 8342
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From Reactor

o Ve

8" Diameter

To Steam Genarator (Schedule 140}

RHR Isolation
vane

Pipe Leak
1ocation

Leak-Oft Pipa

To Reactor Cootant
¥ Dain Tank

Ta RHRA Pump

19 3-3-4-3 JEAAAE E4T+ NEF=

High-Temperature

Reactor Coolant Pipe Water

Leak Through Gland

—${ Primary Cootant Leaks Through Gland Section : (to Reactor Cootant)
T T i ——
l Low-Temperature
Water
High Temperature Coolant Flows Through the F AHR Isolation vaive
Upper Section of Horizontal Pipe and Seat Gap. ~: High-Temperature to RHR Pump
T - Watar
| ' -
Seat Gap Disk
Heated Disk Expands and Closes the Seat Gap [ ] Upstraam Side Downstream

Stopping Leakage.

:

Low-Tempaerature
Water

/,

. Heat Dissipates and the Stagnant Coolant in the g Low-Temperature
- i 3 Water
Horizontal Pipe is Cooled. 3 ) Disk
i Upstream Side Dawnstream

:

I Cooled Disk Contracts and Leakage Occurs
J Through the Seat Gap.

i

7Y 3344 94E B4 24 2 BE oAYS
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Prz

Section "A"---"A"

Outsurge

Insurge  Hotleg(RCS)

2% 3-3-4-5 71sHy] 2E W 9423
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(e 1) fATeZ H9A Aokt
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rlo
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2
)
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o
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rlo
el

R
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=

ddgol, # dRoNE A=A dojipe =3
AA s oA E '

23 A

h 7+4

A 2P +HIE e dgF 2L MFES =Ygt

(1) & HF 74 2 & Hdo] Uiy gdo] 9ig.
. (2) ‘\Q:Eoﬂ U‘]’%‘ %ﬂ] UE].E‘?‘:_- = ‘%‘ ?‘Z}'Oﬂ/l-]lﬂ- ?_:]-0']"}'!11 1 gl_}-g] ‘(I')ri’“ gll HH

&

3) Al HEFAel FAHAA F BEAGALG L FAlE & rh

4) 1 2 A2 FAY 27 AAAY FAE ZALH £
.

(h) AultA 2

2 ZEA oy dut FEA 19 FFEGO] y;=y,(x;)HN3 Jacobian 3
o419 Cofactorg AMg-3te] 22t¢le] /53 Aul mEWAAL dul J(FA=

_'Qr
EANSY the ) 2ol BASA YEY 4 At
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0 0
w00 (3-3-4-1).

u,

(qu,) aa [U,u, #{57’)“%0"’” w!+blw z}+Pb]

J

0 [U u - "{a“ 2 D1 b }+Pb,z}=pgﬂ(T—T,,/)J

% Tt (3-3-4-2)
I3} 0 o \ au; Vol w2 1
E(quz)+§|:U,uz {a:f Di+23 D} +b, w,+bzwz}+sz]
_6__ _HE H[Ou, oo a“z 2 p2 b o p2i? 2|
+ax2 |:U,u2 {ax' D+ &‘z —2D; +bw,+b; w,}+sz] 0 (3_3_4_3)
) d k(8T ., aT
SURCD o [Uc T- {ax' Dl +==D; }]
8 k[oT [, 0T 1.
+§x?[uzc,r {&, Di+=D }]_0 (3-3-4-4)
o 71,
Uy = plub] +m,by) LU= Pl +1,8)) (3-3-4-5)
DL =it} (3-3-4-6)
oy i '
Y=t (3-3-4-7)

am 7)EE A A pie FERE ji=)(x)ol T Jacobian matrixl X 3y'/ex’
o] cofactor®, Ji= Jacobian Matrix®] DeterminantE YeEldTh 24 (3-3-4-1)~
G344)1H, o u D p= 27§09 UE, £%, ¥ HES vehdn T K
= g m= wi@e EHESR, o FA9 vd, g AHEALAT, g TH
NET, T, 71EF2E, 233w yWF22Y Cartesian FEFES YER

o},

@ 27124 2 AA=A
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u; = 0 (¢=1, 2) in the whole solution domain, t = 0 (3-3-4-8a)
T=T. in the pipe wall and the cold fluid layer, t = 0 (3-3-4-8b)
T = T, in the hot fluid layer, t = 0 (3-3-4-8¢)

A4gdel Jstnozy 9902 Wyolme e Fuw HMstw ok
gebd dyHe Gt dYAAzA] $AHT TARNNE $34 S5}
gAsioe A4 ANGYd W AAZAL Be 2o FAAL

u; = 0 (i=1, 2) at the inner surface of the pipe, t > 0 (3-3-4-9a)

_k% , = W(T—Ts) at the outer surface of the pipe, t > 0 (3-3-4-9b)
Uz = LI 0, 4L = ¢ at the symmetry plane, t > 0 (3-3-4-9¢)
2 =0, axl » axl s

A71H #e WEH AFFAL e, T.9 bt W JuRe) F9 ex
S gAYASol.

@ =4 Y
Zh AY 499 o3t

AR (3-3-4-1)~(33-4-3) FHHAAoA HAL TH FE NS W
of e FUMY ALY AqAH 42 oAdHE fIAAPe

Asxdet. AFHA o4k dH9E 2Y 334690 AN Fdth AolAF
AL 19 33473 2o AME ZE ¥4 ZSL 7 AloAd A¢ slaay
FAAAY gholth. DA ALRA Aol HEAAHL A9 T PS5 Aol
BAAYA AARAAET dXEE 2AATE 19 33463 & HAR ZH A=
A7) A8 A Fde 27 3-3-4-80F UM ule} o] & %o WA UAE A}

olg] FHYBY wHEoR R YR AL 1 AF Wl A4E3Y §4
b e wdolw, 3% 1 FABS AN 2R EHEHI FAL F 8
¢ ARz Be H3e AL, 2 FHL B (% 95)9 FAL AYs &
A d3aT fA AEAAY DA AASE ARl Ye Aoz BF@T
o) A%, B4R IR A PAAE Theel A 2o AgHT WY FA
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go18 ARz ANGA B AT Mgt FRAN LA E swuq
At Az geste Ao AME 2A 1dW RN A2aA ¥g. 2
TAAE GREACA AAUT GAA ABD DARA ARIAD LS w
Hoz AH4E 4 UES RE H¥EL 2a¥qos WA =

ol U 5 g FEst] s ATHOR e 2e YA agam
% % g

IO}:J

Appp=Arpp+ Awpwt Anen+ Asps+ b, (3-3-4-11)
A7M b, o9 Aot
h 5% 23y

T8 Wt Bk o 43 & 7] 9
ol MlAx ZFAANY HFAE ol L3ly L5
MLt 2 FoA 98 Rhie & Chow
[3-3-4-3]7F 7B2@ vaa SFF BHAYLE AU Y F9 stz A Saw
ol g 54 wWEd de AgHz Utk o] WA 5T uae
Cartesian X JEE FEIAFZE ALEstd 4 Z4 x4 Z9, 4 ¥d &%
BEe 38 A FA Cartesian &&= JRo| e $5F WA ppgozn 3
2 AdFAME A 2P0 F3E v AAF (Unsteady Flows)oll o 3
T8 ME A7 S8t utE 4 E Rhie & Chow WY [3-34-3]2 AL&3t4 )
+E&F ””S‘él" Rhie & Chow WHolA A FA XA Wirez ¥
& st o]dstd EFF WAL g o] gatr
o2 BHd ?ﬂ o] ¢t 7Al4 (Under-relaxation Factors)?] o2 2 4 9t}

i)

2
4

_);l_‘
mo Mt Ho

£
(=
of
>
Lo
4
ki
3:

u p=(H, ), +(D,)p(P.~P.),H(D}) (P, = P),+(E, ), us' +(1-a, Ju}, (3-3-4-12a)
4y p=(H,)p+(D,;),(P,=F,), +#(D};) (P, = P}, +(E, ), u;7 +(1-, Yuj} (3-3-4-12b)
A7 A,  H,=a, (5 A+ anl 4y
Di=a,b/i4"

a, pAV ;
= /A’ (i = 1,2 (3-3-4-13)
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pAV
Ay A Sy AV +5—
22 v

u,, =(H, ), H(D}\)(P, = PYHDL) (P, = POHE,) i +(1-a, u? (3-3-4-14a)

by =(H,2), (D). (P = Pe (D) (P, = PHE,) i3 +1 = @, )up (3-3-4-14b)
o]zl 47 Rhie & Chow H¥eolx A Fd £ AEL 3 4 4 5= 4
Bo| gt LEF AN HAWEE Falo e m FE £ Atk gE9 JHA
e olgs 4 W &5 AES Atey] fste =99

(H,).=f(H)e+ (0= L)H,), ' (3-3-4-15)

(D2)AP, = P)= [ (DL)(P, = P)e +(= 7 UDL ), (P = F), (3-3-4-16)
AR (F A
(Ap), Ay (4, (3-3+4-17)

A714 e AAA Aol A goz AHE 75EgEH HIA oIt BlX
@ 7pgol 2= WolAe $EAAE Astd =ddrt
9o AHE olgatd] A (34l E, 3L Aoz BAVCZA U
3} o] & 4 k.
uy, =[S o+ U= £y, H(DLY.CP, = P~ £ (D) (P = PYs == £ )DL, (P, ~ B, ]

| ! ! La"lp (AV), f (AV)F nl f )(AV)P -1
+(1 —(Z"I )[ull;l —f:u,"E'—(l—f:)u,; ! At (A;' )e u (A )E U (Au| )P Up (3'3'4'18)

(3-34-18)8] 222 3 wA B35 T A Rhie & Chow Wyolch
Majumdar (1988)= 5 #i# 23 o] AFHW ¥ Aohe olLAF #¢
A AS AT 599 oHZ AT B3 P AL AT BF %
439 A7E olZo] Wk ARFo] Wr2E ANA FIE WHY o
22y A7 v e Fol date) Edol AFHA dgrh 4vle F Fo| A
Adel A 4oz B3 +¥8 Aote) B3
g +dd 27 olgASS AR H$
. 4] (34182 oS NUHAe FBE +3Y AFHE BT
WOEEARE 29 ople 4 A9 SSHEE oA WA w2 A

F
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*E Agstelor & vedh

2 Yol M =Y ol T AANYEAL T FAY HE FAWEL A myy
B EANSI, A AN e 46 o8 EEE =¥ Jjgex ou
=2 55 2E Wt dAFHE 998 2o 2 g4 £ gE2 U3y F
e AAMNE + de Fdel dow 43 Aol e FARY 2 od

3
N
)
=2
il
ko
o
g
Jo
offt 4
:oé
2
2
Pad
2
olp
i
2
ox
s
£

@) nAFA A7 A9 Ty

9 wAGA AP 4B W4 A7 2 Caskeld Lausl 93 hF-5
AlZ7 (Convection Boundedness Criterion)ol] 712 & St} AulAd L x5ty ¢st
of ANAZ) AZEE UEHOZ Talalr2 BT Ge 2L Y Wa
E =98 B

b= $-d
¢p—% (3-3-4-19)

o714 &HA U D= 4F (Upstream)st 85 (Downstream)9] $]x& o] v} ity
A (3-3-4-19= AAF GFEZA ol Zo]l A & 5 Utk

¢?= ¢_¢WW U:,‘F ¢‘¢F U;,
bo-duw " w9 (3-3-4-20)

el 4&FEAT (Upwind Biased Normalized) ¥4 Al 835, E4€50 o3
JE 47HA AENE S g7 o] J)edh

b=~ Co)y +ColU5, +[Cafp +(1- CW5 (3-3-4-21)

o 1x NFF&HHY
Bu=pwUs, +pUs, (3-3-4-22)

o 23 AEFEHY
$u=(1-C)yUs, + (1~ C3)gpU, (3-3-4-23)

e QUICK &4 :
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b -G o %%J]U +[C’“ e w-f - J]”‘"' (3-3-4-24)
A71A C, C ¥ G2 AojAH Ao ArZiE AHod 7Istedy B3 AAE 9
W, ges 2o

= w Cy =X C =2
Ay v My, My +AXp, O AXp+AXp (3-3-4-25)
dE Bol, 4x,= ALE P F9 AoAHe Aoy, b3 Zo| Fod
o |
AXp=wP+Pe (3-3-4-26)
ol¢} e UukH JIWE (U, > 0 Wt HAEH =40 1Y 3-349=%
Vet
e HLPA &4
HLPA 71®}olA 2l A3 W 2 AFswis=dAa 3 0, Q ® PE T3
S 4y 2 ETBHY 549 ¥ 2AET
¢;w=aw+bw¢?c +Cw¢:62" OS¢?C <1
= ¢;c otherwise (3-3-4-27)
o714
a,, =0
b,=(Yp - X3 Xp - XB)
ew=(Xp - Yp)(Xg - X3) (3-3-4-28)
Zhue 2 78S 7Y AA (B ASdE 0,=0, b,=2, c,=—1E 7HH 3}
Adsigen, of /gL 23 AGEE MAAZI
e COPLA &Y

3 AEx 7i¥e nste E OE
9] 71717k QUICK 71} 7171t 2& AshisEdod 43548 3
Ae Hgste Aol

bu=a,+bbc  0Sdc 05Xy
=c, +dube 05Xy < S15Xp
=e,+fufe  1.5Xp <dc <1

=¢;C otherwise

(3-3-4-29)

o 714
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a, =0
(.‘W=YQ —SQXQ
dw=SQ

ew=(3XQ —\ZYQ —SQXQ)/(BXQ _2) a4
fu=Q@¥y +SpXg ~2)/(3Xp -2) (3-3-4-30)

22}7)H £ Khosla®}t Rubindl] 9]3] #|¢t® Deferred Correction ¥ o2 o]
et €& Eo] HLPA S ofeie} Zo] vAFF Hp2 ey,
2
_ _ at - + _ W‘¢WW + W‘¢WW +
¢w‘{¢w+(¢}’ ¢WW)|: w+(b.w l)[%a_m J+cw(¢P‘¢WW) :”Uw

+ {¢,, + —m{a; + (5 - 1)( ;’; '_‘;’; )m.;[g; :Z’; mvg (3-3-4-31)

297 ARES Thet o] Yrhud,

for U, >0:a3,=1 if |¢p — 28y + dyw|<|dw — &z
al=0 otherwise (3-3-4-32&)

for U,, <0:ay=1 if by ~20p + #e| <|bw - 42
a,=0 otherwise (3-3-4-32b)

A (33-4-31)9) W] ATFE HEE e o] b & 4 Qg
bu=Ushbw +Uridp + A, (3-3-4-33)
o] 7] A |

2
e e E el

2
+Usanldy —¢E>{a;+<b; —n[ ;’;:Zi )+c;[ Z: :‘;i ) J (3-3-4-34)

F7b e AAHT UE, B 7EY olde 13 4RFEY F99 58
e A

t}. SOUCUP ¥ COPLA A A4&= A FY FEI
of distd 49 grol uwelr AzE.

—175—



1.5 |—

1.0 |—

N P(L1)
. | P

(i) Legend

0. @y, (i) central differencing
(ii) QUICK
(ii _(m) (iii) second order upwind
(iv) upwind
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ool B¢ 2F 270 9wrAd ASAY
sted 2= Fujsh vl A AFEHAG Azko
Atele) ERFol7t Z#HAEA Hol REFUME sk 2Y 3-3-4-1164 1o
A= AXY HYBRIDE A Ystne Alte] e 2xFuje] 37|71 593 AL
¢ & . HYBRIDS] Z$& UmA 3 A¢Ro of wa] E¢53, wjge o
Ao 2Eatol7t FdHez Bl d&Hu gio | |
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W Hd 223 R AFTE A9 §Ystn, HYBRIDE 4dldoez 258
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T A7l v giHoz we EEIH, duor v Agexz
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SEAE &g ey, 27)d 550, HYBRID YL te d73 Aar)y
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¥ 3-3-4-1 A 4Hg

Parameters

Values

Material of pipe

SA-762-TP-316

Outer radius of pipe, 1o 0.1525m
Inner radius of pipe, r; 0.1165m
Conductivity of pipe, ks 15.4 WmT
Heat transfer coefficient, h 0.79 W/m'C
Hot fluid temperature, Ty 232 T
Cold fluid temperature, T 66 C
Ambient temperature, T 43 C
Thermal diffusivity ratio, as/ ¢ | 22.2
Thermal conductivity ratio, kyks 22.65
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Nu

For COPLA scheme
~&—Time =10
—&— Time = 100
—&— Time = 500
—%— Time = 1000
—©— Time = 1500
—<4— Time = 2000

T T T
120 150 180

(a) COPLA 33

50
For HLPA scheme
—a—Time =10
“° —&— Time = 100
"-.."m._m"". —&— Time = 500
—w—Time = 1000
30 1 —<©O—Time = 1500
—<4— Time = 2000

(c) HLPA 3%

For HYBRID scheme |
lq.‘. ~—#—Time = |0
40 4 NEEEESENEESENRS —@— Time = 100
\ —a— Time = 500
i —w— Time = 1000
30 4 i ~O— Time = 1500
H —<4— Time = 2000
- |
Zz 20
10 I
* i
T T T T T T T d
[ 0 60 90 120 150 180
Angle
(b) HYBRID &}
® |
For QUICK scheme
—&— Time =10
40 4 —&— Time = 100
—4&— Time = 500
—w— Time = 1000
304 —<9O— Time = 1500
—<4— Time = 2000
Z 20 |
|
i
0 00 |
|
J
T T T T T T
[ 30 60 80 120 150 180
Angle

(d) QUICK &4

Y 3-3-4-10 F8 Nu 59 ¥
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(d) Non-dimensional time = 1500, (COPLA, HLPA, HYBRID, QUICK)

(e) Non-dimensional time = 2000, (COPLA, HLPA, HYBRID, QUICK)

3% 33411 4717 RG] O SLEE W3l
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Maximum wall temperature difference

Maximum wall temperature difference

0.6

v =9=8-0-0-8
05 - v o-o—8-0-0-0=0=0=0-0
V/ ./.’
./::A—-A——A—A—A—A‘A
/éA/A/ \‘\‘\A\‘\A
0.4 A 4
A/‘
0.3
For inner wall
0.2 —&— COPLA
—@&— HLPA
—&— HYBRID
0.1 —v— QUICK
1] M L] v 4 M T
500 1000 1500 2000
Non-dimensional time
() ¥ #HH
0.6
]
R MMM
VvV g-8®
::'/: A-A-A-A-a 4
—a-A-A-A-A-A-a 4
0.4 /I:‘" 4
X
vd
0.3
0.2 /'/
For outer wall
0.1 - —&— COPLA
/ —&— HLPA
—a&— HYBRID
0.0 —w—QUICK |
|
— L) v 1 M ) T 1 -
500 1000 1500 2000

Non-dimensional time

(b) &% H=

29 33412 Ho) ¥E L E3}o]
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A4d5EAd Bd 34 A AE

1. /18

4 7tE d79 F7te =33} g Aﬂi Ud <t LAY, A AF
9 53, NG dH Foz Q) Hx 9H AA o) U AW 2 5
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= Mg 312 157]9 Afdde oy 9 A B g sAs ot
3te ddES HXx Jo

2 7t dd9 dAAME
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A Hrte 8 d3F AY Bdo| glems FFHOFT JEZE 5L 153
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F3} A4 kHA HrleAN b 2ol Hu Qe AL sY A &
G357t FA ALHRAD td NEY A HLHT JdE AA S)F9 zpo)H
< =33, 2 7led wAS AYsA sz, xolHel BE AA M
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olt}.

_\°,L

plzh

P

AAHY Bokel YAME 32 1579 LGt A B WA Ae] A

82 424 A 22 % 1% 1E4 ¥Y A1 A2 Al pHed &

A7t d F 3le PR 225 o] 39 FALTAN T8 2RoT
o8 ot ¥ ATFNME A 2 BA AT 2RHoBNY 49 A% B

AdaY S =&y 98 22 15719 A MA 2 FG7 yse HES
L A HE&sHes 74 24 2 7l€ 71F [3-4-1-3]3% vim EAsd. AR
s B A7 A 2 dAA B A4S FriEn g o Aol o}

2, 2g 137] Al 4 AE

A AFT vheh Zo] =33 AW 9 9% B dHHA WAL =22
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7] g8 F718 HAA Bt Hx dadel 9 3 15719 AR MY ol
AA gL AEsIG AE AHEE AEE 19983 F71EA7] wA et At
o WA e HZAAAABHRTA [34-2-1] 2 FH A5 A

T3 @3 HAv|FozE €A 34 7] $98 7 AHaldl HL&E A &7
I 7]1& 71F [34-2-2]18 AEsgen, A 153 Ansy rie HEe FAH ¥x
9t E 34-1-14 e o] 59 BlAE BAF o

olglst T AE A 1 1579 €2 3/4 3719 F8 2o]H L & 3-4-2-29] A
A g uke} o] () AR 559 Aol, 2) HMHA F2 AL, (3) ;Y WRHES o]
2 4) 3 &71F9 &o] Fol.

o MZE FAAN T B AFE %5k

(1)

@

€)

4)

Az 57 Aole ;A 137)9 A GIAARIATA FHAE 3
(Condition III)el) ]3] €70 34 ARG A 2 9% FA (Condition INZ A}
I YL SAsY AH AEZF 8 st

o) s Al Aol A F 4 B3I (Feedwater Line Break)= 2 @37} BA A
AZlEALE oo, 2 F 78 e ATWS & &3 345719 4
$& NUREG-0640 % 10 CFR 50.62¢] e} 9712 AA 2 w234 A% o
G BHZ B BES PAAA A JFAM WAHAL A EZ2 Y
th 28 137]9 A9 ATWS $5144] (AMSAC) A X A8S +HstAdt
Nt AFRE S A FE F 3744 sl4jo] e 7T B84 AaE 1

3719 A% 29 ¢ /1% oA Red gD AnsM g FPsg ot A

[

AR EA 27} SAe We T shn, WRA| A AE Mg AMe] 2F

A4 wEEd YodMe dFPA4AFAAzA dE g 137e
SECY-83-4720) W& Z7+3 B & Algstg o, &3 3/457]< 10 CFR 50
Appendix Koll @& B4 S AR5t o] R FARZA = A Aol
ok, 4 2 A wiuke FAst D e d A &2 (A71F 1A
2001-39)9] ANME F7HH Wil e A 47 A =27 Lasieh
Hr3uSoledg (MDNBR)S 577 A2 W& Abgste 27 3/4 o 44
24 9 g Al gete 18 157170 27t AR A Alge 2 & 5 3l

718t €32 34 &7)9AE Condition I AtZA] A8 EA7|F2E Fuel
Centerlinr Temperature S A}&3t1 gJou 8] 157 AHESHA] =0
ol Holl e A4 AEZ Bastt 1] 157 E 23E HA S &4

O
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& AALH Y 120 %2 3 YO 27 457N E 110 %2 343 Q=

of ZFol7k A2t ol = 3BV F9 gtelm Byt
ojde Hlu HE ¢ 24 A,

(D) AR 53] Ael7h Sl Al (RS FAz2 DA FA)d =
A AEF TFY ZAo| o]Fo zof 30 Yo BH AFs 27H
t}.

@) msdd Atz (718 A AT Az, BASAAT S dexs A
€ AAZE R WA Aol 5o HA HEF F7} Mol 87N W
2N 5H9HY HF sye] 7€

(3) 318 71F9 Ato] (Fuel Centerline Temperature S)ol] A= B&H Ao
W 71e wiZe 2ol R Y Axte A HEZ Wesy WaA =
H4 HFAol a7d
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¥ 3-42-1 18 157 2 &3 34357 Atz vl (1/5)
12 157] LA 3/4 37 H] 11
15.2.1 9] A v] A o] Aol B AE (1) 15.4.1 v] G A/H & Fol A Aojulz e v ALAS
A}3 (In) E
- DNBR>1.3 AdANZ &I}
- DNBR>1.3 (SRP 4.4) ga Ay
- Fuel Centerline Temp (SRP 4.2)
. 1542 &9 ul 33.9] v AR & A} (11
152229 A WAlo] A BAE () s42@aA Acigag Mgt
DNBR>1.3 (SRP 4.4) Edaad
- i ' ' Y2 AAHY
DNBR>1.3 - Fuel Centerline Temp (SRP 4.2)
1523 Aol % 2 ) 1547 291 A (1)
- A& Ale] (GDC 13) ot
- DNBR>1.3 - 10CFR100
154.6 A2 YA A FAFEE FaA TS
15.2.4 W Ao} ¥4 3] 4 (I CVCS9) 2 2% A} (1D ot
his

- Max pressure <110% of Design

- Max pressure <110% of Design

FAANE 7 %

s

- DNBR>1.3 - MDNBR > 95/95%DNBR Limit "a AN
- Operator Time > 30/15 min - Fuel Failure limit (SRP 4.2)
- Operator Time > 30/15 min
1531 A2 YA AF2 £ 234 AD
1525 QA 2Y 4 A3 F 2 42 1) o A
- Max pressure <110% of Design :’}';7] 225}
- MDNBR > 95/95% DNBR Limit - MDNBR > 95/95% DNBR Limit B2 A
- Max pressure <110% of Design - Not generate a more serious
- Fuel failure limit (if serious)
1544 0184 F=9 715 (1)
152.6 vl&A 3z o7 Il
5 124 %22 7V (D) - Max pressure <110% of Design HA}
- MDNBR > 95/95%DNBR Limit QA7) &3t
- DNBR>1. -
M R>1.3 <110% of Desi - Not generate a more serious dar Ay
- Vlax pressure ool Lesign - Fuel failure limit (if serious)
- Instrument span and setpoint (RG 1.105)
15.2.7 9] 2 2 9 AF Al 1522 ejoJ ¥l E A} 32 (11)
2/E 2 Eojdl E) (I . o
(R/Z2 Ho ) - Max pressure <110% of Design :;;}7] 227}
.. LRI T i iy
. DNBR>1.3 - MDNBR > 95/95%DNBR Limit P8 A A

- Max pressure <110% of Design

- Not generate a more serious
- Fuel failure limit (if serious)
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¥ 3-4-2-1

1g157] %

=2 3/4%7) AtaEA Bl (2/5)

g 137

&7 3/4 7]

H] 31

15.2.8 g4 241D

- Max pressure <110% of Design
- DNBR > 1.3
- Pzr safety valve not open

1527 3435 44 1D

- Max pressure <110 % of Design

- MDNBR > 95/95%DNBR Limit

- Not generate a more serious

- Fuel failure limit (if serious)

- Instrument span and setpoint (RG 1.105)

b
712 $7}

8 Ay

1529344 B2AFY T3
Y44 (154.2) (1D

1526 2 A A B2AZ 25 v 0L
RFAQDGAA T 1D -

- Max pressure <110% of Design A}
. - MDNBR > 95/95%DNBR Limit QIR & 7
- Max pressure <110% of Design - Not generate a more serious gaA x}]jﬂ»;
- DNBR>1.3 - Fuel failure limit (if serious)
- Pzr safety valve not open - Instrument span and setpoint (RG 1.105)
- Most limiting single failure (RG1.53)
15.1.1~3 231 A1 2ol &) & B = DA A (1)
15210 FFAF a5 93 3%
A A 1) - Max pressure <110% of Design -
- MDNBR > 95/95%DNBR Limit b .
. . QA7 E F7L
- Max pressure <110% of Design - Not generate a more serious U8 A4
-DNBR>1.3 - Fuel failure limit (if serious)
- Max. reactivity insertion < 15.2.1 - Instrument span and setpoint (RG 1.105)
: - Most limiting single failure (RG1.53)
15.2.11 B3 £3] 71 (1)
- Max pressure <110% of Design
- DNBR>1.3
15.6.1 7hs}71 sk e & B 250 714 (D)
15212 A2 J2AA T F2HY - Max pressure <110% of Design
2 A

- Max pressure <110% of Design
- DNBR>1.3

- MDNBR > 95/95%DNBR Limit

- Not generate a more serious

- Fuel failure limit (if serious)

- Instrument span and setpoint (RG 1.105)
- Most limiting single failure (RG1.53)

NSHEEY

g Ay

152,13 £Z714159 43 2 1)

- Max pressure <110% of Design
- DNBR>1.3

15.1.4 S22 A 71k 8 /bW B )k (1)

- Max pressure <110% of Design

- MDNBR > 95/95%DNBR Limit

- Not generate a more serious

- Fuel failure limit (if serious)

- Instrument span and setpoint (RG 1.105)
- Most limiting single failure (RG1.53)

A4
HH7NE 27

oA Ay

152,14 28 4 3 ECCS9] 43
=3 (D

- Max pressure <110% of Design
- DNBR>1.3

27 3/4°155 QA2
g 71"
ok A
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E 3-42-1 1137 2 &7 3/457] Akl vl (3/5)
51 157 27434 57 u] 1
15.3.1 ECCSS 71§38l 28 gy
A AR AL (11D

* 10CFR50.46

- PCT<2200F

- Maximum oxidation < 17%
- Maximum hydrogen < 1%
- Coolable core geometry

- Long term cooling

15.6.5 3 ZH A A A AL (1)

(15.6.5 &%)

FZe dRsEH
€ % NOTRUMP
HUAE= AL

153222 A% i 28 s (15.4.2) (1IN

6913) ol ahuf v}

- DNBR>1.3 ol X4
- Max pressure <110% of Design
15.3;)?%1 Az A F-HAH 1547 AAR AT 903 2 ()
A (1)
N A

-oAA A, A=} -oH #A, AR
- 10CFR100 - 10CFR100

153.1 QA2 ILARF ¢4 34 1D
1534 AR EIAAFF S 4 (1D

- Max pressure <110% of Design A
- Max pressure <110% of Design - MDNBR > 95/95%DNBR Limit oAy

- DNBR>1.3

- Not generate a more serious
- Fuel failure limit (if serious)

15.3.5 #7172 g asE (1)

- Radio. consequence (10CFR100)
- 8§4] Wy :RG 1.24
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¥ 3-4-2-1 1e1357)

2 &R 3/437) AbasiA] Ylm (4/5)

32 1357

24 3/4 3.7

15.4.1 Yz} A4 A A} 31 (1V)

- 10CFR50.46
-PCT <2200 F
- Maximum hydrogen < 1%

15.6.5 B2t A ¢ AL (IV)

- 10CFR50.46
- PCT<2200F
- Maximum oxidation < 17%

AHd71E TY

- Maximum hydrogen < 1% Superbound
COnidioac A
Oxidization <17 % - Coolable core geometry W AL
- Core Coolable Geometry - Long term cooling
- Long Term Cooling - Radio. consequence (10CFR100)
- SECY-83-472 ¥H & - TMI Action Plans
15412 A&7 4 B4
2 7
- Reg Guide 1.7 62 A%87)
15.4.1.4 LOCA¥ AL A A% 15.6.5 WZ A A A 1 (IV)
- 10CFR100, Reg Guide 1.4 - Radio. consequence (10CFR100)
1515 25718 g AL 1 (II-IV
154.222 715 Wi & shek V) TSI AR (V)
15421 #5854 GAT (IV) - Max press < acceptable limit
- MDNBR>95/95% ONBR limit i e
. .. A7 E2
Max press < acceptable limit - No loss of core cooling if fuel failure é _E:] A ;H—Z;
) gh:BRil'g - Rad.consequence (10CFR100) ‘
- Return to Power .
_MALA 2% : 10CFR100 -RCP m.tcgrety., Aux FWS grade,
- RCP trip consistency
15.422 2345 B YA (IV) 1528 FFFaatgAtn
- Max pressure <110% design (low) - Max pressure <110% design (low) LW

<120% (very low),
- MDNBR<95/95 DNBR Limit,
- Actvity release (10CFR100)
- RCP integrety, Aux FW

<120% (very low),
- MDNBR<95/95 DNBR Limit,
- Actvity release {(10CFR100)
- RCP integrety, Aux FW

229 7
z48

1543 S712 371 8534 (IV)

156.4 =72+ A 7| M) #k op

OA}
-uPA}A A9 : 10CFR100 N
- v} o 2w
WA 2% : 10CFR100 - AN 2" (RG1.4)
1544 A2 R AHE 228 (V) 1533-4 442 WA AYE 382 23 2
SHEALT (IV) A

- Peak RCS pressure < Stress limit

- Max pressure< acceptable limit

FAANE F7)

-PCT <2700 F - MDNBR>95/95 DNBR limit or fuel failure 2 g
- DNBR > 1.3 - Activity release (I0CFR100) B L
(FACTRAN =4 ALg) - RCP integrety, AFWS
15.74 A8 FA R (IV)
1545 A9 8 3 FA 3 AV)
- 9AA A% 10CFR100 4}
- 2hARA A2 : 10CFR100 -GDC 61
- 3 ARG 1.25
15.4.6 Ao} 8- A A& (V) 1548 Ao g A A ¢-2A & Abxn (V)
- A
- fission product release < 10 % -GDC 28,RG 1.77 A7E W3l
- Peak RCS pressure < stress limit - Averaged enthalpy <280cal.g danAgay

- 9FALA A2 10CFR100

- Max pressure < ASME Ser/Limt C
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¥ 3-4-2-1 1P1E7] 2 23 3457 AtmsA vl (5/5)
a8 137 £33/4 37) H] 3
155 A 23zt A N 2 St
15.2.14 “ECCS
- Max pressure <110% of Design -'Z'-Zi 27187
- MDNBR > 95/95%DNBR Limit :‘;A"
- Not generate a more serious eH A= A
- No loss of function if fuel failure o—“ et
F7teY "a
- Instrument span and setpoint (RG 1.105) oB A
- Most limiting single failure (RG1.53)
15.7.1 7| A AN E X e AT FEALL
- Deleted
1572 4AFH N EXHAS FEA R
- Deleted
1573 AA A F R A FEAL T
-GDC 60 " et
F7184
- 10 CFR 20 Appen.B
1575 A4 &3 B AR 5487) 3L
- ¥kAbA A2 (10CFR100)
- WAL B A (GDC61) gaA
- 4% A (RG1.25) 7+
-ESF& w713 s A%
-30 ft vt 2 EAdu] At A
152.1 9] 3 B3taaA
- Max pressure <110% of Design Ef;;; .
- MDNBR > 95/95%DNBR Limit v )
- Not generate a more serious
- No loss of fuction if fuel failure
1523 B33 #5748 E 34 BN
-1521 71834 54 e EE
1524 €]o]dl EYol o3 A AF44A
Ab3L g8A
-1521 7183 FY F7taiA
1562 247 |7 YA 5 29 gan
o2 s 27804

- 2% i 37 % (GDCS5)
- A A% (10CFR100)

15.8 Anticipated Transient Without Scram
- 10 CFR 50.62

- NUREG-0240

FAN % e
A EEA
9% 88
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E 3422 19 137] ¥

237 3/4%37] AlaE)A vlm K oF

1d 1357) 2R 34357 H) 51
AL FFE (15339 AAB AT BHAF 1547 A2 A GEA S 29 AA A AE
=} o) & : Condition III Condition II 2
1528 F+F 42 shgtaln 21 7S
njaj A g i
Api 15.8 ATWS
- NUREG-0640 (ATWS for LWR) : 291
ATWSZ 4SS 2oz AR |
N _ ATWS
AL T & ATWS g3}utol 49 shapadn)
- 10 CFR 50.62 ]
» ARA Y
dAZAA 2 R2FFAS gag
AN/ 5FA4/0%4 & AMSAC
- NUREG-02409) 83 t}%A BRIAE ( )
AXE B3 1Y F4q
15.7.1 7)1 A A3 =P 32 A
1572 QA7 EXGAFT REALD AA AE
1573 AR W7 EA LY T e % WaaA
1575 Al 8-F A8 5487 F8lxla ) )
1562 447 9% A3 4 28 |[F7F A4
ol g sk
1524 248940 1546 B4 34 Az F7 A2
-EY/7E AT Ay - A SAREOA AN 3 824 B4
An] 7jA)
SAMEE (1541 WA D 1565 32 ¢4t A A
Aol - SECY-83-472 Suprbound %% - 10 CFR 5046 7139 *Hy 3y 9g
5 87E A AL HE71F0] B, ’
o] Max Pressure : Max Pressure Limit :
ZA A Fuel Failure 23 7] & 110 % of Design Pressure A Bt
Service Level Limit g

MDNBR: 95/95% Level
Fuel Centerline Temp. Limit
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AS5sAOdFaFAs dF A4 2L &4 AAA B}
1. B3 ZFASL ATWS bR A g7t
7} AR L

U222 HRAEFAL3L (Anticipated Transient Without Scram, ATWS)E= Ux}2
& ABAE &7 At Qo] dA27 AAE dE AXEHA g 94 oA
Be FHE Fodrh. ATWSE vl E 2 24 754 L ¥X% Atz A &
A7t =4 &4 2 dEE EFY F& 5 S A4er] o dAdg Fg
AdAAtez ANEH o} Eg ¥ LALLM E o ATWSE BT ut
AT [3-5-1-1]. oo mtg} w]= NRColA £ 1960t Fito] A E] ATWSo th g
TA JAFE FHs9  gon, 1973 d¢ WASH-1270 [3-5-1-1], 1978\d 9]
NUREG/CR-0460 [3-5-1-2], 1983d¢] SECY-83-293 [3-5-13]5& AX®A] 1984
10 CFR 50.62 [3-5-1-4]9) & A FA QA YU} »

A FElUgoA s ATWSO st dxe] #F4] 8748 AAsS HLsn
AR gon, AAAANAHA FoAA vz #ALASE 839 HEsn Y
[3-4-1-3]. E3FF o] AP 3/4 7] o]lFeo] HAHE AL A= Diverse
Scram System T-¥] Q7o] wWEEol ATWS d|gd H3s Aoz w3 gloy
3 o]d EHAEL T FALD FE ol HA L AMo] o]Fo Heom
2, ATWS Al g0l HEHA Rt . HZ SAHME ol3d 7159A
of g ATWS &3} Adujo] HA 2 ALL F83 gloy [3-5-1-5], $43 e
Z e #A8d E #4 7l& VIFo] HA AYHojor & Wavt glog, g
A S 259 71ed WA zo], 71& AAA #HE A4 5 sidsior & Al
ote] g Aoz dAadT
T AT FFY ATWS AdAd H7 2 g A 58 Frld N48e &
2 ol &< A9 #FFHA HIIE s H8F ATWS FAY 71&F

U A4 8749 J1&3 w7
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19682 E] mZANE AREAA} FEHA Fe 94 FEZEH7E ACRS,
FA AERD 2D Ax2 AZIEAAR Atole] A ARtez ATHAG. A 7}
2 BA AR 29 FUE AAE L BEIAFTTY 5L JhsAolAnh
ofzto] AWl o]FojA Fo, Ao] E HuIT2 EYH £
= A7)14 Al o3 83T FFANA E=olor dn A AU
o)% AT A BF oJARE Alne GAAGE e A =HE F &
of2 Uyo] Mt} 3 Hol: AXNTHIAESY FTEIHILY EE UE 1F
e HAEy) 18 Alxolx, o & Rob: thadd 7ol ATWS AaLe
A7Z A3y 93 =Yoo
olg1d x=2e ZAAZH 1973d WASH-12700] 2ztElon, o] HuAxe
A ‘Licensing Position on ATWS'e] 9xt2 AX & waiste 35l o
& NRCO Aol 71¢Ho] Utk oo waw, dx2E 76d ol F AALIII}
ANHHE TAL (AF), 763 ol Ao AL AHP DAL (BE), © o3
AE7} Bex ¢ AL (CYE FEIG. A9 2 distdEs FAA
Eo AT E A4F3] AAT AL 7R, BY B dhstod= ATWS
Ao A7) g HLUES UEHIEE AAE MHAE AE &7
- dka}A: 10CFRI1000] 3 &7]&& U5T 4.
. dzz WZAle ¢Ee ASME FE=9| Service Level C (Emergency
Condition)?] 3 &7]&F& U= A.

- dda: Y4t ¥4L fA8H, A5 dgve 280callgE: E¥sHA
ST

- DNBY 7}5 Aol @gg HolAY HEAe &40 AZ4sA d&& Hd
A.
AGAEY 4Ee ALY o2 FAE A

WASH-12700] 71¢® <A ExE Aze A#4E zdstes E€ Atug 2
AU TS 10%R-Yol5l2 Fti: Aotk NRCE ATWSSL & A9 Ao of
stedE oleldr ZEO 10 22 st Aol FAshy AT ol met
2 E ddnzAte] 2y Hl TZ 7HAREE, REATY 1FoR Q8] Al
o) Anrt AR = ASE 1070]87} Hojof @t

19801 NRCE A¢ 109 @ S ATWSH @& /gd R8& Hrlsta 2
35ttt o]8d 3sl= NUREG-0460 [3-5-1-6]2 7= lom, ATWSS| A

ox
ofl
o
i
1o
IS
s

o

Hl
mlm

ol

2
j =
oy
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gol AUAA oz BIsA HU ol wat SECY-80-409 [3-5-1-7]8 =3
ATWSe] 2AstE 2 Ao A2S 43477 Hs A2 HAMNMLE 87
stv 8719 AAHol desivn AndH.

22 =92 A o 19819 119 249 n=Z A 937 At T )
o ¢tz HY3a} aFol AUF el ¢he TEar 3709 Qo] dwielel 9
A& 8 IAGADG [3-5-13]. B AL AEF Fo| NRCE Ao ATWS
8787 2 ygy FASHAE JzsPed, o <ol uwIF 10 CFR 50.62
[3-5-1-4]2 AQe=o] FEsm gt}

. 74 843 2 J|F
10 CFR 50.62& ZA A9 ATWSE Q13 9y AL 93 84

z2o:
(1) BE 2HLd dis] ATWS BAE & A2 HAXA ASNAEEH BR

e

flo

N4+ 2 BN EY 718 ASAA A4 2HM 43 75 1A
Fugol glolok su ozlo] MMl Yciok s sze] Az HA
ASRE SPHY R 2783 Yok

(2) CE¥ 94 (F2 B&W )l dalix= 5483 AX A Aoz

< FYstodof 71EY AR AAATHE SHHAL A& 8751 Yo
£33 10 CFR 5062 87 o]k o]gjgt a7 o2+ WASH-1270 74 |4+
AM AANEHAJH AHFEe] FAY 7le 7|EF22 AAHE F gloy FFHozE
SECY-83-2930 4 AA ¥ Q7] A& & Qoh
(1) ATWS o] 9% % JFEE 10°RYZ Z2AZ A.
) HF AFEE RFHoE A4AEdES) 225 & A
() =AEAL BHFH o2 ASME Service Level C 283 AN Z AHolg A

2. U 9A- ATWS di$AA A3t

ATWS o gt S 99 A €3 g3 2
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(1) CE¥ €94

G 3/4 7] o|F e CExUA st 10 CFR 50.629] =& WEAJ
= i A7l AEel AAH 23 IdT.

CEA}E= 19743 CENPD-158¢1 4 A A8 (CEA; Control Element Assemblies)©)
FolEa @ RS AT GAREATE BHIAG o BHE ATWS
oste] WASH-12700] AAE 3 &718e BEHA77] A 713 2@ 28] F
QA e wa Yied ol&HAUT EF o BIMAXE Ao Jted TA WT
o g HZE AL FPsgon, §47FS THAINI] A aH/Y =
Qr MANAE £23Qch o]F CEE ATWSH tid AP dF AAs
o 1976\ CENPD-158 Rev. 1 [3-5-1-8]% A &3t AT}

CENPD-1582 1976\d o] do] A&7/t 438 Eda BY) Ex © o4
AE7 Bex % AL (CF) datd BAE FHFAT. 2560MWt X
3800MWtE Aol Tiate] 2zt thed e 100 o AAAE Atnel g &
4e +939

» CEA Withdrawal

» Uncontrolled Boron Dilution

« Loss of Coolant Flow

« Idle Loop Startup

» Loss of External Load

. .Loss of Feedwater

» Loss of Station Power

» Excess Load

» RCS Depressurization

+ Primary Sample Line Break

o5 Al F YZ&Yo|x 9 CEA Withdrawal, Loss of External Load, Loss of
Feedwater, Partial Loss of Coolant Fiow 5¢ AL AldlEe A= Wz A A%
elzlo] ASME 3=9] Service Level C (Emergency Condition) 2 31—%—7]—’1‘—01] a2 st
= 3200psias =#}dE Ao Ueldth ©]F Loss of Feedwater®] A$- £ H
o g 7 Ne 23, WA Lx A4 (MTC; Moderator Temperature
Coefficient) gte] A&, ¢tAMB ol Wx Z7} 5o WP 3200 psiad] H&7E

2

o mED
=2 1w
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CEAl= ATWS Ruled] #3 7AW AA FAHoAM E¥HE T3 [3-5-1-9),
AbaL Az A HolA HuAXE 1gdtn F/1EAA7] ASFAA olAFo 29
A FAHo g3 AAE BAdH S AHEstd FFF FAAY ATWSE A E4
AT BT AEA e B CE 2429 ATWSH tidh 8= Ao
AAHPA AR Ao AL Boly] ol

41L& 3410MwWt 2 3800MWt § AL ddtd FHEHJGY. EAE T4
TALANA 8T8 ASME Service Level CE EA7] 7] $l& do3 ¢tg b
& HEHo &3S HrIEAd. olE fd 7ty GAdre AVE A H4XE
A7 A ATWS At 5t A2 J4x AEY Hd ¢gol s&7E <=
FAE g7x g4z F/AAIIEA AE FPsAch. o] foll Service Level C
g TEste 9A2 W2A AT Ad 4H e 3200psiaz HHSYC

4L HAXNE 1A ¥ AS (B DS EHUAAE 18T FS-
(A% 20 dste] 47 FFHAYG. B AFge 9353 o] Aok

- 3800MWt - No Turbine Trip: 7}§}7] QtH B o] WAL 011, AAFTL

202x10°bm/br2 7HR S ATh. ANAH FFF QA ATWSo] sl
HEI7)1ES TEs7 AN HEL Tl 50% BE FUIE BRI AL
2 Jegt. 2#%F oz 4715L wFsy] 9% HEuEe ~0.16ft0
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H 3-5-2-1 FEFALALE ARAZAR BES ALd AQHAA

Event Time (sec)
Main feedwater supply to all steam generator is terminated 100.0
Initiation of AMSAC signal (SG Lo-Lo level) 152.
Turbine is assumed to trip 177.
All auxiliary feedwater pumps are assumed to start 177.
Power-operated relief valves on the Pressurizer open 180.
Safety valve on the Pressurizer open 195.
Pressurizer fills with water : 200.
Peak RCS pressure is reached (21.12 MPa) 217.5

H 3-5-2-2 AEAL=AT wE YA Hoty 0% A W=, 21%
F71LA7] A-A F9, 25% AMSAC =] 4)

MTC (Boron concentration) (ppm) Prcs max (MPa)
1800 22.80
1609.24 (99%) 21.85
1536.76 (95%) 21.12

S E 3523 40% 4 HEA UPE 2N o0& Hog ™
(21% S712A71A-A 9], -6.1 pem/'’F MTC)

Case Presmax (MPa)
® Reference (21% SG level, 25 sec AMSAC delay) 21.12
e One PORV fails to open 22.57 (>+1.45)
® 60 second Auxiliary feedwater delay 20.97 (-0.16)
® Turbine trip at 40 seconds (including the dump control) | 21.03 (-0.09)
e One half Auxiliary feedwater flow 20.89 (-0.23)
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¥ 3-5-2-4

BEFF AT Ade o
1% F712A871 A-A F4)

flu

NHEE 24

Delay time of Aux.

PRCS,max (MPa)

Prcsmax (MPa)

Feed (sec) 40% fixed dump Dump controlled

10 20.83 (-0.29)

15 20.98 (-0.14)

20 21.07 (-0.06)

25 21.12 (Ref) 20.89. (Ref)

40 20.98 (-0.15) 20.97 (+0.07)
60 20.97 (-0.16)

90 20.97 (-0.16) 21.14 (+0.25)

E 3525 Eolul X Xdel BE UFE B4

(1% F71¢871 A-A +H)

Delay time of
Turbine Trip (sec)

PRCS,max (MPa)
40% fixed dump

PRCS,max (MPa)

Dump controlled

25 21.12 (Ref) 20.89 (Ref)
30 21.44 (+0.32) 21.05 (+0.15)
40 21.03 (-0.09) 21.04 (+0.15)

E 3-5-2-6

HzuE gANGA UHAE 24d gE Ho o

(21% Z71¢A7] A-A 9, -6.1 pem/’F MTC)

Case

Prcs.max (MPa)

e Reference (21% SG level, 25 sec AMSAC delay)

e One PORV fails to open
e 60 second Auxiliary feedwater delay

o Turbine trip at 40 seconds (including the dump control)

e One half Auxiliary feedwater flow
e 30 second delay in AMSAC signal

20.89

22.62 (>+1.72)
21.14 (+0.25)

21.04 (+0.15)

21.12 (+0.23)

21.13 (+0.24)
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¥ 3-52-7 40% 1A YIEA UZdE B

hE Hd 4F

(30% Z714A7] A-A 9], -6.1 pem/°’F MTC)

Case

Pres.max (MPa)

¢ Reference (30% SG level, 25 sec AMSAC delay)
¢ 60 second Auxiliary feedwater delay
® 90 second Auxiliary feedwater delay

20.41
20.52 (+0.11)
20.53 (+0.12)

e Turbine trip at 30 seconds (including the dump control) | - 20.94 (+0.53)
e Turbine trip at 40 seconds (including the dump control) | 21.22 (+0.81)

¢ One half Auxiliary feedwater flow
® One PORV fails to open

20.43 (+0.02)
>22.45 (>+2.04)

¢ 40% SG Lo-Lo level, 25 sec AMSAC delay 17.83 (-2.58)
e One PORV fails to open, 40% SG Lo-Lo level 18.37 (-2.04)
E 3-52-8 AMSAC mlHAA A& AAG] Be Ao 4
MTC (Boron concentration) (ppm) Prcsmax (MPa)
(1800) 22.76
-5.3 pcm/°F (1609.24) 22.10
-6.1 pem/°F (1536.76) 21.01
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RCS Pressure (MPa)
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RCS Flow (Kg/s)

Reactivity (dollar)
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Prz. Valve Flow (kg/s)
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Flow (Kg/s)

RCS Pressure (MPa)

250 T
200 A E
150 A E
100 -
50 4 b
0 : . : ,
0 100 200 300 400
Time (sec)
a9 3-5-2-12 7] 9= 4% (-6.1pcm/’F MTC)
24 T T L)
———————— 1538 ppm (fixed dump) r8(
22 4 ~ee—————— 1608 ppm -
————0——— 1538 ppm (dmp contr.}
—&—— 1800 ppwm
20 A .

200 300 400
Time (sec)

29 3-5-2-13 B4 ¥ %o ©& RCS ¢
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21.5 T T T

20.5 A1

19.5 -
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17.5 -

RCS Pressure (MPa)
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1% 3-5-2-14 RCS 43 (-6.1pem/°’F MTC, Y= 3 =)
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0 100 200 300 400
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20 1

19 A
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17 1

RCS Pressure (MPa)

16

15
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Time (sec)

2g 3-5-2-16 RCS &8 (-6.1pcm/’F MTC, 30% AMSAC A A X))
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H 4 & g "Ho7|s
A14d A 8
H 4 =AY Z A% (ECCS, Emergency Core Cooling System) AA|7]1FE A}zl

31, AlE g3t BEHoz HAAY vARAYAAZEY 5 HHEe FA
sty 2d3} i HYE T3 EAHo WAAGAAIRAl =4 AAANLS B
28 7 AEE AAE EA 71EE WSS F JEA HriE oo )

WG AL TE HA=AddAEY Hrte 92 GHAH Y 9
& HdAZE WEHE Asd JIEX AN PAHE £8 FFASF (Fq : Power
Peaking Factor) @ =% FHd] &8 (Local Peak Power) o A && 7}31A =, o]
T 2RHor HedH LHFANY AT 247 Aok g A tHA
THEIANA neHE AAZEAILE TN WAL E ARz 2
e Agste A2 EF7EH &b oo wE AxE Y AL e 3
22e BAE 2 AR A F83 A 29lo] Ho| g

HAHLHALE BRFE I7IELS U =AdAASY a4 2 AAH =9
dxde FAH4E nEstd YEdE AAF HA 71£3 Hot EL P
= TAZIEY NP2 A Jo (F 4-1-1-1 F=E). 23y $elyay
T AAFANETA7IE71Ed B T Al 30 2 WG =AYLZA A )
=AYAAZ] AXed 9 7T ddd AFHoez gGAstn oy vl
=ABAAFE 1€ A 71E 2 Hrhdyo] B33 4AHY A FUNR
o HZ7HA e dF 29 dAY ALY} v T EPHUYenE R E uj2o]
712 R HPEE Fxsdod, ARG AL FFFo] gEs P wet v
=9 71€S & FF= AH AL87] od g ¥ ol =4dHE 929 ¢t
Aol B A e FUE 71€Ho2 oHE AHolng 2y dHdo] A
3 HdA 7€ 2 FoF $e F]o) AlFsd

f
od oy

off
=

30

ox o J

o

¥ H2 FFTHHEIS N F=AR4ATY 4 FAYHEd B 54
AEFA BaA B $A AL @ vk AT @-11-1). AL H2 uge
AQZAS Frbol BE 979 FALA 10 CFR 50469) A% 2 B AFo)

TAstA, 2 F<¢o B FYEE A Frh v1E S AAl ddzole H L)
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oeie FA +8d A dea] dANE aFdd T LA FA

9 ed AYY ALY nH FHAASS WGP NP=AYRAT A5 v

g FASRE 74 29 Adel Wasth B FA A6

WA T Ao g FAHL WEE FAAY NEd I 4@t A A

A9 Aol aFEY. ol F FA 27 B AP ALE AANE o8 2A
2 FYst= B 7% BRAT AEE ol Bk

o2 dfME vF 5 44" 4ARSe A 27 R ALY A4 4% 5

2 shebsjor shul, drlel Flel nHE AUe FPI WYy A AAHY

AF7t Basth 58 FA W7 golgs S J1Ed daAdE EA )

o 7% #2& AUSA Tetsle] oo Aae AMFIY L BHAY o

Jm ml

Y3 Ao
(1) S ARAFE A eAdIRAT 4% Brtd BEE FA R AT ¥
A

@) 7tEAFE =AY AAT A4
@) HgATE A=A EAAT 4
@ FA 24 2 A} WG R 7]

Aol #e A 87 AL
Aol B FA Y AR
Wgol e 7lEnuA AR

) o\r off
2 6 o

E 4-1-1-1 7 2o nA=ARLAT 74 81 A%

= 7} A 84
- 10 CFR 50.46 : "Acceptance Criteria for Emergency Core Cooling

Systems for Light Water Reactors”
u] = |- Appendix K to 10 CFR 50 : "ECCS Evaluation Models"
- Regulatory Guide 1.157, Best Estimate Calculations of Emergency

Core Cooling System Performance

- Federal Minister of Interior : "Safety Criteria for Nuclear Power
Plants” (passed by the Atomic Energy Committee of the State)

- Commission for Reactor Safety (RSK) : "RSK-Guidelines for
Pressurized Water Reactors"

a2~ |- RCCP : "Design and Construction Rule for Nuclear Power Plants”

- Special Committee on Safety Standards of Reactors, Nuclear Safety
g B Commission, "Acceptance Criteria for Performance of ECCS for
Light Water Cooled Nuclea Power Reactors"”
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A23d e a3 ¥4

2 HoANz 95 2 FHY vd=AdAAE AAZNE 2 Hrt ey
A EF R A Jled AL AR n@sn WY L Aol da) s)e .

=Y

E3) n2e) FAl 87 2 sl AFS FPHoR nAe T Ao H
# uAdxAdZAS A% P97t FA AL Agse J1ed 2AS AN B
B AT A Wge BE (4211, 42-1-2¢] Ao Aok

1. 29 4%

7b. wAl 239 A

o= AAHLAL BEFTELS VA=A WAAS 449 248 18
A HAZE 2 37 s 3 B FAVEY Mo A 9o ¥
4-1-1-12 Ao A=A YAAT 728 2 #d 7)|FL JAsn Qe A
€ HAFL Qo v 542 Ay ¥H, Zaae Aga 8, dB2e
A3 NP2 Hol gt o]F ade] WA HA JIEL E 4-2-1-19] s}y
2 Ha AAHI o

E 4-2-1-1. Z4F 9 vj4=HdYAAT AA 71F Ha

g2 JEE SEE s
Ho JE5A 2= ; . ; .
< < < <
(Peak Cladding Temperature) 1204 ¢ 1200 ' 1200 € 1205 ¢
Ao W= Vote
< % < 9 < 9 < 17 %
(Maximum Clad Oxidation) 17 % 15 % 17 % 7%
Hu) 22 AAL low et?oug.h
(Maximum Hydrogen < 1% Fo ma'mtam < 1% < 1%
. integrity of
Generation) .
containment
YZt7ts 3AF Coolable Coolable Coolable Coolable
(Coolable Geometry) Geometry Geometry Geometry - Geometry
core remove decay acceptable
heat/ no long
Z7] Yz} temperature  [remove decay core
. term steam flow
(Long-term Cooling) low/ remove |heat . temperature
into the
decay heat for long term

containment

—231-



o] H@ol| Y Z FL AHA v|FoEA RE WYY g AHEH YF
Wzbagasrae] ds o AEA 25, Jd J5A AL, §]CH Fa A4 E,
Wzt7ts 84, A71Wz 5 5 79 7128 AAsT Jon I AFAT A
E fFAEHA Hol dES ¢ F Ik

. grhage A%
) B4 Brpuge A%

olgig MA 71F9 WEL & Aol & Bt LY F BT B ¥H
& giAl2 u=Z¢] 10 CFR 509 ¥ & Kol &AL Je F¢7F 8o & 4-2-1-2
o= uZ B4 Fryb 8Ad dvistd 4, 599 Frhggoel Hlaso
S\t

o] Foll AAE upe} o] Zt & HAVEAN Ao FAHIE Hola o,
Hrrgol gloiME ¢kzhel AolE Rojm It ZAFe Bt Wy A AFS
B4, AA423 9w 248 USNRCE 10 CFR 508 £& K& 7|22 3o
Z+32o) A2 £ Bgd RAe2A HrtRde A o] AP 9
3 dzd Rdg HEdE T B A4S Bolx Utk wFY AE FAR
71238 2EAXNE P ez FAHA YA, 4 FAHE ol Fo MBS I
7] e 2239 AF T AP AdEE PIHEAE AXNEF Hol Ut
oo w3} 7]e} AZe] Aol JEAJA BFHe HE HY WA Jle AL
A%E 24502 BHd¥ F JEE FHol Ut

299 FA|X L "Atomic Energy Act, Safety Criteria" [4-2-1-3]¢} RSK
Guideline [1-1-3]9], ¥&2] FAX] 32 Acceptance Criteria for Performance of
ECCS for Light Water Cooled Power Reactors” [4-2-1-4]0]] A Al=o] it %Al <
Fa upel o] AL B AAEA Wyl o3 HuF WHE ZEHeE A
gatn o, Bad wet AR Hrl Bl A B4 Jete HEsta
oth Eolatgto A BZAYFAATIAIY Fo tHRF YAy FHEAHL =
2 48e 5 e 599 2do sty dEY A= A 2dd ANST9
2dd #d BIANAHL 1T B3E 2d9 HES LI Jon, 5U9
A%l 12 XAND-79 2 % DIN 2dd E344& ¥ 229 AE2
&-g3t1 Qo= Aol

¢
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E 4-2-12 v AY AT Hrt 2o v (1/3)

%5

s

| OES

=4

=

Source of Heat

Initial Power

1.02 x Licensed worst
peaking

1.02 x Licensed worst
peaking

1.06 x Licensed worst
peaking

Fission Heat

Minimum plausible

.. Conservative

reactivities
Dec.a}'/ of To yield highest To be included Not included
Actinides temperature
Fission Product (1.2 x ANS Standard (1+26) x ANS Standard |1.2 x ANS Standard
Decay (Oct. 1971) 5.1 (1979) 5.1 (1979)
Metal Water Baker-Just (1962) Baker-Just (1962)
Reaction Not steam limited Not steam limited <1 % of Zirconium

Inside also on ruptured
rods

Inside also on ruptured
rods

in core

Internal Heat
Transfer

Taken into account

Taken into account

Taken into account

Primary-to-
Secondary Heat
Transfer (PWR)

Taken into account

Taken into account

Taken into account

Swelling and

Rupture of Taken into account Taken into account < 10 % Rod Failure
Cladding & Fuel
Break a. Break spectrum to

Charateristics and
Flow

a. Break spectrum to
double-ended Breaks

a. Break spectrum to
double-ended break

double-ended breaks,
20 cm’ pressure
vessel bottom leak

b. Discharge model:
Moody (1965)

b. Discharge model

2£x<100 %:Moody
(1965),

x<0 % :Henry-Fauske
(1971) or Zaloudek

0% <x<100 %: HEM
(Moody, 1965)

100% < x:Murdock-Bauma
n (1964)

b. Experimentally
Verified Discharge
Model or Moody
(1965)

¢. Noding near the
break: Chosen to
permit reliable analysis

¢. Noding near break

c. Noding near break
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£ 4212 M= AYRAE B 2d9 HE (23)
o =5 b dE =d

Frictional - Realistic - Realistic

Pressure Drop Baroczy(1965) & Baroczy(1965) &
Thom(1964): Thom(1964). p=250 psia ..
p>250 psia Martinelli-Nelson(1948): |~ Realistic
Martinelli-Nelson p=250 psia
(1948):p <250psia - HTFS (Claxton, 1972)

Momejntum Justify Ommision Term |Justify Ommision Term Justify Ommision

Equation Term

Critical Heat Flux{- Must assure in range

(CHF) - Experimentally

a~d. Correlation

verified models
- W3 : Tong(1967)
- B&W

Experimentally verified

Gellerstedt(1969) Should be justified by correlations,
- Henry-Levy(1966) experimental Data Conservative
- Macbeth(1965) assumptions
- Barnett(1966)
- Hughes(1970)
- GE Transient:
Slifer(1971)
e.CHF Rewet Not permitted until Not permitted until
reflood reflood
Post-CHF = Heat|Model<Mean value of .
Experimentally
Transfer data Verified Correlation or
Correlation - Groeneveld(1969)

- W-Model (1972)
- McDonough (1958)

Modified Dougall-
Rohsenow Correlation

Pump Modeling

Justified by Data

Justified by Data

Justified by Data or
Conservative
Assumtions

Core Flow
Distribution

- Realistic

- Cross Flow between
Average-Hot Region

- Flow Blockage
(Swelling & Rupture)

- Realistic

- Multi-dim. or
Paralle! Flow Path

- Flow Blockage

20 % Flow Reduction

ECC Bypass

Subtract ECC Water
Injected until End of
Blowdown

Subtract Bypasssed ECC
or Injected ECC until
End of Blowdown

Subtract ECC Water
Injected until End of
Blowdown
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g 4212 0 A=AURAE o 5l uR (3/3)

3 5

|

H)=

| SED

=d

Post-Phenomena Blowdown

Single-failure

Most Damaging Single

Most Damaging Single

Most Damaging

Criterion Failure Failure Singl‘e Failure plus
Repair
Containment ) . 80% of Calculated
Conservative Conservative
Pressure Value
PWR Reflood Locked P I It
Rate ocked Tump mpetlers Justified by Data Justified by Data

or Running Free

Steam Interaction
with ECC Water
in PWR

Zero Flow in Unbroken
Pipes unless Justified by
Data

Justified by Data

Justified by Data

Refill and
Reflood Heat
Transfer for

Reflood rate=1 in/s
Applicable
Experimental Data
(FLECHT)

Reflood rate<1 in/s

Conservative Correlations
Based upon Experimental
Data

Adiabatic Heatup
during Refill or
Applicable
Experimental Data
for Reflood or

PWRs . Modified

Steam Cooling only
Dougall-Rohsenow

Flow Blockage Correlation
(Swelling-Rupture)

Convective Heat

Transfer

Coefficients for |Based on Applicable Applicable

BWR Fuel Rods
under Spray
Cooling

Experimental Data

BWR-FLECHT

Experimental Data

BWR Channel
Box Under Spray
Cooling

Based on Appropriate
Experimental Data

Yamanouchi Correlation

Applicable
Experimental Data
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oeld weH Hrpgwe @ FA 20e GEE PPEoEH HEHY A
e m% dausgse] BASH =SE  ojgdte M¥Ee (4215 %
CEFLASH-4AZ =& o] &3t CE 9y & [4-2-1-6] 50| glth,

42 AYE AR ol § FA dF HAA 2T FohANPA L FA 3
AHE T P AAFE T AP A AT/ I FHo= WY
Zold, olol @ nsA P PEel AF FA 2ol WAY AR A
g, @A7A 02 AAAFALAAAAE el HEE B PP 2T
= AAolth

=

2 #AA A3y 3%

b "= %

A Adod AEd 24y HrhEye ol 19749 ZA " 10 CFR 5046 7f
A8 2 Appendix Ko 7] Zx3tn glon, FAZA L BFFH olsig A
A7E BEdz AHE AoE A8} FEA R vjg BeFes AAHHAT

19773 o= SECY-77-368 "Staff Progress on Proposed Action Plan for Modifying
10 CFR 50 and App. K: Alternatives for Change"o] 2R HUtt. 1 %9 U347}
A8 2 AN2e AT 2F 5¢ EUE FA81E A E Aol o] HuAM
olty. & 1 B9 APl wlFol, App. K 222 ol9 HEoz QA <A
Z2AgH7} vnsEME Aol BE AT v o] LeFHE Aoz YER
W, 279 29 5 PP YL ol$ uiHoln, 49 @% CCFL 5 A2e
daol FestA RAEdeH, GAY FALAS Mz /Hde ECCS 4AE
13 g 7bs4ol Y Aoz AAHUT ool w2t App. Ko AHiA EaAs
MANIEA, A RE] e wEoez AR WFe] AANHAATG. Y
1979. 3. 28 TMI A}ie} Aoz <8 WA 2ol Ad=A HA

19813 109, 98 F4 2 AF7 HAE A, AAHY o8& U3l
e AL FE87 g8 AgA 2 #2717 dEAS HYSGEF HTH ol
A g wet 8 MA=Ho AMEHLJC. old we} SECY-83-472 "Emergency
Core Cooling System Analysis Methods"7} 2t =]9lom, App. Kol 4 € 24 o]

fl

I
N

lo ox

T

27 e FEF BEHL ARHAY, AY B £94F S AAAY 43
AFE Flo] ojF$Ez, AAANE B AW AFES AT + AES )

Aerg vldsA HA F HAHANE HE&5E App. K 2E2E AHSE At
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BAstd Axsty 1 AdE 989 218 HEHEE ).
o HAAA PCT < (App. K 22 + H- 2 d PCT) < 2200°F
A= 2 oM FAE A7t FHH3 oo hE Hrt D olsrt Ay
A BN AAZ Fa ol Age] s ATs AL AAEA
of el MAdx=dYdAST FALAY ARG 246 HUoh ol d =
o] A3z SECY-88-162 "Revision of ECCS Rule Contained in App. K and Sec.
50.46 of 10 CFR 50"o| A 57}z HAFS At oo thdt v|w 4 AEE
T HFHoz ERUA Hrlel A FYHE FHALE HLesEE FAQ
A AALe shas
olg g TALzIe Wate dF FAYF] FYL 98] USNRCE 74 x A
Regulatory Guide 1.157 (°]3} RG 1.157) [4-2-1-7)& /0% F¥s9z, & 7}
HHe Z1eH W8S oAEyl 98l NUREG/CR-52498 A A&t} o] AL
USNRC7} A437bgdel 842 4387 93 AL Aoz Aazc A
84 2 BRU4E Yhstd Waw A4 L PYd B WL AAHT 3
£ ZAolth. o] HIAE AAHolT =eHog T4 o, Westinghouse
Hao o Pue THo2 & AYYsPPS Auste NRCY g we ul
T}, [4-2-1-8]
RG 11572 ul4=4u4AE 4% A7} 587129 BEe 98 AL5E
A B7pggel dF 713 FA Yol RG 1.1579] FAH L aA ANE, BA
¢](Discussion), C.7FA] 73]l (Regulatory Position), D.A]3} (Implementation) 2.2 ] o]
Row, F2 C¥o A 71&3 A1FE] AAH Aok 1Y 4-2-1-1¢ RG
11579 45 2o &0 53] C. 74 Asjolxe
C-1. A A
C-2. 858 HAANZ= de meALg
C3. FJHANA=9 EA
C-4. A AN EgAA H7}
o2 rol 2 g9 Wgol way 443 s1eso] ok 53] €3 A
Z=e 542 7Hs¥ & 10 CFR 50 Appendix Ko} 744 d#AH L 7MAEE g
5 WZA4ANT 399U, HEAe AR 2 39 Sozvy
¥ 959 @4 S o|2& g FAL 10 CFR 50 Appendix Ko U242
2=t E3 RG 1.157%Appendix KoHE 2 A the de& 2344 Aakstd o st
HE&Ss st Mol
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1
A.

I
B.
Discuss

Regulatory Guide 1.157

—
D.
Implementation

J

ductio!

ion I Etro

[

J

[

C.
Regulatory Position

1

[

)

[

1.
BE Calculations

(2.1.1) Numerical Methods

I

2.
Considerations for
TH BE Codes

3
BE Code Features

4

Estimation of Overall | |

Calculation
Uncertainty

a8y 4-2-1-1

(2.1) Basic Structure of Codes

Iy

(3.1) Initial ans Boundary Conditions and
Equipment Availability

|

-IB.Z) Sourves of Hest during LOCA

}_

(2.1.2) Computational Model

(3.2.1) Initial Stored Energy of the Fuel

-18.2.2) Fission Heat

A

-AI (3.2.3) Decay of Actinides

|

1

(3.2.4) Fission Product Decay Heat

| | (3.3) Reactor Core Thermal/Physical
Parameters

‘—l (3.2.5) Metal-Water Reaction Rate

(3.3.1) Thermal Parameters for Sweel and
Rupture of Cladding and Fuel Rods

(3.3.2) Other Core Thermal Parameters

(3.4) Blowdown Phenomena

—P3.4.l) Break Characteristics and Flow

(3.5) Noding Near the Break and ECCs
Injection Point

(3.6) Frictional Pressure Drop

%4.2) ECC Bypass

(3.6.1) Model Evaluation Procedure for
Frictional Pressure Drop

—PBJ) Momentum Equation J

(3.6.2) Experimental Data for Frictional
Pressure Drop

(3.8) Critical Heat Flux

]

(3.9) Post-CHF Blowdown heat Transfer I—

(3.10) Pump Modeling

| | (3.11) Core Flow Distribution During
Blowdoen

(3.9.1) Model Evaluation Procedure for
Post-CHF Heat Transfer

(3.9.2) Experimental Data for Post-CHF
Heat Transfer

| | (3.9.3) Post-CHF Heat Transfer from
Uncovered Bundles

(3.12.1) Containment Pressure

(3.12.2) Calculation of Post -Blow-down
Thermal Hydraulics for PWR

I

(3.12) Post-Blowdown Phenomena

(3.12.3) Steam Interaction with ECCS
Water in PWR

(3.15) Special Considerations for a
SBLOC in PWR

—l (3.16) Other Features of BE Codes

—I (4.1) General

|

(3.12.4) Post -Blowdown Heat Transfer

(3.16.1) Completeness

(3.16.2) Data Comparison

1

(4.2) Code Uncertainty

(4.3.1) Initial/Boundary Conditions and
Equipment Availability

I

(4.3) Other Sources of Uncertainty

(4.3.2) Fuel Behavior

| {(4.4) Statistical Treatment of Overall
Calculational Uncertainty

(4.5) NRC Approach to LOCA
Uncertainty Evaluation

C
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(4.3.3) Other Variables
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g AzE7A Y3 = RG 11579 3 #std 2 FANY g A
€4 R EEAA Hut Y dAF HE3S s 2= 2AQ9Y, 384, 2
E844 (Code Scaleability, Applicability, and Uncertainty, CSAU) ¥ &< sjut
A A& vl QI [4-2-1-9]. °]2 ¢5ta] INEL, BNL, LANL 594 7@57}%;:—0] o)
S, 34l AT E Fa) AHo] UNRCT ARetn Axake shte Ay
HQ 2oz yAsdh

CSAU ®H2 AtaLe 73, 2= dA4es 2d
2 B4 23 (Compensating Error), 4389 A%
Mee 28d4e Ao PPesy me ;
gol 4§ JHERES AeHdon, vHoly, AFE F15HES AwE Wy
ojtt. CSAU HWH&2 Top-down 2 Bottom-up H#He] AL
Top-down *Hel] o3t T3 BFAHe Z9E AAsty weg BFAHS
BFstely, o]Eo] FQ QMW e IF HIE 53 HF 2IAH A
#F3loll = Bottom-up W& A= EFHA HHES ANt Ut

CSAU @2 21 4212 o] AAE viet Zo] 3709 elementulo] 14 749 &
A2 FA4H Aok A elements Z=9| 2dy 53 AAGAZ Al F3 o

€ F2 84 2 249 A4, ol W 3= 2y 57 9 FAHA A
& HItele 408 1~6 GAE T3} F HA clement= X WA elemento]
M A" Fo 44 9 29 did Hrt dARAN 329 F2 ¥4 #Y 2y
= SET, IET 5 4323 va £5 7t ALS 32N 359 FIE,
Scale-up 58, 8 Y 2 Edo BEFZAAN LS AFsste diojt. @A 744

100] olo] &tk A WA clements WZE D BHAY FAs wAZA B
29 98 2 4o _Te} 2 ¥4 2 2Ye Buyol PCTOl mA: 3
& ULE NG Foho] FFshetel FAHI PCTY BHAHS AFFae o

24 11~14 7}A & Ez‘z}fﬁt}.
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Element 1: Requirements and Code Capability

1 Specify Scenario Select Frozen Code
N 2 L 2
2. Select NPP Provide Complete Documents
¥
3. Identify Phenomena
' ¥
6. Determine Code Applicability
Element 2: —— . :
Assessments stablish Asse:ssment Matrix
and Ranging 5 Define NPP Nodalization
of Parameters Using IET, SET Database
9. Determine Code/Exp. Accuracy » Bias
¥
10. Determine Effect of Scale » Bias
Element 3: ) .
e . 11. Determine Effect of Input, etc. Bias
Sensitivity and -
Uncertainty  p; Perform Sensitivity Calculation
Analysis - 2
13. Combine Biases, Uncertainties |+
vV
14. Total Uncertainty

1% 4-2-1-2 CSAU HHE
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CORTERE
%ol

7R A

AL &3 2o

dRELAL H/HIE
oldf weat HAH Hrhdyol
OECD/NEA-CSNI| #7l= F4o2 HAAMIZE 2 E44 F%s I
e em glen AR It E AA At HLVIE AT 1998
1999 d 74x] 2] OECD/NEA®] ztE [4-2-1-10] o] @29 o] HHES = gy A

Mg

T3 s

E 42-13 89 HA Hrr Iy eE 4%

Univ.of Pisa

CATHARE2/V.1.3U

27t 2 s A mE HE 34 2 £
AEAT Method
9=, AEA Tech RELAP5/MOD3.2 Ranged® 2 Ad o] 93 FA A}
2944 B
UMAEHY
i AE S,
SEE RELAPS/MOD2 Accuracy Extrapolationol] 7]3% 3]

Eg44 Hrha
FA} ETA2ES] B9AS SR LA
extrapolationA] 7).

=94, GRS
%9, SIEMENS

ATHLET Mod 1.1
S-RELAP

GRS HrH

Ranged 7} subjective probability
distribution (SPD) % ZAg}o] 2]3t
H2EA B84 H}
SIEMENSH}H

CSAUS SA}

g2 IPSN
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r 1. Select Transient Category I
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L 10. Specify Key Parameters (KP)
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9.
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16.
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