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Safety Analysis on the Operational Transients

and Some Accidents of MUTSU Reactor

Kazuo FUJIKI and Hideaki ASAKA
Division of Reactor Safety Evaluation, ;
Tokai Research Establishment, JAERI
(Received February 6, 1981)

The safety analyses on the operational transients and accidents of the
MUTSU reactor have been described. The purpeses of the analysis are:
1) to show the safety of the MUTSU reactor and 2) to provide the information
of the methods of general transient analysis of LWR using RETRAN and other
computer programs.
This report gives analytical results on the following items of transients
and accidents:
(1) Partial loss of primary coolant flow
(2) Loss of feedwater to steam generator
(3) Excessive feedwater to steam generator
{(4) Blackout
(5) Loss of primary coolant flow acéident
(6) Main coolant pump stick accident
(7) Feedline pipe rupture accident
(8) Steam generator U-tube rupture accident
The result shows the maximum pressure of primary system is 139.4 kg/cm G

PR

(1997 psia) and minimum DNBR is 2.01, and the MUTSU-reactor has enough
margin with respect to the safety limits. The useful informations on the

modeling technique and analytical method are also obtained.

Keywords: Reactor Safety, Operational Transient, LWR,MUTSU Reactor,
RETRAN, DNBR, Control System



JAERI—M 9398

H K
[ B T e reeeeeemescose e m o 1
' [0 | B TA OIBEEE oo eeres e essess s i 3
9 1 B Beeee e 3
2‘ 2 7° Z }‘ sl 57 .................................................................................... 3
BEAT T & B T — I oomeeees e e 12
S 1 BEHCIER LAz T — Foorer s 12
3. ]_ 1 RETR AN ................................................................................. 12
3. 12 RELAP4/MOd6 ..................................................................... 13
314 ﬁ@ﬁﬁ{% ........................................................................................ 13
32 ﬁ*ﬁ-%{q; ............................................................................................. 14
90 1 TSR AL LG oo e 14
89 0 IR +veveereorrereee i 14
323 DNBR%{&E%H} ........................................................................... 15
G0 BREF B T e 15
83 1 TR F IO e rer e i 16
339 JEIE B F AT DA Torrrerrrsnsrs ns vt 18
3.3 3 "RETRANGDNBREIE R FIU corerrermmmensermsss e 19
38 4 GIHEEEYE D ke DU RPN OPPSURRITOPPRPPPI 19
34 ATT - EERA T & a Ve 93
B 4 ] BRI T — B eveereeonn e 923
S A D IR - orre e et 23
343 JEERR e e RO U PP S URTRPS o5
3. 44 2&%?_9 ................................................................................. 27
345 HIEIR, BBROTF AL 29
146 RETRAN@DNBR{"?)V@)\j]?—Q ............... et 30
3. 47 ﬁﬁﬂﬂ-j"\‘/ay ............................................. reretearearaeraness Ty 30
B B oo e 33
51 LR E R B DB AL v e e e 33
49 BEFREEADERITIGE e orme s 45
L3 EERIEIEADMEEGIK e erees e .. 54
A4 ERIEEBIEEEIEE (BESEA) oo 64
A5 1 VRISEIA TR ERER e oerrereose e e 73
46 i {j{{%%ﬂ*ﬁ)—j—f y-j’im@%%m .................................................................. 24



JAERI—M 9398

LT KSR e ettt e e s e 96
4 8 %%%E%ﬁ{i@%ﬁﬁfﬁ%& ..................................................................... 113
5 DNBR ﬁ%lﬂ@*ﬁ ....................................................................................... 126
51 ﬁ% ........................................................................ PR TS 126
5.0 ETEa-— F-. ......................................................................................... 128
h 3 ﬁ?—*ﬁ‘%ﬁ:& ]\jj.j'-f B AL R L LR 126
6 4 ﬁ*ﬂ—%% ............................................................................................. 129
6 i é: By eneermee e e e e e T T 137
\';% gfl_u ........................................................................................................ 139
i‘%j{ﬁﬂ\ ...................................................................................................... 140
HEA Er T e a- RS T BANT - FRE 141
(8B o] BT EFick) 5 RETRANDHBE T 0 » 7 £ 570 o 141
HEC  TEBKEHEER BB 527 7 LFREHE e 142



JAERI—M 9398

CONTENTS

1. Introduction i T
2. Outline of the MUTSU Reactor System tessraesatereeanannn . |

N 2.1 General Description crsrrarsarean B
2.2 Plant Data viceeeisrvacnsns R |
j i 3. Methods of Analysis and Computer Codes Used cereanaaen ceeaa 12
? 3.1 Computer Codes Used in Analyses o 4
3.1.1 RETRAN e teasesiearesta et ecaarttasr et anaanarnaan 12
3.1.2 RELAP4/MOD6 reserreeerannoa R
3.1.3 COBRA~IV-I St e s aas e s et P
3.1.4 Procedures for Calculation resreaiscetearaanns seenes 13
3.2 Conditions of Analyses . P 1
3.2,1 General Assumptions e X1
3.2.2 Analyses for Maximum Pressure Evaluation N ¥/
3.2.3 Analyses for Minimum DNBR Evaluation N
3.3 Modeling of the Plant ettt errsers i tansn e ereseness 15
3.3.1 Input Model Descripticn I Y
3.3.2 Modifications on the Modeling P -
i 3.3.3 RETRAN DNBR Analysis Model  .uuivevevererearearoeneness 19
| 3.3.4 Procedures for the Steady State Initialization S
e 3.4 TInput Data and Option Used teivieeuiivevnsnssnnnasaassaneas 23
; 3.4.1 Primary Coolant System Data cetiereenan verersaanaanas 23
" 3.4.2 Data related to the Kinetics I
3.4.3 Pressurizer Data .......... seesae e P
. 3.4.4 Secondary System Data errsesaraesaressnesnanrasavaes 27

3.4.5 Reactor Control and Protection System Models cerasnes 29
3.4.6 Input Data for RETRAN Auxiliary DNB Model ..... ceerse 30
3.4.7 Other Options Used in Analyses tesrensnescsasissaveanss 30

4. Results of Analyses ........ P X

4.1 Partial Loss of Primary Coolant Flow ........ I K

4,2 Loss of Feedwater to Steam Generator cereserasansssssanss G5
4,3 TExcessive Feedwater to Steam Generator . 1
4.4 Natural Circulation Performance (Blackout) P < 1.

4.5 Loss of Primary Coolant Flow Accident e i



JAERI—M 9398

4.6 Main Coolant Pump Stick Accident AU -
4.7 Feedline‘Pipe Rupture Accident P

4.8 Steam Generator U-tube Rupture Accident teeraerrenaenesss 111

5. Detailed Analysis of DNBR ..............;............ ....... 126
5.1 Outline of Analysis S . 126
5.2 Computer Code Used in Analysis T veees 126

5.3 Conditions of Analysis and Input Data Cieerierecneanesaas 126
5.4 Results of Analysis ittt eeeiesaeaearase et asseea 129

6. Conclusive Remarks cere s v eevesrravenen eerraensuarevessnee 137
Acknowledgement reseren Ceearan Cheraee e U I 1
References  ....venv. e carenrs P /14 |

Appendix A Selection of the Parameters related to the Main

Coolant Pump Coast-down Characteristics R L2

Appendix B RETRAN Control Block Models in MUTSU Reactor
System Model e e aresesesss ey tesiesenreeseens 141

Appendix C  Evaluation of Scram Time for "Feedline Pipe

Rupture Accident” Analysis PP £

Vi



JAERI—M 9398
1. & LU & i

A LRI FMELBITEETFE 7 — 4 BT ZE TR0 5 5 45 3 WEficiTbi, E 1Dk
M{ro) BPHAEOZLHERITOERZEL L bDTH S, BITOMREL D, BHFWF
LEHOHBIAT A RLEAOTT, ERBORNWLAKES RO [ (B8 &l &L
THHs W TV ARFFAEELODIORDOSHE TH %,
1) BEEFORFEILREL

(1) 1 RBEMHEEDOIW 7K
2) BREFEEB~OFRHKEL
{3) BERFLEB~OBREEK
(4) EBEIFEE
m) BEEK
(5) 1 IRIBHIMFEELFR

6) 1AM R v THHES B
7)) FHKEHETER

(8) EJRLEBCHBFRIRFH

FRRobTT8iERE 6 HH I, BBROBEBEEHLEV (60X Y THMBEEFHRICET 50
B ThH HH) BELTHLOT, \WHhwWA0perational Transient & L TR H 5 HH
Bd 5.

ZHOOEHIELT, ol BETFOBELSEEBITL 77 v & LTOREENRESIT
BinohEI DA T B DDOBIT AT - oo BITSRGRUTORXTH L TD SN 5,
LEELTHAS SEFCHARTHRMRFER L O LLAE, R Mol o
SEMICFZ LB THRESNAZEABEELLDEN TS,

BEEPWR KB AELERLOFMBEEZEL T, RO 2EATLEBIT LOEBR L LT

(1) BEECTO 1 RZENHFESHEREN135kg /e’ GO LIEUTTHEBET &,

(2) BEEHEIBTSDNBR (REBKE RKEHBRFE) E@H 1532 TRILENT L,
(M 1RF N v &) Ofter%, £Q2RBBBOREESY, ThITNRIETLIENTH S,
HNER/PMDNBRIELS 3 &5 #I, BREMGHNMIC WHHW -3 HEE = H 5 BOER
FET— sy LRLERM LI, RERHHTIRLE 182 RAALBELE LT, Fi
HmE TRV TV AHETH S,

FiEo 2 @0 OFFEEEICHEY, Birical-TH

(1) mE MY (PUF X Tl BT e FR )

{2) #/NDNBR i (LLUFX$TiiD NBR FE##T)

D2EBEOBN AR Db > TER L7, BITEHEODTEE Y7 £ — 7 OREHE LY E
EOWTHEEBMCH L TR L S )i, BEFMET-LFERLTW50T, BIFEH
HECHEHE TS 2EEOHETE TR - TV 5,

{
{

_1.__



JAERE—M 9398

WA i B KE BT R 0 - FRETRAN, LOCASIFABUKS 3 - FRELAP 4,/ Mod
6 U TF v 2 VRIT D - FCOBRA -V - T&EA L.

LR FoETeh (o) FTEORT FERESEEE T b —FRDNTHNG, 53 BT
TS Ui o — F RO = Fuie o0 THAY 5. BITHRIRE 4 B ERERICE~LAT
W5, B ELTEESERCBEROB/NDNBRICHETSCOBRA-N-TIT X LEErORES
HEEARANE, 6 BRI ERICOIEEEEIT T



JAERI—M 0398

2. T, BRTIFOME

21 ¥ #

reso) ERFER 2 v—- 7 O—REHNREAT BMEKMETFE T, TRJFEERLHE, T8
HK#E Y72 EBLOMER |, FhuEFFAR 1 &2 0Bl TV . 2R0OREOH
W4 Fig. 2 L1 iCmd,

EEERIE Fig. 212 RARTLSUEBETH L, A/ AVEYRTFEFERBICA - F—K
BHMIE, ¥y h<MBEE TASICHATEY v 2880 0B EAE LETHLER
Bd AMEHELAEAHIL oD RS CHNE. L7V F 48T A - R GHIM B R
i & F LB OSBRAA - 2ok, HTHEESEH0 2vihv-7EEICEVEEh S,

—IRV - T EPWR ERED, HROKENEHEEZ POETILI2ft) 2HL, #EX
R GITSC) ERECANMSER, BFFEAESHO/ XvLh 6 1ft F5, FLAOLRD
016ft EHTHD. —IRFEFNVDEE%E Fig. 21.31EFRY

HERAEBRRPig, 214 RTLOBTBUFEREBRETH D, KEMONER 4591,
LE 1691, £ EREEIFOKMI2KREEDLD 11181t TH %

MR Fig. 215 KRTLHCTFAHicER e ~» -, BRI T V-EPRBRSLTN 5,
B ELe (2 RUOZeR (2F) PROohTH 5,

EARK (MC) #y 7l IM* v FE-8 —£ 7T ThHD, BEPWR DRV TICE~NE
-7~ OWEERRPNE VT LPRETS 5,

| RERV 2 RFOFERTEO—HEREEPWR &L T Table 21112573, [L52]
FETFEOB®E 1 REDY 77 —VESKS NI E, HARDO | REFFHKEPAEVTL,
TLALRBAERERCE L TORERRLRBENL S, —H, 1 RFRELRROFNENIDE
HSEE EPWR ICEINT/RE, 7805 2 KRESEABEMIICS VDI, 2RUORET
HESND LS RBEEICBL TR 1 REOEN EAMBRE (SRS H 5.

22 TSUbF-#

fro] BTEOEER Tk« N5 4~ 5 OFGHEEETICER L/fE4 Table 2 2.1
itRd, B RETRAN, RELAP 4, Mod 6, COBRA-N-I®32 -FOAANF-sRY
Hi40 2 03, TR LHEEEMFROSD, Table 22 1KBBUHRBELIANT % &G
LT,

AWERDHE LN - T 5 8EHORT LNBERZ 7 7 LEERUHEEESOREEZLT
el
. =277 oE5HREME ([ ) NERBIERE
(1) HAfEsE



JAERI— M 9398

1D e ERIED 115% (130%)

iy 1o — 7EEE 60% ( 70%)
2) BEZY 7L P<P  (EHENX) P 4y bLSER
3) BBRAY 7L T. =T, EEX) T, 3-4Fr/RE

(2)
(3)
(4) 1 RAHMREBE  HOEERFEOIC (80) % (Miv-7—HE5)
(5)
(6)

5) ElHiKkEy7T2HEDNY v 7 ERHKETOBEBRET

6) MRZE/KALE 80 (90) 7z y UkE1972(1.972
+0234)m*)

(70 S G KK 587 (587 -30)% 7Ry (wide) (#9 4
2B 04276 (04276-00847)m*)

{(8) 31 {28 Ko 2{25—8U5%

() MMERAME 17017-10) 7Ry (KE
0,497 (0.497-0234) m® )
, () A P ZEAE 80(B6-225) kg /ecm® G
BER7 7at@BAs 7 LOFFANEMNEB O Fig. B 1, B.2KR$.

2 ZoftoBEEs ( (0 JAXERERE

(1) 1 RBHIHFEEBEIC LS SG AT 5 LMESIREMICE L
eSS (K-
(2) HiBEeKE v TEEES SGRAER 7 7 AMESREMBICHL

i)

(3) SGARSEiCEBBRKELES Forva</kE1636 (1535401031 m?

1

O



JAERI— M 9398

Table 2.1.1 Comparison of Major Plant Parameters between
MUTSU Reactor and Large PWR

TTEM MUTSU OHI-1
1. Thermal Power 36 MW 3423 MW
2. Operating Pressure 110 kg/cm2G 157.0 kg/cm?G
3. Thot (Full Power) 285 °C 325 °C
4. T.o14 (Full Power) 271 °C 289 °C
5. PORV Set Point 125 kg/cm?G 164.2 kg/cm?G
6. 1lry System Design Pressure 135 kg/em?G 175 kg/cm2G
7. 1lry System Design Temperature 333 °C 343 °C
8. 2ndary System Operating Pressure| 40 kg/cm2G 63.0 kg/cm?G
9. 2ndary System Design Pressure 135 kg/em?G 83.3 kg/cm?G
- 10. Steam Rate at Full Power Op. $1.2x10° kg/h | 67.6x10% kg/h
11. Subcool in 1lry System 32.2 °C 19 °C
(Full Power, Thot)
12. AP to PORV Open 15 kg/em?G 7.2 kg/cm?G
(Ikata)
13. Total Inventory of lry System 10.2x103% kg 123.3%x103 kg
(Tkata)
14. Power/Inventory 3,53 MW/ton 13.4 MW/ton
15. SG Inventory/SG 1.37x10% kg 54x10° kg
16. SG Inventory/Steam Rate 161 sec. 115 sec.
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Plant Parameters of MUTSU Reactor

D.V,
]

Design Value

Value used in Input Data

1. Primary System
Parameter Design Value Value Used in Safety Analysis
(1) Thermal Power 36.0 MW 37.08 MW (103 %)
(2) Pressure 110 atg (110+2.1) atg
[(1579.3+29.9) psial
(3) Coolant Flow
- Total Flow 1.80x10% kg/h S —
- Core Flow 1.61x106 kg/h -—
+ Bypass Flow(®) 0.19x10% kg/h -
(4) Reactor Inlet Temp. 271.0 °C (271+2.3)°C [(519.8%4,1)°F]
{5) Reactor Outlet Temp. 285.0 °C (285.4+2.2)°C[545.7+4.0 °F]
(6) Average Temperature
Av. Over Core 278.8 °C 278.4+2.2°C [533.1t4.0°F]
Av. Over Pressure
Vessel 278.0 °C 278.2+2.2°C [532.824.0°F]
(7) Total Inventory of
Primary System 10.2x103 kg
(8) Power/Total Inventory | 3.53 MW/10% kg
(9) Core Flow Areaf®) 0.534 m? - [5.748 ft2]
(10) Core Effective Length| 1.04 m - [3.412 ft]
(11) Effective Heating
Area 123.3 m? - — [1327 £tZ]
(12) Average Heat Flux 2.511x10°
kcal/hem?
(13} Average Heat Transfer | 8830
Coefficient keal/h-m2°C
(14} Fuel Bundle
« Number of Bundles 32

» Total No., of Fuel
Rods
* Bundle Pitch

+ No. of B.P/Bundle
+ No. of Spacer Grids
= Rod Pitch

* Equivalent Diameter
of Unit Cell

+ Flow Reduction for
Hot Assembly

3584 (112x32)

179.6 mm
9

A

15.0 mm
16.67 mm
2%

At
-

—_—

See Sec. 5.3

See Sec. 5.3
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Parameter Design Value Value Used in Safety Analysis
(15) Fuel Rod
+ Clad Outer Diameter | 10.53 mm ~——— [3.455%1072 ft]
* Clad Thickness 0.4 mm - [1.312x10-3 ft]
+ Pellet Quter
Diameter 9.6 mm - [3,150x1072 ft]
- Clad Material SUS304 -
(16) Pressurizer
+ Liquid Volume D.V.$0.234 m3[39.56%8.26 ft3]
* Vapor Volume D.V.+0.234 m3[52.95¢8.26 ft7]
(17) Pressurizer Operating
Reljef Valve (PORV)
+ Number of Valves 2
+ Capacity 2.5 ton/h w———— [1.53 1b/sec]
+ Opening Set Point 125 kg/em2G - [1792.6 psial
« Closing Set Point 122 kg/em?G - [1749.9 psial
(18) Pressurizer Safety
Valve
* Number of Valves 2
+ Capacity (3.5+3.6)ton/h! ~——— [4.35 Ib/sec]
- Opening Set Point 135, 138 138 kg/cm?Gx1.01 [1997.4 psial
kg/szG
(19) Pressurizer Spray
Valve
+ Opening Pressure 114 kg/cm?G - [1636.2 psia]
+ Full-Open Pressure | 119 kg/cm?G «—-e—e-mw  [1707.3 psia]l
(20) Main Coolant Pump
Rated Speed 1770 RPM _-—
Rated F102 1165 m¥/h < [5129.88 gal/min)
* Rated Head 37.50 m - [123.04 ft]
+ Rated Torque 66.02 kgf-m - [477.52 1b-ft]
« Moment of Inertia 6.71 kgem? 65 % of D.V.[103.46 1b-ft?]
2. Secondary System
(21) Steam Generator
+ Volume 4,12 m3 - [145.5 ft3]
» Inventory 1358 kg - [2993 1p(*%)]
* Height 5.15m - [16.9 ft]
* Nominal Water Level| 3.41 m - [11.18 ft]
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Parameter

Design Value

Value Used in Safety Analysis

(22)

(23)

(24)

(25)

(26)

27)

(28)

(*}

(+%)

(***)

Pressure

Temperature

Steam
+ Flow Rate

* Quality

Main Feedwater
* Flow Rate

* Temperature

Auxiliary Feedwater
* Flow Rate

* Temperature

Safety Valve
+ No. of Valves
* Capacity

* Opening Set Point

Dump Valve
« Capacity
- Opening Set Point

*+ Closing Set Point

40 atg
(100% power)

62.5 atg

(0 power)
250.6 °C
{(100% power)

278 °C
(0 power)

30.6 ton/h/SG
99,75 %

30.9 ton/h/SG
160 °C

6.0 m3/h/SG
120 °C

2 _
30.6 ton/h
68 kg/cm?G

18.0 ton/h
62.5 kg/cm?G
58.5 kg/cm2G

40£2.1 atg [583.6t29.9 psia]

«— (***)[483.,1 °F]

103 % of D.V[19.30 1lb/sec]
100 %

30.6x1.03 ton/h [19.30 1b/sec]

[320 °F]

-

- [27.3 gpm]
- [248 °F]

«——— [18.40 1lb/sec)
101 % of D.V{991.8 psia]

- [11.0 1b/sec]
- [903.7 psia]

- 1B46.8 psia]

Definition of "Bypass Region" is slightly different between

"Design Note for Thermal-Hydraulics on Core" and our input

model,

Secondary inventory is adjusted at the nominal operating

conditions. The values in each input data are slightly

different from this value because the tolerance of level

meter is considered as the change of liquid volume.

Under the neminal pressure.
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Table 3.4.1 Input Values of Reactivities

Scram Signal

Fig. 3.4.1 Scram Curve for MUTSU Safety Analysis

TIME after Signal ( sec )

BOL EOL
Reactivity T "
o 2 2
(ak/k/°C) (3/°F) '?SE Input Value ($/°F) oo | Input Value
o g
=3 23
1 | -3.7504x107% 1 | -4.1738x10~"
B —2x1075 -0.0016 | 2 | —-8.6023x10"% | -0.0018 | 2 | -9.5735x10™"
5 3 | -3.7504x107" 3 | -4.1738x107"
§:§ 1 | -5.6256x107% 1 | -6.2608x107%
]2 —-3x1075 -0.0024 | 2 | -1.2903x103% | -0.0027 | 2 | -1.4360x1073
3 | -5.6256%x10"" 3 | -6.2608x107"
1 | -5.6256x10"3 1 | -6.2608x10"3
v -3x107H —0.0242 | 2 | -1.2903x1072 | -0.0269 | 2 | -1.4360x1072
. § E 3 | -5,6256x10"2 3 | -6.2608x10"3
§ E;g 1 | -1.4627x10°2 1 | -1.6278x1072
§ § § ~7.8x10°% | -0.0628 | 2 | —3.3549x10"2 | -0.0699 | 2 | -3.7337x1072
3 | -1,4627x1072 3 ] -1.6278x10"2
8 0.0069 0.0062
8/8 (sec”™ 1) 398.84 350.28
Weighting Factors for Heat Conductors ( =¢ )
HC1, HC3 : 0,2329 HC2 : 0.5342 $/°F = (&k/k/°C)/B/1.8
1.0k 4.109
T 0.8} -.0872
o
b
e
b mel- - .0654
(1]
o
vl
@ 4k _
50, 0436
~—
[11]
8
g 0.2 |- —.,0218
0 i 1 i 1 1 1 ] 1
A0z 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

—Reactivity ( ak/k )
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Table 4.1.1 1Initial Conditions and Assumptions for Partial Loss

JAERI—M 9393

of Primary Coolant Flow

Value of Comncern

Maximum Pressure

Minimum DNBR

Comments

1)

Tnitial Conditions

Reactor Power
Pressure

Core Inlet Temp.
Coolant Flow Rate
Pressurizer Level
Zndary Pressure
Feedwater Temp.
Steam Flow Rate
SG Water Level

103% (37.08MW)
11042.1latg (1609psia)
271-2.3°C (516°F)
100% (1102.3 1b/s)
1.1240.234m3(5.99ft)
4042, latg(6l6psia)
160°C (320°F)

103% (19.30 1b/s)
1.14-0.103 m?

110-2.1atg(1549psia)
271+2.3°C (524°F)

1.12-0.234m3(3.91ft)
40-2.1atg(556psia)

2)

Control and Protection System/Nuclear Data

i)

ii)

iil)

iv)

Reactor Power
Control Rods
Density Coeff.

Doppler Coeff.

Reactor Pressure
Heaters

Spray

PORV

Safety Valve

Level Control

2ndary System
Steam Dump System
Feed Water Control

Safety Valves

Normal (Only+)
-3.0x107% Ak/k/°C
-3.0x107° Ak/k/°C

Normal
Failed
Failed

Normal

Failed

Normal

Failed
Normal

Normal
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Table 4.1.2 Major Conditions and Assumptions for Partial Loss
' of Primary Coolant flow

TIME (sec) EVENTS
0.0 Start of the null transient.
2.0 End of the null transient and start of the partial

loss of primary coolant flow transient. The MC pump

on the loop with pressurizer tripped.
2.4 Isolation valve on coast down loop started to close.

7.7 Scram signal was transmitted. (High temperature scram}

Mainm thrust turbine tripped {Steam flow = 13.1%).

Feedwater to 5G-A = 0%
“to 5G-B = 13.1%
8.4 Start of scram
9.4 End of scram
16.7 Main generator tripped {Steam flow = 0%)

Feedwater = 0% (SG-B )

22.7 MC pump speed reduced to half {Operating loop).
32.4 MS1V on coast down loop closed completely.
378.4 Back-up heater '"ON',
398.5 Steamline safety valve opened.
602.0 Aux. feedwater came "ON'' {Operating loop)

Steamline dump valve opened.
60L.0 Max. pressure of pressurizer = 1949.1 PSIA

1100, End of the computation.

Table 4.1.3 Major Event Time Table for Partial Loss of Primary
Coolant Flow {(DNBR EVALUATION)

TIME (sec) EVENTS
0.0 Start of the null transient.
2.0 End of the null transient and start of the partial

loss of primary coolant flow transient. The MC pump

on the loop with pressurizer tripped.
2.4 MSIV on coast down loop started to close.
Miminium DNBR = 2.185

7.3 Scram signal was transmitted. {High temperature scram)
Main thrust turbine tripped (Steam flow = 13.1%).
Feedwater to SG - A = 0%.
Feedwater to SG - B = 13.1%

8.0 Start of scram
9.0 End of scram
15.0 End of the computation.
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*% PARTIAL LOSS OF FLOW // SEQUENCE OF EVENTS

1 (of 2) Main Coolant
Pump Trip

]

(Eow Flow Signal at the Loop with Tripped Pump) (t )
e

[_Steam Line lsolation Valve (;ripped loop) Starts to Close

High Temperature Scram Signal

(at operating loop)

(ts+0.7)

Scram
(initiation of
Rods Insertion)

Main Turbine Trip

(Total Steam Flow

L (t,)

Reduced to 13.1%)

‘ (ts+9.0)

Main Generator Turbine

Trip (Total Steam Flow = 0%

(ts+15.0)

MC

Steam Dump Systém'or
Safety Valves } of
Qperating [oop Activated

Pump Speed

Full—half

Auxiliary Feedwater for the
SG of Operating Loop Starts

(10 minutes after scram)

End of Transient

Fig. 4.1.1 Major Events Sequence Diagram for Partial Loss of

Primary Coolant Flow
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Table 4.2.1 Initial
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Conditions and Assumptions for Loss of Feedwater

Value of Concern

Maximum Pressure

Minimum DNBR

Comments

1)

Initial Conditions

Reactor Power
Pressure

Core Inlet Temp.
Coolant Flow Rate
Pressurizer Level
2ndary Pressure
Feedwater Temp.
Steam Flow Rate
SG Water Level

103% (37.08MW)
110+2,1atg(1609psia)
271-2.3°C (516°F)
100% (1102.3 1b/s)
1.12+0.234m3 (5.99ft)
4042.1latg (6lépsia)
160 °C (320°F)

103% (19.30 1b/s)
1.1440.103 n®

110-2.1latg(1549psia)
27142.3°C (524°F)

1.12-0.234m? (3.91ft)
40-2,1atg (556psia)

2)

Control and Protection System/Nuclear Data

i) Reactor Power

ii)

ii1)

iv)

Control Rods
Density'Coeff.
Doppler Coeff.

Reactor Pressure
Heaters

Spray

PORV

Safety Valve

Level Control

2ndary System
Steam Dump System
Feed Water Control

Safety Valves-

Normal (Only+)
-3.0x107"% Ak/k/°C
-3.0x10"° Ak/k/°C

Normal
Failed
Failed

Normal

Failed

Normal

Failed
Normal

Normal

Normal
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Table 4.2.2 Major Event Time Table for Loss of Feedwater

TIME (sec) EVENTS
6.0 Start of null transient.
2.0 End of the null transient.

Start of the loss of feedwater transient.
88.1 Scram signal by Iow.leve] in SG secondary.
Main turbine tripped.
(Steam ffow is reduced to 13.1%)}
88.8 Start of scram.

97.8 Main!generator turbine tripped.
(Steam flow 0%)

103.8 MCP speed reduced to half.

1481 Aux. feedwater came ''ON''.

Reestabiished heat remaval by steam gen.

Loo.o End of calculation

Table 4.2.3 Major Event Time Table for Loss of Feedwater (DNBR EVALUATION)

TIME (sec} EVENTS
0.0 Start of null transient.
2.0 End of the null transient.

Start of the loss of feedwater transient.

68.4 ' Scram signal by low level in 5G secondary.

Main turbine tripped.

(Steam flow is reduced to 13.1%)
69.1 Start of scram
77.4 Main generator turbine tripped.

(Steam flow 0%)
83.4 _ MCP speed reduced to half.

128.4 Aux. feedwater came ''ON''.

Reestablished heat removal by steam gen.

Loo.o End of calculation
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%% LOSS OF FEEDWATER // SEQUENCES OF EVENTS

Feedwater

Stop (2 SG*s)

\

Scram Signal by Low Level
in 5G 2ndary ftS)
Main Turbine Trip
Steam Flow is reduced to 13.1% _(ts)
4
SCRAM ‘
(ts+0.7~‘1.7) - 1
Main Generator Turbine Trip
Steam Flow 0% (ts+3.0sec)
MCP Speed change
(full to half)

(1st+15sec)

2ndary

Steam Dump System
or Operate

Safety Valves

L

]
i
!
f
{1 win)

Auxiliary Feedwater

Heat Removal by Steam Gen.

\

End of T

ransient

islﬁstablished

Fig. 4.2.1 Major Events Sequence Diagram for Loss of Feedwater
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Conditions and Assumptions for Excessive Feedwater

Value of Concern Maximum Pressure Minimum DNBR Comments
1) Initial Conditions
Reactor Power 103% (37.08MW)
Pressure 110-2.1latg (1549psia)
Core Inlet Temp. 271+42,.3°C (524°F)
Coolant Flow Rate 100% ¢1102.3 1b/s)
Pressurizer Level 1.12-0.234m3 (3.91ft)
2ndary Pressure 40-2.latg (556psia)
Feedwater Temp. 160°C (320°F)
Steam Flow Rate 103% (19.30 1b/s)
SG Water Level 1.14-0,103 m3
2) Control and Protection System/Nuclear Data
i) Reactor Power
Control Reds Normal (Only+)
Density Coeff. -3.0x107% Ak/k/°C EOL
Doppler Doeff. -3.0x107°% Ak/k/°C EOL
ii) Reactor Pressure
Heaters Failed
Spray Failed
PORV Failed
Safety Valve Failed
iii) Level Control
iv) 2ndary System
Steam Dump System Failed
Feed Water Control
Safety Valves ' Failed
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Table 4.3,2 Major Event Time Table for Excessive Feedwater
(DNBR EVALUATION)

TIME (sec)

EVENTS

0.0

2.0

211.8

241.8

324.9

325.6
333.9
335.9
384.9
430.0

Start of null transient

End of null transient
Start of excessive feedwater transient

(103% flow to 130% flow)

SG liquid level 'high" signal

Feedwater valves started to close.
Feedwater valves closed completely.

Scram signal by low level in 56 secondary

Main turbine tripped {Steam flow is reduced to 13.1%).
Start of scram

Main generator turbine tripped (Steam flow 0%) .

MCF speed reduced to half.

Aux. feedwater came "ON'.

End of calculation
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EXCESSIVE FEEDWATER TO SG // SEQUENCE OF EVENTS

RegulatIOn Valves on Feed Line

Fully (130%) Open

Primary Coolant Temperaturg

Decrease

Core Power Increase

Minimum -DNBR 7

Isolation Valves on Feed Line

Closed
by SG High Level Signal

SG Water Level Decrease

Scram Signal by Lo-Lo in SC

End of Transient

Fig. 4.3.1 Major Events Sequence Diagram for Excessive Feedwater
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Fig. 4.3.3 Steam Generator Secondary Liquid Level
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Fig. 4.3.5 Normalized Power
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Table 4.4.1 Initial Conditions and Assumptions for Blackout

Value of Concern

Maximum Pressure

Minimum DNBR

Comments

1) Initial Conditions

Reactor Power
Pressure

Core Inlet Temp.
Coolant Flow Rate
Pressurizer Level
2ndary Pressure
Feedwater Tenp.
Steam Flow Rate

SG Water Level

103% (37.08MW)
110-2.1latg(1549psia)
27142.3°C (524°F)
100% (1102.3 1b/s)
1.12-0.234m% (3,91ft)
40atg (584psia)

160°C (320°F)

103% (19.30 1b/s)
1.14-0.103 m®

2)

Control and Protection System/Nuclear Data

i) Reactor Power
Control Rods
Density Coeff.
Doppler Coeff.

ii) Reactor Pressure
Heaters
Spray
PORV
Safety Valve

iii) Level Control

iv) Zndary System
Steam Dump System
Feed Water Control

Safety Valves

Failed
-3.0x107% ak/k/°C
-3.0%x107% Ak/k/°C

Failed
Failed
Normal

Normal

Failed

Normal

__66 —_
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Table 4.4.2 Major Event Time Table for Blackout

TIME (sec) EVENTS
0.0 Start of null tfansient
2.0 End of the nuil transient. Start of the bleoackout
transient
Both MC pumps tripped. Scram signal transmitted.
Turbine tripped (no steam flow).
2.8 Miniditn DNBR = 2.126
14,4 MSIVs started to close
B4 4 MSIVs closed completely
632.0 MSiVs started to open
634.4 Steam Tine dump valve opened.
635.0 Steam line safety valves opened.
660. 4 Aux. feedwater started.
660.9 PORY opened
662.6 PORV closed.
669.0 Aux. feedwater stopped by level control,
Hereafter aux. feedwater ON/OFF.
2520.0 Primary system pressure decreased to hot stand-by level.

End of the computation.
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BLACKOUT.(NATURAL .C.IRCULATION PERFORMANGCE// SEQUENCE OF EVENTS

Loss of Power Source
(Main Generator Trip)

b (=) ' (t=0) (t=0)

Scram Signal by 2 MCP Trip Black-out Signal
'Low Voltage for MCP'

" (t=0)

Main Turbine Trip

(Steam Flow = 0)

Low Flow Signals
SCRAM l (both loops)

(t=0.7-1.7sec)

{(t=12.hsec)

Auxiliary Generator Establhshed E

{t=12.ksec)

Isolation Valves in Steam

Line Start to Close

(30sec. for closing)

I
I
N
L
Start of Heat Removal by SG

t=630sec : Isolation Valves Open and

Safety Valves become Operable

t=660sec. : Auxiliary_Feedwéter Starts

[
Cooling by Natural Circulation

Fig. 4.4.1 Major Event Sequence Diagram for Blackout Transient
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Table 4.5.1 Initial Conditions and Assumptions for Loss of
Primary Coolant Flow

Value of Concern

Maximum Pressure

Minimum DNBR

Comments

1)

Initial Conditioms

Reactor Power
Pressure

Core Tnlet Temp.
Coolant Flow Rate
Pressurizer Level
Z2ndary Pressure
Feedwater Temp.
Steam Flow Rate
SG Water Level

103% (37.08MW)
110+2.1latg (1609psia)
271-2.3°C (516°F)
100% (1102.3 1b/s)
1,12+0.234m° (5.99ft)
40+2.1latg (blépsia)
160°C (320°F)

1035 (19.30 1b/s)
1.14-0.003 m3

110-2.1latg (1549psia)
2714+2.3°C (524°F)

1.12-0.234m? (3.91ft)
40-2.latg (556psia)

2)

Control and Protection System/Nuclear Data

i)

ii)

1id)

iv)

Reactor Power
Rods
Coeff.

Coeff.

Control
Density
Doppler

Reactor Pressure
Heaters

Spray

PORV

Safety Valve
Level Control

2ndary System
Steam Dump System
Feed Water Contrel

Safety Valves

Normal (Only+)
~3.0x107% ak/k/°C
-3.0x107° Ak/k/°C

Normal
Failed
Failed

Normal

Failed

Normal

Failed
Normal

Normal
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Table 4.5.2 Majdr Event Time Table for Loss of Primary Coolant Flow

TIME (sec) EVENTS
0.0 Start of the nuli transient.
2.0 End of the null transient and start of the loss of
primary coclant flow transient.
Both MC pumps tripped.
2.4 Scram signal was transmitted {Both loop flows were Tow) .
Main thrust turbine tripped (Steam flow & Feedwater = 13.1%)
MS1¥s started to close.
3.1 Start of scram
4.1 End of scram
11.4 Main generator tripped. (Steam flow & feedwater = 0%)
32.4 MSiVs closed completely.
2346 Back-up heater ''ON"
B36.6 Pressurizer safety valve opened.
602.0 Aux. feedwater came ''ON".
MS1Vs started to open.
605.0 Steam line dump valve opened.
A
632.5 MS Vs opened completely.
1100.0 End of the computation.

Table 4.5.3 Major

TIME (sec)

{DNBR

Event Time Table for Loss of Primary Coolant Flow
EVALUATION)

EVENTS

0.0

2.0

2.4

= W W
(VIS

1.4

Start of the null transient.

End of the null transient and start of the loss of
primary coolant flow transient.

Both MC pumps tripped.

Scram signal was transmitted {Both loop flows were low).
Main thrust turbine tripped (Steam flow = 13.1%)

Isolation valves started to close. Feedwater = 13.1%.
Start of scram

Min. DNBR = 2.058

End of scram

Main generator tripped. (Steam flow & feedwater = 0%)

- 76 —
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k% L0SS OF PRIMARY COOLANT FLOW // SEQUENCE OF EVENTS

(ts)

2 Main Coolant Pumps

Trip

Low Flow Signal from each leop Isolation Valves

in Steam Lines

Scram Signal by 2 Low Flow Sig.

Start to Close

SCRAM

.(ts+0.7~l.7sec)

Y

Main Turbine Trip

Steam Flow is reduced to

13.1 %

Main Generator Turbine Trip

Steam Flow is reduced to 0%

I
f
f
i
I
§
i
1

(30 seconds)

(ts)

(ts +9.05eC)

(10 Min.)

Auxiliary Feedwater Starts

isalation Valve Open{Manual)

/

End of Transient

Fig. 4.5.1 Major Event Sequence Diagram for Loss of Coolant

Flow Accident
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Table 4.6.1 Initial Conditions and Assumptions for Main

Coo

lant Pump Stick

Value of Concern

Maximum Pressure

Minimum DNBR

Comments

D

Initial Conditions

Reactor Power
Pressure

Core Inlet Temp.
Coolant Flow Rate
Pressurizer Level
2ndary Pressure
Feedwater Temp.
Steam Flow Rate

SG Water Level

103% (37.08MW)
110+2.1latg (1609psia)
271-2.3°C (516°F)
100% (1102.3 1b/s)
1.12+0.234m3 (5.99ft)
4O4+2.1atg (6lépsia)
160°C (320°F)

103% (19.30 1b/s)
1.14-0.103 m?

110-2.1latg (1549psia)
2714+2.3°C (524°F)

1.12-0.234m3 (3.91ft)
40-2.latg (556psia)

2)

Control and Protectio

n System/Nuclear Data

i)

ii)

iii)

iv)

Reactor Power
Control Rods

Density Coeff.
Doppler Coeff.

Reactor Pressure
Heaters

Spray

PORV

Safety Valve

Level Control

2ndary System
Steam Dump System
Feed Water Control

Safety Valves

Normal (Only+)
-3.0x10™" Ak/k/°C
-3,0x107° Ak/k/°C

Normal
Failed
Failed

Normal

Failed

Normal

Failed
Normal

Normal
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Table 4.6.2 Major Event Time Table for Main Coolant Pump Stick

Time (sec) EVENTS
0.0 Start of the null transient
2.0 End of the null transient and start of the main

coolant pump stick transient.

The MG pump on the toop with pressurizer sticked.
2.2 MSIV on stick loop started to close.

11.8 Scram signal was transmitted (High temperature scram).

Main thrust turbine tripped (Steam flow = 13.1%).

0%
to sG-8 = 13.1%

Feedwater to SG-A

12.5 Start of scram
13.5 End of scram
20.8 Main generator tripped (Steam flow = 0.0%)

Feedwater = 0% (5G-B )

26.8 Pump coast down to half speed (Operating loop}.
32.2 MSIV on stick Toop closed completely.

373.4 Back-up heater "'ON''.

375.8 Steamline safety valve opened.

£02.0 Aux. feed water came "ON'' (Operating Toop).

‘Steaml ine dump valve opened.
605.0 Max pressure of pressurizer = 1941.5 PSIA
900.0 End of computation

Table 4.6.3 Major Event Time Table for Main Coolant Pump Stick
(DNBR EVALUATION)

TIME (sec) EVENTS
0.0 Start of the null transient
2.0 End of the null transient and start of the main

coolant pump stick transient.

The MC pump on the loop with pressurizer sticked.

2.2 MSIV on stick loop started to close.
7
3. Min. DNBR = 2,129
9.6 Scram signal was transmitted (High temperature scram).

"Main thrust turbine tripped (Steam flow = 13.1%).

Feedwater to SG - A = 0%

Feedwater to SG - A = 13.1%
10.3 Start of scram
11.3 End of scram
15.0 End of the computation.
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%% MAIN COOLANT PUMP STICK ACCIDENT // SEQUENCE OF EVENTS

I'4

"1 Main—Coclant Pump

Stop due to Stick

Low Flow Signal on Failed Loop

Steam Line

Scram Signal by High-Temperature

Scram Circuit

W

SCRAM

Main Turbine Trip

Steam Flow is Reduéed to 13.1%

t5+0.7ml.7 sec

Main Generator Turbine Trip

Steam Flow is Reduced to 0%

Dump Valve
or on Operating Loop

Safety Valves) Activated

Auxiliary.Feedwater for the SG

of Operating Loop Starts

(10 Min. after Scram)

End of Transient

isolation Valve
{Failed Loop)
Start to Close

(30 seconds)

(tg)

(tg+ .9 sec)

Fig, 4.6.1 Major Events Sequence Diagram for MC Pump Stick Accident
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Table 4.7.1 Initial Conditions and Assumptions for Feedwater
Line Tube Rupture

Value of Concern

Maximum Pressure

Minimum DNBR

Comments

1)

Initial Conditions

Reactor Power
Pressure

Core Inlet Temp.
Coolant Flow Rate
Pressurizer Level
2ndary Pressure
Feedwater Temp.
Steam Flow Rate
SG Water Level

103% (37.08MW)
110+2.1atg (1609psia)
271+2.3°C (523.9°F)
100% (1102.3 1b/s)
1.12+0.234m3 (5.99ft)
40+2.latg (6lé6psia)
160°C (320°F)

103% (19.30 1b/s)
(Br) 1.14+0.103 m?
(In) 1.14-0.103 m?

110-2.1atg (1549psia)

1.12-0.234m3 (3.91ft)
40-2.1atg (554 psia)

1.14-0.103 m3

2)

Control and Protection System/Nuclear Data

i)

ii)

iii)

iv)

Reactor Power
Control Rods

Density Coeff.

Doppler Coeff.

Reactor Pressure
Heaters

Spray

PORV

Safety Valve

Level Control

2ndary System
Steam Dump System
Feed Water Control

Safety Valves

Nermal (Only+)
-7.8x107% ak/k/°C

-2.0x10™° Ak/k/°C

Normal
Failed
Failed

Normal

After 602 sec.

Failed

Normal

Failed
Normal

Normal

Normal

abs. value
max.
abs. value
max.
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Table 4.7.2 Major Event Time Table for Feedwater Line Tube Rupture {Case 1)

TIME (sec) . EVENTS
0.0 Start of the null transient
2.0 End of the null transient and start of the

feedwater line tube rupture accident.
Break open on the tube between feedline check

valve and SG.

12.0 Scram signal by low SG level.
- Main thrust turbine tripped (Steam flow = 13.1%)
21.0 Main genmerator turbine tripped {steam flow = 0%)
7.0 MC pump coast down to half speed.
50. Broken SG become empty.
612.0 Steamiine dump valve open

Aux. feed water came to intact SG.
Max. pressure of secondary side
Intact 58 steam dome (Vol. 201) = 912.5 PSIA

619.5 Max. pressure of pressurizer = E837.7 PSIA

1249.0 End of the computation.

Table 4.7.3 Major Event Time Table for Feedwater Line Tube Rupture (Case 2)

TIME (sec) - -EVENT
0.0 Start of the null transient
2.0 End of fhe null transient and start of the feedwater

line tube rupture accident.

Break open on the tube between feedline check

valve and SG.

12.0 Scram signal by low SG level. Main thrust turbine

tripped (steam flow = 13.1%)}

21.¢ Main generator turbine tripped (steam flow = 0%}

MC pump coast down.

33.4 MSIV started to close.
50.0 Broken SG become empty.
i 63.4 M3V completely closed.
612.0 M5|V on the side of intact SG opened and steamline

safety valve opened,
Steamline dump valve opened and aux. feedwater te intact

$G started.

Max. pressure of secondary side
Intact 5G steam dome (Vol. 201) : 1024.4 PSIA

950.0 Max. pressure of pressurizer = 1328.9 PSIA
1249.0 Aux. feedwater stopped by level! control.
1500.0 End of computation

(Pressure of pressurizer = 1880.0 PSIA)

§ — 100 —
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Fig, 4.7.4 Core Normalized Power (Case 1)
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Fig. 4.7.7 Heat Transfer Rate in Intact SG(B)
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Fig. 4.7.15 Hot Leg and Cold Leg Temperature in Loop B (Case 2)
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Table 4.8.1 Initial
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Conditions and Assumptions for SG U-tube

Value of Concern

Maximum Pressure

Minimum DNBR

Comments

1) Initial Conditions
Reactor Power 103% (37.08Mw)
Pressure 110+2.1atg (1609psia)| 110-2,latg (1549psia)
Core Inlet Temp. 271-2.3°C (515.7°F) 271+2.3°C (523.9°F)
Coolant Flow Rate 100% (1102.3 1b/s)
Pressurizer Level 1.124+0.234m3 (5.99ft)| 1.12-0.234m3 (3.91ft)
2ndary Pressure 40-2.1atg (554psia)
Feedwater Temp. 160°C (320°F)
Steam Flow Rate 103% (19.30 1b/s)
SG Water Level (1.14-0.103) m?

2) Control and Protection System/Nuclear Data

1) Reactor Power

Control Reds Normal {(Only+)
Density Coeff. -3.0x107% ak/k/°C -
Doppler Coeff. -3.0x1075 Ak/k/°C

ii} Reactor Pressure
Heaters Normal Failed
Spray Failed Normal
PORV Failed Normal
Safety Valve Normal

1ii) Level Control

iv) 2ndary System
Steam Dump System Failed Normal
Feed Water Control Normal
Safety Valves Normal
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Table 4.8.2 Major Event Time Table for SG U-tube Break

TIME (sec) EVENT
0.0 Start of null transient
2.0 End of the null transient. Start of the U-tube

rupture accident
Double ended break occurred aon the U-tube.

Primary coclant entered to Zndary side.

32. Broken SG overflowed to steamline.

35.9 Scram signal (Low pressure scram).

Main thrust turbine tripped (Steam flow = 13.1%}.
39.0 S| signal (Low pressure).

Feedwater tc Both SG stopped.

MC pumps tripped.
4o, Primary system saturated.

75. (Case 2)
Aux. feedwater pump {as SIS) started.

8. (Case 1}

81. (Case 2)
M31Vs closed

87. (Case 1)

92, (Case 2)
Broken SG filled with water.

a4, (Case 1)

Iry/2ndary pressure balanced.

* Choked break flow terminated.

105. {Case 1) EDHR pump (as SIS) started.
~ 400. . Void in primary system disappeared.

1200. 51 signa] was reset by manual action.

1239, Aux. feedwater started (to intact SG).
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Fig. 4.8.2 Primary and Secondary System Pressures (Case 1)
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Fig. 4.8.3 Break Flow and Choking Index (Case 1)
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Fig. 4.8.6 Quality in the Upper Core Volume (Case 1)
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Fig. 4.8.7 Heat Transfer Rates in Steam Generators (Case 1)
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Fig. 4.8.8 Mixture Level in the Steam Dome Volume of Broken SG (Case 1)
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Fig. 4.8.9 Total Leakage from Primary System (Case 1)
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Fig. 4.8.11 Break Flow and Choking Index (Case 2)

- 121 -

- ¥gh \/\
. h Y
Press. in Intact S5G Aux. FW
M, 8 -,/ Press. in Broken 5G ) Start(i240sec)
# - Aux. FW as ECCS { 2pumps)
o 2 4 T
g /
L a L 1 i i 1 1 1 L 1 1 Il
o H| 200 00 400 500 [ 00 800 900 1000 1100 1200 1300
TIME SEC ‘
Fig. 4.8.10 Primary and Secondary System Pressures (Case 2)
MUTSU ROO! U-TUBE BREAK [UT40D35:(ASE-2C1 RELAP4/106 02/23/78 80-[1-28
g{ T T T T T L 1] T LI T T E—
gt 4
b i
51 8ignal
sl l (39sec) 1
4
L |
1 1 1 1 1 L ] 1
500



JAERI—M 9398

8 MUTSU ROO1 U-TUBE BRERK |UT4039:CASE-2C) RELFIPAUIUE 02/23/78 BO-11-28
] T T T T Y T T ] T T T T T
51 Signal
gt L {39sec) 4
b"'*—q

g— -
-

i}
-l 4
]
&
-}
8T .
by

Bl -

Veoid Formation in Cere
—_——y
gl ]
L\m T r—m— 1 1 1 1 1 1 ) P—
=] 100 200 00 400 500 500 700 Bog 200 1000 109 1200 1300
TIME SEC .
Fig. 4.8.12 Core Inlet Flow (Case 2)
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Fig., 4.8.13 Loop Flows at the Hot Legs (Case 2)
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Fig. 4.8.14 Quality in the Upper Core Volume (Case 2)
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Fig. 4.8.15 Heat Transfer Rates in Steam Generators (Case 2)
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Fig. 4.8.16 Mixture Level in the Steam Dome Volume of Broken SG (Case 2)
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Fig. 4.8.17 Total Leakage from Primary System (Case 2)
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(2) EhHEIE 45T

(BAME) .~ () = 1.54 9 chopped cosine 275 %{HF L #c

B8 ¥TF e 74

W IC 13 Fig. 5 3 LICTd 1L/8 EEAkEF &AL, SSICDNBRPHEEHL (LY
TF 4 R OWT, HERT D 4 BROBEHE AN L8 THRBERRER U (Fig 5.3.2),
4) EERARBNAH

PEHE D I AT LA A KR UL 2 R, 18 EF A0 RRTREBNIDOF R
AL - TXT, ZOELDIKEVIFCIECPALE, DNBREAROEL (FHETE . &5
CEAEAOEVEEEOHEAET v 8 v e — FRERIBUKEERE 195 ICHIE T A AT GhE,
FoBo M ERES 2, thoMEEEH TS BINS €7

Fig. 5 3.3 WERAMMNAHECFELE (1.896) THREB(LLSDEFRT,

(5)  DNB Bz

DNB B W - 3 R Y i k v E ST B,

8 AOME

AEEO S B THEERRECRIT LV S2KE (SENSBEADRE—BHESHA
SEIRE, 105%) A2 L31&, S oKBBEARALKBAAAERROER (R as—h
#ok IS, SHETHTE E08) »54%ET GRESERORNREZS ZT
B L2 BOMEREARLIAA B BETAH) IETAORRLE LTS

(7} WESN

EARNECEREHB OM B, S, DNBRABROEL (LAY TF + AVODAORBERGD
WA ESICERML (Fig 5.3 4),

(8) FIEE R

JEEATOE (103 A7) s THNAVKERGRE (103) RUPEFR B MDF
il (1896) AE|UA DA EHBRRE L1,

@) FEEHRK

ERIEE LB, EREic B 3 Blasius OREA WV, [H2 JOBEEN L THLIEHN
Bz T Deissler O Pl % & T 78, BlasinsOXBEUMIC—-BL, oIy
DNBREHE ICA X BENEEZL L 0P 5 TH bo

40 EEREE RS

SEARIH 2 2

—¥RES (psia) 1579 1549
ADRE (°F) 519.8 523.9
ADEHE8EE (Mlb hr-t?) 0.5927 0.5927
g E (MBtu/hr-ft?) (.1859 0.1859

oy BESE

RETRAN it & 5 [ —RIEHM FEEAER | R [ BESEEA | OBEIRERTH 2 ALR
B LOEHEGE & A B e 188, BIESME LTAE N S FaRIRE A - K g TRREHE D
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ERRRZEIL & LTI REROBHEENL, BB, FLshoEEE{bERviE L <, RETRAN @
s HOBEELERV i, 2HEK SV TOERSME (BEE) £Fig 535 LFig 53

B ITRT .

532 ANF-4

(1) kBT

BRENE S—F T u e B A XL I TERE U THUTOEDTH Do
ARES 04146 inch (1053 cm)
o F 0.5906 inch (150 cm)

(20 R

PR Q418 13 Table 5.3 1ITR o

3 HEHEH S

R AEHAATRET O &SI E L TR0, FRTHRINOBERICK 4 ) V7V OFE
FEmAAEEFR | (| GEERESD) | TOBRMM (FIH | Jnax 291951085 55 021
S b LW OREREMANHEF ) T

¢ New Q

Pt = Fan o+ (195 — (FAH 1 max )

LB,
EORBREERATEHEL>T

Fgn (Assy.) = X Fan ' o/ GREHERED
L4 e, ERAAMAATEOAIMERUTOXTE SO EEATT LT,
Faiti = Fan i/ Fan (Assy.)

Fot2 L, Fyp (Assy.) 14 1886 Th Do
M) 7w FeZR—HeFT—F
Sy R e RR— LA LS S 0.67inch, 1453inch, 2846 inch@Piicd D, Zz DEX
(EEI UK TG TEHAE L D 081 RV,
(o) ELiFIES RE
FEAE S SR IRV T B = 00156 MM L7,
6) LR
4098 inch (104 cm) Tk 5.
1 ADFHEEHEE
G = (BRE) X MEESEHELED
X (EAEMERIC & /37 v Ry F) / (HESERED

= (1.8 x 10%) % (0.895) x (0.96) / (0.534)

— 2896 x 10° kg hr-m?

= 0.5927 Mlb/hr -« ft?
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(8) SEEyEE
cepeili i3 36 MW (= 1227 % 10° Btu /hr) T& 0, BHEBEER 380 THH5,

EREGHRH T
1.227 x 10® /1328 = 0.09241 MBtu/hr « ft*
Et, EHERE q e HELTOEBDITE S,

Qe = GEASBHAD X (103 %D X Fyy (Assy.) X Fy
= (0.00241) % (1.03) x (1896 ) x (1.03)
= 0.1859 MBtu,/hr « ft?

Fyu (Assy.) (&5 3 23Ncm Ui,

Q) #fEfka 7y =

EEREEG RS A, BEREREREEROTEN L, 18, BERETOIA L -
ZF oy 7L 0005 sec THbHo FEBEBAOEESHIEIAREIELLEC CLLADEIRS
o,

54 MR

541 EEIREERTE

FH, ADEBZclEmEssERLLESE (THTHRE BELRBE TE EHEREOCRND
DNBR3, Fig. 5 3 2 ONo 9 BEHEDNe 10 F » v A AHlOB S 25inch OB AL, 2382 T
Bt TH, ADBEAZERME LSS, B/NDNBROA L ABHTER LT, fEid 2430
Thotie TOES, ANEFATH, N9 OBHERREENE Y TH S,

F4-. 53 TlR~K L SHBEREL N, ADHREOHOBEIZTEHT, BEEROBFA
ELEZLOEAIEE, 5/DNBRIE 2466 T, #OMEINo 2 EHEE, NbF v a2, FE
25inch Th -1,

Bl Fiz 2 9 RETRAN @ Auxiliary DNB Model it X 23t EOMBAMA & L TR 2B EHVALZ
£ & L, RETRAN® Auxiliary DNB Model AFI 7 — % OFBEITIE 1,

WICCOBRA- N - | O EHEDEEYF = v 7 OBUT, [ &> |EFFPORET~—ALN
S BKERERAERCTHE L, COBSOBKBEEEETOEY TS 5,

Bt Ty vE— LR

I BUKER R .56 2.04
TR EUK B R B 1.045 1.03
BRI REL 372 2.10

BRI 17T (= F Fau) @ cosine 2 RAMEM, | IKRED, BERE
mEE L.

AEARTER/NDNBRIZ 2120 ThH -, [ D JFEFFOHFKIRE HBEIC LR
/NDNBR 3206, 27 20%ORE I~ FILKBWTTIE212 &% ->THBY, COBRA-V -1
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EHEL, L =0 Ao EYT Ny TR E ST SEENIBEELSREEL TS, $27 0y
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B/NMEE5A %) KB ADNBRIETS 5.
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i [ EiESS Sk | BT AR B A Figs. 54 2~56.4 41K~ d, COBRA-N-1 &
RETRAN OZOH EEROEZE [ —RAHHAEELEN | OB LI (HTV Y, &
JNDNBRZC IHH OFHAE <, COBRA- N - lizkiug 2210 (0.98), RETRANTE
2126 (08H) Th3, [EEESE | T, FFERS 5 LEF5LEET )y THHRKICED
Ao, 1 RGHMARMEEER | TE, v 7MY v 7o 4BBNTRAY 7 LEF
(=B 275 6) BRES L5, DNBROETERPPHL (L -TV 5, EIATEALMEAR
L%, RETRANICXZ A2B/PMADF D 4 BRADE 1,

ZDERNMCODVWTELLNAERALE LTHE,

(1} #fiizik 7 — & BRUE 5,

9) COBRA-N- | TH/7oX7a-RLORAMRBFMTS 5,

(3)  =0sec TH/NDNBR# 238 ICFH8 ¢ B, = v v — LRSBUKEGEEF 1,

RETRAN#3 2.061, COBRA- V- 143201 & RETRANGAM 25 BREZ.

(4] W-23 DNBHERX KBV TAEDRETRANFBIT CIEA -4« 7 v FIRBERS N

T,

BEBBFONS,

Fig. 5 4. 3 (J8/NDNBR A5 Z 4 (& CORABMIAE, BRR, HERE, 7477 4,
DNBRAZZ EHTF Iy b Lire 209 HDNBRITEILEER S AMARMKE & RRHOM
%, BIHETHERIL L TR S Lz b DMFig. 54 4 Th b, BEEMITAZ LT, E
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WO RN R BB SOEEREOBNO LY, BOBESEL 55, £ D7 DNBRAME
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=ik | DEL, COBRA-N- [ O EMEID E/PIVT L,

0] ERMETLETE - FOHEERTRIZALT, RIS 4 BREORVTHET L,
DAL D, BANMER FRENTHS EEL SN B,

Table 5.3.1 Rod Material Properties

Type ‘ Fuel Rod | Burnmable Poison Rod
Heat Conductivity Btu/hr+ft-°F 1.30 10,16
Fuel | Heat Capacity Btu/ft3.°F 52.23 63.57
Diameter inch _ 0.378 0.378
Heat Conductivity Btu/hr«ft-°F 10.16 10.16
Clad | Heat Capacity Btu/ft3.°F 63.57 63.57
Clad thickness inch 0.0157 0.0157
Gap Conductance Btu/hr-ft?-°F| 376.0 . 376.0

~ 131 -




JAERI—M 9398

UOTIBRTROTER) ¥ENG VIH0D I0F TSPOW 2Tpung pamadg

Iayua)

¥2G1°0 p
6.81°0 2
09210 q
08800 D
(youl) ouUDySIP dob

7°€°¢ 814

STSATEUY [2UuByaqng yygoo 103 TPPOR 2TPund NSIAW [°€°¢ 914

18)us9

- 132 -



JAERI—M 9398

19Tuy 9yl 3I® VOTINQTIISTI MOTJ Touuery) +%°*g°¢ 314

aTpung Jo

{(098/Q7 ) @Dy MmOl4

J2Jus) WLy /14 -—-- |6666'6
20r0°'0
6200 1820°0
6190°0|2090°0|6280°0
0b90°0(1150°0|6850°0|2€e0°0
6.90°0|2190°0 |6990°0|9690°0| LbE00
2820°0| 92600 L¥€0°0| L¥E0 0| LbE00[1800°0

[1IOM

103 WOTINQTIISTQ I3M0g PoY €°¢*¢ 81y

UOTIBRTNOTR) WEANG VIL0D

10JOD4 J9MOd [DIpPDY ———- | 666°6
adA] poy —-—-- 6
494u8) JaquinN poy ---- 66
0000
c
e
£66°0 | G660
| 3
0¢ Gl
G66°0 | L66°0 86670
' } |
6} 14 O
0000 | O | 6207} | 20071
c } } |
8l ¢l 6 9
G660 | 20071 | Cl0’L 1 26670 | G660
! } } | b
1 él 8 S ¢ _
G66°'0| L6601 Lec’0 | G660 | #66°0|000°0
T ! } } 1 é
ot L L 14 c H

~ 133 -



JUSESUBLL 1Nn0¥dETY

JUSPIDOY MOTJ jueyoo) Liewrid Jo SSoOT

{II)I-AI-VIg0D 10 SUOTITpPuc) Liepunog JUSTSuUEil 9'¢*¢ '8ty :(I)I-AI-Vdg0D I0F SUOTITpuo) Axepunog Jualsuely,

JAERI—M 9398

06

(04S8) 3WIL
o8 02 09 0% 0P 3% Q¢ o’} 0
T [ [] T T T T T
—82°0
—-060
|
1640
/{.V!oo._
N4 SSDOW jBIUY ¥
xn|4 joay obolasy o
( NYHi3Y woy)
noyaoig

IIVIS-AQVILS 40 NOLLOWYA

{=]

06

(03s) 3JNWIL
08 ol 09 oy = 0% 02 o'l

grg ¢ 814

00

Qs
13 T T L) T T ] T

Xn[4 ssop 8] ¢
xnj{ joay eboiasy o

{NVH13Y woy)
mo|4 Jupa) Apunid Jo 8507

=620

|

2

o
3LVIS-AQVELS 40 NOILOVYS

—4840

(-}

004

— 134 —



(-}

MDNBR

(=)

MDNBR

JAERI-M 9398

- TIME (SEC)
Fig. 5.4.2 Minimum DNBR in Blackout Transient

— 135 —

2.8
27 o
Loss of Primary Coolant Flow
+—e COBRA=IV-I
2.6 --~ RETRAN
25l - MDNBR=2.38
/ {0.0 sec) s
rd
//
24} s
/
A 7/
N MONBR=2.13
23F 1(1.55%) 4
4
22
\\ ’,
=T \\\‘-. //,’
20F
MONBR = 2.06 (1.2 sec)
{ 9 1 1 L i L ! L ! 1
0.0 1.0 2.0 3.0 4.0 5.0
7 TIME [SEC)
Fig. 5.4.1 Minimum DNBR in Loss of Primary Coolant Flow Accident
2.8
27F
Blackout
»—e COBRA-TV-1
28F ——-  RETRAN
2.5F MONBR = 2.38
/ (0.0 sec) .
'l
I/
2.4 V4
. MDNBR=2.21 S
(0.9 sec)
2.3 j
/,l
2.21 . //
\\ —//
C210F I
2ok )
© MDNBR = 2.13
(0.8 sec! .
1.9 i I 1 ] i 1 I L L
0.0 1.0 20 3.0 4.0 5.0



HEAT FLUX . (MBTU/HR-FT%)

JAERI—M 9398 Q.08 0;9

Position in Blackout Transient
- 136 -

0.8
Blackout Position ---Rod 9, Chan. 10, Z=24.6 inch
2 Critical Heat Flux : '
0.8 x Local = Heat Flux 0.0 0.8 A
o Local Moss Flux
0.7 4 Local Quallty dooa do7 A
‘ e DNBR
o
0.6] 40.02 0.6 -
— vt
xI
] =
— m
0.5 40.00, {0.5 2
ol B
=3P
0.4 10025404 34
o T
1w
4
0.3 004 403 =-
0.2 4006 402 -
0.4 4008 0.1 -
| I L i
0.0 1.0 2.0 3.0 40 -0.10 00
TIME [(SEC)
Fig. 5.4.3 Physical Quantities at Minimum CNBR Position in
Blackout Transient
1.00
L
|,_
=
’_
w
|
> 0.75F
I
|58
'I..-
"
w
O
% Blackout
= 030 - Normalized Critical Heat Flux
g x Normalized Local Heot Flux
T
0.251
| I 1
0.0 1.0 2.0 3.0
TIME (SEC)
Fig. 5.4.4 Critical and Local Heat Fluxes at Minimum DNBR

2.8

2.7

2.6

2.5

241

!

DNBR

2.2

2.A

2.0



JAERI-M 9398

6. ¥ & O

W E ks SHEOBIRRELARICE LHicb D Table 6.1 Thb, ZORZRLR
b, EU/NDNBRIE, 4 H5bbEEBORAMO L HLMEE L ABITREIRTL, COBRY,
Ul dro |BEFFOEEHOY 7 7 — VENEL PWRIICE~ATREV, RIERNANEEBRCL
I EEIREET O DNBREASAZ L, (I D D 1 IRIGEIMENIAR S 70 BERORAIMIER
B LREAEOATHE DL, DEAICEANT 56D THS, BELPWROLZEBIT TR BLU VK
JADNBRA 54, BAIK L - TH—BHEOBKEE TEELUTMER SR EENTVS [
WRISHTRE & v TEIREEK 1, [ Eo BT HOB G MboRTRE L RREEDR/NDNBRIC
NE T, COERIE FcaFERIE ) DNBREGERESSHZ L L L, ERHF YT
@%w&—ﬁﬁﬁméwt&,£7f®3—2h¢9y®ﬁﬁﬁﬁ¢é<(ﬁ@),%@%®%
Al 24T Y TAESROERELESZECEIRE D, TOROBENEBGO ¥ 7
ShHES R I EOHATE (B EPWROBIRELT) EHOAT T - RANTO 2%,
R ERBIEE T HEEOEE | LBEAEELSTVFHREL T 5,

—RFOEN LR EOCSEED DL, BEASOEMHEB O » TBEELOVMTHEDLE
255 ARIBROEALALD S, DLARKMEICOLZENEFROAPBEE LT TS, 0D

BRE, 2RROBEL LAENBREV, THLET &0 JETFTRFRKEMIFOT Rl

CERSLE, &y TRBHNBT A0, IRIBESEBU AL 2RMERIE I~ bk
st MRS HFHERASLL L, OVWTR I RRORE, EIOERELo4 L,
31 2 IREDHRATA (CCTRIEIBIEEFRER 40T &8 1 IKROERL] & B EPWR
EoEpsguin, EBMOBEEIICENTIE 2KRANGE EASE FPWRICHEANTAECN
LichTH B,

Casimseds | ROl | IRGEH B BESEL | OIBS, 104 BUR T FENEK & BEEER £ 5
4 (F VTR K E-THRERGET A i, 2lROEN, BESENT LS
Fahi, LLass, BEDKE, $Hbby v IHRELI83dpsia0 £ETE, [
Sl  OEANY, | REFHNOETEMED B, Liot- T RBEKERE JO L&D
w— 5 DSCOAHTHARERBIT A E55 L, SEBBREBICASETEMEDORMZE
45 &b,

PLEDEHEE L, BKETS v OBERTICEOTE, 77 v ORI IH, Bk
@%LT%<C&ﬁ%KE%T$56&ﬁﬂ6Oit%ﬁm%bf@,%éﬁﬁﬁmm&ofﬁ
WEER T, 08 —THAIPEAREL, BEONSVT 725 —RKOVTHEFVEERYT S
DLTHHEDEIE(LERE RS TH LD,

- 137 —



€T ¢

1€°¢

§1°Z

90°¢

mmzmﬁzﬁﬂdﬁz
§

JAERI—M 9388

\

(o,ud/3Y 8 +L)

BTsd £°8/.0T

(9,u2/3Y 0°1L)

eIsd p 70T

i

U10gd 305 ‘A A303eSy
(9,ud/8Y L°89)
ersd v°766

(o,ud/3Y $°.9)
ersd ¢°¢/6

WO3SAG AIBPUODAG ut

2INSS91J WNWIXEN

(uoTzeztansssxdaq)

(9,ud/3Y 9 %¢T)

(9,ud/3Y §*6¢T)

rdo "A L319FeS C7ud#
(5,wd/3Y $'651)

WwolsAg AXeWTId UT

ersd 0" ye61 ersd § T1t6T e1sd $° /66T 9INSS9Iq WNUTXBR
2in3dmy oaniydny NOT3S MOT{ IUBT00D WALI
agni-f1 9s odrg ourTpeey] dung juej00) UTEBR AJewtad JO SsSO7 INTIISNVYL
€1 ¢ T¢°¢ 8¢ 2 61°¢ dANd UMUTUTK

13

(9,wd/3 7 ¢€L)
e1sd 6501

(Dw2/8 Z2°%9)
etsd £°176

(5, ,wd/3Y ¢°59)
ersd $ ¢t6

*31d 198 A L3e3FeSy

(9,wd/3Y L°89)
e1sd ¢°766

wolsAg AIBpPUODSS UT

2INSS01J WNWIXEW

JUTod 39S AUOd#

(9,wd/8Y 0°SZT)
e1sd 9°ZG6LT

(9, wd/8Y 9°8T1T)

eisd £°9791

(9,Wo/8Y 0°1¢T)

visd £ //[8T

(o,wd/3Y 0 9¢1)

e1sd T 661

Wwo3sAg AxeWTI{ UT

aansssld WNUWITXER

(INONDBTYH) 9DUBULIOFIO]

UOIIB[NDITD TBINIBN

NG 031 I91BMPISY
DATSSDOXY

0¢ 03 193IBMPIS]
JO $S07

MOTg JUBIOO)
Axewtag
JO SSOT TBIliR(d

WA1I

INAISNVHL

s3Insay oyl Jo Lieuung

T

9 °14®l



JAERI- M 9398
B &

AWEBERICEL T, DARRFIRPIREATEREETREHROMER % HS BER
LEd. %7 NEWRENTEMBRFBETE—ROH 4 cdfliy OEREEMH L THa &
HELETS

EE AT EREAY, PR LEERENMIANESDOmMEICE, AT O K i My R B
BT E 5 BRI SO TR S S MAEBTES 3 Lin, CCRBEOBRERL £T. RITIEEO
BTN T & nfike Yy F 2y — V= F 2y - O hEEE BEREZSOR

— 139 -



1)

2)

3}

4)

5)

6)

7)

8)

JAERI—M 9398

Z & L W

"RETRAN - A Program for One-Dimensiomal Transient Thermal-Hydraulic
Analysis of Complex Fluid Flow Systems,'" EPRI CCM-5, prepared by Energy
Incorporated, Dec. 1978.

"RELAP4/Mod6 A Computer Program for Transient Thermal-Hydraulic
Analysis of Nuclear Reactor and Related Systems; User's Manual,"
CDAP-TR-003, EG & G Idaho, Imc., Jan. 1978.

"RELAP4/Mod6/U4/J3; A JAERI Tmproved Version of RELAP4/Modé for
Analysis of Transient of LWR," JAERT-M (to be published).

Wheeler, C.L., et al., "COBRA~IV-I: An Interim Version of COBRA for
Thermal Hydraulic Analysis of Rod Bundle Nuclear Fuel Elements and
Cores," BNWL-1962, Battelle, Pacific Northwest Laboratories, Mar.
1976,

Stewart, C.W., et al., "COBRA-IV: The Model and the Method," BNWL-
2214, NRC-4, Battelle, Pacific Northwest Laboratories, July 1977.

Tong, L.S., "Critical Heat Flux in Rod Bundles," in Two Phase Flow
and Heat Transfer in Rod Bundles, ASME, New York, 1969,

"proposed ANS Standard Decay Energy Release Rates Following Shutdown
of Uranium Fueled Thermal Reactors," ANS-5.1, 1971,

HEEk, f, "ETAM (o) ECCS HIHEAE M), ARl 7 e -5y " RT

FAEL, 19794 10 H.

— 140 —



JAERI—M 9398

MEA Ko7 - I-RAMOUEHICBTIANT —FRE
- *

RETRAND £ v 7 EFLCEhItEaNE 2 — X by v, FED T LD | RTEFEE
BEKA v TS VTR b a— A b F o v ORI T SICEET 5 & HICHT DL 278
G A g e A BTG, AN F - Y ERE Uz, FHEETTETHHT 0 OB ER
BEAFEEL LTI - /oo

RETRAN @A v 7EFMICH I 5 BE vy, wiEEERR, w 2 THEERE LT

Tf:C0+C18+ 0282+C353 (1bf—ft>

s =w. W

TEbENE, CORTER o~ BANF I THEA LGNS, co~CzitDNTD/NT A —
oo — A DFER

T, =20s + 477.56s® (Ib; -ft)

EFiug, MEF -5 LB BT 5T LB -7,

RICKEBOH — 74ELTHEICES L T (EBREA) ~Fol, 42 [RTFOHE
sEFIcBC SN EBITcEHSN A —7 (P, Old Analysis & FRSNTVE) ITEL
Lot b, BlE—4 v FOEAEEL,

[ = 10346 1b,-ft* CGRFED 65 %)

FLF. 2O LTERLWERBOI-—A Iy e h—TFLEY T 1 EFEEDES (Fig A1,
A 2) ROEY 72 HELOES (Fig. A. 3, A, 4) £DVT, ZTHAZtv— 7RE & FL
BEOF -y EOREART, L, FOMRBEOVTE, HEMGNLF -y TEHEC, W
— FRBOBEELF () F (0} (1 Er-7ES) &0

1 Fl(t) Fg(t}
gL — (2
VeBIE T (2 Ty
1 Fi(t) F.lt]
P " .  — _+_
eafl - Ot R

S LTHEINETS 5,

fmB [ o JEFFEES/ILICHITS RETRANOR@T A v 2 EFIL

RETRAN OHE1 7 2 » 7 € 7 A£M T T 60 ) EFFOSBONAE, RERO TR
BT E L REA R L, 20 TREOHORERNI 4G, $1b5
) BTFERzs 7 A5

(2) BRTHFEERZ 7 635

— 141 —



JAERI—-M 9398

(3) MMER & — o — HIHER
W) B TEER (B, RE—EH,
COWTOEM T a5y« 54T 77 LDEFEFig. B. 1~B. 4IKm7.
N o ERARUTOEY TH 5 GHRERID .
@), @ etc HET 00 I DATES
, ete &l Ty b, HED2VHRBSEANF—shOEl 7oy

HS
Ty cky b U IRE
To Ca— A F L SRE
P CVRRES NEBEX G K 2 b))
L - INEEZEAKAT
TRIP - RETRAN®D + Y » 7E5

830 | EHKEREER | BITCHIT EX0 S5 LRAEEE

A3 3 2 /U4 T T~k Hie, RETRAN I & 3 EHKEBEMEROMEFIC BN TR,
BESG 2RAlEFAERAREFADS K Y a—- 650 1K) = — LBl LTHEZTE-
F. COEIBEFADOEHEICLD, SCKUE (FU v A-HOKEETHD, BAEFTLVT
oty = — o (0D Xk Q0D Didh <8091 f1) KL B R 5 LIETHIEHUO TR AT
TH B, DB 3 2ENCHE L SCEREHITRITACE 7V (SG 2RA 318 ick
K ZAEED S v 5 v u v EEESGIC D& RELAP 4/ Mod 61Tk D THMHTEITL -
Foo COBERAMET L AERKEROWEOZ(LOF RIRMEL L, SCRRF— 48O
K F D3 A— 5% Vg = 301t &0 (27— R&bco=10) RTWilson DX (co =
04 08) THELEF, 200£EH2600, &7 —2 &b FRFAKD 2 KUKFELIE
Sti, SCTFHy o vawnLyyLe— (EMEATTHHE 4346Btu/1b) BAELL
T (EBCERAMSEETBOTERTE) , ToMEAICET Bici, Bk 93~ 1071
ChB, FHID v HTREE 86t THEDT, LKA FPRETAR S Y v A~HOR
SKEE L BIR LABED R 7 5 4 L (8081 ft) %805 EFEATLV, Lok~ T LRk
AR AR - £ SCAMER 7 7 AESRENE X S5NHOT, MREBETFRIRITTHE,
225 MEEREABELID 0BE LTI L, S0kHR 77 LHHE 15 WL LI RERT
BT » 7o

— 142 —



é
T

JAERI—M 9398

dtaj, dung suQ 103J 24IN) UMOPISEQ) MOTL 3100 Z°V "84

o

X//
BANY
/./ 480

dta] dung 2ug Io3j 8AaIN) umopiseo) mold dooT TI°V wﬁm

00

(03S) FWIL
038 2 9 g 4 ¢ 2 | 0 (04S) 3WIL
_ T _ , T _ ] 00 9385 2 9 G ¥ €
NI...JA..-... T T T )
-.lx..lll.
. K
1 F O .IJn.l
(%G69) 9v'e0l = 1 T
S96 2k +502 =4
uolD|INIDY —o-—-— 120 -
siskjpuy p|O —v— <
=
(0=h 4 . 41€0 »
“ha Fhed e =
™~
m
4y0 ©
-
AL
. Q
P.!M,......w.ﬂ: 160 =
S A )
FI!XLM%TF 490 m“
r/m/,fﬁra/ =

(%G9} ob'¢0t = 1
S9G L +S 02 = 4L
UoIDINOIDD -

‘(d3W Z°ON -o-~
.U*UD
do2W 1'ON —

0

20

10

160

190

140

1870

60

o't

31v8 MO14 G3ZITVINHON

— 143 —



dral sdung oM 103 BAIN) UMOPISBO) MOTJI 9100 'Y .wﬂ..m d1a] sdung om], I0I 24In) umopilsko) molg dool ¢y *8yg

(035) 3INWIL

JAERI— M 9398

(03S) 3INIL ,
L 9 o] 14 € 2 } 0 9 G 14 b O .
J3s - > : : : _ 00 _N : _ : : 00
J10 dvo
120 > Hz0
o
ey
) m 4€0
2 :
—4+0 d+'0 r
L N
m S0 @
160 mu
A = 5
Y dgqg dg
R 90 m 9'0 -
i >
X .../ : |l—
. | o
v 420 (%G9) ob’e0l = T L 420
(%G9) 9¥'€0} = | 0/ S 98 +502 =) ol
. ALk | 80
S 96y +S028=14 ../ 80 SOUDINOID) -
uolD|NI|DY  ~—o-- il
sisfjpuy PI0 —v— ..,/1 60 ;ﬁmos_ 20N -0 60
. D}D(.
bjpg —x— % ‘Ldow 1oN —
107} 0}

— 144 —




JAERI-M 9398

-58 ey -10 -11 ~75 -15 (Tee) -
K| 1 =K :
{ : f——a! LAG DER LAG 1 SUM SUM SUM MIN
[°c) T T, T; |—. 3

Ks+235 305+E  (Tgg)

®~ LAG SUM TS
) 5 (Te") I‘—'L

SUM ——O TRIP
! (f=>0.01

Teo °C) =Ko [17s (1K 1) Tn — T Te—15] +Ke+235
Toe (°Cl=min-(Tsc ,305+€}, To" =z Te

If T&" > Tsc , Scram Signal is Activated.

T, =1.858c, T,=2.0s68¢., Ty=l.Tsac, E=0.35°
K, =74 , K,=10.5°C/°C, Kq=51.73°C

Fig. B.1 Control Block Model for High Temperature Scram Logic

-52 -53 -54 y -55 -58 ~59
i i
T LAG DER LAG SUM SUM SUM
(°c) T Tz T; ’_. B r
J 5.0
~57 |
Te LAG
°c) = -
- 80 -6 -62 (Psc} -85
l K Ke i -
SUM SUM SUM MAX SUM ——) TRIP
f [ S (if<0.0)
~233 75-Kq 75-€
-64 _
1 03
= SUM Q.7
(psta) [ { kg/cm + G )

-i4.7

. |
Pec (kg/emG) =K2{T+—‘%;3- (14K 5s) T = s Te +5}+ K3{'1—1_“-1'['-;§Tc-235}+75—|<4
If P<Pe , Scram Signal is Activated

T =18sec , Tp=20sec, Tz=1Tsec , E=0.75 kg/ecm’
K=7.4 , K= 2.25kg/em/°C, K3=1.26 kg/cm/ C , Kq= 79.05

Fig. B.2 Control Block Model for low Pressure Scram Logic
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|

Fig. B-3 Control Block Model for Pressurizer Heaters
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Tref 45
TR & INT—~(D)
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SUM MUL Bk
—-47 '
’
SUM
(5)=Y sum
!
@= Average Temperature
(N) = Normarized Powar N
@ = Normarized Steam Flow TRIPSO | = 5 4_,H;
& = Scram Signal
T, = 1.8 sec, 1__ﬂ__
T, = 20 sec. TRIPS2 | = e
Tz = 40 sec,
K =10 BN
Ka =-O‘3°C/% TRIP54 | = -1.2-1lo
Tret = Average Tempergture (t=0)
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kg = Control Rod Reactivity

Fig. B.4 Control Block Model for Reactor Power Control System
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