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EVALUATION OF FUEL CENTERLINE TEMPERATURE OF LWR FUEL RODS
DURING FIRST RISE TO OPERATING POWER
-RESULTS FROM HALDEN POWER RAMP TEST

Kazuaki YANAGISAWA and Misac FUJITA

Division of Nuclear Safety Research,

Tokai Research Establishment, JAERI
(Received August 19, 1982)

In order to reveal principal mechanism which is dominating
LWR fuel rod failure due to pellet-cladding interaction,in-reactor
irradiation experiments at Halden Boiling Water Reactor(HBWR) ,Norway
have been undertaken by Japan Atomic Energy Research Instifute..

The test titled as "Halden Power Ramp Test" has been initiated since
1979.In the test,fifteen Japanese fuel rods which have equivalent
specification of 17x17 PWR rods and 8x8 BWR rods of current commercial
power plants are involved.

The fuel rods for future power ramping are now in base irradiation
stage under the simulated condition such as typical 1ight water reactor.
In spite of their base irradiation stage, it is possible to get in-reactor
and on-power data by means of instrumented equipments to measure fuel
centerline temperature as well as to measure rod plenum pressure as a
function of linear heat generating rate.

Analytical evaluation of these data at the beginning-of-irradiation
was performed here concentrating on fuel thermal behavior under the
operation.Experimental variables in the analysis were addressed to two
fabricating parameters such as diametral gap and pure helium fill gas
pressurization.

The results of evaluation are described in detail. It is the
specific feature of this study to include experimental facts and related
analyses that enable us to understand thermal behavior of fuel rods under
the operating condition of commercial power plants.

Keywords: Fuel Centerline Temperature, LWR, Power, Halden Power Ramp,

Test Evaluation, Pellet-Cladding Interaction
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Table 1 Summary of 17x17 PWR fuel rod characteristics

1.1 Material

1.2 Enrichment{%U-235)
1.3 Density

1.4 Pellet diameter

1.5 Pellet length

1.6 Dishing

1.7 Edge chamfer
Cladding

2.1 Material

2.2 Heat treatment

2.3 Surface treatment
2.4 Clad 0.0.

2.5 Clad I.D.

Assembly

3.1 Enriched fuel length
3.2 Enriched fuel weight
3.3 Diametral gap

3.4 Fill gas

Sintered U02 pellets

13%

95 #T.D.

8.2-8.3 mm

13.5 mm

Both ends(0.3mm in depth)

None

Iry-4

Stress relieved

Autoclaved outer surface only

9.5 mm

8.36mm

448 mm
243 grams
0.080 and 0.170 mm

He at 1.5 and 3.2 MPa



Table 2

Fuel

1.1 Material

1.2  Enrichment(%U-235)
1.3  Density

1.4 Pellet diameter

1.5 Pellet length

1.6 Dishing

1.7 Edge chamfer
Cladding

2.1 Material

2.2 Heat treatment

2.3 Surface treatment
2.4 Clad 0.D.

2.5 Clad I.D.

Assembly

3.1 Enriched fuel length
3.2 Enriched fuel weight
3.3 Diametral gap

3.4 Fill gas

JAERI—M 82—127

Summary of 8x8 BWR fuel rod characteristics

Sintered UO2 pellets
13%

85 %T7.D.

10.31-10.44 mm

10 mm

None

0.2x0.4 mm

Iry-2

Fully annealed
Autoclaved on both sides
12.27 mm

10.54 mm

448 mm

400 grams

0.100 and 0.230 mm

He at 0.1 and 0.3 MPa
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Table 3 Fuel characteristics as testing variables

FUEL CHARACTERIZATION

variabe e YPe | pwR BWR
_ large 017 0.23
As-built gap
{mm) small 008 0.10
high 3.2 0.3
Pressurization
(MPa) | low 1.5 0.1

Table 4 Summary of equations of temperature-jump distance
as a function of fill-gas pressure have been used
in a various fuel performance computer codes

CODBE MODEL EQUATION

GAPCON-THERMAL-1 | empilical g=3-756x102% [Ta/M
FRAP-T5
FREG-3,4A

g _ —0.2171 K=, 1
GAPCON-THERMAL-2 | Lioyd et ol |g=021715 A =an P
FRAP-T6

FEMAXI -1II Corstant set|g= 59,10

SIROD FoP
g :JUMP DISTANCE (m) a; : ACCOMODATION  COEFFICIENT
M :VISCOSITY OF GAS (gm/ms) f; :MOLE FRACTION
P :PRESSURE OF GAS (Pa) M; : GRAM MOLECULAR WEIGHTS
Ty :TEMPERATURE OF GAS (K) g. : JUMP DISTANCE _OF EACH GAS

: .2 i
M  :MOLECULAR WEIGHT OF GAS (E.G.,10 um FOR HELIUM)

Kgas: GAS CONDUCTIVITY (W/mK)
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Table 6 Fuel centerline temperature of variously designed
8x8 type BWR fuel rods as a function of local
representative power at thermocouple locatien in
which coolant temperature as well as pressure at
operating condition is included.

Diam,gap 230 100 100 230 Coolant temp. Coolant
EFTz at thermocouple pressure
i as ¢.1 0.1 . .

(Mpa}g 0 ] 0 3 (oc) {M?a)
Rod no. BWR1 BWR2 BWR3 BWRY

Selected power

{kW/m)

2.5 308 280 288 a7 220 7.0
5.0 377 340 345 378 234 "

7.5 446 405 403 460 240 "

10.0 513 458 460 550 250 "

12.5 585 517 530 625 252 "

15.0 670 570 595 700 254 "

17.5 724 620 650 767 258 .

20.0 814 685 690 840 260 "

22.5 880 730 750 900 264 g

25.0 938 785 805 968 268 “

27.5 1009 845 860 1050 270 "

30.0 1070 895 918 1100 275 .

# Coolant flo

Table 7

w rate at test; 3.0 k1/h

Calculating results of fuel centerline temperature
of PWR 0,17mm as-built eap rods bv using three
different models of temperature jump distance

| Pressure | Power | FEMAXIFIII  GT-1 GT-2,3
(MPa) {kW/m) (*C) {¢C) {*C)
0 240 240 240
12 582 584 583
3.2 23 964 968 967
35 | 1319 1325 1324
0 240 240 240
12 582 582 582
1.5 23 964 965 963
s | 1319 1321 1319
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St-:corfioAnv CooLING SvsTEM

7

CooLer

Pump CD |
P9,

PuURIFICATION

FPRESSURE’
ContrRoL

HALDEN POWER RAMP
(JAERI)

Fig. 1 Schematic representation of high pressure loop in
HBWR for fuel rod base irradiation of Halden Power
Ramp Test

‘HEAT EXCHAGER)]

108 UPPER CLUSTER
h

|’ D (Sfx tuel rods)

CLAD ELONGATION
SENSOR

[ THERMOCOUPLE ]

;9_

LOWER CLUSTER
(six fuel rods)

RoD INNER
PRESSURE SENSOR

HIGH PRESSURE
FLASK

TURBINE FLOW|
METER

Fig., 2 Schematic representation of high pressure rig of
PWR involving a various kind of instrumented fuel
assemblies
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LEGEND:
® LARGE GaAP n
* SMALL GAP

..o..f"‘ 3

" " ! i " . M 1 1 i L }

10 20
ROD . AVERAGED POWER (kW/m)

Fuel plenum pressure of PWR pressurized 3,2MPa
rods vs averaged linear power as a function of
gap clearance (170um and 80Qum each) during lst
startup cycle

1 200——————T———1—
| BWR:0.1MPa .‘ |
1000 ] -
.l ® @
i large gap ,* e ]
230 ym ®
800 7 Ay S’ —
.. @G)'
L . @ ]
[ o
< « 0%
—600r- .o.smallgap -
o o . IDO}.N
L I ® oz A
[52)
400 ¥ _
*ap
= @ -
¥
20 —
Q%- 1 i N ] L 1 5
0 10 20 30

LHGR at TC(kWwm)

Fuel centerline temperature of standard 8x8 BWR
fuel rods vs local heat generating rate at ther-
mocouple location as a function of rod as-
fabricated diametral gap
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Gap=0.23mm -

o
%)

CLAD AXIAL ELONG.(mm)
CLAD AXIAL STRAIN(%)

0 10 20 30 40
LHGR (kW/m)

06 I [

1

-0.10

0.2

~—
|
o
&

CLAD AXIAL STRAIN(%.)

CLAD AXIAL ELOGATION(mm)

] 0.0
10 20 30 40

LHGR(kW/m)

Fig, 11 Clad axial elongation of BWR standard rods vs
averaged linear power as a function of as-
fabricated gap clearance (top; 230um, bottom;
100um} during lst startup cycle
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-
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Fig. 12

Fig. 13

10 20
ROD® AVERAGED POWER (kW/m)

30

Fuel plenum pressure of BWR standard rods vs averaged
linear power as a function of gap clearance (230um

and 100um each) during lst startup cycle

1200 L I ¥ l 11
. PWR:017mm gap i
Vo
1000 el T
L4 .% -
— 1.5MPa iy
800 - ¢3.2MPa ]
! A 4
— 600 s
O K
LL- - -y
&
400 & ~
?
#F COOLANT ..o 7777 7
, ® -
OO%M 1 i 1 l ! B
0 10 20 30

LHGR at TC{kWm)

Fuel centerline temperature of as-fabricated gap
clearance of 170um 17x17 PWR rods vs local heat
generating rate at thermocouple location as a
function of fill gas pressure in which coolant
temperature at the place is indicated by broken
line ‘ 3] —
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Fig. 14 Fuel plenum pressure of PWR large gap 0.17um rods
vs averaged linear power as a function of fill gas
pressure (3.2MPa and 1.5 MPa each) during lst startup cycle
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Fig. 15 Fuel -centerline temperature of as-fabricated gap
clearance of 230um 8x8 BWR rods vs local heat
generating rode at thermocouple location as a
function of fill gas pressure in which coolant
temperature at the place is indicated by broken line
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Fig. 16 TFuel plenum pressure of BWR standard 0.23mm gap rods

vs averaged linear power as a function of fill gas
pressure (0.3MPa and 0.1MPa each) during lst startup
cycle
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INPUT DATA L1ST
1 2 3 & 5 L) 7 -]
CARD NO. ....5....0....5 - T DURDY. RS SR SRR, DR FRR P PR R DS PR
1. IFA-524 P 01¢0,17MMGAP /3, 2MPA-HE) FCLT=IN-BOL:LOWER CLUSTER
2. ¥LINPUT GR=8.6,R1=3.0,R2=2.0,DMAX=0 .44, $BU=500, . 1CK1=] BEND
3. 9 5 3
[ 1 0.8365 C-9505
5. 2 o c.0 0.B1% 1.0112 0.13 0.?7516 L]
6. 2 o 0.0 0.819 1.0112 0.13 0.9516 3.0
7. 2 Q 0.0 0.819 1.0112 0.13 0.9518 5.0
8. 2 o 0.0 0.819 1.0112 0.13 0.9514 5.0
?. 2 0 0.0 0.819 1.90112 Q.13 0.9516 5.0
10. 2 a 0.0 0.819 1.0112 0-13 0.9516 5.9
1. 2 o 0.0 0.81% 1.0112 0.13 D.9516 5.0
12. 2 [} 0.18 0.81%9 1.0112 0.13 0.9516 4.0
13. z Q 0.18 0.819 1.0112 0.13 0.9518 L.k
4. 0.6 .03
15. 5.0 3.2 1.0 0.0 .0 0.0 241,
16. 8
17. 0.0 0.001 7.8E13 513. 13.0
18. 0,71 0.78 0.86 D.94 1.00 1.06 1.12 1.16 1.21 ]
19. 0.5 5¢.0 517. 14.8
20. 1.0 10G.¢ 537. 14.6
21. 1.5 150.0 556. 1&4.7
22. 2.0 2C00.0 573. 13.2
23. 2.5 250.0 573. 14.7
24 3.0 300.0 373. 14.7
25. 4.0 0.001 7.8E13% 513. 13.0
26, STOP

BINPUT

....5....0....5....D....S....U....S....0....5....0....5....0....5....0....5,...0

IHESY-U;INTST-O,IPLTID,ILDCK-O,MM-i.NN-S.KK-!,NGRZ-3000,NGR!!ZOO-1TEND-i;KUHAK-ID;IlV-D,NRECi-ll,NRECE'i,NTEHPII;!NPCK'B;IBUNP'UJ
ICHI'O;]CKI'IpECRAC!-ZBDDDDDDDD.OOOODOOO;EPSRLI!U.3000000000000000010-OE,KRELOC-D.SOOOﬂBBDUDDDDHUOOS,FRELDCID.500000000000000000;
GR-S.6000000000000000?,R1'3-00000000000000000;R2=2.00000000000000000,THETP-O.500000000000000000,YHETC-i.GOOOOODOGGOOODOGG,AHUI
O.399999999999999994,lV:O.199?99999999999999D-02,CRTM-O.O,TROGM-ZQI.1‘9999999999977,DMA!ID.QAOOOOOOGGDDDDDDOZ;SBUISGG-900000000000000'
1V=0.0,pHCHG=0.B,DCHGID-500000000000000000.EPCUN--IOOOOOO.DDOODODDUUU;BETAXIB.1??9??99999999999?D-02;lNll.DDDOODDOOOOOOODDD;D?I!'
1O.OOOOODDUUUQOOOOO’EFCDEF=10-0000000000000000,lHREL-O»i,1,0’1rO,O,U.G:O;1,0;0;1;0;040-070;D’D-0;040,IYVKO’TYYizo.O,SYVilO-O;TYVE'O-O;
SVVZ=D.D,CRFRC=1.}000000000000000&,GRPLK-S.QOODDOOOOOOOUUBGB,TCS-ZD?!.1499?999999?98,SC5-1000000000-00000000,5CT=10000000.0000000000;
15CC=0,A0=0.0,

EEND

P.W.R. FUEL RQD.

= INPUT DATA

¢1) PELLEY SPECIFICATIONS ----
NODE DIAMETER (CM} SHARE u-23s FRACTIDNAL ONE PELLET KODE
INS1DE OUTSIDE GCHAMF  DISH ENRICH. BENSITY LENGTH (CM} LENGTH (CHM)
1 .0 0.819 Ex 0.130 ¢.952 1.012 4.400
2 0.0 o.819 ®k 0.130 c.%52 1.011 5.000
3 6.0 0.819 = C.130 0.952 1.011 5.000
& 0.0 ¢.81% s 0.130 0.952 1.011 5.000
t 5 .0 0.81%9 rx 0.130 0.952 1.011 5.000
é c.0 0.819 ax ¢.130 0.93%2 1.011 5.000
7 ¢.0 0.81% na ¢.130 0.9%2 1.011 5.000
8 0.180 0.81% *x 0.130 0.952 1.011 6.000
¥ 0.180 0.819 b 0.130 0.952 1.011 &.400
DISH DIAMETER (LMY = Q.500 D18H DERTH {CM) = c.030 DISH BOTTOM LMy = ¢.0
PELLET TCTAL WEIGHT (GRAMY = 241.000
GRAIN SIZE (MICRON = 8.600
MAXIMUM FRACTIONAL DENSITY = C.956
SATURATE BURNUF (MWD/TUOZ) = 500.000
(2) OTHERS
CLAD. MATERIAL IS STRESS RELIEVED 2IRCALDY
CLAD. INSIDE DIAMETER (CM) 0.8346
CLAD. OUTSIDE DIAMETER (CM} = Q.95Q
THERMAL RELOCATION (-3 = 9.300
PLENUM VOLUME (CMzx3} = $.000
INITIAL GAS PRESSURE (MPA) = 3.200
INITIAL GAS COMPOSITION {(PERCENT)
HELIUM = 100.0
NITROGEN= 0.0
KRYPTON = 0.0
XENON = 0.0
PELLET SURFACE ROUGHNESS (CM) = 0.0003
CLADDING SURFACE ROUGHNESS (CM) = 0.,0002
fDOM TEMPERATURE (DEG.K) = 291.15

j— 38 _
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IFA-526 PWR-01(0.17MMGAP/3.2MPA-HE) FCLT-IN-BOL:LOWER CLUSTER PAGE 5
L A L R R e w5
LR wrom omorueed e ps G o ToTAL aas soro  GAEer | cNeAs| ik a/imsy
T T e e i awy awis el v sovers oovens oo sesw oo aisw o0
----- ;_;__-_-_5:;-----;6?5--‘*--;:1-;----;;aj;--';;;j;---;;;t;---zaa.s 0.342% 0.3395 0.0 53.617 0.0 0.500 0.00E_
----;;-E—--_ 1.0 160.0 0.4 1 567.8 385.0 286.1 273.4 0.38%0 0.3836 0.0 49.232 0.0 0.500 0.000
LTI e e i s i i zeris o oowve oo wier o oo o.o0s
‘“”;;’; ““““““ ;:;ﬁi?A;;;:;------I?;-;-'--;Z;?;—__;;;-; ) 345‘5__A315:?‘_g;?}}fu‘?:fef? _________________________________________
----;;_; ------ ;:;----;gaja ------ ;j;’;"’;;;;:;"‘;;;:; 354.2 __EEE:?__E:EE}?__?:EZ?? _________________________________________
N soos ik i rmaweis smid alew eever

0.3031 ©0.3¢le

IFA-524 PWR-01CO.17MMGAR/3.2MPA-HE) FCLT-IN-BO0L:LOWER CLUSTER

FRACTIONS DF GAS MIXTURE (X}
N2 KR XE

PRESSURE IOD(10Q-5

GAS (MOLE}
(MRA2 GrimM2y HE

BURNUF I .
INITIAL RELEASE PRODUCE (§.2)

(MWD/TUD22I

TIME
1 (HRY

LHR
(WiCMm)

0.0C87% C.CCA7% 0.00000 0.00000

INPUT bDATA L1sT
1 2 3 4 s -] 7 -]
CARD NQ. ....5....0....5....0. ..5....0....5....0....5....0....S....D....S....O....S..A.O
2. 1FA-524 PWR-02(0.08MMGAP/3.ZMPA-HE) FCLT-IN-BOL:LOWER CLUSTER
2. ¥INPUT GR=8.6-?2=3.0.?2=2.0,DHAK=0.LL,SBU¥SDO.;ICK1=1 ¥END
3. @ 5 3
[N H 0.8365 0.9505
S 2 <] 0.0 C.B28 1.0060 Q.13 0.9516 Lok
& 2 kel o.¢ 0.828 1.0040 0.13 G.9516 5.0
7. 2 Q Q-0 0.828 1.0080 0.13 0.9518 5.0
8. 2 o Q.0 0.828 1.0080 0.13 Q.9518 5.0
9. 2 o 0.0 0.828 1.0080 0.13 0.9516 5.0
10. 2 ] .0 . 0.B28 1.0060 0.13 D.?516 5.0
11. 2 0 e.0 0.828 1.0060 0.13 0.9516 5.0
1z. 2 b Q.18 0.828 1.0060 .13 C.%516 4.0
13. 2 Q 0.18 0.828 1.0080 0.13 0.9516 L
14. 0.6 0.03
15. 2.9 3.2 1.0 0.0 6.9 0.0 247.
14. 8
17. 0.0 C.001 7.BE13 513. 13.0
IB. 0.71 0.78 0.86 0.94 1.00 1.06 1.12 1.16 1.21 a
19. 0.5 50.0 517. 14.8
20. 1.0 100.0 537. 14.86
2%, 1.5 150.0 558, 14.7
22. 2.9 200.0 573, 15.2
23. 2.5 250.0 573, 4.7
24 . 3.0 389.0 ST3. 6.7
23, 4.0 0.001 7.8E13 513. 13.¢0
26. STOP
LRS- RUSIR PR, T IR PR I DERY P P P TS R S

EINPUT .
!REST=O,1NTST=O.IPLT=0,ILDCK=D;HM=1.NN!S,KKKB,NGRZISOOOpNGR3=ZOO,1TEND=1.KUHAK-10,IZV=O.NREC1=11,NREC2=1.NTEH”IZ’INPCK-O,IBUNP=0,
ICHI=0;ICE1=1.ECR&C}-ZDDODDDDOG.DDODDOOG,EPSRLZ'D.SOOOOOODOODDOOOOOlD-OZ.XRELDC=0.300000000000000003;FRELQC!O.SDGGOGBDDDDDDDBOOD,
GR=3.60000000000000009.R1'3.OOUDDOOOODDGOOODO,RZ=Z-00000000000000000,THETP’O.500000000000000000;THETC'l.OBDDDBOOODDDOOODO.AMU!
0.399999999999999994,A?=0.19999999999099VBV?D-OZ;CRTM-0.0,TRGGM=2?1.149999?99?9?9?7,DMA!=0.GGDDDDOUUDDDDDDOQZaSau:soo.oooooooooooooou,
ZU=0.0;PHCHG!0.0-DCHG=O.500000000000000000.5PEDN=vIDDOOD0.000UDDOOODU;BETAxxn.1999999999999999990-02,lN-i-OOOOOOOOOOOOOUUDD.DPX1=
10.000DOUODODOOOOOD.EFCOEF=10.0000000000000000;IHREL=O,1,1;0,1;0,0,D,O—D,1.0.0;1;0—0;0'0;0.0,0;0,0'0.1YY-O.YVY!=O.D.SVVI!O.D,TYV2=0.D,
SYY?=G-0,CRFﬁC=1.3000000000000000&,GAPLK=3.00000000000000000,TCS=2073.15999999999998,SCSXIOODDOOOOO.00000000;SCT=1OOUUUGD-0000000000,
IscCC=0,A0=0.0,

&END
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P.w.R. FUEL ROD.

= INPUT DATA

{1 PELLET SPECIFICATIONS ----

NODE DIAMETER (LM} SHAPE u-235 FRACTIONAL GNE PELLET NODE
INSIDE OQUTSIDE CHAMF  DISH ENRICH. DENSLITY LENGTH (CM) LENGTH (CM)

1 0.0 Q.8:28 xr 0.130 0.952 1.006 4.600
2 6.0 0.828 xx 0.130 0.952 1.006 5.000
3 0.9 0.828 e 0.130 0.952 1.006 5.000
& 0.0 0.828 xx 0.130 0.952 1.006 5.000

* 5 0.9 0.828 s 0.130 0.952 1.008 5.000
& 0.0 0.828 Ex 0.15¢ c.%52 1.006 5.000
7 0.0 0.828 (L] 0.130 0.952 1.006 5.000
-] 0.180 0.828 L] 0.130 C.952 1.008 6-000
¢ 0.180 0.828 ax 0.130 Q.952 1.008 4.400

DISKH DIAMETER {{M) = 0.600 DISH DEFTH (CMy = 0.030 DISH BOTTOM (CM) = 0.0

PELLET TOTAL WEIGHT (GRAM) = 247.000

GRAIN SIZE <(MICRON) = B.600

MAXIMUM FRACTIONAL DENSITY = 0.95¢6

SATURATE BURNUR (MWD/TUQ2) = 50¢.000

(2> DTHERS

CLAD. MATERIAL 15 STRESS RELIEVED II1RCALOY

CLAD. INSIDE DIAMETER (LM} = 0.836

CLAD, OUTSIDE DIAMETER {(CM) = 0.950

THERMAL RELDCATION {+) = ¢.300

PLENUM VOLUME (CMrx3} = 2.9¢00

INITIAL GAS PRESSURE (MFA} = 3.200

INITIAL GAS COMPOSITION {PERCENT)

HELIUM = 108.0
NITROGEN= 2.0
KRYPTOM 2.0
XENON = 0.0
PELLET SURFACE ROUGHNESS (CM) = 0.0003
CLADDING SYRFACE RDUGHNESS (CM) = o.ooo2
ROOM TEMPERATURE (DEG.KD = 2%1.15

IFA-524 PWR-02(0,08MMGAP/3.2MPA-HE} FCLT-IN-BOL:LOWER CLUSTER PAGE 5
I NFODRMATION ¢ NODE NUMBER 5 )
NST I TIME LHR BURNUP I TEMPERATURE (C) GAP CON., {(W/LM2 O CLEAR CONTACT F.G.R, 10D(10-5
I {HRY (W/7CM) (MWD/TUDYIL PC PS5 cl <o TOTAL GAS soL1p {M1Y {MPAY (X G/CMZy

1.59¢33 1.5887

239.9 0.5345 0.5345

NST I TIME LHR BURNUF I GAS (MOLE) F.G.R., PRESSURE IDOD(ie-5 FRACTIONS OF GAS MIXTURE (%)
I {HRY (W/7CM) (MwD/sTUD2) T TOTAL INITIAL RELEASE PRDDUCE X2 (MPA2 G/CM2Y HE N2 KR XE

o.000 i00.0 0.0 0.0 .o
0.000 100.0 0.0 0.0 O.;-
0.000 100.0 ;-0 0.0 0.0
0.000  100.0 - 0.0 _;_
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INPUT DATA LI ST
1 2 3 4 5 é k4
CARD NO. ....5....0....5....0....S....0....S....0...-5--..0----5..-.0....5....0....

1. IFA-524 PWR-03(0.17MMGARO1.SMPA-HE) FCLT-IN-80L:LOWER CLUSTER

2- ¥INPUT GR:S.6,ﬂ1=3_O,R2=Z.0,DHAX=O.&&,SBU=500-,ICKi*l EEND

3. 9 s 3

L. 1 0.8345 9.9505

5. 2 o] 0.0 7.819 1.0150 0.13 0.951¢ 4.h
& 2 4] 6.0 0.819 1.0150 0.13 0.951& 5.0
7. 2 [+ 2.0 0.819 1.01590 0.13 0.9316 5.0
B. 2 [ e.¢ 0.819 1.015¢C 0.13 Q.951é 5.0
G- 2 Q 0.0 o.819 1.0150 0.13 0.9514 3.0
10. 2 ¢ .0 0.81% 1-0150 0.13 0.9514 5.0
11. 2 o 0.0 0.81¢9 1.01%0 0.13 0.9514 5.0
12. 2 [+ c.l1l8 o.8lw 1.01%0 0.13 0.9518 &£.0
13. 2 o ¢.18 0.81% 1.0130 0.13 0.95148 Lk
14. 0.6 0.03
15. 5.0 1.5 1.0 0.0 0.0 0.9 242.

16. B
17. 0.0 0.001 7.8E13 513. 13.90
18.. 0.71 .78 0.86 0.94 1.00 1.06 1.12 1.14 1.21 8
19. ¢.5 30.0 517. 14.8
20. 1.0 100.0 §37. 14.86
21 1.5 150.0 556. 14.7
22, 2.0 200.0 573, 15.2
23, 2.5 250.0 573, 14.7
24 3.0 300.0 573. 14.7
25. 4.0 0.001 ?.BE13 513. 13.0
24, STOP
--..5....0....5....0....5....0....5....O....5....0....5....0....5....0....S.. -0

EINPUT

1REST=U,INTST=0,[PLT:O,ILUCK!O,MM=1,NN:5,KK-S,NGRZ-!ODD.NGR3-200,ITEND-1,KUHAI-IO;IlVSO,NHECi'il;NPECZ'l,NTEHP‘iyINPCK‘D;!BUNP=0p

1CHI=D,chlsl,ECRACZ:ZOOOOOOOOO.00000000.EPERLZ'O-3000000000000000019-02,!RELDCID.300000000000000003;FRELDC:O.SOOOOOOOOOOODDDDOD;
GR=B.ﬁOODDDQODDODDOOO?,R!=3.0000000000000G000.R2=2.00000000000000000.THETP=0.500000000000000000,THETC*l.00000000000000000¢AHU=
D.39???99999999?999&,&Y=0.199999999999999999D-02.CRTM-U.G,TRGOH:ZGl.1699999?9999977,DHAX=0.LLOOOOOOOOOOOOOOOZ,SBU'SU0.000000000000000,
IV!G.D;PHCHG=D.0,DCHG=0.500000000000000066:SPCUN’-100°BBB.OOODBOOUDOD.BETA!=O.1999999999999999990-02,KNtl.00000000000000000.D9XX'
10.0000000000000000,EFCOEF’iO.OOOOOOOOOOODDOOO,1HREL=G;1;1;0:1;0;0;0,0:0;I.0¢0-1pOrOrOrO;O:U,O,O,O;O.1VV:O,TVY!=U.0,5¥Y1=O.O'T¥Y210.D;
SVV2=0.D.CRF#C=1.SOOOOOOOOOOGGOOOL,GAPLK=3.00000000000000000,TC5=ZO73.1L999999999998'SCS:lOOOUOOOOO.OOOOOOOO,SCYZlOOOODOO.OOOOOOOOOOr

18CC=0,A0=0.C,
ZEND

IFA-524 PWR-03(0.17MMGAPDL,SMPA-HE)

P.W.R. FUEL

rINPUT DATA

ROD.

FCLT-IN-BOLILOWER CLUSTER

€1) PELLET SPECIFICATIONS ----
NODE DIAMETER (M) SHAPE u-235 FRACTIONAL ONE PELLET RODE
INSIZE QUTSIDE CHAMF  DISH ENRICH. DENSITY LENGTH {CM) LENGTH {CM)
1 0.0 0.81% Ex 0.136 0.852 1.015 4.400
2 0.0 0.819 % 0.130 0.952 1.015 5.000
3 0.0 0.819 e 0.130 0.952 1.015 5.000
[3 0.0 0.819 e 0.130 0.952 1.015 5.000
x5 0.0 0.81%9 % 0.130 0.952 1.015 5.000
& 0.¢ 0.81%9 ik 0.130 0.952 1.015 5.000
7 0.0 o.Bl9 x 0.130 0.952 1.015 5.000
8 0.180 0.81% x 9.130 0.952 1.015 6.000
g 0.180 ¢.81¢9 b Q.130 0.952 1.01s 4.400
DISH DIAMETER (CM) = 0.600 DISH DEPTH (CM) = c.030 CISH BOTTOM (CMY = 0.0
FELLET TOTAL WEIGHT (GRAM) = 242.000
GRAIN SIZE (MICRON) = A.4600
YAXIMUM FRACTIONAL DENSITY = 0.956
SATURATE BURNUP (MWD/TUuD2} = 500.000
(2) OTHERS
CLAD. MATERIAL IS STRESS RELIEVED ZIRCALOY
CLAD. INSIDE DIAMETER (CM) - 0.836
CLAB, QUTSIDE DIAMETER (CM) = 0.950
THERMAL RELCCATION (-2 * Q.300
PLENUM VDLUME (CM=s3) = 5.000
INITIAL GAS PRESSURE (MPA} = 1.590
INITIAL GAS COMPDSITION (PERCENT)
HELIUM = 100.0
NITRDGEN= 0.9
KRYPTON = 0.0
NENON = 0.0
PELLET SURFACE ROUGHNESS (CM) = 0.0003
CLADDING SURFACE RDUGHNESS (LMY = 9.0002
ROOM TEMPERATURE (DEG.K) = 291.15

—_ 41 —_
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[FA-524 PWR-03(Q.17MMGAPCL.5MPA-HEY FCLT-IN-BOL:LOWER CLUSTER PAGE 5

THERMAL INFORMATION { NODE NUMBER 5

NST @ TIME LHR BURNUF I TEMPERATURE (C) GAP CON. <wWsCiMz &) CLEAR CONTACT F.G.R. 10D{10-5
I CHR) (W/CM) (MWD/TUQZ)I PL PS 1 co TOTAL GAS s0L1D (M1C) (MPR) x) G/CM2)

26 I 2.3 250.9 2.4 1 1123.6 5146.8 354.2 323.6 0.5911 0.5856 0.0 31.916 0.0 0.500 0.000
31 I 3.0 300.0 3.5 1 1304.1 532.6 364.9 328.4 0.6879 0.6822 0.0 25.885 0.0 0.500 0.000
0.3044 0.0 57.233 0.0 0.500 0.000

1FA-574 PWR-C3(C.17MMGAPOL.SMPA-HEY F{LT-IN-BOL:LOWER CLUSTER PAGE 10 )

NST I TIME LHR BURNUP I GAS (MOLE) F.G.R. PRESSURE IOD(10-5 FRACTIONS OF GAS MIXTURE (X}
1 {(HR) (W/CM) (MwD/TUDR2) I TOTAL INITIAL RELEASE PRGDUCE %3 (MPa3 G/CM2} HE N2 KR XE

0.00411 0.00000 0.00000 0.500 2.73%% 0.000 100.0 Q.0 0.0 0.0

0.00411 0.00000

111 1.9 16C.0 0.4 I 0.00411 0.00411 0.90000

16 1 1.5 150.0 0.9 I 0.00411 ©.00411 0.00C0C

21 1 2-0 200.0 1.5 1 9.00411 0.00&411 C.CO0O0Q ©0.00000 0.500 3.051 0.000 100.0 0-0 0.0 0.0

250.0 2.4 1 0.00411 G.CC411 ©.00000 0.00000 0.500 3.082 0.000 100.0 .9 Q.0 0.0

0.00000

0.00000

1 2 & 7 8
CARD NO. wvveBvrnaloneaSeeeaOuruaBanneOuraabarealonbonaloncader 0onn50o00000u5000.0
1. IFA-523 BWR-01(0.23MMGAP/Q,1MP ME)FCLT-IN-BOL:LOWER CLUSTER
2. ¥INPUT GR=7.8,R1=3,0,R2=2.0,0MAX=0.7,,508U=5C0.,1CK1=1 ¥END
3. 9 5 2
4. Q 1.0542 1.2222
5. Q 1 3.0 1.0309 1.35¢ 0.13 0.9480 4.4
. 0 1 0.0 1.0309 1.35¢ 0.13 0.9480 5.0
7. 0 1 0.0 1.0309 1.356 0.13 0.9480 5.9
8. o b3 0.0 1.0309 1.356 0.13 0.9480 5.0
9. o 1 0.0 1.030¢ 1-356 0.13 0.9480 5.0
10. o 1 Q.9 1.0309 1.356 G-13 0.%9480 5.0
11. [} 1 0.0 1.030% 1.358 0.13 0.9480 5.0
12. 0 1 0.18 1.0309 1.33%¢ 0.13 0.9480 4.0
13, 0 1 0.18 1.0309 1.356 0.13 0.9480 bk
14, 0.0454 0.02
15. S.4 0.1 1.0 0.0 0.0 2.0 384.
16. B
i7- 0.0 c.col B.2E13 513, 6.3
“B. 0.71 0.78 0.86 0.94 1.00 1.06 1.12 1.16 1.21 8
50.0 508. 6.3
i0Q0.0 523, 6.8
150.0 525, 5.8
200.0 533. 7.6
250.0 561 7.0
300.0 548. 7.0
0.001 8.2E13 513, 6.3
R P I TS Y . (RPN Y DU TIIY - Uy PR IS

RINPUT
1REST=G,1NTST=0,[PLT-D,!LDCK=O,HH=1,NN!5,KK=3,NGR2-}DOO,NGF3!ZUD.1TEND=1,KUM!KK10,1ZV=D,NRECl!ll,NRECZ=1,NTEHP=1,INPCK-D;IBUNP=O,
1CH1=0,ICKtxl,ECRACS:EDOOOOUOO0.00000000,EPSRLZ=D.3000000000000000013-02.KRELOC=B.EOOBDDDOBDDDDODOOS.FRELDC=0.500000000000000000.
GR=7.EOOOOOOGQGQODOOOG'R1=3.OOOOOOOOBBBBODDDO;RZ-Z.00000000000000000,THEYF-O.500000000000000000;THETCli.OOOOOOOOOOODOOOOOrAHUI
D.3999999?999999??9&,AYIO.199999999??999999?D-02.CRTH!O.U,TRDUH=291.149999999999977,DM#!=D.699999999999999997-SBU!SOO.OOOOOOODODDOODDr
IV=0.0.PHCHG=0.0,UCHG=O.SOOOGODOODDOOOOOUO.SPCDN=-1000OO0.00000000000,BETﬂX=O.199??99?99999999990'02.XN=1.00000000000000000.DPXX'
10_0000000000000000,EFCOEF:lO.OODDDODDDDOOODDOpIHREL=O,1.1.0;1-D.D’D,U,0;1;0;0;1;0;0;0;0,0;0;0;0'0.0,IYY'O,TYY1=0.O,SVVIIO.O,TYV2=O.O,
S¥Y2=0.0,CRFAC=1.30000000000000004,6GAPLK=5.00000000000000000,TC
ISCC=0,A0=0.0,

LEND

=2073.14955999995998,5C5=1000000000.00000000,%CT=10000000.0000000000
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B.W.R. FUEL ROD.

*INPUT DATA

1) PELLET SPECIFICATIONS ---=

NODE DIAMETER (4M) SHAPE u-235 FRACTIONAL ONE PELLET NODE
INSIDE OQUTSIDE CHAMF  DISH ENRICH. DENSITY LENGTH (CM) LENGTH (CM)

1 0.0 1.032 * 2.130 0.948 1.3%6 L.400
2 0.0 1.031 = 0.130 0.948 1.3538 5.000
3 0.0 1.031 x 0.130 0.948 1.356 5.000
4 0.0 1.031 * 0.130 0.548 1.35¢ 5.000

x5 Q.0 1.031 = 0.13¢ 0.948 1.354 5.000
é 0.0 1-031 * 0.130 o.%48 1.354 5.000
7 0.0 1.031% = 0.130 0.748 1.554 5.000
a ¢.180 1.031 & 0.130 G.948 1.356 6.000
g 0.180 1.032 * 0.130 D.743 1.358 L.L00

CHAMFER WIDE (cmy = 0.045 CHAMFER DEFTH (CM} = 0.020

PELLET TOTAL WEIGHT (GRAM) = 384.000

GRAIN SIZ% (MICRON) = 7.800

MAXIMUM FRACTICNAL DENSITY = ¢.955

SATURATE BURNUP (Mwd/TUQ2) = 500.000

2% OTHERS

CLAD. MATERIAL IS FULLY ANNERLED IIRCALOY

CLAD. INSIDE DIAMETER <LM) = 1.054
CLAD. DUTSIDE DIAMETER ((M) = 1.222
THERMAL RELOCATION (-} = 0.300
PLENUM VOLUME (CMxx3) = 6.400
INITIAL GAS PRESSURE (MPA) = 0.100
INITIAL GAS COMPQSITION (PERCENT}
HELIUM = 100.0
NITROGEN= Q.0
KRYPTON = 0.0
XENON = Q.0
PELLEY SURFACE ROUGHNESS (CM) = 0.0003
CLADDING SURFACE ROUGHNESS (CM) = 0.0002
ROOM TEMPERATURE ¢DEG.K) = 291.15
1FA-523 BWR-01(0.23MMGAP/0.I1MPA-HE)FCLT-IN-BOL:LDWER CLUSTER PAGE H

I NFORMATTION { NQDE NUMBER 5 ?

NST I TIME LHR BURNUP I TEMPERATURE (C? GAP CON. {(W/CMZ () CLEAR {ONTACT F,.G.R. 10D{10-5
I (HRY {W/C"Y (MWD/TUD2)I PC Ps Cl co TOTAL GAS sQLID (MIC) (MPA} (X GrCM2)

0.2749 0.0

0.305% 0.0

IFA-523 BWR-01{0.23MMGAP/Q.1MPA-HEYFCLT-IN-BOL:ILOWER CLUSTER PAGE 10

NET 1 TINE L¥R BURNUP I GAS (MOLE? F.G.R. PRESSURE 10D(10-5 FRALTIONS OF GAS MIXTURE (%}
M (HR) (W/0MY (My0sTU023 ! TOTAL IMITIAL RELEASE PRDBDUCE (&9) (MFPA3 G/CM2Y HE N2 R XE
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INPUT DATA L1IsT
1 2 3 4 5 [ 7 8
CARD MO, +vvoSeveeBoveuBaueaDeneaSenneDonneBuaanaforeeSauealieni5eieileiia5euialinea5anasl
1. 1FA-523 BWR-03(0.10MMGAP/Q.1MPA-NEYFCLT-IN-BOL:LOWER CLUSTER
2. ¥INPyT E@GR=7.8,R1=3,0,R2=2.0,DMAX=0.7,,5BU=500.,1CK1i=1 ¥END
3. 2 5 2
“. 0 1.0543 1.2223
5. ] 1 0.9 1.0640 1.352 0.13 0.9480 4ok
6. 0 1 0.0 1.0640 1.352 0.13 0.9480 5.0
7. 0 1 0.0 1.0440 1.352 0.13 0.9480 5.0
8. o 1 0.0 1.6440 1.352 0.13 0.9480 5.0
9. o 1 0.0 1.0440 1.352 0.13 0.9480 5.0
10. o 1 0.0 1.0440 1.352 0.13 0.9L80 5.0
11. o 1 C.0 1.0440 1.352 0.13 0.9480 5.0
12, o 1 0.18 1.0440 1.352 0.13 Q.9680 6.0
13, o 1 0.18 1.0440 1.352 0.13 0.9480 Lh
14, 0.0454 .02
15. 5.6 0.1 1.0 0.0 0.0 0.0 392.
16. 8
17. 5.0 0.001 B.2€13 513. 6.3
18. 0.71 0.78 0.86 0.9¢ 1.00 1.06 1.12 1.16 1.21 8
19, 0.5 50.0 508. 6.3
20, 1.0 106.0 523, 6.8
21. 1.5 150.0 525. 5.8
22. 2.0 200.0 533. 7.6
23. 2.5 250.0 541, 7.0
24. 3.0 300.0 548. 7.0
25 L. 0 c.001 B.2E13 513. 6.3
26. STOP
FODDE- Y PIE TP SR JRRPI . TS SRS i R DO S, TP AP U JRR
JMF2221 *JMENAMEL® NAME 1S NDT FOUND IN NAMELIST DICTIONARY. MAME 15 8GR
¥INPUT BGR=7.8,R1x3.0,R2=2.0,DMAX=(0.7,,5BU=500.,1CK1=1 EEND
1SN REL LOCAYION
ERROR DCCURS AT  NAMRDA
NAMRD® CALLED BY MAIN 00026 061094
TAKEN TO (STANDARD) CORRECTIVE ACTION, CONTINUING TO EXECUTION
SINPUT

1REST=D;INTST=O,IPLT!O,1LDCK=0,HH=1;NN=5,KK=3.NGRZ‘3000:NGR5’ZOO;ITEND=1pKUHﬂK=10,1!U=O,NREC1=11.NREC2=1;NTEMF‘1,INPCK:D,IEUNP‘Bp
ICH1=Or[CK1=O.ECRNC3=2000000000.DDGOOOOO,EPSPLzio.300000000000000001D*OZ,XRELOC=D.IDDDDDDDDDDDDGBGUS,FRELDC=0-SOODDGDDGQOODDDDDD,
GR=1S.0000000000000000,?2=5.ODDDDDDOOOOOOOOOO,R2=1.00000000000000000.THETP=0.SOUUOOOOOOQOOGOQGO,THETC=1.00000000000000000;#MU=
U.3999??99?99999?994,AY=0.19?999999999999999D-02.CRTM=0.0,TRDDM=291.149999999999?77,DMRK=1.00000000000000000;SBU=ZSOG.ODDUUDODDUUUBG;
IV=0.U.PHC“G=0_D.OCHG=O.500000000000000000.SDCGN=-1DDDODD.DDDOGOOUOUU,BETAK=D.199999999999999999D-02,XN=1-DDDDDDDODDDDDDODDIDPXX=
1D.ODOOOOOOOOOOOOOD,EFCDEF=10.0000000000000000,IHREL=0;1,1,0.1,0101010,0.1:0—0-1;0;0;0;0;0;0;0-0-0-0,[VV’DpTVV1=0-0;5YY1=0.0;TYYZ-G.B,
SYVZ=0.0;CRFRC=1.SOOODDDOOOOOOOOOb,GAPLK=S.ODGOOOODDODOUOOOO;TCS=ZD?!.1(99?9?999???8.SC5=1000000000.00000000-SCT=1DODDDDO.DDOOOOOOOO,
15CC=0,A0=0.0.

ZEND

d.W.R.

FUEL RCD.

2 INPUT DATA

(7) PELLET SPECIFICATICNS ----
NODE DIAMETER (CM! SHARE u-23% FRACTIONAL ONE PELLET NDDE
INSIDE OQUuTSIDE CHAMF  DISH ENRICH, DENSITY LENGTH (CM> LENGTH (CM)
1 2.0 1.044 L] 0.130 ¢.948 1.352 4. 400
2 2.0 1.044 - 0.130 0.948 1.352 s.o00
3 c.c 1.044 ® 0.130 C.948 1.352 5.000
& c.c 1.044 L] 0.130 C.54B 1.352 5.000
L1 0.0 1.044 * 0-130 0.%48 1.3%2 5.000
-] 2.0 1.044 . ¢.130 0.948 1.352 5.000
7 Q.0 1.044 * 0.130 0.948 1.352 5.000
8 G.180 1.044 x ¢c.130 0.948 1.352 5.000
? 0.180 1.044 * ¢.130 C.948 1.35¢ 4. 400
CHAMFER WIDE (CM) = Q,045 CHAMFER DEPTH (M) = 0.020
PELLET TDTAL WEIGHT (GRAM) = 392.000
GRAIN ST2ZT (MILRONY x 15.000
MAX IMU® CRACTIONAL DENSITY = 0.958
SATURATE BURNUP (MWD/TUD2) = 2500.000
¢2) OTHERS
LLAD. MATERIAL 15 FyULLY ANNEALED ZIRCALOY
£1LAD. INSIDE DIAMETER (CM) = 1.054
CLAD, OUTSIDE DIAMETER (CM} = l.222
THERMAL RELOCATION (-3 = 0.300
PLENUM VOLUME (CM=x3) = 5.600
IS1ITLAL GAS PRESSURE (MPA) = 0.180
INITIAL GAS COMPDSITION (PERCENT)
HELIUM = 100.0
NITROGEN= .0
KRYPTON 6.8
XENDN = a.0
PELLET SURFACE ROUGHNESS (CM) = ¢.0005
CLADDING SURFACE ROUGHNESS (CM) = 0.0001
ROOM TEMPERATURE (DEG.X) = 291.13
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IFA-523 BWR-03(C.10MMGAP/Q.1MPA-HE}FCLT-IN-BOLILOWER CLUSTER PAGE 5

THERMAL INFOARMATION { NODE NUMBER 5
NET I TIME LHR BURNUP 1 TEMPERATURE (C2 GAP CON. {(W/LMZ ) CLEAR CONTACT F.G.R. 100(10-S
I (HR) (W/CM) (MWD/TUOZ)I PG PS cI co TOTAL GAS S50LID (MIC) {MPAY (%2 G/CM2)Y

------------- 0.3%&2 33.132 ¢.0 0.500  0.000

0.4377 29,344 0.500 0.000

0.4998 2%5.034 v.500 0.000

¢ ROD AVERAGE )
10DC10-5 FRACTIONS OF GAS MIXTURE (%)
KR XE

NST I TIME LHR BURNUP I
I (HRY {WMFCM) [MWD/TUD2)I TOTAL INITIAL RELEASE FRODUCE o (MPA2 G/CM23 HE

0.0000C 0.00000

0.000CC C.CODOO

0.00028 0.00000 ©.00000 ¢.500 0.192 0.00g 100.0 0.0 0.9 0.0

0.00028

1 2 3 [ 5 s 7 8
CARD NO. [EEREEEEELCEENE TETR PUDINE FOSPL. PIRRY. U PR TN DR, SRR S-SR DURUI SR
1. IFA-323 BWR~07(0.Z3MMGAP/0Q,3MPA-HE)FCLT-IN-B0LSLOWER CLUSTER
2. ¥INPUT BGR=7.8,R1=3.0,R2=2.0,DMAX=0.7,,5Bu=500.,ICK1=1 ¥END
3. [ 5 E4
4. o ‘t.oss2 1.2232
5. 0 1 2.0 1.0310 1.361 0.13 . ©.948C a.t
6. 0 1 0.0 1.0310 1.361 0.13 0.9480 5.0
7. 4 1 0.0 1.0510 1.381 0.13 0.9480 5.0
8. o 1 0.0 1.0310 1.361 0.13 0.9480 5.0
9. 0 1 0.0 1.0310 1.361 0.13 0.9480 5.0
10. 0 1 0.0 1.0310 1.381 0.13 0.9480 5.0
‘11, 0 1 0.0 1.0310 1.381 8.13 0.5480 5.0
12. o 1 c.18 1.0310 1.381 0.13 C.9480 6.0
13. 0 1 0.18 1.0310 1.361 0.13 0.9480 [N
14. 0.0454 0.02
15. b.4 0.3 1.0 c.¢ 0.0 0.0 584.
16. [
17. 8.2 0.001 8.2E13 513. 6.3
18. 0.71 0.78 0.86 0£.94 1.00 1.06 1.12 1.16 1.21 8
9. 0.5 50.0 508. 6.3
20. 1.0 100.0 523. 6.8
21. 1.5 150.¢ 525. 5.8
22 2.0 200.0 533. 7.6
23. 2.5 250.0 541, 7.0
26 3.0 300.0 548. 7.0
25. 4.0 9.001 8.2E13 513. 6.3
26. STOP
B L LR TR PPN DI JUM SR - JUO. SO TR S DU SR
JMFZ221 "JMFNAMEL® NAME 1S WOT FOUND IN NAMELIST DICTIONARY, MAME IS BGR
¥INPUT BGR=7.8,R1s3.0,R2=2.0,DMAX=0.7,,5BU=500.,1CK1=1 XEND
1SN REL LOCATION
ERROR OCCURS AT  NAMRDN
HAMRD# CALLED BY MAIN 00026  081C94
TAKEN TO (STANDARD} CORRECTIVE ACTION, CONTINUING TO EXECUTION

SINPUT
IRES’:O,1NT5T=U,19LT=0,ILDCK=D.MM=1.NN!S,KK:!.NGRZslﬂoa,NGRSxZOO,ITENDli’KUNAX=IU:IZV!O'NREC1=11aNREC2=1,NTEMPRI,INFCKxo,]auNP-g,
ICHI=0;ICK1=O,ECRRCS=2000000000-00000000,EPSRL1=O.3000000000000000010-02,XRELOC’O.300000000000000003,FRELUC=0.500000000000000000,
GR=15.0000000000000000,R1=5.00000000000000000,R2 1.00000DDDOOGOODOOO,THETP=D.500000000000000000,THETC=1.00UOOOOOOOOOOOOOO.AMU!
0-399999999999999994,AY=U-19U??????Q??D?????D*O?fCﬁTM=0.0.TRDDM=291.16?9999?99999?7.DHAX=1.00000000000000000,SBUxZSO0.00000000000000,
ZV=D.D,PHCHGZO.O.DCHG=U.5ODDDDOOODGGGGDDOO.SPCON=-1000000.00000000000,BETﬂX=0.1999999?9?999999??0-02.NN!i.DOOOOOODOOUDDDDOO'DPXN=
10.0090000000000000;EFCUEF=1O.DDDOQOOOOOOODDDO,IHREL=0,1,1,0‘1.0,0:0.0.0:1,0,9,1»0,0,0,0,0.0,0,0»0.0,IVV:D,TVV1=0.0,5YY1=D.0,TYY2=0_0,
svv2=0.o,CRFACxl.30000000000000006,GAPLK=3.ooooooooooouooooo,TCS:ZO?3.1&999999999998,5cs-1oooooaaoo,nuuuoceu,scrziouoeaoa.acoooooooo,
15CC=0,A0=0.0,

SEND
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EYFCLT-1N-BOL:LOWER CLUSTER

B.w.R. FUEL ROD.
=INPUT DATA

(1) PELLET SPECLFICATIONS ----

T L} SHAPE y-z35% FRACTIONAL ONE PELLET NODE
NonE INging gET;gﬂE CHAMF  DISH ENRICH. DENSITY LENGTH (CM) LENGTH (CM)
1 c.0 1.031 * 0.130 G.948 1.361 4,400
2 c.0 1.031 . 0.130 0.968 1.361 5.000
3 0.0 1.031 " 0.130 0.948 1.361 5.000
4 g.0 1.031 x a.130 0.948 1.361 $.000
=5 c.0 1.031 * Q.130 0.948 1.381 5.000
6 0.0 1.031 * 0.130 0.948 1.361 5.000
7 0.0 1.031 x 0.130 C.%4B 1.3s81 5.000
a 0.180 1.031 * 0.132 0.948 1-36% 4.000
v ©.180 1.031 * 0.130 0.948 1.361 4,400
CHAMFER WIDE ({M) = 0.045 CHAMFER DEPTH (CM} = 0.0z20
PELLET TOTAL WEIGHT C(GRAM) = 384.000
GRAIN SIZE (MICRON) = 15.000
MAXIMUM FRACTIONAL DENSITY = 0.958
SATURATE BURNUP (MWD/TUQ2) = 2500.000
{2) OTHERS
CLAD. MATERIAL IS FULLY ANNEALED IIRCALDY
CLAD. INSIDE DJAMETER (CM) = 1.05%
CLAD. GUTSIDE DIAMETER (CM) = 1.223
THERMAL RELOCATION (-} = G.300
PLENUM VOLUME (CM#x3) = &.400
INITIAL GAS PRESSURE (MPA) = 0.300
INITIAL $AS COMPOSITION (PERCENTY
HELIUM = 100.0
NITROGEN= 0.0
KRYPTON 0.0 R
XENCN = 0.0
PELLET SURFACE ROUGHNESS (CM) = 0.0005
CLADDING SURFACE ROUGHNESS (CM) = ¢.0001

L]
N
0
fas
P
w

ROOM TEMPERATURE (DEG.KY

1FA-523 BWR-07(0.23MMGAP/0.3MPA-HE)FCLT-IN-BOL:LOWER CLUSTER PAGE 5

STAGE I P O W E R

NST I TIME LHR BURNUP I TEMPERATURE (C) GAP CON. (WrsCM2 (> CLEAR CONTACT F.G.R. IDD(10-5
I CHRY (W/7CM) (MwD/TUOR3IL PC Ps c1 ca TOTAL GAS soLID (MIC) (MFA} %3 GrCMa)

26 1 2-5 250.0 1.5 1 . 512.8 311.7 e7%5.1 0.3793 0.3I74& 0.0 32.231 0.0 ¢.500 ©.000
31 I 3.0 300.0 539.1 326.0 282.5 0.4295% 0.4241 0.0 45.207 e.C 0-500 0.000
61 4.9 0.0 2.9 1 26¢0.2 24G.2 240.2 0.2189 0.216& 0.0 81.916 0.0 0.500 0.000
1FA-523 BHR—OT(O.ZIHHGQPIO.SMPanE)FCLT-[N-BbL!LUUER CLUSTER PAGE 10
STAGE ! P O W E R HISTODRY I THERMAL INFORMATION ¢ ROD AVERAGE »
NST I TIME LHR BURNUP 1 GAS (MOLE? F.G.R. PRESSYRE I0DC10-5 FRACTIONS OF GAS MIXTURE (X}
I (HR) Cw/CMy (MuDsTUDZY I TOTAL INITIAL RELEASE PRODUCE (¢ &) (MPA> Grimay HE N2 KR XE

11 0.0 .o 0.0 I 0.00106 0.00104 0.00000 0.00000 6.500 0.54B

0.00106 Q.00106 0.00000 0£.00000

100.0 0.2 I 0.00106 0.001046 0.00000 0.00000 0.500 0.0 0.0 ¢.0
1.5 150.0 6.5 1 5.00106 0.00106 0.00000 0.8 ----- 8:; ----- ;j;-
2.0 200.90 1.0 1 ©.00106 0.00106 0.00000 0.00000 0.500 0.0 -;:;-----B-;_

0.412

61 1 &.0 0.0 2.9 1 0.00106 0.00106 0.0CC0OC 0.00000Q 0.500 0.548
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CARD

SINPUT

JAERI—M 82—127

(:) INPUT AT A LLsT
1 2 3 & 5 ] 7 8
NO. voweboeeaDeeeeBuivaalesou8.iunOuunadanreaBonr-5.0ui0uiunn5:0s00.0.05,,-.0....5....0
1. IFA-524 PWR-01(C.17MMGAP/3,2MPA-ME) FCLT-IN-BOL:LOWER CLUSTER
2. ¥INPUT GR=8.6,R1=3.0,R2=2.0,DMAX=0.44,3BU=500.,1CK1=1,1G32=1 ¥END
3. s 5 3
4. 1 C¢.B3&S 0.9505
5. 2 o 0.0 0.81%9 1.0112 8.13 6.9516 s
6. 2 0 0.0 0.81% 1.0112 8.13 8.9516 5.0
7. 2 ] 0.0 0.819 1.0112 0.13 c.95184 5.6
8. 2 0 0.0 0.81% 1.0112 2.13 e.5516 5.0
P 2 o] 0.0 0.819 1.0112 0.13 0.9516 5.0
10. 2 0 Q.0 0.81% 1.0112 0.13 0.9516 5.0
11. 2 0 Q.0 Q.819 1.0112 C.13 ©.951& 5.0
12. 2 0 0.18 0.819 1.0112 0.13 0.9514 6.0
13. 2 0 0.18 0.81%9 1-0112 0.13 0.9516 44
14, 0.6 0.03
15. 5.0 3.2 1.9 0.0 c.o Q.0 241.
16. 8
17. 0.0 0.001 7.BE1S 513. 13.0
18, G.71 0.78 0.B6 0.94 1.00 1.04 1.12 1.16 1.21 8
19. 0.5 50.0 517. 16.8
20. 1.0 100.0 537. 14.6
2l. 1.5 150.0 556. 14.7
22- 2.0 200-0 573, 15.2
23. 2.5 250.0 573, 14.7
24. 3.0 300.0 573. 14.7
25. 4.0 0.001 7.8E13 51%. 13.0
26. STOP

. RN . S P N I R R L LEERL- PRS- P

O PR ] . TR - P

IREST=O,1NTST-0,IPLT:D,ILDCK-D»MM=1.NN=S,KK'3;NGR2*3000.NGR!!EDD;ITEND-1,KUH!I'10;IZV'O;NREC1=11.NREC2=1'N7EHP=1n!NPCK*O.IBUNP!O.
ICH1=0,1CK1=1,ECRACIIZOQGGDDDOD.ODDOOOOO;EPSRLI=O.!000000000000000010-02,KRELDC:O.300000000000000003,FRELUC=O.500000000000000000’

GR‘B.60000000000000009,R1‘3.DDDODDOOOODDOOOOO.RZ‘Z.00000000000000000;THETP-D.500000000000000000.YHETC-l.OOOOOOOOOODOOOOOU'AMUS

0.39999999999999999&,&Y=0.1?????9999999999990-02.CRTHIO.O.TRUGN-Z91.1&9999999999977,DHlX'O.QLOOOOOOOOUOOOOOOZ,SBU'SOO.000000000000000;

ZV=0-0,PHCHG=0.D,DCHG=D.SDDDDBGDDDDDOODUOU'SPCUN=-1000OOO.BOOOOOOOBGU,BETAX=O.1999999999999999999‘02-XN'l.00000000000000000.DPXX=
10.0000000000030000;EFCDEF-lﬂ.0000000000000000.3VREL=O—1riaﬂ,l;U:UID-D,Ool,0;0'1¢0¢0.0.0p0r010'0'0;0.lVTiO,TTTllO.OISYYllU.U-TYYZ
5Y¥2=0.0,CRFACII.SOUOBDOOOOGGQQDOLpGAPLK=3.00000000000000000,TCS=ZG7!.14999999999998.SCS=1OOOOOOOOO.00000000.5CT=1OOOOOOO.ODUUDO

ISCC=0,A0=0.0,1612=1,AKTR=¢,15999999999999992,

£END

IFA-524 PWR-01(0.17MMGAP/3_ 2MPA-HE)

FLLT-IN-BOL:LOWER CLUSTER

P.w.R. FUEL
xINFUT DATA

(1) PELLET

NODE
IN
1 o
2 0
3 0
& 0
* 3 Q
& Q
7 Q
a Q
? 0
DISH DIAME

ROO.

SPECIFICATIONS

DIAMEYER (LM}
SIDE DUTSIDE
.0 0.819
.0 0.81%
.0 c.e19
-0 0.819
-0 ¢.B1%
-0 0.81%
-0 0.819
.189 0.819
-180 0.81%
TER {CM) =

PELLET TOTAL WEIGHT (GRA

GRAIN SIZE

{MICRONY

MAXIMUM FRACTIONAL DEWSITY
SATGRATE BURNUP (MwD/TuD2)

(2) OTHERS

SHAPE
CHAMF  DIS
*x
£
E
P
L
x
n
e
x
0.600
"3 =

CLAD. MATERIAL IS5 STRESS RELIEVED ZIRCALOY

CLAD.

INSIDE DIAMETER (LM}

CLAD. DUTSIDE DIAMETER (CM}

THERMAL RELOCATION (-2

PLENUM vOL

UME {((HMka3)

INITIAL GAS PRESSURE (MFAY

INITIAL GAS COMPOSITION (PERCENT)

PELLET SUR

CLADDING SURFACE ROUGHNESS

ROOM TEMPE

FACE RQOUGHNESS

RATURE (DEG.K}

HELIUM
NITROGEN
KRYPTON
XENON
EM>
(M)

wonowo

[

[}

u-235 FRACTIONAL
H ENRICH. DENSITY
0.130 0.952
0.130 0.9532
G.130 0.952
0.130 0.952
0.130 G.952
2.130 0.952
Q.130 0.952
Q.130 0.952
0.130 0.952
DISH DEPTH (CH} =
241,000
B.400
0.956
500.000
0.836
0.950
0.300
5.000
3.200
-0
.0
-0
)
0.0003
0.occo2
291.15

ONE PELLET
LENGTH (CM)
1.011
1.011
1.011
1.011
1.011
1.011
1.011
1.011
1.011

0.030

—_— 48 —_

NODE

LENGTH (CM}
4.400
5.000
5.000C
5.00C
5.000
5.000
5.c00
6.000
L.400

DISH BOTTCM

(44,3

c.0

=0.0.,
0000,



IFA-524 PWR-01(0.17MMGAP/3.2MPA-HE)

(W/CMY (MWDrTURZYL

1
PRS- TIFIIL IR

a

'

-
NMHODOOQO0OO0O0o

o
(=3 W3 ALV VI T VI U VR VI CR VTR Y

SW MR R O

Do WMOwnmon

IFA-524 PWR-01(0.17MMGAP/3.2MPA-HE)

TOTAL

[E- P P S IR LI
IFA-524 PWR-D1(5,17MMGAP/3 . ZNPA-HE)
GR=B.4,R1=3.0,R2=2.0,PMAX=0.44,SBU=500.,1CK1=1,1G612=2

3

<
e
w
o
w

0.001

0.86 0.94 1.00 1.0¢

506.0
100.0
150.0
200.0
250.0

FROOTOBOC

1.12 1.18 1.21

cI

GAS (MOLE)
INITIAL RELEASE PRODUCE

I PN

1.0112
1.0112
1.0112
1.0112
1.0112
1.0112
1 o112
1.0112
1.c112

o.¢
513.

517.
537,
556,
573,
573.
573,
513.

N T U . JAU R  JRN S e T TS

JAERI-M 82—127

FCLT-IN-BOL:LOWER CLUSTER

TOTAL

FCLT-IN-BOL:LOWER CLUSTER

F.G.R.

Q.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13

0.0
13.0

14,8
14.56
16.7
15.2
14,7
14.7
13.C

(W/CM2 O
S0LID

o.c

PRESSURE IOQD(10-5
G/CM2}

8

5., 0. . 5....00...5....0
FCLT-IN-BOL:LOWER CLUSTER

L RV EVEVEV RV RV IFH
LX-X-T-R-F.N-¥-WN

P PR PR R e

_ 49 —

IREST=0,INTST=0, [PLT=0,ILOCK=0,MM=1 ,NN=5,KK=3,NGRZ=3000,NGRI =200, ITEND=1,KUMAN=10,I2V=0,NRECE=%2, NREC2=1,NTEMP=1, INPCK=0, IBUNP=Q,
ICHI=0,ICK1=1,ECRACE=2000000000.00000000,EPSRLZ=0.3000000000000000010-02,XRELDC=0.300000000000000003, FRELOC=(.500000000000000000,
GR=B.6000C00000000000%,R1=3.0000000000000000C,R2=2.00000000000000000, THETP=0.5CC0CCOC0000000000, THETC*1.00000000000000000, AML=
0.399995979FFRFFRPPL, AY20. 199999777799 9999990-02, CRTM=0.0, TROOM=2591. 1499900099000 77, DMAX=0.440000000000000002,5BU=500.000000000000000,
IV=0.0,FPWCHG=0.0,DCHE=0.500000000000000000,SPLCON=-1000000.00000000000,. BETAX=0.1999939999%9999959D-02,XN=1.00000000000000000, DPXX=
10.0000000000000000,EFCOEF=10.000000000000000C, IWREL=0,1,1,0,1,0,0,0,0,0,1,0,0,1,0,0,0,0,0,0,0,0,0.0,1YY=0,TYY1=0.0.5YY1=0.0,T¥Y¥2=0.0.,
SYY2=0.0,CRFAC=1.30000000000000004,GAPLK=3.00000CCC000000000,TCS=2073.145999999090908,8C8=10000000C0.CCC0O00CC.,5CT=10C0CCOC. 0000000000,
ISCC=0,A0=0.0,16G12=2,AKTR=56.15999999999799992,

FRACTIONS DF GAS MIXTURE (X)
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P.W.R, FUEL ROD.
=INPUT DATA

(1) PELLET SPECIFICATIONS ----

NODE DIAMETER (CM2 SHAPE u-235 FRACTIONAL ONE PELLET NODE
INSI1DE OUTSIDE CHAMF DISH ENRICH. DENSITY LENGTH {CM} LENGTH (CM)
1 9.0 0.81¢9 *x - 0.130 0.952 1.011 L.400
2 2.0 c.8lw e 0.130 ©.952 1.011 5.000
3 0.0 0.81¢ LR 0.130 0.%52 1.011 5,000
& 9.0 0.81% "~ 0.130 0.952 1.011 5.000
x5 0.0 0.819 . 0.130 c.952 1.011 5.000
[ 9.0 0.81% ax 0.130 0.952 1.011 5.000
7 Q.9 c.2le LR a.130 ©.952 1.011 5.000
8 Q.180 c.81% L3 0.130 0.952 1.011 6.000
g 0.180 0.Bl? (L 0.130 0.952 1.011 4.400
DISH DIAMETER (CM2 = 0.600 DISH DEPTH (CHy = 0.030 D1SH BOTTOM CMy = c.0
PELLET TOTAL WEIGHT (GRAM} = 241.000
GRAIN SIZE (MICRON) = 8.400
MAXIMUM FRACTIONAL DENSIYY = 0.956
SATURATE BURNYP (MwD/TUuQ2) = 500.000
€2} OTHERS
CLAD. MATERLAL IS STRESS RELIEVED ZIRCALOY
CLAD. INSIDE DIAMETER (CM) = 0.838
CLAD. OUTSIDE DIAMETER (CM) = 0.950
THERMAL RELOCATION (-2 * 0.300
PLENUM VOLUME (CMss3) = 5.000
INITIAL GAS PRESSURE (MPA) = 3.200
INITIAL GAS COMPOSITION (PERCENT}
HELIUM = 100.0
NITROGEN= 0.0
XKRYPTQON = 0.0
XENON = 0.0
PELLET SURFACE ROUGHNESS (CM) = 0.0003
CLADDING SURFACE ROUGHNESS (CMy = f.0002
ROOM TEMPERATURE (DEG.KJ = 291,15
IFA-524 PWR-01(0.17MMGAP/3 ZMPA-HE) FCLT-IN-BOL:LOWER CLUSTER PAGE 3
STAGE 1 PO W ER MI1ISTORY I THERMAL I NFODRMATION { NODE NUMBER 5 )
NST 1 T1ME LHR BURNUP [ TEMPERATURE (C) GAP CON., tw/CMZ2 () CLEAR CONTACT F.G.R. 10D(10-§
I (HR2 (W/CM) (MWD/TUD2)1 PC L33 €1 ce TOTAL GAS 50L1D MIC) {MPA) {X) G/CM2)
11 0.0 0.0 1 23%.9 239.9 239.9 239.9 ©.3030 0.3010 0.0 58.339 2.0 9.500 Q.000

273.4 O©0.38%4 D.3859 0.0 “9.2364 0.0 0.500 ©0.000

0.4400 0.0 L4193 0.0 Q.300 0.000

¢ ROD AVERAGE )

NST E TIME LHR BURNUP 1 GAS (MOLE) F.G.R. PRESSURE 10D{¢10-5 FRACTIONS OF GAS MIKTYURE (X}
M (HR) {w/CM) (MwDsTUD2)1 TOTAL INITIAL RELEASE PRODUCE [+ 3] (MPA) G/CM2) HE N2 KR XE

C.60000 0.00000 100.0 0.0 0.0 0.0
5.5 1 ©.0087% 0.00879 £.0QCCCC 0.00000 1p0.0 0.6-- 0.0 6:5-
4.0 0.0 4.7 1 0.00379 0.0087% 0.0CC0C C.0DOOO 0.500 5,843 0.co0 100.0 0.0 ) _8.6 _____ ;-D
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CI) INPUT DATA L1SsST

| 1 F4 3 [3 5 L) 7 8
| CARD NO. ....5.v0e0nussBauuuOunesSannsOucneSansafacaeBoeaadeeaaSinaalinnidnic0,005....0
1. 1FA-524 PWR-03(0.17MMGAPQ1.5MPA-HE) FCLT-IN-BOL:LOWER CLUSTER
. 2. ¥INPUT  GR=8.6,R1=3.0,RZx2.0,DMAX=0.44,5BU~500.,1CK1=1,1G12=2 ¥END
| 3. 9 5 3
4o 1 0.8365 0.9505
5. 2 0 0.0 0.819 1.0150 0.13 0.9516 Yok
| 6. 2 0 9.0 0.819 1.0150 0.13 0.9516 5.0
: 7. 2 o 0.0 5.819 10150 0.13 0.9516 5.0
§ 8. 2 0 0.0 0.819 1.0150 0.13 0.9516 5.0
. 9. 2 0 0.0 0.819 1.0150 0.13 0.9516 5.0
\ 10. 2 0 0.0 0.819 1.6150 0.13 0.9516 5.0
1. 2 ] 9.0 6.819 1.0150 0.13 0.9516 5.0
12. 2 ] 0.18 0.81¢ 1.0150 0.13 0.9516 6.0
‘ 13, 2 0 0.18 0.81¢ 1.0150 0.13 0.9515 L4
} 16. 0.4 0.03
15, 5.0 1.5 1.0 0.0 0.0 0.0 242,
16. 8
17. 0.0 0.001 7.8E13 513. 13.0
18. ©0.71 0.78 0.86 0.94 1,00 1.04 1.12 1.16 1.21 8
19. 0.5 50.0 517, 14.8
20. 1.0 100.0 537. 14.6
i 21. 1.5 150.0 556. 14.7
| 22. 2.0 200.0 573. 15.2
23. 7.5 250.0 573, 14.7
. 2L, 3.0 300.0 573. 14.7
25. 4.0 0.601 7.BE13 513. 13.0
26. STOP :
U TR SN SO . DIFI. SR JURUE: SN POS. SRR SRS DN IR SR PR IR R

RINPUT
IREST=0.1NTST=O,IPLT=0.[LOCK-U,HH-l,NN‘S;KK-!.NGRZ-}UUO,NGR]-ZOO;ITEND=1,KUH&K'lO:lZV-O.NRECilii,NRECZ'I,NTEHP-I.INPCK-O;IBUNP=0;
ICHI=0:1CK1=1¢ECRAC3=ZOOOOOOOOO.00000000,EPSRLZ‘O-30000000000000@0010-02.XRELUC=0.300000000000000093rFRELDC=D.500000000000000000.
GR‘S-60000000000000009,RI!3.00000000000000000,RZ'Z.00000000000000000,THETP:D.500000000000000000,THETC=1.00030900000009060;AHU=
0.399999999999°9999&,AV=D.1999999999999999990-02.CRTHHD.D,TRDDH=Z91.1&99?999999997?.DHIK=0.LLOQDDDDDDDDDDUUOZ;SBU=SQO.OGGOOOOOOOOOOOO'
ZV=0;0,PHCHG=O.D,DCHG=O-500000000000000000,SPCON=-1000OD0.00000000000.BEYAX*O.1999999999999999990-02.XN=1.0BQBBBDDDDDOOODOO,DPKK=
10.OUOOOOOOOBDBOOQO,EFCDEF‘iO-0000000000000060,IHRELIOI1,11011'0o0'0;0:011:0,0,1.0.0'0.0,0,0,0,0;0;0,IYY'O»TYY1=G.0,57*1'0.0.7772=0.0.
SYYZ!O.O,ERFAC=1.BODODDDOOOOOOOOOL,GAPLK!S.OOOOOQGOOOOOUUDDD,TCS=2073.14999999999998.SCSIIOOOOODOOO.UODUDUUU'5CT=1000GOGG.OOOOOOOOOO'
150C=0,A0=0.0,1012=2,AKTR=46.15999999579999992,

REND

P.W.R, FUEL ROD.
*INFUT DATA

€1) PELLZT™ SPELIFICATIONS ===-=

NODE DIAMETER (CM) SHAPE u-23% FRACTIDNAL ONE PELLET NDDE
INGIDE DUTSIDE CHAMF  DISH ENRICH, DENSITY LENGTH (M) LENGTH ¢CM)
1 0.0 0.81% wr 0.130 ©.952 1.015 4,400
2 0.0 0.B1% s 0.130 c.y52 1.015 5.000
3 0.0 0.81% . 0.130 0.952 1.015 5.000
I3 o.0 0.81% e 0.130 0.952 1.015 5.000
5 0.0 0.81¢ xa 0.130 c.952 1.015 5.000
& 0.0 0.B1% ax 0.130 £.952 1.015 5.000
7 0.0 0.81% . 0.130 8.952 1.015 5.000
8 0.180 U.B1¥ s 0.130 0.952 1.01% 6.000
H 0.180 0.B1% s 0.130 C.952 1.01% 4.400
DISH DIAMETER (LM} = ©.600 DISH DEPTH My = 0.030 DISH BOTTOM (LMY = 0.0
PELLET TOTAL WEIGHT (GRAM) = 242,000
GRALY S5IZE (MICRIN) = 8.600
MAKIMUM FPACTIONAL DENSITY = 8.956
SATURATE BUDNU® (MWD/TL02) = 500.000
€2) OTHERS ’
CLAD. WATERLAL IS STRESS RELIEVED IIRCALOY
CLAD. INSIDE DIAMETER (CM) = 0.834
CLAD., DUTSIDE DIAMETER {CM) = 0.950
THERMAL RELOCATION ¢-) = 0.300
PLENUM VOLUME (CMex3) = 5.000
INITIAL GAS PRESSURE (MPA} = 1,500
INITIAL GAS COMPDSITION (PERCENT?
HELIUM = 100.0
NITROGEN= 0.0
KRY2TON = 0.0
XENON = 0.8
OELLET SURFACE ROUGHNESS ((M) - 0.0003
k SLADDING SURFACE ROUGHNESS (LMY = ¢.oo02
ROOM TEMPERATURE (DEG.X) = 291-15
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IFA-524 PWR-03(0.17MMGAPD1.SMPA-HE? FCLT-IN-BOL:LOWER CLUSTER PAGE H
_;;;EE_;_;_B-Q'EA;___;_;_;_;_6-;-;--1 ) TKERMAL INFORMATTION { NODE NUMBER S )- ------------
__;;;7“;_‘_;;;2 ----- E;; ----- ;Eiiﬂ;--[ -TEMPERAT;RE Ly GAP CON. (W/CMZ C) CLEAR CONTACT F.G.;:-;BB;;;:;-

I {HR? (W/CMY (MWD/TQUODZ)I PC PS ctL <o TOTAL GAS SOLID (MIC) (MEA) X G/LM2)
---__;-; ------ aj; ______ Bja ------ ;.O I --239.9 239.% 239.9 239.9 0.306% 0.3044 0.0 §7.433 0.0 -6:;66‘__5j555-
---- ;-;------6.5 5oj;-— 0.1 ; 3?0.0- 310.6 --255.1 248.4 0.3447 0.3441 0.0 0:0 O:;;;_--;:;;;v

1t 1.6 100.0 0.4 I 563.9 383.4 288.1 273-6--;j;;;;--;j;;;; --------------------------- ;_;;5--—;t;;8_

IFA-524 PWR-03(D.17?MMGAPC1.5MPA-HE) FCLT-IN-BOL:LOWER CLUSTER PASE 10
STAGE I P D W E R H ToR ; ---------------------------------------------
______ .74“-‘--___--_A__E_f—_—?-T'_-—E—--—_—____I_E_E_E_T_EAE‘A I NFODRMATTI!ION ¢ ROD AVERAGE )
NST 1 TIME LHR BURNUP I GAS (MOLED F.G.R " PRESSUR 5
.G.R. PRESSURE IOQD(10-5 FRACTIONS OF GAS MIXTUR
1 {HR? (W/ACMY (MWD/Tu02)1 TOTAL INITIAL RELEASE PRODUCE X) (MPA G/CM2) HE N2 K:x urE ;:)

11 2.0 0.0 0.0 I 0.004%1 0.00411 0.000Q0 0.00000 0.500 2.739

111 1.0 100.0 64 1 0.00&411 0.00411 0.00000 0.00000 0.500 2-933

&1 1 £.0 6.0 4.6 1 0.00411 0.00£11 0.00000 0.000C0 ©.500 2.739 0.000 1¢c.0 0.0 0.0 0.0

1 2 3 “ 5 3 7 5
CARD NO. svvuSevveQuonnBeceaBoceeBueacOacaaSuaesOose50neeBeeeiBennclBucaaior,-0uuoi5....0
1. 1FA-524 PWR-D3(0.17MMGAPQOL.5MPA-HE) FCLT-IN-BOL:LOWER CLUSTER
2. ¥INPUT  GR=B.&,R1=3,0,R2=2.0,0MAK=0.44,5BU=500,,1CK1=1,1G12=1 ¥END
3 ° s 3
4. 1 0.836% 0.9505
5. 2 o 0.0 0.819 1.0150 0.13 0.9516 4.4
6. 2 o 0.0 0.819 1.0150 0-13 0.9516 5.0
7. 2 o c.0 0.819 1.0150 0.13 0.9516 5.0
8. 2 0 0.0 0.819 1.0150 0.13 c.9516 5.0
LR 2 0 0.0 0.819 1.0150 0.13 0.9516 5.0
10. 2 0 6.0 0.819 1.0150 0.13 0.9516 5.0
11, 2 0 0.0 0.819 1.0150 ¢.13 0.9516 5.0
12. 2 0 0.18 0.81% 1.0150 o-13 0.9516 6.0
13, 2 0 0.18 0.819 1.0150 0.13 0.9516 4
14. 0.6 0.03
15. 5.0 1.% 1.0 0.0 0.0 0.0 242.
16, ) 8
17. 0.0 0.001 7.BE13 513. 13.0
18. 0.71 0.78 0.%6 0.94 1.00 1.08 1.12 1.16 1.21 8
19. 0.5 50.0 517, 14.8
20. 1.0 100.0 537, 14.4
2%. 1.5 150.0 556. 14.7
22. 2.0 200.0 573, 15.2
23. z.5 250.0 573. 16.7
24. 3.0 300.0 5?3 14.7
25. 4.0 0.001 7.BE13 513. 13,0
26. STOP
DT DU T, SR SNV DU, SR DURDIDY. TP RPN SRR DIPRS. S N T R

BINPUT .
1a£st=o,1n75r=o,19LTxo.1LOCK=9,MM-1,NN=5,KK-S,Nszxsouu.NGR3=eoo,ITEND-i.Kquxxio,Izv-O.NRECt-ii,NREEZ:i.NYE!P-j.INPCK'O.IBUNP=0,
ICH1=0.ICK1=1.ECRACS:ZDDDDDUUOU.00000000,EPSRL2=0.300000000000000001D-ﬁ?;xRELDCﬁD.300000000000000003;FRELUC=0-500000000000000000-
GR!S.60000000066600009,R1=3.UUGOODDOOOODOOODO,RZ!Z.OODDOOOOOOOODDODD,THETP=D.500000000000000000-THETC=1.OOOOOOOOOOOOOOOOO,AMU*
0.399999999999999994,AV-D.199999999999999999D*02,CR7H=0.0.TﬂOOH-EEi.1&99?99??999977.DNA1*0.440000000000000002.SBU‘SO0.00DOOOOOOOOOOOO.
ZV=O.O.PHCHG=O.U,DCHG=0.500000000000000000.SPCON=‘1000006.OODDDDDOUDD.BETAN=0.1999999999999999990‘02.KN=1.OOOOOOQOOOOOGOOOO,DPKX:
1o_ooooocaoooooucoc,ErcuEF-10.0000000000000000,1HREL=0,1,1,0,1,0,0;0,0;0r1roro,i’0,0,0,0,0,0.0.0.0,0.1TV-O,TYYI:O.O,SYYI-O.O.Tv?2=0.0.
svvz:o.O,CRFAC=1.}OGOBDDDDDOODODD&,GAPLK=3.0000000000GOOOOOO,TCSxZO73.16999999999993,SCS‘!OOOOOOOO0.00000000;5CT=1DDDOOO0.0000000000.
1SCC=0,A0=0,0,1612=1,AKTR=6.159999999999795972,

LEND
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P.w.R. FUEL ROD.

~INPUT DATA

(1) PELLET SPECIFICATIONS ----

KODE DIAMETER (CM) SHAPE T u-235 FRACTIONAL OME PELLET NODE
INSIDE QUTSIDE CHAMF DISH ENRICH. DENSITY LENGTH (CM) LENGTH (CM)
1 0.0 0.819 s C.130 0.952 1.01% 4.400
2 0.0 G¢.819 % ©.130 0.952 1.015 5.000
3 0.0 c.e1¢ 22 0.130 0.9%2 1.015 5.000
4 0.0 Q.81¢% % 0.130 0.952 1.015 5.000
* 5 0.0 0.81¢ 23 0.130 0.952 1,015 5.000
4 0.0 0.8l% % 0.130 0.952 1.015 5.000
7 0.0 o.819 bR 0.130 0.¢52 1.015 5.000
8 0.180 0.B1% e 0.130 g.952 1.015 4.000
¢ 0.180 0.819 LE n.130 0.952 1.015 4£.400
DISH DIAMETER ((M) = 0.600 DISH DEPTH (LMY = 0.030 D1SH BOTTOM {CM) = 0.9
PELLET TOTAL WEIGHT (GRAM) = 242.000
GRAIN SIZE (M™ICRON) = &.400
MAXIMUM FRACTIONAL DE%SITY = 0.958
BATURA™E BURNUFP (MWD/TUOZ2) = 500.000
(2) OTHERS
¢LAD. MATERIAL IS STRESS RELIEVED ZIRCALDY
CLAD. INSIDE DIAMETER (CM) = 0.4836
CLAD. DUTSIDE DIAMETER (CM) = 0.950
THERMAL RELOCATION (-} = 0.300
PLENUM VOLUME ((Max3) = 5.000
INITIAL GAS PRESSURE (MPR) = 1.500
INITIAL GAS COMPOSITION (PERCENT)
HELIUM = 100.0
NITROGEN= 0.0
KRYPTON = 0.0
XENON = Q.0
PELLET SURFACE ROUGHNESS {CM) = 0.0003
CLADDING SURFACE ROUGHNESS {CM) = 0.0002
ROOM TEMPERATURE (DEG.K) = 291.15
1FA-524 PWR-03C(0.I17MMGAPO1.5MPA-HE) FCLT-IN-BOL:LOWER CLUSTER PAGE 5

Iopcie-5

NST 1 TIME LHR BURNYP ] TEMPERATURE (C) GAP CON. (w/CM2 C} CLEAR CONTACT F.G.R.
Grem2y

(W/CMY (MwWD/TUG2DD S0LID (MIC? (MPA3 (x>

c.coC

61 1 4.0 Q.9 . 0.3041

1FA-524 PWR-03(0,1?MMGAPO1.5MPA-HE) FCLLT-IN-BOL:LOWER CLUSTER PAGE 10

H1ST 1 THERMSAL I RFORMATION ¢ ROD AVERAGE )
NST 1 TIME LHR BURNUP 1 GAS (MOLE> F.G.R. PRESSURE 100¢10-5 FRACTIONS OF GAS MIXTURE (X}
1 CHRD (W/CM) (MWD/TUO2)] TOTAL INITIAL RELEASE PRODULE iX) (MPR) G/LM2) HE NZ KR XE

3.082 0.000

&1 1 L,0 . 4.6 1 0.00411 0.00411 0.0CC0C C.0ODOOD 0.500 2.73¢9 0.000 100.0 0.0 0.0 Q.9
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