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Reactivity Initiated Events Analysis for the Safety
Assessment of JRR-4 Silicide LEU Core

Masanori KAMINAGA, Kazuki YAMAMOTO
Shukichi WATANABE and Yoshihiro NAKANO

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 3, 1995)

JRR-4 is a light water moderated and cooled, graphite reflected pool type
research reactor using highly enriched uranium (HEU) plate-type fuels. Its
thermal power is 3.5 MW. The core conversion program from HEU fuel to uranium-

silicon-aluminum {UsSiz-Al) dispersion type fuel (silicide fuel) with low
enriched uranium {LEU) is currently conducted at the JRR;4.

This report discribes about reactivity initiated events analysis for the safety
assessment of JRR-4 silicide core which have been carried out as a part of
JRR-4 LEU Project. The following four cases for the anticipated operational
transients have been selected and analvzed for the safety assessment.

DUncontrolled control rod withdrawal from zero power
@Uncontrolled control rod withdrawal from full power
(3Reacitivity insertion by removal of irradiation samples
(#Reacitivity insertion by cold water insertion
All analyses have been carried out by a point kinetics computer code EUREKA-2.
The results show that all cases meet the safety criteria for anticipated

operational transients which have been established for the JRR-4 LUE silicide

fueled core.

Keywords : JRR-4, LEU Fuel, Operational Transient, Plate-type Fuel, Research
Reactor, Reactivity Initiated Event, Safety Assessment, Safety

Criteria, Siticide Fuel
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Table 1.1.1 Description of JRR-4 modification
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Fuel Graphite Reflector

Neutron Source Aluminum Reflector

irradiation Pipe wsmmmmm Control Rod(C1~C5, B1,B2)

Fig. 2.1.1 JRR-4 LEU silicide fueled core configuration
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Table 2.1.1 Neutronic characteristics of JRR-4 LEU silicide core

Initial core Homogeneous-Equilibrium core
(Burn-up 14%)

Excess reactivity (%Akk) 10.4 54
One rod stuck Margin (YaAk/k) 26 : 85
Control rod worth (YeAk/k)
(a) Total rod worth 19.2 20.9
(b) Single rod worth (max.) 4.8 44
Maximum reactivity insertion rate (YeAk/d/min) 1.0
Reactivity coefficient
(a) Moderator void coefficient (%Ak/k/%void) (-33 ~-84)x 10 (-2.7~-712)x 10!
(0 ~ 50 Y%void) _
(b) Moderator temperature coefficient (%Ak/k/°C) (-2.7 ~ -4.6) x 10° (-24~ -39)x 10"
(27 ~ 150°C)
(c) Doppler coefficient (%Ak/k/°C) (-19 ~-13)x 107 (-1.8 ~-1.3)x 10"
(27 ~ 400 °C)
Kinetic parameters
(a) Prompt neutron lifetime (s) £ 5.46 x 107 6.02x 107
(b) Effective delayed neutron fraction (-}f3,, 726 x 107 7.16x 1073

22 BOKAERE

IRR-4DF F35SMWIT, BMEIERR ORI FHE CHBAT D08, TORBOITREER
TR ABABTHE, FORTRAE LB, 1RAFMOBRIC L VBB ERE T2
WAHRD B RBIHET 5, 8 EAEER T 5 IR HR ORI /min TH 5,
KR D E A BAHLHE & Table 2.2. 1179,

Table 2.2.1 Major thermal-hydraulic charactertstics of JRR-4

Item
Thermal Power 35MW
Average power density 44 kW//
Primary coolant flow rate 8 m3/min
Core inlet temperature (Max.) 40 C
Average core outlet temperature 47°C
Core inlet pressure 1 kg/em?G
Total heated area of the core 24 m?
Average heat flux of the core 15 Wiem?

221 EFHHE
JRR-4 (DB 1T | BB R CEER O 2 A BRES LRIV TREREE DR
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Tabie 2.2.2 Hot channel factors

Factor
Hot channel factor from neutronic calculation 2.68
(Fy=Fg-F -Fz'F;)
Radial peaking factor (Fy) 141
Local peaking factor (F;) 1.10
Uncertainty factor (Fg) 1.07
Axial peaking factor (F;) 1.61
Engineering hot channel factor
For bulk coolant temperature rise (Fy) 1.24
For film temperature rise (Fy) 1.34
For heat flux rise (F,) 1.31
(3) BT RO AL, JWFTIEEE B L 0 RO IBBER%D 7 — iR T
HEHEA2S SemB [ HE T (S 2 AEB) BRARRBIC BT A A B, EEE LR

K AEEAR IS L s m o i A5 R Fig. 2.2 LK,
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—— Axial power distribution calculated by CITATION

~%— Axial power distribution for steady-stae themmal-

hydraulic analysis

................................

N

30 35 40 45 50 55

Distance from top of fuel meat {cm)

Fig. 2.2.1 Axial power distribution factors for JRR-4 LEU silicide core steady-state
thermal-hydraulic analysis
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Table 2.2.3  Steady-state thermal-hydraulic analysis results

Hot channel analysis results

Coolant outlet temperature : Ts ow (°C) 54.2
Fuel plate surface maximum temperature : 7. (°C) 111.2
Fuel meat maximum temperature : T (°C) 113.0
ONB temperature | Topg (°C) 1255
Temperature margin against Tong | 8T ong (°C) 14.2
Minimum DNBR (-) 3.05
= =
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o 1 1 L 1 [l [ i | ] 1 1 o~ —
@ s [Ta]
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=4 =}
2 o
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d -
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4 e F
e x |e
S o 19~
58] SE [8y
et Q o
- o ~
= x =
58] 2= |8
o - ™
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w3 o 32 Bax
o NS gy
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o a o
e o | &
o @ o
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o L2 |°
a M o
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C') [~ o
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T T T T T T 1 T T T '
0.00 10.00 20.00 30.00 40.00 50.00 50.03
FUEL PLRATE LENGTH (CM}

Fig. 2.2.2 Temperature, pressure and heat flux distribution along the hot channel
(3.5 MW Steady-state condition)
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Fig. 3.1.1 Radial peaking factors (F) for JRR-4 LEU silicide core
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(1) /—F (&A% KBLT
AF o E HEUFEIZI0RE L,

QD e—FAZT (BN LT
2F oy 3Ll LEFRIZI0SHE L,

Table 3.2.1 17 AEN7 LB S L EUREKA-2F v 2 LB EOSEERT,
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Tabie 3.2.1 Relation between fucl cell number and channel number of EUREKA-2 analysis model

Fue} Cell No. EUREKA-2 Chamnel No. Number of Number of Fuel
Fuel Celis Plates

E-5 1 (Hot channel) 1/15 1
D4

D-5 14

D-6 2 5 — 89
F4 15

E-3

E-6

c-4

C-5

C-6 3 5 75
E-3

F-5

D-3

D-7

E-7 4 5 75
F-4

F-6

C-3

C-7 5 4 - 60
F-3

F-7

56

* 1.615

Fill Junctien
{No.56 lor Natural convection coolonrg mode}

52
No.l Charinel o3 Channel No.5 Channel
No.2 Channe! No.d Channel
s 352 53 54 55 0615
0.600
Heal slaby number
20 n 40
20 £ {7 Eu— — .40
- Node number
19 29 30
P —.350
18 15 38 Junction number
3 —— 0.275
17 27 37
7 —
0.195
6 5L 26 — 175
3 i 4 2 0155
4 —0.130
3 23 33
0.090
2 22 32
————0.055
1 21 3l 0.0
ozl 0015
53
Fill Junction
(N0.56 for Forced convection coolong morke)
56
J 1015
v

Fig.3.2.1 EUREKA-2 analysis model for JRR-4 LEU core
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33 HiAEIS
HAESITE — AT T EEROTEHEABECEOBEROKEERL, EbiZhy b

Fa RN ONTIR Y FF YU ARAT 7 2 A ERLT, TOEESICRS LD
L4 o Th s, HABESFIL. SRACE— F AT ADPHTILE = — FCITATION %
TR, HAEAAERT AOIBOERABESTIL. EFRFAEIAGEFF
x%ﬁﬁ&ﬁﬁﬁ@%@x%%%mﬁ%ﬁ@%ﬂﬂ%k&@éﬁﬁﬁwm&Uwyﬁ&m
EEEGE, $7. BREE%O Y U —AFLIEWT, Fpx Frx bk & 2 DB EHE
D-5O P OBRER K., 1HREE Ty FFyomn e L,

3N ARy hFY L RmAT T IH
EUREKA2 CHIAT T 2B AICER T ARy NF v 277 7 FIEUTICRTLOTH

Do

IR
ERFEHASHERTF
35 A S 1 AT R F,
BRI AsmET F,
TREFE IR T Fr
BRETUND 7 70 5 F,

BHE T LA D 7 7 7 # 12, EUREKA-2OEFARIEIZ B 2 B EE0H RS RE R U]
MEERED, EEHKIIEN 2 — FCOOLODOOMENTE R FRES L S ILEDEETS

60
FORER. FxFpxF,=156L 0 ) EZRT,

332 WHAHEE
LT RTFIETCHANEIEG 2 RO7,

(1) BBEEALOBFHHABESTC, METEE— FATTERROERERL, &
BREFE L OE R AEIE On RS,

() ZORTC, Ky FFy RN EEATOAESEADIAERBNESE., Ky bF o
FATHIY T D REHR IS & F oz 2Fl L,

(3) K v bF ¥ FAOEAEHAEIAILE, x Fpx F (= L3OER U TH 248 ¥ PPy
FoLoEiFEH RIS & L,

(4) A FF xRN EEIES L, Table 32N LIZBAELEF S LT ¥ o
FALEEDORB SIS T, FREEAOEFREAFEEFAKELFAIIELED
W, BF v o RNAOEHRHNEEGEE ‘

(5) Big. PLAETEIMESNUIR D LD ITHAREE RO,

Table 3.3.112%& F v R OLOB AR EIG &7,

Table 3.3.1 Power fraction

x 10

Heat No.1 Heat No.2 Heat No.3 Heat No.4 Heat No.5

Slab No. channel Slab No. channel Slab No. channel Slab No. channel Slab No. channel
10 7.045 20 377917 30 224 899 40 216217 50 130.582
9 10.239 19 548.455 29 322,980 39 310.524 45 185.325
8 9.607 18 513.826 28 302.514 38 201522 48 172.852
7 13.313 17 709.205 27 435241 37 411 596 47 246.464
6 4338 i6 255.910 26 162.083 36 150.780 46 31.596
5 3918 15 206 633 25 131.627 35 122233 45 74.429
4 3.853 14 203.506 24 129 685 34 120.440 44 73417
3 7.239 13 182414 23 244188 33 227.034 43 138.434
2 5.521 12 292002 22 187.068 32 174 417 42 106.148
1 7.646 11 405.321 21 25%.357 31 242.125 41 146.515
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3.4 RGEHDRECHT 2 EARF

FEESRCHT A ELRFIL., PHEFREBEEPHETFROBCIEZOEROE — AT
TEBEEALRL, TOREMERIERAISITLELDTHS,

FISEDR T 2ER2RAHHET ATV EEREFRIZ, SRAC2—- R AT A
¢ thdk F-Hi 8 =2 — RCITATION % B TR D IZRERE 0% D 7 Y — W 4F Lo, SR EEE
HZ— RBEEICBITAETH S,

341 Fo 77 =R 2EHET

Ry 77 —Bistd 5 BAR I, EWRIRFER (82, 374767 V-7 THt
EY) OPEFRE AT T RO AV TR DT, Table 3.4 1% UFig 34110
e

342 FA FROKBEMBESRCAST HESREF

RA FROHHMBEEDRICHT 2 EALR Fik, BePEFEE (B4, 5. 67476
S~ THED OPHFREEEPHEFROBERVTRDZLOT, Table 342KV
Fig.3.4 (TR, ‘

Table 3.4.1 Feedback weighting factors for Doppler effect

x 10

Heat No.i Heat No.2 ‘Heat No.3 Heat No.4 Heat No.5

Slab No. channel $lab No. channel Slab No. channel Slab No. channel Slab No. channel
10 2.652 20 208.622 30 77.836 40 75.550 50 28.291
9 7.249 19 568.992 29 209.375 39 203.905 49 75.322
8 9226 18 722.004 28 267.149 38 260.011 48 93770
7 15.339 17 1195.918 27 465744 37 443.453 47 167.226
6 5.74¢ 16 446.380 26 179.696 36 168.276 46 64.825
3 4.660 15 361.209 25 146.566 35 136.646 45 . 52.899
4 4.509 14 349221 24 142.249 34 - 132.398 44 51.370
3 7.953 13 615.845 23 251.783 33 234.233 43 91.088
2 5.163 12 399,989 22 164.316 32 153.094 42 5%.573
1 4.387 11 340.705 21 140.960 31 132.568 41 52.033

Table 3.4.2 Feedback weighting factors for Void and Moderator temperature effects
x 104

Heat No.l Heat No2 Heat No.3 Heat No.4 Heat Nc.5

Slab No. channel Slab No. channel Slab No. channel Slab No. channel Slab No. channel
10 2458 20 193.027 30 75252 40 7112 50 29.567
9 6.551 18 512.929 29 196.357 39 186.193 49 75.971
8 8.320 18 649.653 28 249.150 38 . 236.707 48 95.844
7 14.407 17 1118.549 27 460.394 37 422.940 47 175.190
6 5777 16 445230 26 193255 36 172.756 46 73.634
) 4,707 13 361935 25 158.472 35 141.072 45 60.434
4 4 552 14 349.871 24 153.710 34 136.763 44 58712
3 8.039 13 617.871 23 272.600 33 242.726 43 104,354
2 5.303 i2 408.093 22 181.180 32 161.905 42 69.526
1 5272 11 407.121 21 181.032 31 163.326 4] 70.191

3.5 BT A

BIg Pt FHdn R UBRETHETEIGS,, KoV VORI S E R AESEEATIC AV 55,
BEARULIEEZRBE L, E-TH &Beﬁ {2 TiE, 7Y — o E A S 1A%
BHE L (B OB — I M%OBREEE £ L 2F O, W% OREEE T EHFE L0 A 7 3]



JAERI-Tech 95-040

H L FRMOELESREEOTEETHD) TTOMBTRIL. LIK20TI7 V-8
LOWEE . By i TIHIA%REEEE DOEEHRA L.

(1) EREPHEE
By =716x107 ()
(2) BiZE T
£=546x10"° (s)
100E+00 ¢ LOOE+0
For Void and Moderator tengerature ' [ For Doppler Feedback Reactivity
Feedback Reactivity i
LWE0L § Mcm LOOE01 ¢ W
T No.3 Charel [:L_r‘—‘ 0 No3 Clanre _L\_!_—L‘\__
B . =
3 ot Choreed == £ Nos C‘“_“ﬂ*—ﬁﬂ‘:
< . w3 |
o JOOEOZ | 4,——’ Lﬂi w 1-00E02 T
% No.5 Channel % ] Ne.5 Charmnet ‘Lﬂ—\_
100EG } % LOOE3 | Hot Ctarrel
L.OOE-04 - : : . . 1.00E-04
00 100 200 300 400 500 o600 00 100 200 300 400 500 600
Bistance from top of fuel meat (am) Distance from top of fuel meat (an)
Fig. 3.4.1 Feedback weighting factors for ~ Fig. 3.4.2 Feedback weighting factors for Void
Doppler effect and Moderator temperature effects

3.6 74— o3y 7 FBE

T4 FAy 2RISR, 7Y = ELh B IS%REE TR LT T« — By T RUG
T, FATICEA LB ERENELBRL AL EARA LT,

JRR-4 U H A FEREHELORIGERAER T, 74— FAY 7RISERETETSH
HOT, HEOHRMENRELNEL D LDOERA,

3.6.1 BEMBEDR

4% EHIF L OB AR Ui, T, SHETHEORELZOMELZLOEH N
Zz k& L7, Fig 3.6 1B TR LEBEMBENRICLA 74— FAy ZRIEE S
T, WEMEESEEE LTE. (1.9~3.Dx 107 AKPCTH A,

362 Ky 7o —%

0%IRIEED 7 U — B LML L, BT, #ETHLALELZISELIZLD
FRWAZ L L LT, Fig 36U THALZ Fy 77— RILL2 74— F3 v 7 R
MEA T, Ko7 —F&e LT, (1.0~-15)x 107 AKPCTH 5,
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3.6.3 BoEM A A FHIR

4% B SR L O Z IR A LT, M Ci, #ETHELNILERISBLELOEZAY
AL e L, Fig 3.6 THIB LIRS FRRILL ST 14— F/3y 7 G E R,
WOEA R A R L LTI, ((2.1~-5.7) x 107 Akk/%void TH D,

0.0050
0.0000 |
J
% 0050 }
< -o.0100 |
E
>
£ 00150 |
a —+— Doppler Feedback Reactivity
re -0.0200
—8— Moderator Temp. Feedback
Reactivity
-0.0250
0.0300 Lows b bbb
0 50 100 150 200 250 300 350 400
Moderator or Fuel Temperature ('C)
Fig. 3.6.1 Moderator temperature and Doppler effects

0.0000

-0.0500 |
3

-0.1000 |
3 00
&
2
S 04500 |
g -0
&
=4

—o— Void Feedback Reactivity
-0.2000 |
-0.2500 :
0 5 10 15 20 25 30 35 40 45 50

Moderator Void Fraction (%o}
Fig. 3.6.2 Void effect
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37 A7 T AREMBBORIGE
371 A7 FAREBERTAY 7 LENREH
REERAESINCRA 7 5 ABREE, A7 7 LABNHEMEUTIIRT,
NS ERANESR A7 T NERTEE A7 T hEN
RERE R Ao B EkE TPHFERER (FERE) | 385MW 01sec
HEREC BT AEEEORE 2 ThFRER (EHRE) 1 022MW 01sec
(B SRTBR I ALEEZRF)

HohERE D O EEORE 2R E TR ER (B&RIE) | 385MW 0.1sec
EERE T L D RSB (73 b7 (BRE) | 385MW 0.1 sec
P AGE AT L A RS EE A M7 PR O(RERE) | 022MW (0.lsec

372%&71\}5_{}_“}_#

205 AEIEEE. 7 U — AR D~ A% RE TSP O OB OBO P TAY 7 ARGE

OHEIHENRE LIS W U —FELO bSO ER Uiz, BT, BT VA RS AL
WOENEEAMEASRVWES (Tray FAY yy) PBRELEAY 7 ARIGE
257x 10PAKKEEA L, A2 7 LARGE®Fig 371277, Fig 37103, EEO®
I 1A% BRI IR D A 2 T ARG S T LT,

0.0 ¢=—p=———
; e
E
1.0 F
2.0
]
2 3.0
< 3
2 40 |
£ E
= E
(=] -
S 5.0 F
24 -
E E
2 60 F
o |-
m F
70 F —+ — Seram Reactivity (Cold clean) for \‘\
g | EUKARA-Z analysis e
3 ! —o— Scram Reactivity (14% Bum-up) e
-8.0 F i \“\‘
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time (sec)
Fig. 3.7.1 Scram reactivity curve
3.8 MBI A

JRR-ALEU > U H 4 FEAELE Lo TR L7 BvzZfRIsl % Table 3.8. 112777, Table
38 2% UfFig. 3.8.1%. EUREKA2 TOERZEE - FER L BmEEEXOMRE LD
DTH A, Table 38313, DNBEAHMHER AR LEZ L0 THD, T b0EENET. &
AIE b b SRR TR TR e B2 S HCRIRENE AW RIF R ICE R S
he-boT, ZhETICHIRR-29, JRR3ME, IMTRODHFEFTIZER L TEZH0OTH D,
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Table 3.8.1 Heat transfer correlations

{Unit system is MKS)

Heat Transfer
Mode

Correlation

Subcooled
Liqud
Convection

* Re <2000
1. Upward flow (mass flux 2 0.0)

h= max[—k~4.0, h CollierJ
De

Collier's correlation

(), 1" [pp0e(r,-1,)|"
(Prt’)w 'ngc .

2. Downward flow (mass flux < 0.0)

r=" 4.0
De

* 2000< Re < 2500
1. Upward flow (mass flux 2 0.0)
# is interpolated between the Collier's correlation and the Dittus-Boelter's correlation
corresponding to the Reynolds number.
2. Downward flow (mass flux < 0.0}

h is interpolated between /= —5—4.0 and the Dittus-Boelter's correlation corresponding
e

h Collier = -k—0. 17 Re3:33 Prf°43{
De
S

to the Reynolds number.
* Re 2 2500 [Upward and downward flow]

Ditius-Boelter's correlation

h=-*_0.023 Re) " Pr)*
De

Subcooled
Nucleate
Boiling

Modified Chen's correlation to both upward and downward flow
G = Ny AT gy + P (Tw - Tf)

h 5 0023 Re)* Pr)* F

mac

(k, 70.86)"" (4186Cp, )" " o0
—c riv Prl Py ATOBAPOTS g

mic 29 sal

(9.80)° (9.8, ) (4186, ) ** o0

4 \078
€ =0.00122x0.86x(9.8x 10*)

F=19
s=1/(1+012Re™*) Re < 325

|G‘De -
Re' < 700 Re'= - x10
Mg

1A

s=1/(1+042Re”™) 325
S = 0.080 70.0_< Re'
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« Upward flow and downward flow ----- Chen's correlation
q = (hmz'(: + hmac)Arm(
o= 50,023{Re SA=0) Pt E
(4
F=10 lUx, <01 ( Y )Dg(pf}“(uf]m
0736 Tl — | =
Saturated F=235(1/x,+0213) " 1/x, > 0.1 x, \l-x/) (p, ) |ty
Nucleate §=1/{1+012Re™*) Re < 323
Boilinb G(1-x}|De
S=1/(14042Re"™) 325 < Re' < 700 Re'= (GU=NDe | pras g4
He8
S =0.080 70.0 £ Re'
« Upward flow G > 271 kg/m?s under natural convection ----- Rohsenow's correlation
3
_ 8Hey L CpAT,
9 el 0.0132Pr Ay
Pe _pg
Bjomard and Griffith's correlation
q =38 png + (1= 55
Transition 2 (pk Cp)
T, -7 prip
e 6= w MSFB , T =T +{7 -T £
Boiling [——_TW,DNB __TM'S'F; vasee = Tav T = T2) ﬁp 3 Cp)w
Ty =324 °C » Drasre — 9rm (T= TMSFB)
Modified Bromley's correlation
360063p, (o —p ' (1-6) )
Film g=c| e T2k AT,
Boiling A AT,
0
Cp AT
Wy =hpilv0s 22l 3 —ag T 1 C=062
| hfg Pe mpg
* Re < 2000
[. Upward flow (mass flux 2 0.0)
h= max(kéi.o, h Collier]
De
Collier’s correlation
(Pr.) )7 [ 2B pe(r, - 1))
h Collier = *-0.17Re% prostl Lo L (PR A T
De ’ (Pl’g )W “zgc ra
Superheated 2. Downward flow (mass flux < 0.0)
Vapor 3
Convection h= 54-0
e
» 2000< Re < 2500

1. Upward flow (mass flux = 0.0)
h is interpolated between the Collier's correlation and the Dittus-Boelter's correlation
corresponding to the Reynolds number.

2. Downward flow (mass flux < 0.0)

# 15 interpolated between h = Di4,0 and the Dittus-Boeltet's correlation corresponding
e

to the Reynolds number.
* Re 2 2500 [Upward and downward flow]
Dittus-Boelter's correlation

=002 Ref® pr)*
De
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Table 3.8.2 Heat transfer mode number and fluid condition

Heat Transfer Mode Number
Condition Downward Flow Upward Flow
(G<0) (G=>0)
Subcooled Re < 2000 11 11
Liquid 2000 < Re <2500 11 11
Convection 2500 £ Re 1 1
Subcool 3 3 (Re > 2500)
Nucleate 13(Re < 2500
Boiling 4 4
Saturation 14(G < 271, natural
convection)
Transition Boiling 5 5
Film Boiling 6 0
Superheated Re <2000 17 17
Vapor 2000 < Re <2500 17 17
Cenvection 2500 <Re 7 7
<Mode Number and Corresponding Correlation>
1,7 . Dittus-Boelter
3,4,13,14 : Chen or modified Chen
5 : Bjornard-Griffith
6 : Modified Bromley
11,17 - Dittus-Boelter and/or Collier or Dittus-Boelter and/or s = id.ﬂ
e
! Critical Heat Flux F
C Forced Convection
! 1o Superheated
: Steam
Mode 7
(Mode 17)
[ Boili d i T
?;;i:;léon?egﬁ] ﬁn Ttansition Boiling
Vaporization
Surfae Stable Film
Heat Flux Boiling Mode &
®
Subcooled Mode 3 and 4 D
Forced {Mode 13 and 14)
Convection B
if"’//-ﬁode 1
(Mode 11)
* The mode with parentheses is applied to natural convection

TSurface - Tsat

Fig. 3.8.1 Heat transfer regimes
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Table 3.8.3 DNB heat flux correlations

(Unit system is MKS)

1. Upward Flow '

Tpng = q*['hﬁq 1Mngc (Pf. —@]

PR —
pfﬁpg

¢ =max(ql. )

41* :O-OOSG*O.GH ’ G = G

) \)Lroggc(pf _pg)

Aa i )
q; =0.7 Aﬂ"“ /i -, d= Chanpel width (m)
sl {H(Pg I, )0.25}

2. Downward flow

a" = max{min(g, 43, 4)
+ Apow AR .
g, = Low S 57 Ak, = Inlet subcooled enthalpy
Aslab hj:g
The other parameters are same to these shown above except that the mass flux term is
represented by its absolute value.

O W
h = LR, [keal/(m?he®C)] & = b7 KR
k = B [keal/(mhr°C)] DNB  =DNB
De = AR SER, [m] 7 =7 4V ARE
Pr =7§th#,ﬁ%ﬁ g - BRI
Re =v4/wfﬁ,p%?] ‘ - i
u = kLR, [kg s/m?] v = MEER
Cp = JEJELLEA, [keal/(kg”C)] w = B[

Tt = faRIRE, [°C]

T =R, [°C]

AP =P,-Py, [kg/cm?!

AT = Tw - Tsar 2 [DC]

q = BAR, [keal/(m?h)] or [kcal/(m?s)]
P =[E7h, [kg/cm?]

x =7 AVTF 4, [-]

p =B, [ke/m’]

G - HEBIfE, [kg/m?s}

g = EAIEE,  [m/sl]

o = FE T, [
Afow = ﬁ%ﬁ*é, [
Agap = INETTE, [m?]
B — AR, [



JAERI-Tech 95-040

3.9 TELRYHE

1) BEE
BRELTA B EED O R UMEBM F EO Ok OEE AV,
Pu,s, a1 =5.86x10° [kg /m’]

P =2.70x10° [kg / m’]

{2) Bmig
PRENEH OBURRIT B T OB 0% By 7,
k=608 {kcal/(hr m °C)]
WM OBEEERS 1L, Table 39 LR TZ AV 72

Table 3.9.1 Thermal conductivity of cladding

Temperature Thenmal conductivity
[C] fkeal/h m CJ
200 112.0
100.0 1220

300.0 149.0

(3) BFELL#
BREL RS O BB B ®L00F - Table 39212 B iz,

Table 3.9.2 Volumetric heat capacity of fuel meat

Temperature  Volumetric heat capacity (U;Si,-Al)

['C] [keal/m® C)
10.0 552.9
100.0 578.5
300.0 635.5
600.0 721.1

(4) BB OB FELBG Ot Table 3931 AT AE BV,

Table 3.9.3 Volumetric heat capacity of cladding

Temperature Volumetric heat capacity
[1C] Tkeal/m® C]
20.6 554.0
100.0 621.0
300.0 675.0
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4 ‘BEREMOI-OOBEES

AN THET AERIT. BRI AENICEZ O BIOR - HEE - 3EEED
LS IBBEEOHE-BEBELYICEI > T, BEFFOEEEERYEL D K ) RIS ESELR
BLAIMABNA LI RERTH D,

Table 4.1 1 AR FIFRHR IR CTHE LEL2ERO I LFELCAORICED RE LT
T AESARTE L LD, FOREFEHAHETRT, KREFIFPRHEERIC b\TJif“%?%A%
%kLTﬁEL%é%@%%ﬁé&&@ia W25,

nm4r&mtt$%
FLAORIGEE B ASAOREICL 218 E
- FLENRRIC R AHIEEO BT 25 IRE
- HAEETORIEROEE 2SIk E
- KBRS L B RIGEA
W 7KE AT LB RGERIN

ThLOFESIY, FOBREEROFELMECHE L ZBZOR» RS R LB L5
%@Tﬁﬁfé&wﬁﬁﬁmEL%MW$%m$%¢5:&ﬁf%éo&3\$&&Lf
i, TREBHRMEOMRERIANCECRE MM BREXNZE, FOHEOFL
Kﬁwénéﬁfgmf%&%%m;éﬁmEHMLmﬁﬁéﬂétm\%ﬁ%%m%%
Htrr bl L,

LUF, BEBSORERRE, BHEAEECO>NTHERD,

4.1 BB T HHIEORE 251HE

ZOBETAIT, BABIEOHOMEZE L T DICH hb bRk HEES
EEE L CRIXEANDA &Ly WOIRBEOECKIGESRMAMEIL., BRAFHANE
BL. FLEBOBERLETARR L LTELD, ZOLIREEELOERER S LT
HIE R EN LGB 1R T BERE (B I RHERE EEOREE, & L LE
EEOBRBEREZOND,

RIEME O BRF G RREBA LS &, THFIIARIC LA T8, Z2RITLD
AL LV EFRIZREEL L, ZOBEELREZSIIRETELIILTWS,

I OBEENORAEBIEE IR -RELEZESCHBREORBENHEERTAEDON
U CTND, DFED, BIFEEDCSHKEAS ¥ —11 7 RIEEFIT. HFEZ2EI2
AR HENTERNEICL TS, 2, HARTSHEOS & HE L mm/sce
Th D, HABRTEEX IR EHVWEESOKISESMES1.5% Akk/minkl B2 672
WiﬁKLT“éo%%%%@%ﬁ%%EQMWMMw?%éﬁ\%®EE§HM$ﬁ
1.5% Akk/minbA EiZ 2 5720 L 5o LTnWaA, AL EEREEIET 2D
[~y A4 R ) CEB2RZTA Fi, BRI ;5F$&%ﬁrﬂ(%%*)102
75 AEREPHT., ChODERCIYVRESAFFEINKELETAILICL TS, &5
i, BEIMEOA A —a y 7 EREBRIT, A F-m ey FESEEBELTORITUTESR
TEANL 2T 5,

LLEo#E. HIERErESE, KO ZHON—A 7 — AT EHEZ KO LD
1A,

(1) BELLOFMRES L TEFFRERARECHZ L0 L, BHFHAOMEMEZ
hh FE L~ O5mW e T 5, BEFEOaEEH 2, JRR-ADEENSM GBepskl E) &
FEY T 5L~ e L Cloepsé L, FHCHEYHTEZ2HANDE L TSmW (10WT
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20000cps) & L7, ‘

2 BETLOMERES LT, —RAHAREIEEFREDSmYmin, FFPARE
i240°C LT 5,

() FIRCEMMET, MEREEIANE O HERMICSIEEbh s b0 e L. TORIS
FEE % 0.025%Ak/Kk/s (1.5%Ak/k/min) & 5 5,

4) BT, 22RO PHFRER (B®RE) | O38MWTAZ 7275 L0 LY

50
42 HAEEDORIEBORE 2SR E

:@@E%mm\%é%mwtb®%%%%ufwém%mmbefmﬁﬁ%¢mﬁm
BES LR RN EICEY . FLICBECEOREERTMESh, RTFELD
BRERL. FELEBROBEPERTAEELLTELS, Z0L3 2BERIORKL L
i, EEEEIEIEE A RET AR (HEBE) R EEREEE ORENE. B L
ILERGEBOMBIEREIOND, _

sEEORE ESAE X NE LD L, P RHIARKCER TS, HERICLD
27 ALV EFFZASELEL, ZOBEERRRICEETELX LTV,

S OBEEORAESIEEEF —BE LSS IO BB OBESMEEIERT D OX
AU TND, SF 0, BIEEOSKEA ¥ —uy 7 ERER, HAELEEII2
AFBRCAEE B TEARZVEICLTVA, Tz, ARBREEOF HEEEIL] mm/sce
THhY | MEERSER A XHV RS ORISEMNES1.5% Ak/minZl Ll 52
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5. FUGEBNER DT

5.1 BEERICET AHEEORE 2GR E '

BEAF LT or— Ak, AR - R (ERARR) RUBRBERAHOOTRAMBEEZ
RG AL L3 —A, ERRERIBWTHREE 7 A—F L L6 —A, H
RIERAHRF OB TN E T A4 & L —ATH L,

511~ 8—AHr—2A

BEATHE B & Table 5.1.1027F, E£7-. Fig.5.1.1~Fig 5. 16T L v B FE-FFH.
BBHEE . DNBREDBEELETT, BFFEHAE, HifFgOoEFIKE IV ERE
BEAS L. 28.6FVIEIC3RSMWODA Y T ASICEL R, QIRMICERHEI4IMWIZET S,
FOHA YT AL EFFHME, B SR TET S, BRESHREITHEICRS
IBRTCIELF#. RIFHACETE L LABCKRT TS, BREHERESRELID
11.9°CTH Y. B/IDNBRIZ29OTH S, Fh., IKRKEHAERRERXSZ6CTHL, 2D
BET R ORISEOEIL, 27.68%(20957$CELEE, A7 T ARIGEILL - TA
ORISERRMEn, BRERARMB SN, 70— FAy 2 BOSER, BEMEES
B FALOMRRKRT-108¢ Q88F1E) | Fy77—RRICEDLOP-63¢ 28780 .
FRLESDEELODOREKN-168¢ QB7HER) THDH, A7 7 AILDZADRICER,
Z 75 JORNEERI01F A 5 B =28 7T AN S L, 28988 (X7 T ABIAR028)
Tit. T5.6¢DESENAMENFRIE L 2o T D, TOBRT, 74— F 3y 7 B
FiZAY FAREEOD%IEL, A7 7 ABBEE CREFFEOLIMBICEFE L TW
AN, BRI RA 7T ARGEE (-3.608) I W BRFFEHAIIEH &SN D,

Table 5.1.1 Analysis results of uncontrolled control rod withdrawal from zero power

Scram  Timeat Maximum  Time af  Maximum  Maximum  Maximum - Minimum

set point  scram power Maximum  coolant fuet surface fuelmeal  DNBR
power temperature temperature femperature
{(MW) (sec) {MW) {sec) ) (C) (C) {-)
Rated flow
Base case 31383 2R8.55 4114 28.65 536 111.9 113.7 2.99
(RS0GMCO1)
Natural convection 40.8at 40
0.01m/s 022 27.49 0.358 27.62 sec, still 512 512 20.15
(RNOOMCO1) increasing
Natural convection
0.10m/s 0.22 27.50 0.357 27.62 412 50.1 502 3325
(RNOOMC02)
Natural convection
0.20m/s 0.22 27.50 0.357 27.62 40.9 492 492 36.17
{RNOOMCO3)

512 BARRGHIEOREICBIT B HIEEBO R 25| E

JRR-AICITHABRGHELGT - FRH Y, ZOBEOEREINT020 MW, A7 T A
MESITESE BT RES (KRJBE) | 0022 MWTHD, Z Z Tk, BRERGH
EEOREF IR AHEBRORELSEEIToVWT, MO HMKEL AT A -7
{0.01~0.2m/s) & L THEAT L7z,

AT R % Table 5.1 1CAT, £/, BATICLVEERTFEHRA. BEIRE,. DNBRED
BIEEA % Fig.5.1.7~Fig5.1.12 (MR R#E0.01m/s) . Fig5.1.13~Fig5.1.18 (W H RiE
0.1m/s) & UFig.5.1.19~Fig.5.1.24 (@AM REO02m/s) (27T, Table 5117568 H7e X
A HOENC0ImsDBEN, T L BENTRLELVERES 5 25, L L, BRE
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FRHO T — AL~ R = AR, BRAEAATRAMBEOEMC L > Thike A
b LV, BRATAE RN b B LS EIRE O ln/s DTS ThH . BRELSH R IRE
BREMREE S EREIT $1251.2°C. B/ DNBRIZ20.15TH 5, Tz, IRGEHKESERE
it A AT AR T LA ROBETEFERELTEY . ABFERPLITH
ATz, ARERGHEOMO2y - 2AOBIEE»CEHEL T, A—RAF—2
DS36CH EREABZ ST EEZLND,

513 BERIBIEAFIEEODNBRVA R BB+ S F

B A ST A= L LERRREE, D, BB X ) KR RKEIEE L A SRS
Bhiieun o AL M E A ods. L L, Fig5.1.25% UtTable 5120073 & 5 IT#REHR
HEMEGATIL. AEMFEES T B0 TRE 0D, Fig.5.1.261Fig.5.1.25 D5 @
BiHAL. HAOT LS TORLELD THB, Figs.1260 5 OEKRES )
B LOD, HAOEMITIZIERI U TH Y, BEELCFTOREOEBELIZIER — &
AT Y. BREORKXER. WThbHA0REKEL D LENTHR, &5, RER
Ewﬁf\bfﬁﬁﬁ%éﬂﬁﬁﬁ%k&téﬁﬁ%%mfﬂrwé:ktgﬁbméc
F7=. Table S.1.210F T L 2 ICmHAMBHNRLD kv, BBHEERE TORRIER
Hit., MEMNBOIZENED, ZDOED, mﬁﬂﬁw%ﬁ i%ﬂ%@rwﬁrﬁ%ﬁﬂ
KREVWEDICREAELEANBAMIHTHNS (BUREBKE V) 8, MESEVBS
%EbtﬂﬁWﬂﬁ®¢m$ﬁénﬁﬂm%mmrw<(@ﬁﬁﬂméw)&wﬁﬁ%ﬁ
A%, —F. DNBEUERL., BEMBEOEMIIE > TKELZY, TOEEAERME
FEOBINI AKX &\ i=8, DNBRIZHINT 5, ZhbORIBERNS . O OmAM
ALV ME Y. DNBROBAMLITE LV I E3bhiiods, Tk, WEMEENFICE
SLIFEEARERERBELLAEAOTHAI M, 2T, DNBROBANLHEMFELE O
R A RRET LTz,

Table 5.1.2  Analysis results of uncontrolled control rod withdrawal from zero power
(Natural convection cooling)

Fuel surface Fuel surface heat ~ DNB heat {Tux Minimum
maximum heat flux  transfer coefficient DNBR
{W/m?) {(W/m?K) (W/m?) (-)
Natural convection
0.01m/s 5225 x 103 4750 % 102 1.053x 10° 20.15
{RNOOMCO1)
Natural convection
0.10m/s 9862 x 10 1.005 x 163 3.279 % 10° 33.25
(RNCOMCO02)
Natura} convection
0.20m/s 1.384 x 10* 1.583 % 103 5.008 x 103 36.17
(RNOOMCO03)

FgﬂzmuwgsumJmumﬁmfﬁﬁbﬁmm%m%m%i%ﬁﬁoﬁ@mﬂﬁ
FHEE T ﬁﬂ(ﬁﬁiﬁ&G Stdlhc WK TEDNBEUR G % & V. JRRADIFLANES
1.84 kg/cm2 fL)\D/mJMo COEMTCROEDNBERE TH D, J’Li‘l’(}lh@ B,
q 131\1317j q DNBj%—FlE]{?’G "o T 1 X DNB# K itq DNBETi‘%béh q DNB.!7j g DMB_?%
LB G o#EE T DNBEUA RIS DNB,”Cﬁibéﬂ’LZa —F. TRROEEI, ¢ DN327j’
qu%YEéG@ﬁlfim@@m%iqmwfﬁbén qmmﬂqMM%L@éG
@ﬁ@fimmﬁfﬁiqmmfﬁbéné é%»Gbk%(ﬁqumﬁqmm%L
B2 GT OB TIE LEROEE & A ICDNBRRRITG e, TROENE, 20 k2T E
ﬁﬁ&tﬁ?ﬁﬂ?ﬁ%@DNB?&?E%&:#@*DNB_;G%:?O A, MEC L LT —FfEL 72 2 DNBER
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SRR LOIFEELBERICLALOEELZOND, BEESEEC ST,
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Table 5.1.3 Analysis results of uncontrolled control rod withdrawal from zero power
Initial power parameter analysis under forced convection cooling (rated flow rate)

* From analysis resulis of uncontrolled control rod withdrawal from full power

Initial power Scram  Timeal Maximum Timeat  Maximum  Maximum  Maximum  Minimum
set point  scram power Maximum  coolan{ fuel surface fuel meat DNBR
power temperature temperature temperature
(W) {(MW) (sec) {(MW) {sec) C) {C) (C) (-)
0.0005 385 28.80 4078 28.90 53.0 109.6 111.4 309
(RSOOMCO03)
0.001 385 28.74 4.091 28.84 53.2 110.6 112.4 3.05
(RSOOMCO2) :
PBase case
0.005 3.85 28.55 4,114 28.65 536 111.9 1137 2.99
(RSOOMCO1}
0.01 385 2845 4.114 28.55 537 112.2 114.1 2.98
(RSOOMCO4)
01 385 28.10 4113 28.20 53.9 113.6G 114.9 2.95
(RSOOMCG5)
1 3.85 27.67 4.098 27.77 54.1 113.6 113.5 2.92
(RSOOMCO6)
10 385 27.13 4.076 27.23 5473 114.1 116.0 2.90
(RSOOMCO7)
3500000 385 2.51 3.867 2.60 55.6 1174 1194 2.79

(RS35MC01%)

Table 5.1.4 Analysis results of uncontrolled control rod withdrawal from zero power
Initial power parameter analysis under natural convection cooling

Initial power Scram  Timeat Maximum Timeat Maximum Maximum Maximum Minimum
set point  scram power Maximum  coolant  fuel surface fuel meat  DNBR
power  temperature lemperature temperature
(W) MW)  (sec)  (MW)  (seq) () (C) (T) (-)
40.8 at 40
0.0005 0.22 27.96 0.400 28.09 sec, still 511 51.2 2023
(RNOOMCO04) Increasing
Base case 40.8at 40
0.005 0.22 27.49 0.358 27.62 sec, still 512 512 20015
{(RNGOMCO1) Increasing
41.7 at 40
0.1 0.22 26.76 0.315 26.87 see, still 51.9 52.0 1888
(RNOOMCOS) increasing
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Table 5.1.5 Maximum heat fluxes, heat transfer coefficients and DNBR of uncontrolled control rod
withdrawal from zero power (Initial power parameter analysis under natural convection cooling

Initia] power Fuel surface Fuel surface heat Bulk coofant DNB heat flux Minsmum
maxinmum heat flux  transfer coefficient temperature at hot DNBR
(W) (W/m?) (W/m?K) sopt (°C) (Wim?) {-)

0.0005 5.206 x 103 4.748 x 10? 46.1 1.053 x 10° 2023

(RNOOMC04)
Base case '

0.005 5225 x 103 4750 x 102 40.2 1053 x 107 20.15
(RNOOMCO1)

0.1 5.580 % 10° 4778 x 107 40.3 1.053 x 109 18.88
(RNOOMCOS)

— 30—
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Base case 3.85 2.51 3.87 2.60 55.6 117.4 1194 2.79
(RS35MC01)
3.0%Ak/K/min 385 1.35 3.88 1.44 55.5 1172 1192 278
(RE35MC03)

520 FIGEMNER U LRG0 B @GP OSEREORE 251 E

FEATEE B A Table 521107 T, 7. Fig5.2.6~Fig 52 10IZARHTIC & D Bl RFIFHA.
BRELIE B DNBREZEOBEZT(E7RT, RFFEHANT, HEEOERS RS ITL>TL3S5
FHEIC3RSMWD A 7 5 ABMICEL, FOHBAY T ABNEMICLOIMWETER LE
WA ST ED FTRLEHD, BESHBEIIAEBIIREN2CIIELLE, A
THEHAOET L ELICAEICETT 2, BMERRERFEERINTI2ZCTHY . B/
DNBRIZ2.79Td 5, 1RAHKBRGREZSSSCTHD, Ry —RTHWT, BEMILE
MERVE 7B L A7 40— KAy ZRISEE, BrEHAPRRICE LIZRR
. BARIGE (101g) 2@ LENFNST% (09¢) | 5.4% (-0.5¢) ORESWZRLLD
LThH5B, FELEBREFEHEAZ. A7 T AL > TOR RSN TRT 5.

U OREATHE B B R EE AT IS 1.5~3.0%AKK/min OFEFE Tk, RS E SR LT
BITIT AV ERBERIFS VI EMBALNER ST,
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53 ERWHIC L D SUTER

AR 7 A — Ak, oS A=A (02%Akk (step)) . IR 0.4%AKkKk (step).
0.5%Ak/K (step). 1.5%Ak/k/min (ramp) [0.5%Ak/k 0 5t B 23 20%0 T A S v 7o & RTE
(1.5%Ak/A/min)] B U83.0%Ak/Kk/min (ramp) [1.5%Akk/min® SOSE A IEZ2E LIZE D]D5
= ATH D,

531N R —A

HEATEE R A Table 5310074, 7. Fig.53.1~Fig 53 SITMATIC £ 0 BEFFEEA,
BENEE . DNBREOBEELE R, BFFHEAE. RISEFNE0.005801% (23 85MW
DAZTAEICEL, 2OBAY S AENEMICLVASMWETERLALE, A7 7 4K
EhFRELY S, —O@EEIICKT 525/DNBRIT2ITHA, Fiz, BELEH R
R IT124.4°C0 . BB RER SEAITIN2CIC LR TS, 1REEIKERIZEILS6.0T
Tha, TOBERIIBONT, BWEMEBEEFERCF v 77 —HRCLIDT7—Fv I K
SR BREHASRRIGELEBG T, BARRE (279¢) 1T LEFRERO% (-
02¢) . 21% (0.6¢) DREZTRDZOHLTHD, ERLERFFEDF. A7 7 LI
LoTOLMBENTRT S,

Table 5.3.1 Analysis results of reactivity insertion by removal of irradiation samples

Scram = Time at Maximum Timeat Maximum Maximum Maximum Minimum

set point  scram power Maximum  coolant  fuel surface fuelmeat  DNBR
power temperature temperalure temperature
(MW)  (sec) (MW) (sec) (C) (C) () ()

0.2%4Ak/k

Base case 3.85 0.0050 4.76 0.08 56.0 122.2 1244 2.53
{RE35MC02) '

0.4%Ak/k 3.85 0.0040 7.47 0.08 60.9 136.2 139.7 161
(RE35MC04)

0.5%Ak/k 3.85 0.0016 10.2% 0.08 66.0 144.8 149.5 113
(RE35MCO01)

5.3.2 fHNBISE DR

HIMEISEOFEB AL 2 7=, [HIIERE04%AkK (step). 0.5%Ak/k (step) D27 — A
N TRRAT U7, RARFE % Table 5.3. 14109, £/, Fig.53.6~Fig.53.10iTHMEIEE
0.4%AKKD B4 . Fig.5.3.11~Fig.53 15 MG E0.5%AKK BB OFFATIC L U 7o BT
JAW . BAEHEIE . DNBRZDBEZE{LZFhFhod, Figs3 16 TP H i,
Fig.5.3.17¢ZDNBR. Fig 53 18I3REEMBEEOBEELEN—Ar—ALFHTEINLTH
W L b Th D, Figs53. 191, MINEIGE L | ENRE, mEMERE, RFFHART
DNBROBEFEZ R LA HOTHD,

AT R RS EE 230 5%AKK D3 & 1%, #/NDNBRIZLIS T, E#iiFO RE iBEE k0¥
WPELHE] SATEE LAV, . TR A30.2%AkK (step) DF A 1L, H/NDNBRIZ2.53,
T D, Fig53.19% 5/ NDNBRIZFIIR G E AL B - TERAICHED L TR,
e A e 2T A I S 0. 4%ARKIE . TEIERE O RE IR IEE RO R 5 &
WRT BT ERTHY . Figs3.1900 51 X SIS E 0.42%AkkEL B TIEIDNBR.3
P FELZEDEITERNLTRIENRDS,
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533 5 OREREOMN (HAHEEPOHBERORELRIIHZTIZRAL)

HEES CHR27 L 50, JRR-4 LEUS U o FEEHA O TIIETEERDIC, BEH
CIEA - TUE LA 1T 5 B SREI OB KREEIZ05%AKTH 0 . BEEEOFEA - Tub L
FHEEL. 3om/sec (60emZE 208 CBE) UTTHE, ZIZTH. XOBELWEREFHLL
BITERIEOIRRAICIT AHIRE, T /bbb, R P EEPIcRBE S CEA - B L 1T
5 &I O R AR SUSIE0 5%AKE BV B L0 L5, T, BT THE0.5%AKKD UG
FEA20F AN E L7 EARE L 720.025%AKK/s(1.5%Ak/Kk/min) B U8 03 24% @ 0.050%Ak/k/s

(3.0%AKAK/min )i Z -2V Y THEAT L 72,

DB BE A AN 2R0.025%AKA/s( 1. 5%Ak/K/min) D5 &

SEAEE B A Table 5321274, 7. Fig5.2.1~FigS 2 SICfATIC & D B EFHH .
WRELR B DNBREZEOBES(LERT., BEFFHA., HEEOERMS R EILL->T25]
FHEICISSMWOD AR 7 5 hSICEL, FOERAY T LEBREMICLIIMWETER LA
BRI F ALY FTRLED A, BETHEREI26HHIIESIACITELEE, I
FHEHAOETE L LVCAKCIEFT 2, RERERSGREEIINTICTHY . &=/
DNBRIZ2.79CHh B, 1KGHKEERETSSCCTHE, JOBRICBNT, BEMEE
BRIy 7SR L A7 4= KAy 7 FEER, RTEEHAVRKICELLRER
<. WARIE (91¢) M LFRLFNI06% (-1.0g) . 6.3% (-06¢) OREZLRHD
LThA, FELEBTERAE. A7 7650k TOHMH SR TET S,

)RR EE AT ER0.050%Ak/K/s(3.0%Ak/k/min) D45 &

MEATHE B % Table 5.3.2107 %, 7. Fig.5.2.6~Fig.5.2. 10ICfEATiZ X 0 @Iz [FF4F 7,
BRENE R . DNBREM@IEE(LETY, FEFFPHAIL. SIITROELHSIHEZIZ L > TL3S
TP IT38SMWD AT T ASICEL, FOBRAZ 7 LBNABMICLO3IMWETER LT
W AX T AL D FH UGS D, BRELSHMIRER A HBIZREEII2CIEL &, B
FHEHRAGETE L HICAFIIETY 5, BEREFESRERNI2ZCTSHY . &/
DNBRiE2.79TCH &, 1REHABRESBRELSSSCTHS, Ar—AXB0 T, BEHRE
HRERONR Yy A5 Bl L BT 40— Py FRISEE, BTFEEAPRRICELLEL
. WAREE (10.1g) @ LERFNS % (-09¢) . 54% (05¢) OREZIZRLO
HTHB, FPRLUEEFFEHRAE. A7 T AL TOHRMBISATRT S,

DL OB B & R EATIIEE L 5 ~3.0%AKKmin D FEFH Tk, BOLSE A I0RIZARA #E
Birlg b A YREERPRITET. WTHLEEIIRET I BRI N

Table 5.3.2 Analysis results of reactivity insertion by removal of irradiation samples
(Ramp shape reactivity insertion)

* From analysis results of uncoritrolled contrel rod withdrawal from full power

Scram  Time at Maximum Timeat Maxinum  Maximum Maximum Minimum

set point  scram power Maximum coolant  fuel surface fuelmeat  DNBR
power temperature temperature temperature
(MW)  (sec) (MW) (seq) (C) () ©) (-2
RE3SMCO3 385 1.35 3.88 1.44 555 117.2 1192 279

(3.0%Dk/K/min}

RS3SMCO1*  3.85 2.51 3.87 2,60 55.6 1174 119.4 2.79
(1.5%Ak/K/min) :
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Fig.5.3.18 Transient of Fuel meat temperature (0.2, 0.4 and 0.5%Ak/k)
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Fig.5.4.15 Moderator temperature feedback reactivity and Doppler reactivity with Fuel temperature
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Fig.5.4.18 Transient of Fuel meat temperature (0.27, 0.54 and 0.675%Ak/k)
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Step reactivity insertion due to cold water insertion : 0.2MW 1.419 m/s, 0.22MW scram
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