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Assessment of One Dimensional Reflood Model in

REFLA/TRAC Code
Hajime AKIMOTQ, Akira OHNUKI and Yoshio MURAQO
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Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Recieved November 16, 1993)

Post—test calculations for twelve selected SSRTF, SCTF and CCTF
tests were performed to assess the predictive capability of the one-
dimensional reflood model in the REFLA/TRAC code for core thermal behavior
during the reflood in a PWR LOCA.

Both core void fraction profile and clad temperature transients
were predicted excellently by the REFLA/TRAC code including parameter
effect of core inlet subcooling, core flooding rate, core configuration,
core power, system pressure, initial clad temperature and so on. The
peak clad temperature was predicted within an error of 50 K. Based on
these assessment results, it is verified that the core thermal hydraulic
behaviors during the reflood can be predicted excellently with the

REFLA/TRAC code under various conditions where the reflood may occur in

a PWR LOCA.

Keywords: Reactor Safety, Heat Transfer, Two-phase Flow, Reflood
Loss—of~-coolant, REFLA/TRAC Code
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OEREREFFOBEBEBFCFVT—ENCELNIABEVREEAEELALOTH S FFFE
. EREROBISGEELTIDE I REVERFAOY—+ v 7E2E28/iED07a <.
DUARHERBERARBADETE S I EBE W, FRADOHADHOEEEZR/L1DIT
SEIH Y /35588 (Flat power test, Run 64) BERBI T35, " EHEHAHBOHKBEN
. CERAMEASTBERGE,. LEOBRIABREBIEIE -TH 5. HEKHAEEOFLAN
OERBZALF—13, BRAEBREEHEHNHEBR L TRER—-TH %,

BAEFBROBFHKR (LPC1) WL 23ABR. LPC IRy 7B EOHE -HEZ{HEE
LicliciMd 2RARBTH 2, ChR3EFOLELFM@EREH TE-KELHEL T RS
KELESHTELILRLEREBLTVWACEFEREN TR IEEHIEL TV S,

o k3, AEFEKABFORBRTREFOLZLFMEMBITAREE <— R & LFHEK
RESMEERIN, K2FHEFEH TRPELAEREVBELNERAESEREH L LTHY
ENTVWEH, BHOFLHETT. SHOERFRE—+ ¥ 7 EK, DRDODOE C CKRKEAR,
ELOREEONEE. EXORENBERERE L THVWORTWS, Jhiex L., FLH
HE R L CEFOEERBORIVBLILEAAEREZHTHEEL TOFEKAR AL
SAMSELRBTRERI N, BRETMRA (Best-estinate test, Run 71) ‘'®’ &% @
HBTHH., BLHEE UTIRANSX 1. 0+Actinidex 1.1 (X7 3 A4 08) . FEA0. 3
MPa. FHEEEHFBENIAGE. LPCI XY 7BEOC 2 RFEE &S ICEET 5 E2EE
LTWh, BEFHRBOHEKEHORETRER. LROLIURGEIVFSELFEFL
LN REAREEZESATHESAALTRAC I - FOHEFMITRR 'V tEISRES N,
TRACI—FiR. B2 EHcEBET I L2BNE LTHREI W T, FBEF VI —
Mgt ohTWa X I BETFHZRE WAE. FEesrra—FTR, 7e -5y YHHF
WHAZNLECCKBIRTHEEO»SHEBTAIEERELTVS: ) BESATHIRY,
D, BEAKMEEONESEERIG - FEFVC X AFIERICES BERRK
EERTHEERECL -TW5,

DIERRTER LI CANBETKHBEFORBRD SBAKE Yy —RA 3, 4 V—7PWRTH
FESNTVAREERHBTKREEEZESIZLTW 3,

FAHEKAEFLREBR W TEERBRBZR VKRB TE 5> W L /KERE L &
PR CEHEHTH - e TRODEFAREEFLLTHHOL1 0PV L2Z0HICEVWTIX]T Ocm/s
BE. Ac cEARTEROLPCIAAMTR 2en/sHiRTH Y. REJI. FOHA. FES
AR EP AT ZOERK T — Y P THoToo TRPFPLAOFT 7 —LVESH2 0~
SOKEEITLANIE, 72, LVEVWHIBETORAREZANS L, EKERE Y
3¢5 2 —yHHBEREBE L CONEHAAKSBREEEZH VLTI NRun 7510 (EKHEE 2 cm/s)
. 7501 (FE7KGERE 8 cm/s) « 7520 (REZKEBESOem/s) K2 WIT HFTHET > & & L i
BOANOH T 7 —AVEOEB T 52 TRIEEEES /2, Run 7528 JFLAOY 727 —
VES0~60K) RHLTsHEERITIIEE L,

INHERARBRTEEI N CHLSORBROEMIZES. 2. 1IARLTH S FLOEN.
ZEH., BEkKEGSoRBREEERIAREEKABEFLAROLHEIEAREFRERETSH 5

AS_
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1) MBI EE 0. 965~1. 400 KW,/m

2) ¥FEHmF - v rEK 1. 0~1. 36

3) REAH 0. 15~0. 42 MP a
4) FOALH 77 —VE 0~50 K

5) ¥MIBHEERE 580~1073 K

6) EIKREE 2~30 cm,/ s
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.21 FERCAVAEBROEERN

{(a)Tests with Cylindrical Core Test Facility

Run number
55 62 63 64 67 71
[nitial core 1.400 1. 403 1.061 1. 065 1. 404 1.071
power {1’
(kW/m)
Radial power Steep Steep Steep Fiat Steep Flat
profile‘™®’ Pa=1.965 | Pa=1.351 | Pa=1.356 | Pa=1.0 |Pa=1.359 | Pa=1.0
Pe=0.761 | Pc=0. 762 | Pc=0.762 | Pc=1.0 | Pc=0.762 Pc=1.0
Decay curve A A B B A B
type(*S)
System pressure 0. 42 0.20 0.20 0.20 0.135 0.30
{MPa)
ECC injection Cold leg | Cold leg | Cold leg | Cold leg | Cold leg | Cold leg
mode
Ace injection 0.089 ¢.091 0.091 0.091 0.091 0.089
rate (m®/s)
Ace injection 17.0 18.0 17.10 17.5 16.0 20. 5
time ( s )
LPCI injecticn 0.011 0.011 0.011 0.011 0. 011 0.019
rate (n°/s)
ECC water 309 308 308 310 310 308
temperature
{X)
Initial clad 1073 1072 1075 922 1073 580
temperature' ™’
(K)
Note High Base Low Flat Low Best
pressure case power power pressure | estimate
test test test test test test

(*#1) Core average at refloed initiation

(¥2) Pa:Peaking factor of highest power rod
Pe:Peaking factor of lowest power rod

(%3) A: ANS x 1.2 + Actinide x 1.1 (30 s after scram)
‘B: ANS x 1.0 + Actinide x 1.1 (40 s after scram)

(#4) Clad temperature at reflood initiation (peak value)
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#£3.2.1 FEFECAVEEBOTEER (KX

(b) Tests with Small Scale Reflood Test Facily (SSRTF)
or Slab Core Test Facility({SCTF)

Run number
7510 7801 7520 7523 4517 619
Initial core 0. 965 0.965 0.965 0. 965 1.082 1.089
power 1
(kW/m)
Eadial power Flat flat Flat Flat Flat Flat
profile' ™ ?’
Decay curve No decay | No decay | No decay | No decay (%2) (%3)
type
System pressure 0.22 0.22 0.22 0.22 0.25 G.20
(MPa)
ECC injection Cold leg | Cold leg | Cold leg | Cold leg | Cold leg Cold leg
mode
[nitial clad 900 954 973 948 902 922
temperature "’
{(X)
Core flooding 2 8 30 8 (¥5) (¥5)
rate (cm/s)
Core inlet 378 378 37 342 383 (%5)
fluid temp. (K)
Note Flocding | Flooding | Flooding High CCTF CCTF
rate rate rate subecool | coupling | coupling
effect effect effect test test test
test test test with with
(2 em/s) | (8 cm/s) | (30cm/s) SSRTF SCTF

(%1)
(%2)

Core average at reflood initiation

curve in CCTF flat power test (Run 64).

(¥3)

ANS x 1.0 + Actinide x 1.02 (40 s after scram)

Decay curve was simulated by stepwise power reduction to follow the decay

(This decay curve type was selected to match the decay curve with CCTF flat

power test (Run 64) )

(%4)
(%5)

Ciad temperature at reflood initiation {peak value)
Changed with time based on measured result of CCTF flat power test(Run 64).
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%320 BBEBOIEFTOLR

SSRTF ‘"1 CCTF¢* 2 SCTE¢*3" | Typical PWR
Number of rod assembly 1 32 § 234
Rod arrangement 6 x 6 Bx8 16 x 16 15 x 15
Number of heated rod 32. 1824 1872 39372
Number of nonheated rod 4 224 176 4053
Effective core heated 3.66 3. 66 3. 66 3. 66
length (m}
Diameter of heated rod 10.7 10.7 10. 7 10.72
( mm )
Diameter of nonheated 10.7 13.8 15. 8 10. 87
rod ( mm)
Rod pitch ( mm ) 14.3 14.3 14.3 14.3
Core radius ( m ) 0.087 0.686 1.84 1.84
Core width ( m ) 0.087 0.686 0. 24 1. 84
Core flow area ( %) 0.00447 0.25 0.259 5.29
Axial peaking factor 1. 40 1. 40 1. 40 ~1.40

{#1) Small Scale Reflood Test Facility
(%¥2) Cylirdrical Core Test Facility
(#3) Slab Core Test Facility
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#£3.3.1 HAFFLRBHBEcCsII2EERPKT -5

nggtljel:r lgg};%h (m) vg%ée (m") af‘égw(m‘!) g}{grﬁg%é%c(m) Ela‘(ﬁ)tlon
1 0. 200 0. 00010 0.2538 0. 01246 -0. 200
2 0.120 0.02588 » ” 0
g v ” ” ” 0. 102
4 0. 101 0.02563 o ” 0. 204
5 0. 100 0.02538 ” - 0. 305
§ ” ” ” P 0.405
7 0. 105 002663 - ” 0.505
8 #” #” 2 ” 0.610
9 0.100 0.02538 ” ” 0. 715
10 - ” ” ” 0.815
11 ” o » o 0.915
]_2 ’” s ”” ”” ]_0]_5
13 0.105 0, 02665 ” ” 1.115
14 ~ o ” ” 1.220
15 0.100 0.02538 o ” 1,325
16 o ” o o 1.425
17 ” ” ” ” 1.525
18 ” % ” o 1. 625
19 0. 105 0.02665 " ” 1.725
20 ’” i ” VY 1830
21 0. 100 002538 o o 1. 935
22 » ” ” ” 2.085
73 o ” ” ) 7.135
24 s #” 7” ”” 2235
25 0.105 0.02665 ” - 2.335
26 ” ”” ”” ” 2440
27 0.100 0.02538 ” o 2. 545
28 w - ” o 2. 645
29 ” ” ” ” 2. 745
30 ” ” ” 2. 845
31 0. 105 0.02665 ” ” 2. 945
32 ” ” ” ” 3.050
33 0.125 0.05173 ” ” 3.155
34 ” ” ” ” 3. 280
35 0.1275 0.03236 ” 3. 405
36 ” o ” ” 3.5825
37 0.297 0.1031 ” ” 3. 660
38 0.8924 0. 6044 0. 3411 0.0780 3. 957
39 - - 0.6773 0.2078 4. 8494
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#3830 FRPURBITBECBY2EERRT—5

N IR N O I (N T I S O DI I 1 O i € M
1 0.2000 0.00010 0.2116 0. 2653 -0. 20060
) 0. 0850 0. 02202 0. 2590 0. 01224 0
3 0.102% 0.02655 0.2590 0.01224 0.0850
4 0.1025 ” 0.2590 # 0.187%5
b] 0.1025 ” i ” 0.2800
b 0.1025 o ” ” 0.3925
7 0.1025 #” #” ” 0.4950
8 0.1025 # # ” 0. 5975
9 0. 0850 0. 02461 . ” 0. 7000
10 0.04950 ” s " 0.7950
11 . 0950 ” o ” ¢.8950
12 0.0950 » ’ ” 0.9850
13 0. 0850 ” »” #” 1. 080
14 0. 0950 s ’ ” 1.175
15 0. 0950 ., . P 1. 270
16 0.1080 0.02797 #” ” 1. 365
17 0. 1080 ” ” ” 1.473
18 0. 1080 ” # ” 1. 581
19 0. 1080 # s ” 1.6889
20 0.1080 ” # ” 1. 787
21 0.1250 0.03238 #” ” 1.90%5
22 0.1080 0.02797 #” # 2.030
23 0.1080 #” ” ” 2.138
24 0.1080 ” # ” 2.246
29 0.1080 » # i 2.354
26 0.1080 ” # ” 2. 462
27 0.1250 0.03238 » ” 2.570
28 0.1080 0.02797 ” ” 2.685
29 0.1080 ” ” ’” 2. 803
30 0. 1080 # ” ” 3.911
31 0. 1080 ” ” »” 3.019
32 0.1080 ” #” » 3. 127
33 0.1250 0.03238 » #” 3.23%5
34 0.1000 0.02580 ” ” 3.3580
35 0.1000 ” ” ” 3. 460
36 0.1000 ” ” ” 3. 580
317 0.1700 0.1138% 0.2590 0.01224 3.660
38 0.8725 0.3232 0.1774 0.05688 3.830
39 o~ ” 0.3704 0. 28000 4.7025
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£3.3.3 MBETARBIECEY 3 EERRS -5
Cell el o Gell s | ey | SRR @ | PR

1 0.200 0.0001000 0.004472 0. 00650 -0. 200
2 0.102 0.0004561 ” # 0

3 o ” s 0.01146 0.102
4 0.101 0.0004517 #” ” 0.204
] 0.100 0.0004472 ” “” 0. 305
6 ” . p - 0. 405
7 0. 105 0. 0004635 ” ” 0. 505
B - ” " ” 0.610
9 0. 100 0. 0004472 ” ” 0. 715
10 ” ” - ” 0.815
1 , . ; , 0.915
12 ” - ” ” 1.015
13 0. 105 0. 0004696 ” ” 1.115
14 ” ” ” ” 1,220
15 0. 100 0. 0004472 ” ” 1.325
T v ” ; ; L. 425
17 ” ” ” " 1,525
18 " ” ” ” 1,625
19 0. 105 0. 0004696 ” ” 1.725
20 ” - ” ” 1. 830
71 0. 100 00004472 ” ” 1. 935
99 P ” ” P 9.035
23 - ” - - 2.135
2 . , ; . 2, 235
25 0. 105 0. 0004696 ” ” 2. 335
26 ’ . . . 2. 440
27 0. 100 0. 0004472 ” " 7. 545
28 ” " ” ” 7. 645
29 ” ” ” ” 2. 745
30 " " ” " 7. 845
31 0.105 0. 0004695 - - 2. 945
3 ” " - ” 3050
33 0.125 0. 0005590 - - 3. 155
34 ” ” . ” 3. 280
35 0.1275 0.0005702 - ” 3. 405
36 , ” ; , 3,532
31 0. 089 0. 0003980 - - 3660
38 ” ” ” ” 3,749
39 . . . . 3,830
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®

Upper plenum

Carry-over
Tank

¥
Pressure .
{—regulator(_ﬁ i
QOrifice @
— Rt
| i
Electric :‘Ew Test
PowET @ g section
supply E B
$ T P
o] Lower
g PR plenum
Coolant F—1®)_ ®| 15
supply >
tank ’ -P)
Pump
F . Flow rate T . Temperature
P . Pressure AP o Differential pressure
V - Voltage A+ Current
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UCSP
@ Viewing Window

Tie Piote
AL, \Z —
-y Woier lamn

-

et

Non-heated Rod

O
@Q Heated Rod

A Q 8
8 *@’o
= 0. 14.3°
§ O O % Flow Housing
= V1000
g lin 107°
i
| | Pl Viewing —]
B Window 6_(3" 10.72.
= 54
E: “ﬂf’-ﬁ
05?2 C-A
T.C.
ﬂ « cher Inconel 600
BN or MgO
= 1 Nichrome

Heated Rod Cross Section
Unit - mm

[3.1.2 MHEREAKBER KON R ORBENE



JAERI-M 83-240

(34 1:38 .40 138 |34

UCSP
1987 " Tie plate
39137———/
3903 m:.35 i
3698 | 120
w 3660 358 N
(@] g 5 x 5 3
g RY] 4 x
- = 3405 34 oA
© 3 3270 - 2 3
L p 4
o —= 3155 2230 ]
w0 o
x = k B 4
Q 2945 0
— 28 ¥
< Z p
= = M lo745 i
e S L LG
= S 2605 . I > 1
2545 2565 L
w o 4
o 5 X 3 x
= 2335 ¥
S : (0
12135 T
o 3
S ¥ bE 23
1835 1940 X
= O 1900 X L
@ T e T
1725
< : 4
- *
of1525 Grid % \
o spacer ¥ >0 5 ¥
N -
1325
(o) <o 1275
& = 1235 X
= 1115
(o)
2 = 5 X 4 %
R e~ L
) o O 4 X 3x 2 J
= = g‘ 715
W - 610 4 I % >H
o o 570
o 505
= o
7] 2 x 2 X
o Q 255
T o
Sr) g 1 x '
1 o) o 0
- 50
1.0 0.5 0 3 |__“__
Power ratio Instrumerted heater rod type
B73.1.3 /DEEREKRBER HHS6 2 S-S IBRCEEERENNUE
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y
i 2l . 3] 4
IRENE
— FG E7 BB Cg ™ 3-phase power supply
GH 12 J_B D14 J_IS I|6
1"[s o3 176
25 24] 25| 26| —<l] ~2B|
B |E |F g\
29 Aao Hsl 32 Single-phase power supply
i

Viewing window

Rie:;;:eon L 2 3 4 5
A 3210 3290 3370 3490 3560
B 2845 2910 2980 3050 3120
C 2510 2585 2645 2710 2780
D 2165 2235 2305 2370 2440
E 1920 1960 2000 2040 2100
F 1625 1690 1760 1830 1880
G 1220 1355 1425 1495 1560
H 130 380 610 815 1015
1 1830 2040 2440 | 3050 3560
J 130 380 815 1013 1420

{mm from boltom of heated core)

®s3.1.4 AEEDKRREER gETREHANCERCOCR S
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Upper plenum

4.607 —
UCSP
S
Tie
plate
3.27
—]
OFP13
2.605
—3a
Tes"r
section 2135
1.94 @
—11.83
DP 10
1.275
j— .22
Grid
spacer @
&f__ll 0.61
0.04
Bottom @
of core DP 1
0
I__ -0.473

Lower plenum

—

®3.1.6 /PpEEEKRRKE ZENEMCE
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Sleam
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re%ulﬂhon
valve Pressure
yesse]

Exhausi
tine 1

Containment

lank-2

Conlainment
N fank-1
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JAERI-M 93240

Bottom of support plalte

Upper support plate &
Upper ring
—
Nozzie for upper \ | =
plenum injection | 764 #
|
Ven! valve = | L.0B4" &
9617 e
95
Core floodi f 9%9
ore flooding nozzie =g Ll -
~E -
Upper core support plate ~_]] P
N .
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b bl od
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. NN‘H b e
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o
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P e — C2
|
Lower grid~_] | 3
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<
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Bottom of core piate

Top of heated section
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 Jop of core plate
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Unil © mm
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{7
3357 L
3913
2303 15
120
3660 33’223 =
=% 0
= 9
=) 3405
) § 3270
e 1155 3230
2 o
@ o~
Q 2945
5 8
- 2745
= 2
1 2605
= 2546 2565
© =
- M _s33s
3 g
- 2135
2 g
- 1935 1940
o o 1900
<. o~
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- 1325 (275
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o
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1 = &~ 0
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5 T
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E%_____
Elevation

No.
Yl: Heated rod
Y3: Heated rod
Y4 : Heated rod
Y5: Heated rod
Nl: Non-heated
N4: Non-heated
N3: Fluid
SC: Fluid (Sup
Bundie No. (01

TEDO I I RI I M l

T E
Noces) 1)
2)

(1-D)

{Overall)

(Upper half)

(Lover half)

(Top part)

rod (Overall)

rod (Top and bottom)

er-heated steam)

=32)

: Barrel inner surface temperature

Elevation No.

(3-A)

Orientation No. (6 or B)
Elevation (m: From bottom of -heated length)
ot 1 2 K] 4 5 6 7
Elevation | 0.0 0.128(0.380(0.8151.015|1.425|1.830
M 8 9 0 A B c D
Elevation | 2.035(2.440(2.845[3.050|3.340|3.560({3.720
Orientation
8
/;;, Plant north
7 PV ~5
~.
O
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LT R
(D)

Orientation (5 - 8)

P : Downcomer

qg : Co
T,M

Section No.

re

Notes) 1) Orientation (Same as temperature)

(m : From top of bottom plate)

2) Section

: Upper plenum

(0L - 08)

X > Q
01 0 - 0.983 0 - 2.10

02 | 0.983 - 2.683 | 2.10 - 2.71

03 | 2.683 - 4.483 [ 2.71 - 3.32

04 | 4.483 - 6.383 | 3.32 - 3.93

05 | 6.383 - 8.183 | 3.93 - 4.54

06 - 4.54 - 5.15

07 - 5.15 - 5.76 | 5.76 - B.65

08 - - 6.117 - B.65

3. 1.12 ARBEIZAFARFELOCREER FOB2EHIVE
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Intoct cold
leg injection
Intact cold leg

Broken cold leg
-S/W separator side

Hot leg

Open 1o
atmosphere

Lower plenum
injection —

Equalizing line
Broken cold leg-PV side

(1) Pressure vessel (5) Valves
(@) Steam/water separator (&) Flow resistance simulators
(3) Containment tanks

(4) Pump simulator

X3.1.13 AMHEKPRALABRRE 7v—v—F
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[ H
O
) - L Upper head
___]._ n i n [1 ﬂ
il L
(I} i tiHot leg
- Upper p|enum i
i H 1 ?P —
Ot [
glliR B I
WD) {Upper core IS .. i i
(iptate T o
1 ! oo
Adapter platé i+ s
attop nozzlg | T =
© Core | ™||S=
= = = I~
pucc Honey - = | =8 s
114" comb o %
I 5|l 2
) o
48] (& ]
ot [ =
[l Bundie no. ol &
IR 2[3]asisl7I8l=|l <
| g 32
i =RES], E L
il O | |
54 Lower plenum I . J
L 247 | T / L
—— L 1]
860 2301
3121
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S RRRRANL—|
1275
=
Upper Regicn

O
10.7% < J s 2 10.7 #
" ©n -
o & ¥
- =
‘JA Ab &
5 :
| ol &
o @
= - 3
o
~ —d
5 I
%3 Mg O

Heater Element

BN (Center Region)

’ _ Claddin
~U g
1l

o ) o /MgO {Upper & Lower Region)
. R
SECTION A-A
o
Q
Heater Rod

[38.1.16 AMHRKERFORRRE QAEHERHE
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|

Section Na

Ov’l §pze
tzZ el

622"

ori

g6’

98LC°Q

6.%°

& 8 L 35 ¢ b g 2 | 2 € v 6 9 L B

sOclsoe|soz|ozz|oez|ozz|ozz|02e loee|ozzlozz]| oz22jozz|o2e| s02|c0eE 02

098¢

Rotio

Power

8.1.16 ANERKTHFLABRER MAEMAI



3660

Heated Length

Elevation {mm)

36201

31909

27601

2330¢

{9051

Upper
half

B3

JAERI-M 93-240

Teg - ID
TEOIL1A
_‘——Horizonlol location
Elevation No. in bundle
Region No.
Bundle No.
10 [ |gvation No.
_ Horizontal location in bundle
g
29754 3 Q Upper half
® Lower half
® Upper middle
8
Regien | IRE) Region 2
254542 AN
8.4
7 1D B
1E W o C s
2115e¢1
6
5 ¢1735 Region 4 4A 31 Region 3
18Q°
4 41380 ‘C_;:—_UDE‘ :
g0 270
O.
3 $9%0
Azimuthal {ocation
Elevalion No.
2 9520
I +110

Lower Upper
half middle

T/C Locations on Heater Rod

01T RBERKERALARERE R REEERWE



|
| Elevation

3660

length

Heated

(mm)

v

36609 6

*

2975¢ 95

233044

1 735¢ 3

520¢ 2

Qe |
TYPE |

36204

2760

23301

21159

13309

1109

Elevation No.

3660 ¢
' 6

2545 ¢

¥
'3 1905

) 2

3190¢ 5

8950¢ 2

Oe |
TYPE2 TYPE3

JAERI-M 93-240

| =

Tag - ID

Horizontal location

in bundle

Region No.
Bundie No.
Elevation No.

Fluid temperature

Horizonta! ifocation in bundle

Type | Type 2
(TW-—11) [ /[TWl . 2
BO
o'~ —H—-u0
Type 3—J o
{TW---41)
#8
[1
Eb’—:‘ | 05~0.7,,0.5~07
J —
__‘_E;E 10 kﬁ

Azimuthal

Type 2

135°

lecation

Type 3

225°

R3.1.18 AWEREAERFALRREE FOBFHEEET IR
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End box tie plale

rid spacer
5603 3 - 5538(3821}
552? l AR, 5402(3685’ . @'@
5377(3660) @@@
50773360 ‘ §2
5052(3335) ' ~ (e
00 G 952{3235]
4412(2635) S X
4387(2670) ' SR s
ﬁ
£ @D”
3722(2005)- Td e
—I |Spacer 4 &
o
g
€I
30571340} S 2
pacer
x 8
2392 (675}
Spacer 2
40
}g;(?&)_ 1 1802 _(85),
Spacer 1 [1575.(-142) |
N , — Y
Across Core Core
Core short length spacer half full
P .
Bundie 6 height

R3.1.19 AMERATEFLRRER FONEEEFRUGE
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A%
iy
W

270
830
- TOH1
4]
§
o @
wy|
it Rl
190}
Gy -
57701(4053) ) V////L{//f//j/f/// T I T2l 7 7 A= UCSP
5659(39421 e T T T T A I SR T W L T LWL End box ne plqte
///i/j/]///l ///|/77/l////i///{/,7]" \__‘__‘\T d r
o] rid space
| Groy | L |brosy | P ane
I Df | { /il i\qglj l
4952 I A ST
(3235) | 1730 0V [ 1 1920t i
Pl das0! - LD
U == [ b
' O | I I
[ | i |
Py Co
4287 i | i [ ! |
(2570) N
| | | I ]
| | |
| } i ! I
l \ ! [ ‘
3622 : S
(1905} PR |
I D | [ | l “Core
3082 A0 T T T baftle
(1365) T

T
i 2 3 4 5 6 7 8
Bundle Number
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BREAK A »
( Pressure ) @
38
37
3
CORE V4
( Power )

3.66m
Core heated part

FILL @

(Mcss flow rote)\ |
Fluid temp.

M3.3.1 FtETHWR/—F 4 ¥ 7OBE



(m)

Elevation

X13.38.2

JAERI-M 93240

|
—— CCTF

) o REFLA/TRAC

¢

(input)

o~
J

O
~

¢

0

Q

¢

@

(\f\f\
AR A

i 2
Axial  peaking  factor

M ORB R O/ ER/K AR O MR B D376 A E



(m)

Elevation

JAERI-M 93-240

4
o SCTF
P o REFLA/TRAC
il (input )
O
3F © .
O
(@]
O
O
O
U
O
)
2 .. ()] —
q
¢
@
¢
o
O
| o) -
O
(@]
d
@]
Q
(@]
d
U
0 e ]
o 1

Axial peaking factor
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4 . FHEHESEER & BRET

AETR., TEHERCERERIEERT LAKRCDVTR~ S, REIKBVWTIE, &¥
5 % — » PEFKEOHLNBKIFNEE S 3HEEFRNCEL FHITE S 2H
VS FRE L 72

RS-y L LT,

(a) FOAOW T2 —VE
(b)) HFOEKEE
(c) FLFIR
(d) WORERF R )54
(e) FLHEAN
(1) REN
(g) WEEVIRE
DEE IO WTRE L 7.

4. 1 FOALY T 7 — Ry 3 e

FEAOY T 7 —VER S 2 —5 & L/ REEKEBOAE7501 (AOY 77—
BF#2 0K) RURART 523 (AOY 77— VE#HS 0K) o2V, FOADY 77
—VEhRicHs 2 FHIEREEFMEL 72

4. 1. 1cFELBKkRE, M4, 1. 205381, 22md51. 8 3mOKHEIE
BIF2EHEA FREBRT, ER TR, BEKBEKBK2 0 DEE X TOMMICHE kgD EKY
En. Z0K, BKBERBAEILTWVWS, 2 0BLBOoEKEOHNER, FLAOY T
s VEHBASVWEKREL, BROMEER, S&ME1. 22m»51. 8 3mOXEHicEY
P EAL FEIZSA OGNS, REFLA/TRACI— Fick25IEERT b EEEMERD
HEsh, TENCA T, EBBRLORFE—EHMFRFLINATYV 5,

Ka. 1. 3icE5afi@l. 83mikbU2lBEERELRT. ERRERETA S L. HEK
BAEBEBIIAAOY 7/ —VEORBR/NE W, RETHE, ALY 77 —EONIVE
B2 BEENEL. 727 oE ., JOfEE. REFLA/TRACZ—FITX
ZIAETHLHREIN TS,

M4, 1. 4h5K4a. 1, 6ics—>vT7I39 Y FE. s —>»735 v ¥ FRERU 7 = ¥
FEE A R, MRARCBVT. 20 PEEE CEFOLAETY— Y759 FLTWA, I
OHEFZREFLA/TRAC2— FOIBETLEHETETWS, EREREFHCA DL &
WBEOAOH 72 —VERKELBRDE, BFLTHTRY —v7 3 v~ FEENLPE O FO
LTRSS — YT 59y FIREBOPE B> TV, STEFER TR, FOAOY 77 —vE
BhEdse, BLEHIRBVWTI—>r 739 v FEEMBEPPLELRBEMES D, L L
MBI BB EREREDLER - TVE, LHLAREYS, 2OER1 0MEIKRTHY,
4. 1. 5icachsdtik, s—>779 v FEFLREAZLEVWRSoNTVRL, L
oo T, BERMCRASEMERIRVEZA SN S,

EBREBRAALLE, 41— YT IV Y FEBECHTAIAOV T2 - VEOCEEBR/NS W (K4,
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1. 58K) ., HEHERETH, EROFAAEBERL TV, s -V 75y ¥ FREROVT,
HEEBEREBREREERBNICICEBHALTV S,

sy FBEARELAK4. 1. 6%A43&, A0V 77— VEOREVEABDIE I BE
e s v FEELTVWRIEBbP S, REFLA/TRACI—FItk B ETLERL
AROCEFFABEREEN TV, BE, ERERTR. 3sE2. OmfhETHET S HSM
Bl RTEEIC 2 v FAEELTWEF— 9 BE b, CROEDF—F BT Y » FRR—H (
A E]l. 94m) OB FRIIET3F—5Thbd. BRSO, 7V » FAX—YODEL
KBRSy FTEARBRBIE, 7Yy FAR—HOEENPS 1 5 cniZEORXMBAN TREHBE
HEExNBEWELTWS, ‘1 REFLA/TRACI—FTRIDEIBRA~HOFHE
PEEINTVRVWAHLESMUE2., OmfTETORKE2ERTE TRV, 4. 1. 6
KA LNBESIIRTY v FAR—FOEERY ) » F2—3DEE] scnBECRBIEE
LTW3, fEoTs 7V v FXR—4OEffIHEEStAREWESR. 2oBERDIT
ZOPEEMELTd, EFLRERMBERZVWEZELA SN S,

FLALH 77 —VEBBLHNOBKETCANEH IS 3HELZREFLATRAC
I—FitlBFcEHETEL I EPHEID LN

4. 2 FFEKEESHER T 5 m

INHERKEREESAVCTEREI N TEKEE 5 A — s DREBEHRICETEERBL
fro INEEREKRBEBICLAFEKEE 7 A - 7 HREBTHEEKEE 2en/s. 4on/s. 8
cm/s. 1 Sem/s. 2 0cm/s. 2 5em/se U3 Oem/s& LBBBEBEIA TV S, 3 EE,
2em/sTIThN7ARBRT7510, 8en/sTHHLNHKET501BXT3 Ocm/sTHTH N
752003 —XIKoWTff»>7o

8om/sTIFThN7-HKERT7 501 Tl 2em/sTITHNAEHBT510&3 0em/sTITONL
SHEET7 52 0 ORICHET AHENBOIN TV, £, EBKR7 50 1 12X 25t HEREZ.
4, 1BBOTHICBRLI LS, ABMTR2e/sTITONAHABKT7510&3 0en/sT
FonrRB75 20 0BRC>VWTOART.

4. 2. 1icFLEKkEE. K4, 2. 2EsEL. 22m» 51, 8 3mOXEF
BEA FREERT. BKEENECR S L, FLNOEKEXENT 2HESERTRA SN
TWb, FETLEROBERMBERINTY S,

4. 2. SiCHafEL. 83micb it ARBEREERT, EBTR. BKEESSS
Kol Blics—r739 v FEEL, BHOs—rT759 Y FEEER-TWS, T,
Bffic s oy FA2ELTVWE, CAhLOMEIRREFLA/TRACI—FIRLBFHTETSHHE
HanTuwd,

ZafBEL. 83mTaohi bROMER., fhoFExMETC A ohR, K4, 2. 40
g—rv7Sey FEER, 4. 2. 5wy —>73v vy FEE,. K4, 2. 67 =~ FEH
it s RA R, REFLA/TRACI—FickdD, B/KEEDOHIMNIZXLS
1) By —rv 73wy FRE,

2)Y B ERTOs—r7 5oy FEREQET.
3) Bfos > v FiE
EREFABESHETETVAEI &S 5, RO LIHEGRLERBRERO-MIREHT
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HBo :
FOEAGEESFE LN OEKREBLANEEH 5L EEZREFLA/TRAC2Z~FEI
VBIFCHRTES I EBEPD SN,

4. 3 FLESSHRICET 2 HEFG

REFLA /TRAC2—FilAshiEHEkeEFvid, MHBKERTOREZ ~—
2R s N, COEFNORFEF~OBARETMs 5 LT, REFEEKHERLH
BREECANEEKERFORBREBOL Y NAREE~OEFVOBAEEZREANTHE(LE
BhHbo :

%3, 2. 2/ BEEARREE. AREEKIEALCAREE. ROAKEEEKFERE
ORBREBOTEZETEHE L. cho03%BR, WFNH 156 x 1 5 MRHESHFOM
BRI (BREMERI1 0. Tans EvF14, 3mn, MEKT3. 6 6m) TEEL TV S

SEBFLHET S L, PMETAZREBEORBERREFOMNL /1200TH50X
LT, MEFORBREE L ERFORREBORBERMREFONL /21 TH5, £/ H
BELRBEE T, BB, K3, 1. skl die, HERKEES LTV IO
HLT. ERFOZBREBE Tk, K3, 1. 1 4Rk e, ¥RFEICBEFLFER Y
—wv, MEFEIIZL Sy FAUBHSOERRICEES N TV 5,

BRSPS EEKER 5L BB+ BEs 0, AFFEOEHEARB YT 56558
B/ NMUERKRREERCANEEKERFLRREEEH W UIIDR TS, CO—#D
SeEa L b L TEHE ATV, FELER O WS EEKE OFORBKIFREECEA 5
Hicitd 2 TRIMEZFML 7,

4. 3. 1»5K4. 3. 4 FELEAGEE. FOALKEERE. PHRHNEERTE
DHEOEHOERERAYRYT . SEREBOFEEORFOADCHECIEHFZ -HLTL
Bk, RIEEZO&ESEREINTVWS, BB, AFFLCEBEIEE (Run 64) .
KR SHE (Run 4517) . ERFOCHEZESER (Run 619) @,
WFRN SRR F A FHRHEASHLMBEESHEEALRB TS 5,

4. 3. 5 KFELEXKEERT, PORBEMORBVWERES S0, K4, 3. 5T
R EREES DL FELEKBEXED LA, REFLA/TRACTI—-FiKLD
HEsEE, EROMEEELCERLTVWS, ERELERICHT 2R TR, FIEERIE
BRI RTOPEKBRILREV, ERFOEBREE TR, FLOOARIICAL e~V D7D
o= H ARBEST oY, MOS0 TEE8H 5, REFLA/TRACI—
FOSHETIR, ChoDT 22 2RVWARBERERCCHEL b icEBKBSDIDIRH
Bxhi-db0:tEbN B,

K4. 3. 6 cFELHRBFEORE R4 FRERYT . AFFLAB L/ NEBEKARDOKE
B, SaxE1. 22mp51. 83moXMoFEHEA FRE, FRFOLRBROKERIEE
X@EL. 365mbol. 905 mOXMOFHFES FETH S, LET 3XKHPEREE
Xk -TRE-TVWAOR, ERTCONERMOEVOLDTHS. REFLA/TRACT
— Flc X 23tEEER, WFhoHBIEBLWTHEBRBRLE LI (AL TV S,

K4. 3. 7 BELPTRBFFOEBEEELERY. ABFLAR L NDUEEKEBROER
RESME]. $SmicBi2HBEAEE. TRFLEBRCOBRISEMNEL. 905mD

—41—
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BBEREZELEARLE, FEERAVTHOHRICBVWIOHEBER L I(—&HLTY
%,

4. 3. 8R4, 3, 10K —~v73o/FEM, s—v739 v FRERUZ =
yFERERT. ChoOERR. BEEMABIBVWTREFLA TRACZ—FiTLbiA
DRSS ERE LS FRITE AL EERLTWS,

DIEo#ERE, S, AFFLEBREBESCERFURBEBO LY NAB OB LADOEKEE P
BHEEHEREFLA/ TRACI—FRIWBEIFIHBEHETEAILEHATE

4. 4 FOPEEESEMISAHR T 5 G

4, 3HiTR., FORROELELLT, FLOORBARERUFPLREOEROE ) FHR~D
REFLA/TRACZ— FOBFERAMIE>VWTH~ Iz, 4. 3HOLE TR, FLOND¥ERH
MBS HLTHBESMBEEREBRERE L LTHEMB L, TOER, REAHROH 15
FRVHAEES AP FIELE RN RERTH T, REFLEET3HRICELTHFLOA
OERBEFHCRHMEHERIFICHERETE 5 I 2HETSE 1

ATk, FLONOERFRHIAHNEIBE~DOREFLA /- TRAC2Z-FD1K
TEEKEFVOBAECOVWTRIT 3, HEE. BFFLEBREEEH VW TITHO A FIE
HAAE (Run 64) t2BEARBR (Run 63) 20RELTIT- 2. FHEAR
Bila, sHichR~ARBLE—0FBTH ., ¥BRFMCEETHASH EVHRES %
BATIT-HZABTH 3. ChicygL T, [EMAEB IR ERSRICEBISENSH AR
ESHEBLTIT - 1HB T3, BEHARXRIE. K3, 1. 8E&RLAPLDL Y F
WEHEAO L, 3560l iE, ABDL 6/ FARFEERAD0. 76 250HI%E.
hifio 1 25 FAarFEBRHRA0L1, 200l hEE5ATCERaI. BEBTREESRE
OHRNFHO-Bic, BFFOHALHBEEFREERRR > TVWAE, FL2KOTFHEBETE—I
LTWb, $7-. BEKMEHOFL2FOER A VF—3REBRT -HL TV 5,

4. 4. 1 RFLEBEKEBEFRT £/ . K4, 4, 2kGsUEL. 22m»251. 83
mEFTOREIEIFTEREES FRERT, KRTESHAFLEKBEEHF A FEIF, ¥
BAECOHNSESEETIRBEZBEARBRTRE-RLTWE, 202 &R, FLATHER
B OHRBRENELAT, FLHEHNTRE-BRICEBKRKIDLTVWEILEERLTWS, BRE
TE2L, EFRAAMCORBRAH DL EBRTHBERTH > THEREHC>VWTIR—RT
WREFNVTHIRA DL EEZRLT WS,

REFLA /TRACZI—FOIERITEFNVTR. FLROBEEOMIGE 2 FHAR BT
REXET, RATELBHELZRZELSIETVE, THbE, (BFMICHARSBEEKD
HETHOLIEEBRRICRELTVWS, REFLA/TRACI—FOLIEKEFIVICLS
HEARRaBEIERCBVWTLERBREBFR—FEHFA TV,

M4, 4. 3EafrE1. 83mic B3R EERETT. BEKMHEER3 0 WEEET
oM Ti, FHEANRBTE SO A BRERLEBRBNEROSHNBOREER O RITELE
BRBEZEL{E-TWVWS, JhicK<40BLBR15 00 ToBEITR, SHABORIEK
REOAERREIFEHENEZBR THEONWAREERID GEF LTS, LOILR, AE
JKBERAE % iz, 1 IRITHERA 2R S D, Z0RSRTHBHE LD IHFHIED
BMEEBEEShIMEEIcH B EEZRLT VS,
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REFLA/TRACZ— FO1RTEFATIR., FHRAREELE L TREFHE A
BAEAXET VD, £/, ZORBHELNAREBREEAVT, HNORT2RMEORE
BENIEENE, SHAEEBEHIBEOMORREROZEVR, BEOEVICH I YHEED
BOEs I vFAOESSSOBVEBELTRAEINTLT, BFINAREC K/ FROFL
HEBIATORV, COLINHETELNLREFLA/TRACA- FOFEHRES
4 &. EEKEIBER TR I v FADSOERSEHABLERABTRELEVSR VL
HIHEREELVEEEREL > TVD, 2, BETREBNRORI NI I v F RIE
CHEFT BBy FEDSOERSBEIC/NECRD, TORERELTERIHRDRES
PEVREEETH L EHEINTVE, ERERTASATVS &5 RHHIROREEER
PEEDEOREER LD bERAEHIRREFLA/TRACI— FOLRITEFVICK
ZHETREBRINTVAEV, ChonRR. ERTH ONAGHIBCH T 5 BmERE
PELHOBRCABRFEHCEIBRRTHLIEEREL TV S,

K4, 4. ARSsHELl. 83micbi 2BERERRT, K4, 4. 4@, HED
Feic. PHEARBOERGSHENBLERABCETIHELSDETRLTH S Gill
e oWT A% E, EEkBIG%S 0 W ffiEx ToMMTIER. REFLA/TRACI—F
PHBEHEBRERBEELEC -HLTVWS, col &it. K4, 4. 3BVWTHEKMEE
Bic 1 R RBERA BB A b hiz CEEWBELTWE, 5 0BLETIZ. REFLAS
TRACZ— FOHBERIERERCHNTEHOREERLTVWS, ¥/, 73 ¥ FHH
REBRBECE~TESPHEIA TS, SO &3, RETHSNAFHIBICET BH
CEREEFREFLA/TRACI— FOIRTEFATREBRTE TR, > & &G
LTWwd, ERHBIE VTS L, ERERCHATPPRHAR 7z v FZELTVE D
o, BERFEF*RIFIERELTW S,

4. 4. 5poM4, 4. TicRBaMBICBISs—vT 50y FBE, 53-¥T59Y
v FBERG I Ty FREEERT. /YT 39 Y FEEEs—vTI vy FREZSD &,
REFLA TRACZ— FOFBERSHAELERAROVTHEOVTHEROEMER
FIcEBE LTV, COZtit. BAFNIEENRSHEEREZREFLA/TRAC?
— FOIRTEFAIC LD IBEI(BRTELZIERRLTWS, '

sy FEBEconwTASE, M4, 4. TRTRTLIE, BHABCODVWTRERERIC
HRTEBD 7 T v Fil%E, BEARCOVWTRERERICH~RTEYO 7 2 v FEE%. -
FRLTV S FLLHO 7 = v 7B SNAHEEREEREROEV R, RROKRF
YR 2 BRI B ABOMBESBREF LA/ TRACI— FOLRLEFAVTRET
ftah TV Th b,

Dl FoERA 5. FONOERAMICABREZHNFAECMHEESHBSB5CWdLT
REFLA TRACI—FO1KTLEFVEFAHLLECI,

(1) FLEKBIESWTIR, ¥BAERENDHEEMNHEESROH 3 BRI EBRCE
WTHERBEREBIFR—-HEZAL &,

(2) s—v7 5oy FBMEs—vT5 Y v FREC VTR, RBERLBRFE-EWHE
bhaCl, 7y FBHic LWTRERRE > VWTREDR, BHABRIKOVLTE
BHicitRET AL

el ol I

LAFIEN L EER RSN BEEEL T TS LT3, REFLA/TRAC2Z—FD1
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RILEF VL, BRTHEBICL 2GR IROBRZEESEENLT UMK -7 59 ¥ F
FHELZBECR, AR EEAEEO—HKE2E5L2b0LHfFTE S, 1. ZROTHR BN IC &
EEWHEORERIEESEELLALUBY — v T30 v FEAT IR’ BRIHES
TESOMEZRLIETIEACHZEZELON, BHOREHBEREEEALZD0LFE
2572, Lizd-T. REFLA/TRACT—FOIRTEFVRESHEETEREZ TR
+2 L TEHREFVEVL B,

4. 5 FLHADHRCH 5

K AHEKEESFORBREELXH W TERINLFLOHE A 5 2 —y HRER (GHITREBR
Run 62 C{EH AR 63) ERRICITET ~ 7o CCTHBAERETFATVSEEKR,
#£3. 2. 1 OB, THIERRE (Base case test) ELTRLAEEERTS %o

EHHRBROKBESA R, HEEFV2 - FEFAOWTORFORLHERITICESVWTED
ShTVWd, SHARBOELEE., BHEEsihg & U TIRANSX L 2+Actinidex 1.1 (R 7 7
L3 0F) RHEELTEY. BEKEEEOFLHNOEEBHIEERL. 40kW/ / mT
Fot, chicxlL., BEAZBROFELEAIR. HERMERE L TIZANSX 1. 0+Actinidex 1.1
(22 5684 0F) 2EBBELTEy. BEKHEFOFONOEGHEENEREILL. 067
KW,/ mTho-7o BB, AMTEEARBEFATVWIERIZ 4. 4H R ABBEIR
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Measured peak Calculated peak Tz-Th
Test name clad temp. (K} clad temp. (X)

Ty Te (X

CCTF Run 55 1099 + 12 1088 - 11
CCTF Run 62 1119 + 8 1127 + 8
CCTF Run 63 1083 + 8 1095 + 12
CCTF Run 64 934 + § 928 - 6
CCTF Run 67 1133 + 6 1156 + 23
CCTF Run 71 §39 + 6 666 + 27
SCTF Run 619 940 942 o+ o2
SSRTF Run 4517 952 953 + 1
SSRTF Run 7501 956 993 + 37
SSRTF Run 7510 1057 1063 b
SSRTF Run 7520 973 1005 32
SSRTF Run 7523 977 997 20
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