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THE ACHIVEMENTS OF JAPANESE FUEL IRRADIATION
EXPERIMENTS IN HBWR

The Committee for the Joint Research Programme™
(Received January 28, 1984)

OECD Halden Reactor Project celebrated the 25th anniversary
in 1983. The JAERI has been participating in the Project since
1967 on behalf of Japanese Government.

Since the participation,thirty-six Japanese instrumentec
fuel assemblies have been irradiated in HBWR. The irradiation
experiments were either sponsored by JAERI or by domestic
organizations under the joint research agreements with JAERI,
beeing steered by the Committee for the Joint Research Programme.

The cooperative efforts have attained significant contributions
to the development of water reactor fuel technology in Japan.

This report review the irradiation experiments of Japanese
fuel assemblies.
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Table 1.1 JAERI drradiated instrumented fuel assemblies in HBWR

PR - . PR B
No. | BARLES D AR B M OE B M B oM KM (GWd 1)
! IIFOAG“ B W TPDR — 1 l a1 11/67~10,69 113

L OEREE 0D BE
2 107 15 w7 HE(ER) EREE 11767~ 8,768 49
3 149 IiF F JPDR -1 {5 BRI T 5,68~ 5,69 7.2
BREE D FEH: >
4 1590 = i éﬁ%ﬁ(ﬁ%R)J SRR 5/68~ 4,70 11.4
\ BHATOAL v ko -
5 208 Ji Bt 5 KA E 1./71~ 9,771 5.3
6 209 I o OKEENCNHEBEEREOXE 5/71~ 5,73 101
, EEESRED L v ko —
7 224 I5 Bt 25y FAE 1E 2/72~11,73% 118
8 225 ) B BBk DRI R 272~ 6§79 3.5
FANERMECL S

9 508 = B Ko s 5y FHEES 6,77~ 2780 23
10| 515 IH B IFA—508 BB EHRK 9./77~ 3781 17
11} 520 & B BWRMH HhaHAR Y &7 382 = BE
121 523 &= o BWR ~ — = & 2./80 s e
13! 524 Jirg i PWR ~ — = B 2,780 izl
14 525 = it PWREIM IEALREY 7 10781 LB




JAERI-M 84-031

Table 1.2 Summary of experimental parameters in IFA-209
Cluster | Sub. Div.| Rod No. | Segment| Hydrogen Content{ Tube Maker | Cooling Rate Tube No.| Enstrumentation No.
(ppm] {°c/hr.)
U 25 K 62011
1 - EC-6
L 27 S 6501-2
V) 112 K 8309
2 450 EC.5
L 101 s $-583
]
U 236 K 65328
3 450 EC-7
L 218 K 6321
U 207 S §-29
4 450 EC-8
Upper L 201 S 5-26
Cluster
u 25 K 6202-1
9 EC-6
L 27 S 6502-1
U 102 K 6310
10 450 EC-5
L 99 S 5-43
1}
3] 247 K 6339
11 450 EC-7
L 234 K 6336
u 213 S s-24
12 450 EC-8
L 211 S 5-40
u 139 S 1941
13 450 EC6
L 100 S 301
il
U 115 S 16-1
14 50 EC-5
L 100 S 30-3
u 139 ] 19.2
15 5 EC.7
L 107 S 312
U 13 s 71
16 . EC8
L 13 s 7-2
U 25 K - 6201-2
5 EC-2
L 109 K 450 6307
U 27 S - 6501-4
Lower 6 EC-1
Cluster v L 102 s 450 S.52
u 25 K 6201-3
7 EC-3
L 207 K 450 6338
U 27 S - 65015
8 EC-4
L 203 S 450 $-31
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A comparison of IFA-160 and IFA-159 for fuel assembly design

IFA-160 IFA-159
1. Fuetl :
Material Pud,-U04 Pud,-U0,
Type Sol-Gel VIPAC MB Pellet
Enrichment, Pul, 3.1w/o 25w/0
U Nat.U Nat.U
Pu composition %
Pu-239 90.498 91.30
Pu-240 3.513 7.884
Pu-241 0.942 0.780
Pu-242 0.047 0.035
Density 85% T.D. 94% T.D.
Diameter 10.83mm 10.0mm
Active Length 1400 mm 1400 mm
2. Cladding
Material Zircaloy-2 Zircaloy-2
Inner diameter 10.83mm 10. 2mm
Wall thickness 0;70rrrn 0.76mm
3. Assembly 7
Number of rods
Per assembly 9 9
configuration Square Square
Pitch 16.4mm 16.4mm
Table 2.2 Gas contents in test samples
Sample Weight of gas (mg)
IFA No.| from Pin '
No. Kr Xe Ny 0, He
1FA-159 1 0.038 | 0.31:0.0420.007 | 0.20
: 13 0.024 0.23]90.057 | 0.012| 0.17
[FA-160 25 0.44 3.49 1 0.09 |0.021| 0.16
29 1.62 14.40 1 0.53 [0.036 0.01
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Table 2.3 Principal characteristics of IFA-206
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Table 2.4 The results of gas puncturing for irradiated fuel rods
of IFA-206
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Table 2.5 Principal characteristics of IFA-207
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Table 3.1 Chronotogy of Halden irradiation tests
)
73 94 95 96 17 98 99 €0 gl §2 83
i ! |
;__." H
IFA-110 %
i |
AL i i
IFII i!r ‘I ! !
E i
I
1FA-%0z2 | ;
IFA-Sof
1FA-519
Table 4.1 Characterization of fuel rod in IFA-424
Ry b FAT A B c o
~A oy b BEE (ETD) 9 4.4 9 4.7 948 9 4.6
ﬁrﬂa‘u'fy{»rz‘(;un) 163 226 257 2 4.1
(7 Yo A2 92) .
PHIER #TH X (pm) 5.5 37 29 12
s umP QT HTEBEE @) 2.15 0.6 1 0.4 1 L1l
HTH A XGHL—7 (.u@ <5 s 0 30 10
BErgsatfi@gs® 0.6 0 0.13 0.27 0.3 9
{(1706°%C, 20h)
LFA&—-424(]) ¥ la 01 04 o7 10
EFNy | EF =1 EF—4 EF —2 EF—3
LFA—424D ¥ e 02 05 038 11
£ F Ng EF -1 EF -4 EF -2 EF -3
FR2 324~ 3 03 06 09 12
—_
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Table 5.1 Fuel rod design
U0y Pellet
Fuel 10w/oU-235, 94.%T.D.
9,320 . D x15mml
Fellet Disled, Both Ends
Zry-2, 2ry-4, Stress Relieved
Clad 9. 49mmkD.x0. 625mmt
Stack Length | 690mm
Plenum Length)63.5mn
Fillar Gas lle, 1 ata

Table 5.2

Irradiation condition

Moderator, Coolant Heavy Water

Coclant Temp.

40°C

Coclant Pressure 34. ata

Cooling Conditioen Natural Cireulation

Linaar leat:Rating

Ave. 550W/em
Max. 7804/ em

Durn~Up

Ave. 38000MWD/MTU
Max. 50000MWD/MIU
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Fig 13 Center temperature vs. linear heat rating of IFA-106/107
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Fig- 1.4 Crud of the cladding
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(b} IFA-149/150

Fig. 1.5 Instrumentation of the assemblies
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Fig. 1.12  UO, vapour deposition on the pellet end face in the dished face
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Fig 21 Rig cross section of IFA-423 at fuel rod portion in which some
rod characterizations are included
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| INSTITUTT FOR ATOMENERGI
OFCD Halden Reactor Project.

Supplies:

DATA SHEET

[FA-106

JAERI, Japan

155U NO: 3 FaGE: 1

SIGN: B . GATE: 1.2 .70

QOPERATIONAL DATA

CBIECTIVES

To obtain information on design limitations of high power density fuel

assemblies for the JPDR-II project in Japan

DESCRIPTION PREQICTED ACTUAL REMARKS

Loading Date 7/67 8/11-67 | Out of reactor

Unloading Date 7/68 3/11-69 18/12-67 to 7/2-65%
Burn-Up MWEIUO; 11330 B

Reactor Position 5.13

ol Focposon 1.2 _

Channel Power kw 505 560 | _
Avg.Un Heat Rating Wiem 3390 35 |

Max, Lin. Heat Rating Wiem 533/ ) 595

ok St et o | s | B

Feak‘]kd(jl Wicm 38.2 42

Pesk Soec. Hoot Rating WIgUO; - 64

Max. Centre Temp. 9C 1975 _LBOOI) 11?02) 1} 12/12-67 at 440 kW Tl
Cocling Condition Forced Circulation 2)19/10-68 gt 530 KW TF2
Inlet Velocity mfsec 2.0

nlet Throttling v2[2g 20 {62)

Hydraulic Giam. mm 1:,2
Flow ares mm? 1530 1530

Assembly Dwg. 07168 Parts List Dwg. 471342
:gable Data Sheel 371627

Experim. Procedure

INSTRUMENTATION

[ 1 joutlet turbine D = 59, au = 32

inlet turbine D = 59, m=33
7

inlet thermocouples 2

outlet thermocouples

Fi .
I 1 | inlet flow straightener

1

Bl pamma thermometel

fission gas pressure tra

nsducer diachragm tyl:;e‘

1

failure dectection

exit void gauge

[ junction grounded

N NN1|—~

lcentral oxide T/C W3Re/W25Re, MgO insulation, Mo sheath, 41.0 mm Cont. Sens.
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b3

JBSUENO: 3 | PAGE:

DATA SHEET JSIGN. £. 7. . DATE: 3 -6 - 68

[FA-108

TEST ASSEMBLY DATA

I

" moisture content M-pellets: 37 ppm

5 -pellets: 28 ppm

DESCRIPTION 4
Fuel Form Sintered UO, -pellets, ground., Poisoned nat. UOp end pellets X
Upper [MA1048 MAI23S MAIOS7PF SAIO67 MAIGSE Salbes ~ SAWLITFT Maidet Maigsztrz
Pin Ne Lower MB 1045 MB332t _SB1080__ SBYI2¢_ MBIOGZ  SEWI7L  SBI0O79  MBI23IL MBIOSL
R 6640 655.1 657.4 656.9 6551 6589  T8i64”  555.2 5285  TOTAL
Fuel Weight g Ene.  [| g8s2 6354 6538 659.1 _§553 _ 587  659.2_ __ 6554 6645 __11828.4
u 11.80 .70 1139 123’ nre N il 11.70 11.80 7
Endpeliets g L 11.80 H.70 .42 1.4 170 1139 1148 170 118¢ 2088
Ul 1048 0.48 1040  10.48 0.42 10.43 10.48 ieLg
Fuel Density glem? | fo'4g e 1040 1043 __oie <3 jo4aloes  wia 12.037kg
Fuel Diameter mm 10.68 © 10.61 10.58 10.68 10.6% 10.68 10.68 1051 19.68
Earichment 10,02 w/o U 235 of total uramum
Endpellets 2.0 w/o Dy, 05 in nat. UO,. One per pin near centre spacer
Diam. Clearance mm | 0.12 L2002 0.1z 0.0 0.12 012 C.20 0,12
Centre Hole TF pins have 1.71 mm diam.centre hole(lengths 600 mm of fuel stad
Pellet Length mm M- pellets:18 mm. S—pellets :16 mm. End pellets. 12.7 mm
Dishing None . o B
Dishing Depth mm - o
tand Width mm - o
Ciadding Zr-2,cold worked fully annealed (Reactive Metals, Inc.}
. — e e L
Cladding Stale YS: 51 kg/mm”, UTS: 64 kg/mm » EL.(27): 20%. (®RT)
Autoclaving Tubes autoclaved before weldmo (400 C, steam, 88 ato, 12 hrs)
‘Neidmg TIl_J
Filler Gas Helium B . - - [
Clad. Int. Diam. mm | 10.80 7087 16.80 1080 1081 1080 10.80 1081 10,80
Clad d. Thickness mm | o7 o - . B _ -
No. Pins [Cluster ] 9 (3 x 3 _square lathce) o e el
Pitch Distance mm I6.6 L L o _ _ o
Spacers l Zr-2 central support spacer_ screwed to the shroud.
Spacing grids at upper and lower bundle end.
] 7196 7198 7216 70 7133 720.7 77 EAEE- DR F 1
Fuel LengthiPin mm Tot | 7198 7204 . 7202 7208 _ 7199 21 7206 7200 _ 700
Plenum em3 7.3
Shroud Material Zr-2 -
Shroud Int. Diam. mm |50 3 50 (squareL Fixed Shroud_ S
No. Of Clusters 2 o o
including: 8.2424 g Dy, 04

)



JAERI-M 84-0231

{MSTITUTT FOR ATOMENERGI
OECD Halden Reagtor Project.

Supplier:

DATA SHEET

[FA-107

JAERI, Japan

ISSUE ND:. 3

&.m

I PAGE: 1

SIGN:

:
| DATE: 15-5-69

OPERATIONAL DATA

OBJECTIVES

To obtain information on design limitations of high power density fuel

assemblies for the JPDR-I] p_roject in Japan

DESCRIPTION PREDICTED ACTUAL REMARKS
leading Date /6% 9/11-67
Unloading Date /69 28/8-68
Juen-Up MWILO; o L . 4 1 45 154 days at power
Reactor Posilien 5.28 5.12| transferred 4/5-68
Rel. Flux Pesition _ 1.35
Channel Power W 580 5290 560
Avg lin Heot Rating Wiem | 450 | 400 430 o
Max. Lin. Heat Rating Wfcm 615 540 580
e sl e ox wiem 160 0 150
Pack Jkd@ Wicm 43.7 37.5 42
Paak 5:';::? Heat Rating wmﬁ 58.5 60 B
Max, Cenire Temp. OC 2250 1520°C measured at 560kW
Coeling Conditien Forced Circulation
Infet Yelocity mfsec 2.0 2.1 - 0.9
Inlet Throttling v2{2g 20 (64)
Hydraylic Diam. mm 1.2 | -
flaw area mm? 1530 1530
Assembly Dwg. 07168 Parts List Dwg. 471342
Coble Data Sheet 371628
Experim, Procedure 1106/1107
INSTRUMENTATION

1| failure detection

inlet turbine D=59, u=32
ra

inlet thermocouples

1 joutlet turbine D=59,n=32
[l

2 {outlet thermocouples

2 | B! gammathermometerd

fission pas pressure transducer diaphraom tvpe(P

1 lexit void sauge

Lo L S A

centre oxide T/C W3Re/W25Re. MgO-insulation. Mo-sheath #41.6 mm Cont, Sens|




JAERI-M 84-031

ilSSUENO,— 3 PAGE: 2
| o
DATA SHEET lsiov: €. 7. |oare 15-5 -8
IFA-107
TEST ASSEMBLY DATA
CESCRIPTION i
Fuel Form Sintered UO,-pellets, ground. Poiscned nat. UO, end pellcts =X
Upper |5A1083  MA1058 BAT073 PF SATOST  SAIO/0  SAI055  MAT22STFI MAIUSI "SAT0RITF2
Pln Nt

Lower 1583224 MBIW0BS MB3INS  5BIANg  5B10%5 581086 _ MBI302 MB3223 5893273 © centre

) Uin.6479 06641 06551 06476  0.6572 06505 06449  0.6662 0.6389  TOTAL
Fuel Weicht kg Enr.  (|e.s507 0646 06552 05502  0.5530 06500  0.6554 . _0.8644_ 0.6507 _ 11.7714kg
ol 132 n.so 1180 .22 1132 .36 1 T Ao .22 w
Encprilets g L| n.zs _1__1‘§ngﬁﬁﬁt1.gu“” 28 136 1130 176 11.8C 1125 020698
U] 0.4 6.4 0677 0.2 10,40 0.4 16,47 16.48 10.43
Fuel Demsty glem  ¢| 1040 _ w048 1047e 040040 wio_ 047 _mes w0 11.978kg
Fuel Dizmeter mm 10.51 10.68 0.5 10.61  10.68 10.51 10,61 068 0510
Earichment 10. 0z W/o U-235 of tota.l urani.um.
Endpellets 4,0 w/o Dyz in nat. UO One per pin near cenfre spacer.
" BT L I A1 uzo R on 319 519 o1z oz
Diam. Cleacance mm || 927 015 . B3l_.. 020 012 020 020 0.2 0.21
Ceatre Hale TF pins have 1. 71 mm dia. centre hole {length 600 mm of fuel stark)
Pellet Length mm M pelletS' 18 mm. S pellets 16 mm. End pellets 12 6 mm
Dishing foWeme e
Dishing Decth mm - e e
Land Wazih mm R L o e )
Cladding Zr- 2, coid worlcd fully annealed (Reactwe Metals, Inc. )
- el D [t ol
Cladding State YS: 51 kcr/mm » UTS: 64 kg/mm , EL.(2": 20% (RT)
Autocleving 'iubes autoclavcd before weldma (400 C, 88 ato, 12 hrs)
Welding B ']fI\_:}__ N o . L . o
Filler Gas celivem
- Ul 10.80% 0780  10.806  10.792 10.7%2  10.800  10.807

10.802 10,816
Clad. Int. Diam. mm

L] 10,825 _ m B30 10.824 10.80% _ 10.801 10,806 _10.806 10802 0,829
Clad, Thackness mm | 0, 68 -___Q_O,‘ér . e
No. Ping {Chaster 9 (3 x 3 square lamce) e
Pitch Distance mm 16.6 _ . L . e _
Spacers 1 Zr-2 central support spacer screwed to the Shroud

. Spacing _gnds at upper and lower bundleend

Uf 7106 7i3.6 7196 72005 7200 7208 7200 719877 7223

Fuel LengthiPin mm Totr| 7208 7200 7139 7211 7211 7203 1209 7200 __ 720.9
Plenum cm? 7.3 o ~ o
Shroud Material Zr-&

Sheoud Iet. Diam. mm 50 x 50 quua.re) szed Shroud

Na, Of Clugters 2

* inciuding 8.1703 g Dy,03

*X moisture content M-pellets: 37 ppm
S-pellets: 28ppm
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JAERI-M 84-031

INSTITUTT FOR ATCMENERG!
QFCD Halden Taactor Prosect

Supplier:

DATA SHEET

[FA-149

JAERI, Japan

l I1SSUE NQ: 2

} PAGE: 1

JSIGN: .M, JoaTE17- 4 .68

CPERATIONAL DATA

CRICTIVES

To obizin design limitations of high power density fuel assemblies for the

JPDR-II project in Japan.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 4/68
Unloading Date 12/68
Bauen-Up MWIIUC: - -
Reactor Position
Rel. Flux Position
Channel Power kW ) 440 530 |
Avg. Ui Hoat Raving Wiem 333 400
Max, Lin. Heat Rating Wiem | 446 537 B o
Peak Surf. Heat Fr.x Wicm? . 116 14 On - 1) required
Peak fkdt) Ve 49 59
;;a_kis;:c.iHear Larng WigUC- 50 - 60 :
Hax. Cealre Tems, °C 1850 2250 R -
 Cooling Condition — Forced Circulation
Infet Velocity misec >0.33 »0.43
felet Th;i-ing viZg variable
Hydraulic Diam, = 11
Flow area mm? 1415
Assembly Dwy. 07189 Parts List Dewag. 471521
Cable Dala Sheet 372352
Experim. Procedure 1 149/1 150
INSTRUMENTATION
inlet turbine D=0, n=100[ 1 | outlet turbine D=59,un=32 failure detection
inlet thcrmocouplzes 2 | outlet thermocouplles Bl gamma thermometexn

neum, throttle valve {with DTF position indicator)

fission gas pressure transducers diaphragma type

DTFE exteasometer burn-out detectors (on circumfercutizi ping)

Win (o= |

centre oxide T/C W3Re/W25Re Ta-sheath., ThO, insulation g: 1.6 mm ContSensh




JAERI-M 84-031

ssueno: 2 [eact 2
DATA SHEET [-SIGN: £, |pare 26-3-38

IFA-1483

TEST ASSEMBLY DATA

DESCRIPTION

Fuel Form 1 Sintered UO?_ pellets, ground. No_special end pellets _
EF T PEV £Fi EFI TE1 EF8 PF2 EF7 EFs TF3™ EF TR

Pin N2 _ |svs304 FK Lulw_s_y_slgt_z_____5\_{995__s;v‘s_s_zz____frin_p_s_ §V5303  5V5305 FKLg’ B

Fuel Weight g 13259 13033 13169 13042 13042 13404 1283.2  §325.8 13250

. TOT.FUEL WEIGHT 1 829 kg

Fuel Densily glem? 10,43 - 0 09 L o ) o

fuel Diameter mm 15.6§3 10,53 0663 10534 10.53¢  10.68 1053 10.581 1068

| Encichment 10,08 w/o U-235_of total uranium e

Giam, Clearance mm ‘015 836 014 030 0,29 0.1% 0.30 0.14 0.15

Pms thh centre oxide TF have centre

Pellet Lengih mm

|20 (73 pellets/pin) | hole 4 1.77 mm 613 mm of fuel stack.

Dishing

|Spherical, one side| Thermocouple tip 588 mm below upper

Welding

Filler Gas Helium L . o il

T T T T OTA Y T T e + 9 +1 + 6 +15 +19 +28 +11 +0
Clad. Ini. Diam. mm +Tol[1083 -9 -9 - - =20 -8 =1 -10 -t -p
Clad thckness mm | 0.69 +0035 _ . e e e
No_Pins [Cluster |9 {3 x 3 square lattice} e o e
Pirch Distance mm {14, 6 . o _ SR,

Spazers

Cishing Depth mm 1.0 . | f}lrelﬁe_lld-_____ e
tand Width mm 0.8 B I e
Cladding [ Zr-2, cold worked, Tecovery . annealed KOBE: £75*C.fhrs. .
Cladding State Tubes autoclaved before weldmg

¥ Pins SUMITOND .1 |
Ferins FuRUKANAE C 0% SiGEL RT UTS  kg/mm?. Y5 kg/mm’. EL 27

SANDVK  RT UTS 77 kg/mm®. YS 58 kg/mm>. El. 27 20%

TIG

Wire spacer

Fuel Length{Pin mm

All outer pins free moving between the spacer wires .. _______
1465.2  1457.8 14674 1467.6  1467.8 14669 14674 14654 14E8.7

Pleaum

Upper: 122 mm, 10,6l cm®, lower: 33.5 mm._1.81 cmo_ D o

Shroud M_a_'e_ia{;,u- Zr-2

Sheoud Int. Diam. mm

No. Of Clusters

50.5.x 50,5 (squale) Fixed Shroud - - oeoom o o e




JAERI-M 84-031

INSTITUTT FOR ATCMENERGI
OECD Halden Reactar Project.

Supplier:

DATA SHEET

IFA-150

JAERI, Japan

ISSUE NO: 2 PAGE: 1

SIGN: €. M.

DATE: 19- 4 - 6B

OPERATIONAL DATA

OBJECTIVES

To obtzin design limitations of high power density fuel assemblies for

the JPDR-II project in Japan.

DESCRIPTICN PREDICTED "ACTUAL REMARKS
Loading Date 4/68
Unloading Date /69
BurnUp MWdIUO;
Reacior Position
Rel. Flux Position
Channel Pawer = kW 440 530
Avg. Lin. Heal Rating Wicm 333 400
ax. Lin. Heat Rating Wlcm 446 537
Peak Surl. Heat Flux Wicm 116 140V required
Peak tkd8) W.om 49 59
Peak Spec. Heat Rating W/gUO, 50 &0
Max. Ceatre Temp. °C 1850 2250
Cooling Condition Forced C
Inlet Yelocity m{sec »0,.33 ;0,43
Intet Throtiling v2{2g variable
Hydraulic Diam. mm il
Flow area mmZ 1415
Assembly Dwg. 07189 Parts Lisi Dwag. 471521
Cable Data Sheet 372393
Experim. Procedure 114971150
INSTRUMENTATION
inlet turbine D=40,u=100| ! | outlet turbine D=59,u=32| 1| failure detection
inlet the rmoccupli:s 2 | outlet thermoc ouplies Bl gamma thermometerg

pneum. throttle valve {with DTF position indicator)

fission gas pressure transducers, diaphra.grﬁa type

DTF extensometer burn-out detectors {on circumferential pins)

W oo [t | IV | e

centre oxide T/C W3Re/W25Re. Ta-sheath. ThO, insulation. f:l. 6 mm. Cont.Sensiz




JAERI-M B84-031

ISSUENO. 2 lpace 2
DATA SHEET SIGN: £ T %0ATE.1‘3-4—59
[FA-150
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UQ, pellets, ground. No special end pellets,
EFY TF1  EF2 EF1PF2 EFS EFBTE3  EF7 EFEPF1  EFé 1F2
Fin Ne FV532]  FV5337_ _ FVSIL6 SKeL17  FYS3I0__ FVS5343  FY5327  SKI£16  SKeiiscentre
Fuel Weight kg ‘L3254 130&4 13001 13251 12885 13430 13397 13037 12820
Tgpopn  TOT. FUEL WEIGHT 11812 kq
Fuel Density glom’ 10.43 - 0.09 -
Fuel Dfameter mm 10,68 10.53 10.53 10.683  10.53 10.68  10.68 053¢ 10,534
Enrichment 10.08 w/o U-235 of total uranium _ o L
Diam. Clearance mm 0.05 030 030 oS 0.29  0.1¢ 0.16 0.29 .30

| Pins with centre oxide TF have centre

Peilet Length mm

Dishing

20 (73 pellets/pin) | hole 4 1.77 mm 601 mm of fuel stack{FK pims

Dishing Depth mm

Landjld!h mm
Cladding

Ciadding State

| Spherical, ene side, 614 mm of fuel stack(SK pin}
1.0 ] Thermocow tip 588 mm below upper
0.8 tfuel end.

T KOBE TR L e s
Zx-2, cold worked, recovery annealed, _

Tubes autoclaved before welding

SK Plns SUMETOMO E.L

o k-’:/mmz,_El 2"

|kose steel RT UTS___kg/mmS. ¥S.

FV Pins FURUKAWA EC, |saNovik  RT UTS 77 Wkgy/_rgﬁrp%,ﬁf(s 58 kg/mm>, E1.2" 20%
Welding TIG - i
FlleeGas | Felwm .
e PR S S S S S
Clad. Thickness mm 0 69 - 0 04 i L
No. Pins [Cluster 9 (3 x 3 square Iattlce) e
Pitch Distance mm 6.6 e o
Spacers | Wire spacer e e

- _____1All pins free moving between spacer wires. = . ____
fuel Lenglhfpin mm 1467.5 *1_435.8_ o 'I_LE"LE 11.55 2 . [-'-573 1467.1 1467.2 l_£57 a lii?_ﬂ_-
Plenum Upper: 122_mm, 10. .61 cm3, Lower: 33.5 mm, 1.81 cm 17 il el | ‘{I(M
Shroud Material Zr-2 e
Shroud Int. Diam.- mm | 50, 8 x 50..6. (Squarc)__ElxeiShmi_ .___-_:.___
Na. C©f Clusters 1
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
QECD Halden Raact?r Project.

DATA SHEET

[FA-159

Supplier: JAERI, Japan

ISSUE NG 1 PAGE: 1

SIGN:  H.Cav. Joafe: 21 /12-70

OPERATIONAL DATA

OBJECTIVES

To study hydraulic properties of the assembly and to evaluate metallurgical

and nuclear properties of Plutonium fuel for thermal reactor application.

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Date 8/68 31/68

Unlsading Dale /69 5/70

Burn-Up MWdRUC, 9429 Averace

Reaclor Position 4-15 and 2-0| 2-0 from4/69
Rel. Flux Position 1,02 1.2 - '
Channel Power kw 340 400 247 a, f.f. =1.21
:;g. Lin. Heat Raling Wiem 264 310 270 r.f.f. =1,07
Max. Lin. Heat Rating Wlem 355 415 349

Peak Surf. Heal Flux Wicm? 97 113 96

Peak Jkdt) Wiem 27 32 26.6

Peak Spec. Heal Rating W[gUO:n_—_z-}E_ 5 51 434

Max. Centre Temp. ©C 1450 1700

Cocling Conditien Na,‘LILI‘,a-LC irculation

Irlet Velocity misec 0,41 .39

Inlet Throttling v2/2g 50

Hydraulic Diam. mm 11.55

Flow area mm3 1530

Assembly Dwg. 067303 Parts List Dwg. 471619
nCable Data Sheet 372503

Experim. Procedure 1159 :

INSTRUMENTATION

1 | failure detection

1 jinlet turbine D=40, =104
/

2 |inlet thermocouples

1 |outlet turbine D=59,u=32
7

2 {outlet thermocouples

2 | Bl gamma thermometers

calibration valve standayd electromagn. lock type




JAERI-M 84-031

ISSUE NO: PAGE: 2

DATA SHEET
IFA-159

SIGN: & M. DATE:13 -6 - 80

TEST ASSEMBLY DATA

DESCRIPTION
Fusl Form Sintered pellets, ground., Mech. mixed UO-;,_/PuO_2
Pin N2 n 15 18 1n 17 . 18 12 17 19 TOTAL
Foel Weight kg enr. 11418 11363 11391 19400 11524 LI4L19 1431 L1444 1934 10.2733
Endpeliets g  nat. 240 268 24.7 249 2.7 268 248 245 4.8 0.2220
Fuel Density gfem? 10.3 7 10.495kqg
Fuel Diameter mm 10.0 Total Pu 226,56 g

Enrichment WigPy /Pu+ U

2.490 2.540 2,496 2.541 2.465 2.466 2.482 2.48% 2,852

End pellets’

Natural UO,

Diam. Clearance mm 0.2 R

Pellet Length mm 14 i

Dishing Not dished

Dishing Depth mm - -
tand Width mm ‘ -

Cladding Zr-2 _

Cladding State

Autoclaving Tubés autoclaved before welding (400°C, steam, 100 ato, 72 hrs)
Welding TIG ____ -
Filler Gas Helium -
Clad. Int. Diam. mm 10,2 -
Clad. Thickness mm 0,7 .
Ne. Pins [Cluster 9

Pitch Distance mm

16,5 (3 x 3 square) .

Spacers

Tubular type

+ 30 nat,

Fuel Length/Pin mm 1400 enr. o
Pienum e
Shroud Material Z -2

Shroud Int. Diam. mm

50 x 50 {square)

Ne. OF Clusters

1




JAERI-M 84-031

INSTITUTT FOR ATCMENERGI
OECDH Ha!d'en Reactor Projech.

Supplier:

DATA SHEET

IFA-160

JAERI, Japan

Pissue o 3

PAGE: 1

SIGN:

H. D

DATE: 17/12-70

OPERATIONAL DATA

OBJECTIVES

To study hydréulic properties of the assembly and to evaluate metallurgical

and nuclear properties of vibratory compacted Plutonium fuel for thermal

reactor application.

DESCRIPTION PREDICTED ACTUAL REMARKS
Leading Date 3/69 3/69
Unloadiag Dale 769 4/70
Burn-Up MWJIUIO; 5340
Reactor Pasition 4-4
Rel. Flux Position 1.02 -
Channel Power kw 380 318(max)| 350 kW Requirement
Avg. Lin. Heat Rating Wicm 296 252 a.f.f. = %20
Max. Lin. Heal Rating W/cm 405 325 r.f.f, =1.07
Peak Surf. Heal Flux W/em? 104 85
Peak fkd® Wiem 30.7 24.5
Peak Spec. Heat Rating WgUO, 47.3 37.5
Max, Centre Temp. °C 1760 1360

Coeling Candition

Natural Circulation

inlet Velocity mfsec 0.45

Inlet Throttling ¥2{2g 50

Hydraulic Diam. mm 10.3

Flow area mm? 1h10

Assembly Dwg. 07325 Parts List Dwg. 471770
Cable Data Sheet 372690

Experim. Procedure 1160

INSTRUMENTATICN
inlet turbine D =40,n=100 1| outlet turbine D =59, u=32 failure detection
7 7
2 |inlet thermocouples 2 | cutlet thermocouples Bl gamma thermometers
calibration valve standatd electromagn. lock type '




JAERI-M B84-031

DATA SHEET
[FA-160

ISSUE NO: 1

! PAGE: 2

SIGN:

z.m,

DATE: 19-2-53

TEST ASSEMBLY DATA

DESCRIPTION
Fuel Form Vibratory compacted UOQ;-PuQ, mixed oxide™, Nat UQ end pellets
Pin Nt 29 29 22 26 25 24 3 H LZO TOTAL
Fuel Weight kg Eor. 1,212457 120769 1.21721 120826 12095 120803 20826 120658 120142 1087517

Endpetlets Nat. g| 23 23.0 FEN 231 7115 23.0 211 232¢ 205 (20785
Fuel Density gfcm3 Enr. | 9.45 9.37 9,51 9.36 9.39 933 9.39 934 935  11.0BL4kg
Fuel Diameter mm See Cladding Int, Diameter

X ¥ )

Enrichment

3.124 w/o PuQ, in natural UO,. (Total: 299.62 gr Pu)

Diam. Clearance mm

Pellet Length mm

- 2 End pellets per pin upper: 10 mm. lower: 15 mm

Dishing

Dishing Depth mm

Land Width mm -

Cladding Zr-2

Cladding State

Welding

filler Gas

Clad. Int. Diam. mm 10814 16.831 10.804 10.823 10.809 10,826  10.828 10.805 10.825
Clad. Thickness mm 0.71

No. Fins [Cluster 9 {3 x 3 square lattice)

Pitch Distance mm 12.5

Spacers

Fuel Length/Pin mm Ear. | 1399.26 139872 139775 140468 120372 140592 09748 1399.60 1395.25
Plenum em3 &5 5.6 6.6 6.5 6.7 6.4 72 5.5 6.9
Shroud Material Zr=-2

Shroud Int. Diam. mm

50.5 x 50.5 {square fixed shroud)

No. Of Clusters

I

x)

**) b..2239: 90,498 w/o. Pu-240: 8,513 w/o. Pu-241:0.942 w/o. Pu-242 0. 047w/

Moisture Content < 16 ppm.

e
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JAERI-M 84-031

INSTITUTT FOR ATOMENERG! 1SSWE NO: 2 PAGE: 1
OECD Halden Reactor Project. D ATA SH E ET SIGN: %) DATE: 9/9 -2
IFA-206
Supplier: P,N,C., Japan

QPERATIONAL DATA

QBJECTIVES

To examine:

_1)The hehaviour af dished pellet rod and non-dished peliet rod

2} The effect of spacers design on hydrodynamics and cladding materials.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 1/71 1/71
Unloading Date 5/72 9/72
Burn-Up MWdJIUO; 10. 000"/ 50507 MPeak B.U.)
Reactor Position ! Average final
Rel, Flux Pasition 1.03
Channel Power kw 518 385 max.
Avg. Lin. Heat Rating W{cm 496 380
Max. Lin. Heat Rating W/em 610 485
Pesk Surl. Heat Flux W/cm?2 116 92
Peak [kdt) Wicm 48.5 39
‘Peak Spec. Heat Rating W/gliO; 34,1 27
Max. Centre Temp. °C 2260 L

Cooling Condition

Forced circulation

Inlet Velocity mfsec 1.4

tnlat Throttling v3{2g 30

Hydraufic Diam, mm 7.45

Flow area mmZ 1121

Assembly Dwg. 07354 Parts List Dwg. 472548
Cable Data Sheet 373566

Experim. Procedure

INSTRUMENTATION

1

Qutlet turb, =55, ).i-"—32| 1 |Fuel failure detector
+ L

Inlet turb, D=40, /,u=32

Inlet thermocouples

2

Qutlet thermocouples

| Reuter-Stokes - curre

Fuel stack elong. detector.

L
2

__2lCentral oxide T/C W3 Re/W25Re, Be insulation Mo sheat @ 1.5 mm

__4

emitter] @ I, 6x1600 mm

| 4

Fuel clad elong. detector




JAERI-M 84-031

ISSUE NO: 2 PAGE: 2
DATA SHEET sign, vV - DATE: 26/6-71
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UQ, pellets L L
EPI-EC4 TFIL EF2-ECiI TFZ2-ECZ
_Pin No. 1 2 —edy A b6 3 5
Fuel Weight kg 2.7422  2.6589  2.7349  2.66l5 2,74063  2.6546 2.7423
i S Totally: 8. 941 kg. .
1
ig_el Density glems as’, of T. D. ) ]
Fuel Diameter mm ___ j 14. §.Q:_.O' 02 —
Enrichment . 6" ;v 1-235 of active fuel RO
Diam. Clearance mm 0.292% %T(nominal) . ) .
Pellettengthmm 120 S
Dishing Spherical, both ends for pins 2-3-3. Flat ends for pins 1-5-6-7.
Dishing Depthmm | (7 e B o ]
,Lf.“.‘.’_Wid'h mm 0.8 L o } ~ o
| El_a_dding Jr-2 - ) - o
Cladding State 1 S
Pwelding VTG e .
Ffiller Gas I Helium.on o e ———
Clad. Int. Clam. mm 1*.,09-0'9: R I
'Clad Thicknessom {1 0.862°°°°7 S
| o Pins ‘Cluster | 7(6 equispaccd circumferentially + | centre pin) _
Fich Distance mm | 3y 62 (P.C.DL)
Spaters 14 Spring lype spacers B o
FucllengthiPinmm 11540 _ ... . S
. 3 -

Plenem 18 em” {108.3 mm leagth) L
Shroud Material Liner: Zr-2 e QOuter: Al alloy X800
Shroud Int. Diam. mm 5g - -~ ) _70.5
No. Of Clustars 1| .. N
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JAERI-M 84-031

INSTITUTT FOR ATOMENERG! ISSUE NO: 2 PAGE: 1
OFCD Halden Reaclor Proiect DATA SHEET SIGN:  HD.Mr paTE: 15/2-73
IFA-207
Supplier: PNC, Japan
OPERATIONAL DATA
OBJECTIVES |

To examine the behaviocur of pellet design and the effect of spacer design

on the hydrodynamics and cladding during irradiation,

DESCRIPTION - PREDICTED ACTUAL REMARKS

Loading Date 5/71 5/71

Unloading Date 1/73

Burn-Up MWdtUO; 7020 Final average
Reactor Position 3-10 3-10

Rel. Flux Position 1.0

Channel Power kW 518 485" Max. 15/8-71
Avg. Lin. Heat Rating W/cm 496 450

Max. Lin. Heat Rating W/cm 610 600

—P:a_k Surf. Heat Flux W/jcm? 116 114

Peak fkd) Wiem 48.5 39

Peak Spec. Heat Rating W/gloO, 34 34
 Max. Cenire Temp. °C 2260 -

Cooling Condition Forced Circulation

nlet Velocity m{sec 1.4

Inlet Throtifing v2{2g 30

Hydraulic Diam. mm 7.4

Flow area mm? 1121 -
Assembly Dwg. 07347 Parts List Dwg. 472456
TCa.ble Data Sheet 373603

Experim, Procedure EP-2207

INSTRUMENTATION

1

—

Failure detector

Inlet turbine D:40]u= 100

Inlet thermaocouples

2

Outlet turbine D= 55/).1:32

Outlet thermorouples

Center oxide T/C's W 3 Rf_/w 25 Re

Fuel stack elongation detectors

Clad elongation detectors

1
2
2
4|Neutron detectors Vanadium emitter @ [.6 mm R.S|
2
4




JAERI-M 84-031

ISSUE NO: 2 PAGE: 2
DATA SHEET sigN:  FHOSAr DATE: 9/9'72
IFA-207
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UO._ pellets
EYXZ TFZ & EF1 TF1
Pin No, -l R ek, cha 4 1
[ Wy g L= vy |y =4 S 3
Fuel Woight kg 1y 2.745  2.647 2.74 2.658 2.8 266l 2.745 18.9231
ra
Fuel Density glcm? 10.5 0,02
Fuel Diameter mm 14. 80
Enrichment 6 w/o U-235

Diam. Clearance mm

0,29 Nominal

Pellat Length mm

20

Dishing

Stherical both ends in pin 2, 3 and 4, Flat ends in pin 1,%,6 and 7

Dishing Depth mm

0.7

Land Width mm 0 8 e
Cladding Zr=2 ——
Cladding State
Welding TIG
Filler Gas He e e
+
Clad. Int. Diam. mm 15.09 o8
Clad. Thickness mm 0 84 I

No. Pins [Cluster

7 (1 center pin + 6 circumferential)

Pitch Distance mm

37,6 et

Spacers

4 wear pad type

Fuel Length{Pin mm

1540

Plenum Jenoth

108.5 mm

Shroud Matarial

double sbrond onter Al x 8061, inney Zr-2

Shroud int. Diam. mm

70,5 outer 59 inner

No. Of Clusters

1
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JAERI-M 84-031

INSTITUTT FOR ATOMEMNERGI
OECD Halden Reactor Project.

Sl.lppliel’:

DATA SHEET

IFA-208

JAERI, Japan

I1SSUE NO: 2 PAGE: 1
sigN: & #. |pate 10/1-72

OPERATIONAL DATA

OBJECTIVES

. To study the behavior of fuel rods operating with heat ratings up to incipient

melting conditions.

Inst rumentation is included to study fuel/clad interaction

behavior for dished and flat ended pellets with a central hole,

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 1/71 1/70
Usloading Date 10/71 B
Barn-Up MWdhUIO; 6300 average [inal -
Reactar Positian 2.0 2-0
Rel. Flux Position 1.02 }1.12 .
Chanael Pawer kw 330 360 3159 max. [2/4-71
“Avg. Lin. Heat Raling W/cm 565 620 615
Max. Lin. Heat Rating W/em 710 | 780 270
Peak Surf. Heat Flux Wicm? 156 {171 170 - N
Peak jkdtl  Wiem 44.7 |52.1 48 o -
fe;k_ S-;e_c.-;éat Rating WgUO, a7l ls1.7 | s T} alculated o
Max. Centre Temp. OC 2640 128507 1620 S Measured at TE x|

Cooling Condition

Natural circulation

19/3-71

tnlet Velocity misec 0.57 0.5%

Inlet Throttling v2]2§; 7 40 36 )

Hydraufic Diam. mm 22, - | B ]
Flow area mm? 2940

Assembly Dwg. 07353 Parts List Dwg. 472544
 Cable Data Sheet 373665

Experim. Procedure 1208 B

INSTRUMENTATION

_ 1ilnlet turb. D=40, pn=32 ] 1| Outlet turb. D=55, u=32
7 - :

1| Failure detector

1| Flectromagnetic calibration valve

2| Inlet thermocouples

71 Qutlet thermocouples

(W]

Neutronthermometer

3] Fuel stack elong. detectors

4! Cladding elongation detectors

Central oxide thermocouple

4! Fuel stack movement markers li
o

W 3% Re/W 25% Re, Mo/BeO

|

. D1,




JAERI-M 84-031

ISSUE NO: 2 PAGE: 2
DATA SHEET sion: £, K. | oAt 9/91:?‘2&_'
IFA-208
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered, hollow UQ, pellets, Ground o
Pin No. 1) TF - EC-4 —EF-%% EC-2 EF-SCEC-3 EC-IDEF-I Totally
Fuel Weight kg %) 1.786 1.784 1.710 1.750} 7.030
End pellets . 034 .034 . 034 .034 0.136
Fuel Density glem? 10.41 (9531 %% of T. D.) 7.166
Fuel Diameter mm 12.38%9°%% pore giam,: 239!
Enrichment 'r'w/o U-235 of active fuel
Ciam. Clearance mm g.30
Pellet Length mm 20 End pellets : 1 5
Dishing No No 3)Yes 4}Yes
Dishing Depth mm 1.0 1.0
Land Width mm 0.94 0.94
Cladding Zr-2 Test Data at R. T.
Cladding State Autoclaved Uts: 69 kp/c:m‘2
Ys: 56 kp/cmz {0.2%)
El: 29%
Welding TIG _
Filler Gas Helium S
Clad. Int. Dism. mm 12,6870 04
Clad. Thickness mm 0.1 o .
Ne. Pins (Cluster 4 Four stay rods of diameter : & mm.
Pitch Distance mm 46 {(P.C.D.J ‘
Spacers 2. end plates and 2 spacers
Fuel Langth/Pin mm Active fuel length : ll470
Plenum 80 mm - 10 con’
Shroud Material Al x 8001
Shroud Int. Diam. mm 7l
No. Of Clusters 1

1} In each fue! pin two poissoned end pellets. 67 /oU-235 /4w/'o Dy_0O.) and
P P y50;

two 10 mm long ZrQO, thermal insulator pellets

Fa
2) T/C Central oxide thermocouple in fuel pin A
3) Spherical one end

4) Spherical bath ends
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
OECD Halden Reactor Projed.

DATA SHEET

IFA- 209!

ISSUE NO: 2

PAGE: 1

sIGN: MRy pare. 13/6-75

Supplier: JAERI/Furukawa Electric Ind.. Japan

OPERATIONAL

DATA

OBJECTIVES |

To investigate the correlation between fuel failures and mechanical properties

of the cladding at high burn-ups by hydriding the tubes to various levels

before the start of irradiation.

Cocling Condition

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 5/71 5/71
Unloading Date /12 10/71
BumnlUp MWAIUO 2050 Avg, upper cluster
Reaclor Pasition 4-3
Rel Pl posiion .02
Channel Powaer kW 235
:5491“"‘ H?#?ﬁﬁﬂi‘,’ﬂ?& _ _ 588
Max. tin. Heal Rating W/lem 685 650 required
| o surt HestFux wiemt | 150
Peak jkdtt Wicm 49
Peak Spec Hoal Rating WIgUO; | 40 )
Max, Cote Tomp. € _ 1 2380

Natural circulation

nlet Velocity mfsec 0.58
Inlet Tbrcﬂ‘liﬂg v2{_2_g_;_ L 40
Hydraulic Diam. mm 22
Flow ares mm? 2940
Assembly Dwg. 07367 Parts List Dwg. 472604
Cable Data Sheet 3731736
Experin. Procedure EP-1209
INSTRUMENTATION
1 iInjet turbine D=40/u.=32 l 1 lOutlet turbine D=40/p.=3a 1t Failure detecior
1 FlemmMT Yalve Type [I 2 | Outlet thermocouples
2 |Inlet thermocouples 4 |Gamma thermometers )
18 |Clad elengation detectors




JAERI-M 84-031

ISSUE NO: ] PAGE: 2
DATA SHEET siGN: Howr,  {oame 18/3-71
IFA-209!
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UO, pellets
- - - EC- 6 7 B
Pin No. U-L ‘ Ef: § ES > Eg ® E 7~ Egd EC-1 EC-3 _ EC-&4
Fuel Weight kg - Enriched = 4.2776
End Pellets Enr.UQ.+4 w/o Dy, O, of length 15 mm Poisoned = 0.5727
Z. Z
Fuel Density glem* 10.4 Total fuel wt, = g&%
Fuel Diameter mm 12.382002 ==

Enrichment

5,91 w/o U=235

Diaze. Clearance mm

0.29% nominal

No of pellets

13 in each segment including 2 end pellets (One each end).

Pellot Length mm 20 atherwise two pellets in_each pin No. 2,3,6,7,8 of 1 Omm{ex-
Dishing One side. FEnd pellets no dish c]._uding end pellets
Dishing Depth mm 1.05 o
Land Width mm 0.9
Cladding Zr-2 (Kobe Steel and Sumitomo Met, Ind.] .
Cladding State Prehydrided up to 240 ppm. Stress releafe annealed
Ppm A%tu:)ﬁcmv?l% hath zggdes 200 110 100 207 202

He in cladding 50 160 220 200 — 50 50 50 50
Welding TIG i .
Filler Gas e o .
Clad. Int, Diam, mm 12 f75 2004 L o
Clad. Thickness mm 0,902 - 9078
Mo. Pins [Cluster 4
Pitch Distance mm _
Spacers
fuel Length/Pin mm 2 x 250 :}:g)
Plenum o
Shroud Material Al x B0O1
Shroud Int. Diam. mm 70.5
No. Of Clusters 2

Moisture content ¢ 10 ppm




JAERI-M 84-031

IMSTITUTT FOR ATOMENERGI
OECD Halden Reacter Project,

Supplier:

DATA SHEET

IFA-209T

JAERI, Japan

ISSUE NG, 2

Huwy

PAGE: 1

DATE. 13/5_-75

SIGN:

OPERATIONAL DATA

OBJECTIVES

- to investigate the correlation between fuel failures and

mechanical properties of the cludding at high burn-up, by

hyvdriding the tubes to various levels before the start of

irradiation,

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Date 10,71 10/71

Unloading Date 2/72
Burn-Up MWd/UO; 1960 Avg, upper cluster

Reactor Position 4-3 1-2
 Rel. Flux Pesition 0,92 I)Nu slecting the power of
Ehain_el Power kw 191 ) i 6?1) the poisoned pellets
i‘_‘_?_'f'l Heat Rating W/cm 540% 4759
_Max. Lin. Heat Rating Wicm A50 550 Requirement: 630

Peak Surf. Heat Flux Wjcm? 143 "Axial form factor: 1,20
_Pe.akjlfi‘? . Wiem +6 . xxAxiul form facter: 1.37
_!’eak Spec. Heal Rating W(qUO, 54

Max. Centre Temp, ©C 2640 o
_Cooling Conditian Natural circulation
Lﬂei Velocity mfsec 0.58

inlet Throttling v2/2g 40

Hydrgulic Diam. mm 22

Flow area mm2 2940 ) B
Assembly Dwg. 07361 Parts List Dwg. 472604
Cable Data Shee! 373734

Experim. Procedure EP-1209

INSTRUMENTATION

! TInle-t turb, [2-40, ,,11:32 | Qutlet turh D-55 'p=32 I Failure detector

2 lnlet thermocou;ﬂ.cs 2 Outjet thermocouﬁles ‘

1 |Electromagnetic ¢ :libration valve

4 iGamma thermome‘ers

8 iCladding elongation detectors




JAERI-M 84-031

ISSUE NO: ] PAGE: 2
DATA SHEET siGN:  HDa-  oates 8/9-71
[FA- 2091
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UQ. pellets
. EC6 EC5 ECB EC7 5 [ 7 8
Pin No. U-L 9 10 N 12 ECZ2 EC1 EC3 EC4 5
. . Enr. = 2.1

Fuel Weight kg UC)2 Upper cluster Potsomed=—06-2862
End pellets Enr. UO_+4 w/o Dy,0O, Tot. 2.4242
Fusl Density gfem3 10,4 Lower cluster ED0T- =2.14t1

+0.02 FPoisoned- M
Fuel Diameter mm 12,38 - Tot. 2.4%380
Enrichment 5,91 w/o U-235 Total fuel ut: 4,8522

Diam. Clearance mm

(,29 nominal

Max Heinclag-2) 18} 240 3718 — 50 50 50 50
Pallet Length mm 20

Dishing One side. End peliets no dishing.

Dishing Depth mm 1,05

Land Width mm 0,9

Cladding Zr-2 (Kobe Steel & Sumitomo Met. Ind.)

Cladding State Prehydrided up to 249 pprn
Tubes according to ASTM B 353-64 T standard.
Autoclaved

Welding TIG

Filier Gas He o

Clad. Int, Diam. mm 12,67 =004

Clad. Thickness mm 0, 90 Qo7

Mo. Pins [Cluster 4 B

Pitch Distance mm 44

Spacers

Fuel Length/Pin mm

17
2 x 25010

Plenum

Shroud Matarial Al x 8001
Shroud Int. Diam.mm 170 &

No, Of Clusters 2

Moisture content {10 ppm




JAERI-M 84-031

Max. Centre Temp. PC

INSTITUTT FOR ATOMENERGI ISSUE NO: 2 PAGE: ¢
OECD Halden Reactor Project. DATA SH EE T SIGN: T 7w DATE: $/6.75
IFA-209"
Supplier: JAFRI, Japan
OPERATIONAL DATA
OBJECTIVES

Ta investigate the correlation between fuel failure and mechanical

properties of the cladding at high burnups, by hydriding the tubes

1o varivus levels before the start of irradiation.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 5/71 2772 o N
Uq|qac{igg 7Da|e 172 5/7% e
BumUp MWdIUO, 5960 Avg. upper cluster
Reactor Position +-3 13500°! Avg. burn-up lawer cluster
Rel. Flux Position 0.92
T 0] - - -
Channel Power kW o1t 167 Doroned el
_Avg. Lin. Heat Rafing W/cm 341% 474%)
_!Vt_ai._}_ill"_eai Rating Wicm 630 B50 Requircment 650 W/em -
_pi‘ilfﬁu’f- Heat Flux V_‘!’_fgmz 143
. Y
Peak {kd . W icm 16 fux =1.20
Peak Spec. Heat Rating W/gUO, 34 ¥ rz.x =1.37
2640

Cocling Condition

ivatural Circulation

Inlet Velocit)tin!sec 0.58
Inlet Throttiing v2[2g 40 _
_Hydraulic Diam. mm 22
Flow area mm? 2940
Assembly Dwg. 07361 Parts List Dwg. 472604
Cable Data Sheet 373736
Experim. Procedure EP-1209
INSTRUMENTATION

Inlet turbine D=40, u= 32

QOutlct turbine D=40, =32

Inlet thermocouples

[+

Qutlet thermocouples

Electromagnetic calibration valve

Failure detector

Gamma thermometers, type Bl

Cladding clongation detectors




JAERI-M 84-021

ISSUE NG, | PAGE: 2
DATA SHEET sigh: T To pATE; 17/2.72
IFA-209 '
TEST ASSEMBLY DATA
DESCRIPTION
Fuel form Sintered UQg pellet, groundl) NolExchanged
X i EC 6 EC 5 EC 8 EC 7 ) 6 i 8
Pin No. U-L 13 14 15 16 EC? EC1 EC3 ECH Toual
iah SKZ1-A SK-21B1 SK-22 SK22D| SK-23E SK-23-F| $K-24G SK-244 41

Fuel Weight kg 9741 09274 lpors |oo74 10275 | 0275 | 0275 {0274 2.1 4.337
End Pellet kg 2) 0.038 | 0.038 | 0.038 | 0.038 |o0.038 | 0.038 | 0.038 | 0.038 0.287 0591
Fuel Dansity gfcm3 10.4 (95 % 1.5% 1D) 4.928
Fuel Diameter mm 12.53 +0.02 I 12,38 +0.02

Enrichment

5.9 wfo U-235 of active fuel

Diam. Clearance mm

(.15 nominal

l 0.295 nominal

Pellet Length mm

20. Poisoned petlet 15

Dishing Spherically one side L e
Dishing Depth mm 1.0 1.05 -

Land Width mm 0.5 vs
Cladding _Lr2 R _ _.

Cladding State Prehydrided up to 139 ppm N s autoelaved [ Prehydrided up to 235 ppm
Cladding H, Content 51}39 I 100 13 130 139 107 L
Heat Treatment of theg}

Tube R M PO I _ -

Welding TG N o .
filler Gas Helium -

Clad. Ink. Diam, mm 12.68 £0.04 .

Clad. Thickness mm 0.90 _ I -

No. Pins [Cluster 4 . . _

Pitch Distance mm 44

Spacers

None, end supports enly

Fuel Length/®in mm

2 x 250 {including end pellets}

Plenum

Shroud Material Al x 80G1
Shroud Int, Diam. mm 70.5

No. Of Clusters 2

1) Result of the analysis of the absorbed moisture in UGy, pellet = 27 ppm
2) End pellets, 5.9 w/o LU-235 + 4 wio Dyz()s

3) Maximum values of the hydrogen anatysis

4} R: Anncaled at 450°C for 2 hrs. and cooled as rapidly as possible (about 450°C/hr.)
M: Annealcd at 450°C for 2 hrs. and cooled with a rate of 509C/hr.
G: Annecaled at 450°C for 2 hrs. and cooled with a rate of 5°C/hr,
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JAERI-M B4-031

INSTITUTT FOR ATOMENERGI
QECD Halden Reactor Project.

Supplier: JAERI,

DATA SHEET

IFA-210

Japan

ISSUE NO: 3 PAGE:

sign:  Har pate:15/10-74

OPERATIONAL DATA

OBJXECTIVES

Endurance test for high heat rating and high burn-up fuel fabricated with

standard specifications, including two different fue] diameters

DESCRIPTION PREDICTED ACTUAL REMARKS

Leading Date 1,71 2/11

Unloading Date 10/74

Burn-Up MWJIUO, 26740 4

Reactor Position 4-14 4-15%

7_ReL Flux Position L 02

Channel Power kW 470 550 Max, Obtained 12/72
Avg. tin_. Heat Rating W/cm 3181) 3032) 4533) 348 2) 540 3}

Max, Lin. Heal Rating W/cm 400 600 M45 6y o R
Peak Surl. Heat Flux W/cm? 118 132 132 152 1) Avg, for cluster

Peak fkdt)  Wiem 29 41 | 33 48 | 20 For small diam. pins
le_a!n Spec, Heat Rating W/gUQO; 59 50 657 58 3) For large diam. pins
Max. Centre Temp. °C LAOGO 2350

Cooling Condition Forced circulation

Inlet Yelocity mfsec 1.4 1.2

Inlet Thretiling vZ[2g B 80 120

Hydraulic Diam. mm 14.7
Flow ares mm? 2035 )
Assembly Dwg. 07355 Parts List Dwg. 472561

_Cable Data Sheet 373741

Experim, Procedure EP-1210

INSTRUMENTATION

1 |Failure detector

1 |Inlet turb, D=40, u=32
7

2 |Inlet thermocouples

1 | Qutlet turb, D=55, A,u=32
T

Qutlet thermocouples

4 |INeutron thermometers

4) Calculated average burnups small/large diam. rods = 29000 and 25440 MWd/t

U0z respectively.
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JAERI-M 84-031

ISSUE NO: 2 PAGE: 2
DATA SHEET SIGN:  HD., | DATE:4 /12-70
IFA-210
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered pellets UO, ‘
Pin No. 1 F.z stsa F1 s-2 F-4 s-10 F-5  5-l
Fuel Waeight kg 9 9.32 pins = 4. 1984

¢ 12.4 pins = 7.4195

Total fuel weight: 11.6179%kg UO,

Fuel Density glem?

10.193 (93%1.5%T. D.)

Fuel Diameter mm

4 pins 9. 32f0’ 02

4 pins 12,3639-02

Enrichment

10 w/o U=235 of total uranium

End pellets

1 upper end (Hollow)

Diam. Clearanca mm

Q.16 small dia. pins

0,31 large dia. pins

Pellet Length mm 15 __ 20 -
Dishing Both ends dished - T
Dishing Depth mm 0, 61 0. 85 o o

Land Width mm 7.32 10.4

Cladding Zr-4 - Zr-2 o

Cladding State

Cold worked, fully annealed

UTS 61(38)kgimm®

YS 44(29)kg 3 UTS59(34) kg, mm YS47(26)kg mry

El.: 23(25)% (at 385°C)

El.: 28(38)% (at 343°C)

‘Welding

TIG

Autoclaving

400°C 12 hrs at 88 kg,‘cmz

Filler Gas Helium L . I
Clad. Int. Diam.mm | 9, 4830+ 038 . 12.67540-94 7
Clad. Thickness mm 0, 585 0.902

MNo. Pins [Cluster

8 Two pairs of four in a square lattice, See drwg.

Pitch Distance mm

16,88

18.75

Spacers

2 inconel~718 central spacers

fuel Length{Pin mm

1553 small @

1548 large @

Plenum

1 0% of UO2 volume

Shroud Material

Zr-4

Shroud Int. Diam. mm

58,5 x 58,5 aguare shroud

No. Of Clusters

1

1) S =large @ pins, F= small § pins

- Moisture content in fuel

—101-
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI ISSUE NO: 3 PAGE: 1

ECD Halden Reactor Profect. DATA SHEET sign.  Hwr pate. 21 /10/74

IFA- 211

Supplier: JAERI, Japan

OPERATIONAL DATA

OBJECTIVES

- To evaluate the effects of mechanical properties and of pellet shape on pellet-

clad interaction behavior of high power rated BWR type of fuel pins.

DESCRIPTION PREDICTED ACTUAL REMARKS

_Loading Date 1/71 1/71

Unloading Date 4/74

Burn-Up MWdJNUO, o 18430

_Reactor Posilion 3-16 3-16

Rel. Flux Position 1.02

Channel Power kW - 245 316 Max. obtained 9/73
Avg. Lin. Heat Rating Wicm 540 o 526 I)On three pins

Max. Lin. Heal Raling Wicm 675 . 700 Design limit: 690 w/cm
“ll’eak Surf. Heat Flux Wiem? 150 154

Peak | Wem 49.8 51

Pask Spec Hom Ratng WisU0  |as. ) -

Max Ceatre Temp. °C 2670
 Cooling Condition Natural circulation

Inlet Velocity mfsec 0.57 | 0.57

Inlet Throttling vZ{2g 40 41

Hydraulic Diam. mm 22. -

Flow area mm? 2940

Assembly Dwg. 07357 Parts List Dwg. 472549
Cable Data Sheet 373684

Experim. Procedure 1211

INSTRUMENTATION

lilnlet ;urb. D=40, p=32] 1 JOutlet turb. D=40, u=32 || Failure detector
l | Electromagnetic c:;libr“ tion valve ’ 2| Inlet thermocouples
2] Ontlet thermacouples 1! Fuel stack elong. detector. miniature type
|4 Cladding elongation deteg:tors 4| Neutron thermometers
4 Fuael stack mavement markers
3 T/C Central oxide the rmocouples 1 [Refe rence elongation detector

W 3% Re/W 25% Re, Mo/i%e’ , B=1.6 mm

—103-



JAERI-M 84-031

15508 MO L PAGE: 2
DATA SHEET acn: £. & |oam 7/10-70
IFA-211
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UQ, pellets. Ground.
Pin No. 1) EF L,FC-4 TFgz EC-Z|TF-3 EC-3 [TFAFEC [centre
Fuel Weightk =) 1.886 1.833 1.834 1. 846
Totally 5.553 7.399
Fuel Density glcm? 10.35 (94%2% of T. D. )
fuel Diameter mm 12.40%0.025
Enrichment 6 w/o U - 235 of total fuel.
Diam. Clearance mm 0.28 0.28 0.28 0.28
pellet tengthmm /| 21 ] conical one side | i
Dishing No Yes Ves No o
Dishing Depth mm 0.74 . 0.74 wji:i_:tii ]
Land Width mm 1.40 1.40 _
Cladding Zr-2 Test Data _ (R.T.) " Test Data (R. T.) B
Cladding State Autoclaved UTS=69.7 kp"’cmz UTS5=60.1 kp/’cm&
¥5-56.0 " " (0.2%) YS=48.8 " " (0.2%)
E1:30% I E1=32%
Walding TIG '774- [,
Filler Gas Helium 74;_ ] 477 _ T
Clad. Int. Diam. mm 12.68 12.68 12.68 12.6820.04
Clad. Thickness mm o, 9,'()7 B 0.90 0.81 0.81

Ne. Pins {Cluster

s |

Four stay rods of diam: & mm.

Pitch Distance mm

46 (P.C.

D.)

Spacers

2 end plates and

Z spacers

Fuel Lengih/Pin mm

Active fuel length: 1500

132 mm - 16.7 cmZ

Plenum

Shroud Material Al x ,8001 “emovable
Shroud int. Diam, mm 71

No. Of Clusters 1

1) Burnable poisson in fuel pin BP.
2) In each fuel pin end one 10 mm long ZrO,

(6% /au-235 /2" /oGd,0,)

thermal insulator end pellet

3) T/C in fuel pin. D-5, D-7, BP, accommodated in central holes of diameter

+
1.7%0.2 mm. T/C tips located 1792 mm above core bottom plate.

—-104—
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JAERI-M B4-031

INSTITUTT FOR ATOMENERGH
OFCD Halden Reactor Projsct.

DATA SHEET

IFA-212

Supplier: JAERI /Mitsubishi Atomic Power Ind. Inc., Japan

ISSUE NO: 2

| TGN HOLLK

1PAGE: 1
| pATE:1 /12-73

OPERATIONAL DATA

OBJECTIVES |

To evaluate the irradiation

behaviour of the cladding

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Date _ _ 171 /7

Unloading Dale 9/73

Burn-Up MWAAUO 15,000 34,000

Reaclor Position 1 -3 1 -3 ]
Rl flux Positon .02 1.26

Channel Power kW 382 4s2l 540 a.ff. = 1.23

‘Avg. Lin. Heat Raling Wlem 404 51 02) 570 ?) Requirement

Max. Lin. Heat Rating W/cm 497 627 800

E_;_;rz-H:;lﬁw—kmz 148 185 237 -

Peak kdt Wiem 36,2 45T 5l

Peok Spec. Heat Rating W/gUO; s 13| s -
Mex. Centre Temp. °C 1900 2340 2800 _
Cocling Condition Natural circulation :

Inler Velocity misec 0.54

ol Toriog 29 o —
Hydraulic Diam. mm 23.8 B
Flow area mm? 3070

Assembly Dwg. o713 56 Parts List Dwg. 472562

7Cabfe D;ra Sheet 373740

Experim. Procedure EP-1212

INSTRUMENTATION

2>

}| Failure detector

_Lilolet turbine D=40, /).,1:3

2 |Inlet thermacauples

1 |Outlet turbine D=55.',u=3
2 10utlet thermocuupleis

4' Neutron thermometers

1l Calibration Valve El

agn. Type I1
f=] 7K

l
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JAERI-M 84-031

ISSUE NO: | PAGE: 2
DATA SHEET SIGN:  Hlae DATE: 1 /11-70
IFA- 212
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UQ, pellets, Cold pressed, ground.
[

Pin No, U-L 1 2 3 4 6 7 11l—8 9 10 5 13 12 14
Fuel Weight kg Enr. | 6, 5882
Fnd pellets 0,1464

Nat, UOQ, + 4,5 wso0 Dyzo}

+1.5

Fuel Density gfcm? 10. 29(94- % of T.D.) Total fuel weight: 6, 7346 UO...
‘ 30, 01 z

Fuel Diameter mm 9.32-5" a0

Entichment 10,0230 02 ;5 535

Diam, Claarance mm 0.16
Pellet Length mm 1 5'_*‘0. > [Also end pellet)
Dishing Both ends
Dishing Depth mm 0.35 - 0.38
+0, 05
Land Width mm 6.55-

Cladding

g pins Zr-4, 5 pins Zr-2 (Pin No.4,5,11,12,14)C.W. stress wliewed

Cladding State

) 2
Zr-4 Class A:UTS62.8 kg/mmZIZr-E:UTS:?O.T kg/mm”~ YS58, 51'(21_{]1
—m

YS 51,5 kg/mm® E1 19, 7% Class B:| 1 19.5%

UTS 69.4 kg/r'nm2 TS 54.4 kg/"mmz E118.4% lAnneaIed at 700%or

1 hr,

Welding TIG
Autoclaving |72 hrs, in Stj?_%ﬁrg}_?l_}_ﬁqug_Qg 105 atm. ~ _:m
Filler Gas Helium
Clad. int. Diam. mm 9,490 93 _ — —_——
Clad. Thickness mm |0, 5250+ 03> e
Ne. Pins [Cluster 7 Circumf{erential .
Pitch Distance mm 44 - .
Spacers
Fuel Length/Pin mm Total 690 . Including one end pellet at center spacer,
Plenum]ength /pin | 63, Sie' ? mm
Shroud Material r-2
Shroud lnt. Diam. mm -1
No. Of Clusters 2

Moisture content 8.0 - 8.3 ppm in [0 w/o enriched fuel.

Circumferential Hydride orientation in Zr-tubes,
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SECTION A-h

The Japanese Test Assembly IFA-212 (]a)
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JAERI-M B4-031

INSTITUTT FOR ATOMENERGI ISSUE HO: 2 PAGE: 1
OFCD Halden Raaclor Profect DATA SHEET sicns #.2 L pate, 15/10-74

IFA- 223

supplier: JAERI/TOSHIBA, Japan

OPERATIONAL DATA

OBJECTIVES |

- to study the behaviour of fuel pins at high heat ratings, with special

regard to fuel-clad interaction.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date o 5/71 5/71
Unloading Date 10/74
Burn-Up MWdJHUO, 10000 223990 Based on total fuel weight
Reacor Pesition 1-5 1-5 and 4-21} 1 -5 until 1/73
lReI, flux Position i.0 1.09
“C}_\E_n_nle_zl__Power kw 170 186 200 Max. obtained 9/71
Avg. Lin. Heal Rating Wfem 470 510 555
Max. Lin. Heat Rating W/cm 660 720 7240 720 target
Peak Surf, Hoat Flux Wiem? 147 160 150
Peak [kdt) Wiem 47, 51 53
Peak Spec. Heat Rating W/gUO, Tes 2 | el
Max. Centre Temp. °c 2300 2480
Cooling Condition ) Natural Circulaticn
Intet Velocity m/sec
Inlet Throttling ;«2{29
Hydraulic Diam. mm 18.6
flow area mm?2 3150
Assembly Dwg. 07370 Parts List Dwg. 472679
Cable Daja Sheet 373549
Experim. Procedure EP-2223
INSTRUMENTATION

1 |Inlet turbine D=40 u=32 1 (Outlet turbine D=55 u=32] | |Failure detector
7 7

Inlet thermocouples 2 [Outlet thermocouples 4 |INeutron thermometers

Calibration valve, electromagnetic type II

Centre oxide T/C. W3Re/W25Re

Clad elongation detectors

W W [

Fuel stack elongation detectors
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- JAERI-M B84-031

ISSUE NO: 2 PAGEs 2
DATA SHEET son. s | oATe 19/9-72
IFA- 223
TEST ASSEMBLY DATA
DESCRIPTION
Fusl Form Sintered UQ. pellets. Burnable poison in one pin.
Pin No. U-L TAF13 'L TBFI‘ —E§C1EF2 - A2 EB? —E?
Fusl Weight kg UO, [ {Including 16.8 g B.P.} i  3.94297 -
End Pellets i Nat. UO, (2 upper end, 5.lower end) 0.57516
Fusl Density glem 0.4 4,51813_
Fuel Diameter mm 12. 5210' 01
Enrichmeant : 6.01 w/oU=-235 Pin Al{4w/o G-235 +2.5 GdaOB)
Diam. Clearance mm 0.1% nominal
~No. of pellets 33 32 32 32 12 32
Peillet Length mm 20.9 enriched. 11,0 nat. UO?_ end pellet
Dishing Both ends truncated core. Flat ends in pin No. Al, & B2.
Dishing Depth mm 0.7 o
tand Width mm _ N
Cladding Z -2 (Sumitormo M.S.Co & Kobe Steel) o
Cladding State Cold work and stress releaf annealed. UTS = 7C 000 psi.
¥.S 60 000 psi El. (2" 16% R
Welding TIG o j ) _
Fifler Gas He o o 7
Clad. tnt. Diam. mm 12.670 12.670 12.685 - 12. 680 12. 680 12. 680
Clad. Thickness mm 0 a0 ) |
No. Pins [Cluster 3
Pitch Distance mm 44
Spacers
Fuel Langth/Pin mm 603.5 602.7 602.5 - 602.7 6C1.4 602.5
Plenum
Shroud Material Al x 8001
Shroud Int. Diam. mm 70,5
No. Of Clusters 2
Moisture content ppm entiched fuel < 40,3
Hydride orientation FN< .1
Burnable poison of natural isotopic composition.
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JAERI-M 84-031

INSTITUTT FOR ATOMENERG!
OFECD Haiden Nsactor Project.

Supplier-

DATA SHEET

[FA-224

JAERI, Japan

ISSUE NO: 2

PAGE:

sigN: TTe

pate:23/8-72

OPERATIONAL DATA

OMECTIVES

- to study the behaviour of fuel rods operating with heat rating

up to incipient melting conditions.

DESCRIPTICN PREDICTED ACTUAL REMARKS

Loading Date 2712 2/72

Unloading Date 1 O/'f 3

Burn-Up MWJIUO; 11,900

Reactor Position g - g 1) 1) Position change 9./72
Rel. Flux Position 1:02 1 0,96

Channel Power k'w 340 320 309

Avg. Lin. Heal Rating Wicm 580 550 530 -

Max. Lin. Heat Rating Wiem 75020 | 700%) 700 f;éﬂﬁj;??ﬂ?ﬁu(%g—?ér %62
Peak Surf. Heat Flux W/fcm? 165 152 152

Peakrf'kd(') W/cm 55,3 50, 8 50.8
-;eak Spec. I:'leal Rating WiguO, 64 51 51

Max. Centre Temp, ©C 2850 2850 2850

Cooling Condition Natural Circulation

inlet Yelocity mfsec 0.58 0.57

Inlet Throttling v2{2g T3
M{ulic Diam. mm 25.6

Flow area mm?2 2 8530

Assembly Dwg, 07373 Parts List Dwg. 472732
Cable Data Sheet 373914

Experim. Procedure EP-1224

INSTRUMENTATION
Inlet turbk, D=40, fu= 32 1 lQutlet turb, D=55, fu: 32
Inlet thermocouples 2 |Outlet thermocouples

Flectr.magn.calibration valve

1 { Failure detector

INeutron thermometers

4 ILocal neutron detectors

Fuel stack elongation detectors

Central Oxide thermocouples (W 3% Re/W 25%Re) Mo sheath ThO, inmlated 1. 671
[

llReference elongation detector

y:x.p.ww-—lwa—

ICladding elongation detectors
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JAERI-M 84-031

_ ISSUE NO: 2 PAGE: 2
DATA SHEET SIGN: 7 7¢ DATE, 23/8-72
IFA-224
TEST ASSEMBLY DATA
DESCRIPTION
Fusl Form Sintered UO, pellets, ground. 1. 2)
EF & [ e | EF-Z EF
Pin No. AE?‘.’ B 'rr:-; C ec? D ect Total
Fuel Weight kg 1. 740 1.725 1,675 1,635 6.775
End Pellets 0.035 0,036 0,035 0. 035 0.141
Fuel Density glem® 9.88 90952 of T.DJ 6,916
Fuel Diameter mm 12.38=0-02
Enrichment T %o U-Z.}S of active fuel
Diam. Clearance mm 0.30 _
Hole Diam. mm Salid Pellet J 2
Pellet Length mm 20 Poisoned end pellet 15
Dishing xNo No o !L'SB) Yes”
Dishing Depth mm 1.0 1.0
Land Width mm 0. 87 0. K7
Cladding Zr-2 o Test Nata ar R.T,
Cladding State UT kp em® [65.5 |64.3
VS wp cm© 49,7 49,0
o Tl 26 |2R
Welding TIG —
Filler Gas Helium
Ciad. Int. Diam. mm 1268 V0 ) _
Clad. Thickness mm 0.90 .
No, Pins [Cluster 4 I
Pitch Distance mm 40 (P..D.) _

Spacers

2 end plates and £ spacers

Fuel Length/Pin mm

Active Fuel Length 1_470 mm

Plenum B0 mm - 10 L‘m3
Shroud Material XA001L Al
Shroud int. Diam. mm 70

No. Cf Clusters

1} In each fuel pin two poisoned end peilets (5.87% /o U-235/3.99 % /o Dy203) and
twa 10 mm long zirconia pellets for thermal insulation.

2} Pellets for A were sintered at high temperature (1600 - 1650°C) and those for
B and C at low temperature (1350 - 1400°C).

3) Spherically both sides,

—113-




JAERI-M 84-031

vAV/////////: L2 7
b NN e T

s Rt ) ) i

1
——— e e e
Y

The fapanese Test Assembly IFA-224 (Ja)

—114-—



JAERI-M 84-031

INSTITUTT FOR ATOMENERGI ISSUE NO: 2 PAGE: 1

OKCD Halden Reactor P"*_c" DATA SHEET sign: (T Fa. DATE: 22/ 6-72

IFA-225

Supplier: JAERI, Japan

OPERATIONAL DATA

OBJECTIVES |

To study: " 1) Fueil-cladding interaction:

a) local strain in cladding,

) total /claddir'lg elongation, _

¢} fuel stack elongation,

2) Influence of cladding [.D. surface treatment on

moisture-cladding reaction,
DESCRIPTION ‘PREDICTED ACTUAL REMARKS
ioading Date 3:72 3.72
Unleading Date 2 -2 o 72 o
Burn-Up MWdiIUO; - 10. 000 4,500
Reactor Position ] 2-2 L
E Flux Positien 1.19 o
Channel Power kw ) 233 200 233 l)fax - 120 ';rad - l'lfi
‘Avg. Lin. Heat Rating Wjem 510 520 | sr00) 2 LA K KRN SO R
Max_ Lin. Heat Rating Wcm 1305230 730%) 3) Excl. end pellets o
_Peak Surt. Heat Flux Wicm? ) 161 L&l 4) Required: 720-730 W-em
Peak (kdt W/cm 54 54
Peak Spec. Heat Rating WigUO; 5 e B
Max. Centre Temp. OC 2850
_C_ooiing Condition Natural circulation
Inlet Velocity mfsec . 0.58 _
Inlet Thron|i-ng v2|2g 43
Hydra_qchVDEm. mm ) 25. ¢ | L
Flow area mm? 2932
Aig:mbly Dwg. o 07374 Parts List Dwg, 472741
Cable Data Sheet T 373943 ) o
Experim. Procedure EP-1225
INSTRUMENTATION

1 |Inlet turhine D:40!.u—32. Ll_JOutlet turbine D=55 =32

| |[Electromagnetic calibration valve, type ! L

2 ilnlet thermocouples 2 |Qutlet thermocuouples l |[Fuel ra.iure detec or

4 [Neutron thermometers .

2 |Cladding elongation detectors 2 |[Fuel stack elongation detec:ors

8 Cladding strain gauges, Microdot 2 [Dummy strain gauges, Microdot

3 |{Fission gas pressure transducers, tialden-Mini
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JAERI-M 84-0231

ISSUE NO: 2 PAGE: 2
DATA SHEET sigN: (F.Fa. |oate, 22/6-72
IFA-225
TEST ASSEMBLY DATA

DESCRIPTION
Fusl Form Cold pressed, sintered and ground U _-pellets
o No ALBRSE | phs | pRa | PR T peurgm iy 8 | Total:
Fusl Weight kg, uo, {0,552 0.552 lo.551 10.591 0,616 [0.639 [0.620 0, 620 4,741
— y—,end pellets 4 ¥/o Dy, 0. ir en riched UQ, B 0. 300
Fuel Density gfem? 10.42 *—,Aof L6 - 504l
Fuel Diameter mm 12,382 0.02 | 12,53 — 0,02
Enrichment 5,87 W/io U-235
Moisture, ppm 30 <lL0 30 l <10
Diam. Clearance mm 0.30 . 0,15

U nellelis 27z FAR] 2%

No. of{endz.‘peue i 2 2 ] 2 .
Pellst Length mm ~20 (puisoned eud pellets: Nl]ggth o
Dishing Both ends INo dishl ends [No dishlshapes Y
Dishing Depth mm 1.0< 0.05 _|ueoos) - 1.,6_-0.05 |
Land Width mm 0.9 1,0 - 1,05 L.y L
Cladding Zr-‘Zl) (Sumitomeo Met. Ind. } I
Cladding State Stress ~elieved o I
— Il — Treatment ?ﬁ%d -1055\&-';?10 autociaed o
Welding TIG -
Filler Gas He . — —— [ S —
Clad. Int, Diam. mm _{12.68 — 0,04 o R
Clad. Thickness mm 0.90 — 0,08 _;:___M__ o o
N, Ping [Cluster & L B
Pitch Distance mm IPitch circle diameter * 14.0
Spacers 4
Fusl LengthiPin mm 2 0 o S
Plenum , mim 54 59 21 63 55
Shroud Material Al 8001 X B
Shroud Int. Diam. mm 205
No. Of Clusters 2

Remarks: 2

1)  Test data at R.T.: UT, kp ¢m 65,5, 64.3

YS, kp'cmZ

‘E]., o =26 , 26

= 49,7, 49.0
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
OFCD Halden Reactor Projed.

Supplier:

DATA SHEET

IFA-230

JAERI, Japan

ISSUE NO: 3 PAGE, 1

gen: & & Joaw,15/10-74

OPERATIONAL DATA

ORJECTIVES

- To evaluate the effects of pellet shape and pellet-clad gap on fuel/clad

interaction behavior oi’lhigh power rated BWR type of fuel pins.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 1/71 10/70
Unloading Date 3,74
Burn-Up MWJ[IUO; 22020
Reactor Position 4,13 4-13
‘Rel. Flux Position 1,02
Channel Power w 325 331 Max. obtained 12772
Avg. Lin. Heat Rating Wicm 540 552
Max. Lin. Heat Rating W/em 675 700
Paak Surf. Heat Flux W/emZ 148 154
Peak /kd®) W/cm 49,9 51
Peak Spec. Heat Rating W/gUQ; 44,1 57
Max. Centre Temp. °C 2800 Wanted <€ 2000°C
Cooling Condition Natural Circulation at /G tip position
Inlet Yelocity misec 057 0.57
Inlet Throttling ¥2/2g 40 41
Hydraulic Diam. mm 22, '
Flow area mm? 29490
Assembly Dwg, 07359 Parts List Dwg. 472573
Cable Data Sheet 373698
Experim. Procedure EP-1230

INSTRUMENTATION

Inlet turbine D=40,fu=32 I 1 IOutlet turbine D=55,Ip;7-32

1

Failure detector

Electromagnetic calib ration valve

2

Inlet thermocouples

Qutlet thermocouples

ors

[ 3[Fue1 stack elongation detect

4

Gamma thermometers

Fuel stack movement markers

1
L
2
4 |Cladding elongation detectors
4
i

T/C central oxide thermocouple ll lReference elongation detector

W 3% Re/W 25% Re, Mo BeQ, @ = 1,6 mm
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JAERI-M 84-031

ISSUE NO: L PAGE: 2
DATA SHEET siGN: &. % DATE.?/IO—?O
IFA-230
TEST ASSEMBLY DATA
DESCRIPTION
Fusl Form Sintered UO, pellets
Pin No. 1) T"%ZEC—[ EFS-[l EC- EF-S?Z EC-3 EF—S% EC-4 TotalliL
Foel Weight kg %) 1.900 1. 855 1.825 1,795 | 7,375
Fuel Density gfem® | 10,41 (952159 of T. D.) N
Fusl Diameter mm 12.43 12.53 12.43 12.33
Enrichment 6" /oU-235 of active fuel
Dian. Clearance mm 0.25 Q.15 0.25 0.35
Pellet Length mm 22 — l Spherical both sides l
Dishing No Yes Yes Yes
Dishing Depth mm 1,0 1.0 1.0
Land Width mm 1.02 0.97 0.92
Cladding Zr-2 -
Cladding State Autoclaved Cold worked and stress relieved
Test Data (R. T.) UTS: 68 }Sp/cmz L
YS: 55 kp/em® (0.2%) EL: 28%
Welding TG
Filler Gas Helinm ) .
Clad. Int. Diam. mm 12,68 12,68 12, 68 12687004
Clad. Thickness mm .90 )
No. Pins [Cluster 4 ] Four stay rods of diam: 6 mm
Pitch Distance mm 46 {(P. C. D.)
Spacers 2 end plates and 2 spacers
Fuel Length{Pin mm Active fuel {ength: 1500
Plenum
Shroud Material Al x 800] . Removable
Shroud Int, Diam. mm 71
No. Of Clusters 1
1) In each fuel pin end one 10 mm long Z:-O2 insulator end petllet.
2) T/C in fuel pin T2, accommodated in a central hole of diameter 1. 7302 mm.
T/C tip located 1798 mm above core bottom plate.
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JAERI-M 84-031

INSTITUTT FOR ATOMENERG!
OECD Halden Reactor Project.

Supplier:

DATA SHEET

1FA-410

JAERI/Hitachi, Toshiba

ISSUE NO: 2 PAGE: 1

sion.  HMAr DATE: 21/2-77

OPERATIONAL DATA

OBJECTIVES

to study fuel/clad mechanical interaction with experimental

parameters being diametral clearance and pellet shape.

}-76

DESCRIPTIPN PREDICTED ACTUAL REMARKS

Loading Date 9/73 11/73

Unloading Date 2,73

Burn-Up MWJNUO; 25000 169405} Assembly average

Reactor Position 3-17

Rel. Flux Position 0.86

Channel Power kW 1900 a1e?] 1975t [} T _
;;Lin Heat Rating W/cm 500 575 5855} 4 566} ’

Max. Lin, Heat Rafing Wicm 712 810 {720 640 S
Peak Surl. Heal Flux W/emZ 158 182 | 160 140 )Max. operating power 8/1
Peak [kdf) Wiem 57 582 ) Lower cluster

Peak Spec. Heat Rating W{gUQ; 58 69 b)Upper cluster

Max. Centre Temp. °C lz640 2880 gi.oql;ni rtxl-l.-aeiI rpllf:« \:31 rtahrpla{%.g;f:
Cocling Condition Natural Circulation

inlet Vaiocity m/sec 0.55

Inlet Throtiling vZ{2g 40

Hydraulic Diam. mm 22.1

Flow area mm2 2970

Assembly Dwg. 07398 Parts List Dwy. 473037
Cable Data Sheet 374770

Experim. Procedure

INSTRUMENTATION

1 [[nlet turbine flowmeter | | [Qutletturbine flowmeter | | [Failure detector

2 linlet thermocouples 2 Outlet thermocouples

1 |Electromagnetic calibration valve 8 Neutron detectors (Vtype

3 |Cladding elongation detectors 3 Central oxide thermo-

% |Combined elongation/failure detectors couples

Note: Turbines are removable type.
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JAERI-M 84-031

ISSUE MOy 1 PAGE, 2
DATA SHEET slcu,ffLﬁ pATe, 29/10-73
IFA-410
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Cold pressed and sintered UO,, ground pellets
Upper-Lower 14\ " a2 a3 " a4 . A5 A6 AT A8 Total
Fuel Weight kg, enr.|0.559 0.568 0.577 0.592 0.576 0.564 0.582 0.574 i4.592
End Pelletsl),kg 0.030 0.030 0.030 0.030 0.031 0.031 0.031 0.031 [0.243
Fuel Density glem? 10.4 {95% T.D.) et D4, 835
Fuel Diameter mm 12.02 12.12 12.22 12.32 lz2.22 12,22 12.22 12.22
Enrichment 7.09 W/o U-235
Hgfﬂﬂnﬂﬂaﬁon Eg% EF E;% ECS ECI EC2 EC3 EC4
Diam, Clearance mm 0,4 _ 0,3 0.2 0.1 0.2 0.2 0,2 0.2
i T Cham- (I lat and
Pellet Shape Chamfered | Flat |Dished |fered {Hollow (2p) |
Pellet Length mm 12.7
Dishing One end
Dishing Depth mm X
Land Width mm T
Cladding Zr-2, .Kobe Steel Ltd., Sumitomo Metal Industries
Cladding Stale Annealed
Welding TIG
Filler Gas Helium )
Ciad. Int. Diam. mm i2.42
Clad. Thickness mm 0.94
No. Pins [Cluster 4

Pitch Distance mm

41 mmg pitch circle

Spacers

None

Fuel Length/Pin mm

Enriched 474, Total 500

| Plenum

Shroud Material Al X 8001
Shroud Int. Diam. mm * | 70.5
No. Of Clusters 2

1) End Pellets: Depleted UO, with 3 ¥/o Dy, 04
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
OICD Helden Renctor Project.

DATA SHEET

IFA-L11

Supplier: JAERI/Hitachi, Toshiba

155U NOr 1

SIGN: % ‘fI

PAGE, 1
pate, 22/4-77

OPERATIONAL DATA

ORJECTIVES

- to study the effect of pellet length, cladding thickness and

cladding mechanical property on fuel/clad mechanical

interaction.

. DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 10/73
Unlocading Date
Burn-Up MWdHUO, 25000
Reactor Position 2 -2
Rel. Flux Position 0.917
Channel Power kW 32610 396% 2 aie
Avg. Lin. Heat Rating W/cm 440 540
- Disturbed axial flux shape
Max. Lin. Heat Rating Wicm 659 800 Overall peaking fact. 1.448
Peak Surf. Heat Flux W/cm? 168 205
Peck [kd Wiem 52.4 64
"| Peak Spec. Heat Rating W/gUO, 49 84
Max. Contre Temp, °C 2460 2880
Cooling Condition Natural Circulation
Inlet Velocity mjsec 0.57
intet Throtling v2/2g 40
Hydraulic Diam. mm 20.5
Flow area mm? 2960
Assewbly Dwg. 07397 Parts List Dwg. 473024
Cable Data Sheet 174761
Experis. Procedure
INSTRUMENTATION

1 Inlet turbine flowmeter |l |[Qutlet turbine flowmeter! | |Failure detector

2 Inlet thermocouples A tlet thermocouples

1 Electromagnetic calibration valve : 7_|Neutron detectors {(Vtyp

5 Cladding eclongation detectors ! {Central oxide thermo-

3 [Fuel stack elon_gition detectgrs couple

Note: Turbines are removable type. 1} Reference elong. detect.
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JAERI-M 84-031

1ssue NO: 1 PAGE: 2
DATA SHEET SIGH: ; vf DATE¢29/10/73
[FA-4L1
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Cold pressed and sintered UO, , ground pellets
Pin No. Bl B2 B3 N B4 BS ]. Total.
Fuel Weight kg, enr. 1.372 1.382 .I._369 1.380 1.437 . . 6.940
End Pelletsl).kg 0.015 0.015 0.9015 0.015 0.015 ‘ ¢. 075
Fuel Density glem? 10.4 (95% T.D.) © 7015
Fuel Diameter mm 10,62
Enrichment 7.09 Y /o U-235
fstrumentation| o TFLe) pes,eF2 EC3,EF3  EC4 EC5
Diam. Clearance _pimm | 172
Pellet Length mm 10.16 15.0 20.0 10.16 10.16
Pellet End Shape Chamfered
Dishing Depth mm
Land Width mm
Cladding Zr-2, Kobe Steel Ltd., Sumitomo Metal Industries
Cladding State Annealed Rsetlli—gigd Annealed
Welding TIG )
Filler Gas Helium - -
Clad. Int, Diam. mm 10,792 11.02
Clad. Thickness mm 0. 864 ) 0. 750
No. Pins [Cluster 5
Pitch Distance mm 44 mm @ p{tch circle
Spacers 2 Honeycomb type, spring loaded (Inconel X)
Fuel Length{Pin mm Enriched 1484, Total 1500
Plenum
Shroud Material Al X 8001
Shroud Int. Diam. mm 70.5
No. Of Clusters 1

) End Pellets: Depleted U0, with 3 ¥ /o Dy;03
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI ISSUE NO: 2 PAGE: 1
o Rescor Profect DATA SHEET SIGH:  HAP oATE. 25/2-77
[FA- 421
Supplier: MAPI, Japan

OPERATIONAL DATA

OBJECTIVES J

Evaluation of the irradiation behaviour of sintered

uo, pellets at low linear heat rating.

DESCRIPTION PREDICTED ACTUAL REMARKS
| Loading Date 11,74 11/74
Unloading Dale 11/77
Burn-Up MWd[1UO; 10000 5360
Reactor Position 5-27 5-27
Rel. Flux Position 1.02 0.71
Channel Power kW 117 83.0 85 15,/6-76
Avg. Lin. Heat Rating W/cm 246 175 180 175 desired
Max. Lin, Heat Rafing Wicm 193 200
Peak Surf. Heat Flux W/jcm? 57.3 59
Peak fkde Wicm 14.9
Peak Spec. Heat Rating W[gUO, - 28.0
Max. Centre Temp. °C
Cooling Condition Natural circulation
Inlet Yalocity mfsec
Injet Throttling vZ{2g
Hydraulic Diam. mm 26.9
Flow area mm2 3171.8
Assembly Dwg. 07415 Paris List Dwg. 473204
Cable Data Sheet 374989
Experim. Procedurs
INSTRUMENTATION

—

Inlet turbine flowmeter

l

Qutlet turbine flowmeter| i

Failure detector

Inlet the rmocouples

2

Qutlet thermocouples

iCalibration valve

3

eutron detectors

L O S A

Fuel stack elongation detectors

IDynamic type pressure transducers
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JAERI-M 84-031

Pellets dished both ends {double-dished).

ISSUE NO: | PAGE: 2
DATA SHEET SIGN., 1% Fi] | DATEL5/10/74
|FA- 421
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Cold pressed and sintered UQ,, ground pellets,
Pin No. A B C D E E Total
Fuel Weight kg 547 L5580 . 544 .528 .528 541 3,238
Fuel Density gfem? 10,39 106.39 10,35 10,03 9.95 10,22
Fual Diameter mm 9,298 9.298 9,293 9.293 -9.296 9.296
Enrichment 3.4 Nrp 112235 i ~
Instrument No. EFl PF2  EF4 PFI EF2 EE3
Diam. Clearance mm 0.20 0,20 0.22 0.21 0.20 0.20
Pellet Length mm 15.35 15,35 15.29 15.44 15.53 15.37
Dishing pp* DB DD DD DD DD
Dishing Depth mm 0.33 0.33 0.32  ©.33 0.33 0.32
Land Width mm 1.40 B 1.40 1135 . 1.25 1.30 1.30
Cladding Zr-4, Mitsubishi Metal Company
Cladding Staté S[rr:-_;'s relief am}_e*a}”i
ﬁdding TIG o o
Filler Gas lielium i
Clad. Int. Diam. mm 9,50 9.50 9.5L 9.50 9.50 9.50
Clad. Thickness mm 0.610 0,610 _0.605 0,605 0,605 0. 605
No. Pins [Cluster 6 o
Pirch Distance mm 44
Spacers Two end plates
Fuel Langth{Pin mm 792. 6 792.5 790.2 788.2 791.5 788.7
Planum 71.8 71.9 74.2 0.2 72.9 75.7
Shroud Malerial Al X 8001
Shroud Int. Diam. mm 70.5
No, Of Clusters i
X
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
QECD Halden Resctor Project.

Supplier:

DATA SHEET

IFA-423

PNC, Japan

ISSUE NO: 2 PAGE: 1

s pate: 23/2-77

SIGN:

OPERATIONAL DATA

OBJECTIVES l

1. Study of behaviour of Pu-bearing ATR fuel rods fabricated by PNC-Tokai-Works

2. Study of the effect of manufacturing tolerances on heat transfer and PCMI

3. Study of burn-up characteristics of Pu-bearing fuel in BWR condition

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Date 475
| Unioading Date 11/76

Burn-Up MWd/ftU 2, 12000 4400

Reactor Position 2-10

Ral. Flu: Position 1.02  0.94
| na Hux Post!

Channel Power kW 508 478 570") DMax. operating power |
[ Avg. Lin. Heat Rating Wicm 504 474 370 ) |
Max_Lin. Heat Rating Wiem 610 Desired max. linear hea! _r_a:ﬂa@lp)!%m
Feak Surf. Heat Flux W/cm? 118 .
Peak tkdf- Wiem 498 i
Peak Spac. Heal Rating WigUO, 26.3

Max Centre Tomp. 9C _ 2750 ﬁ
Cooling Condition Natural arculation

Inlet Yelocity mfsec

Iniet Throttling vZ/2g

Hydraulic Diam, mm 12.84

Flow area mm< 2271

Assembly Dwg. 07417 Parts List Dwg.

Cable Data Shest 376087

Experim. Procedure EP-1423

INSTRUMENTATION

1 Inlet turbine flowmeter

Outlet turbine flowmeter

3 | Neutron detectors

1 Calibration valve

2 | Inlet coolant thermocouples

2 | Outlet coolant thermocouples

1 Failure detector
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 JAERI-M 84-031

DATA SHEET
{FA-423

ISSUE NO:

1

PAGE: 2

SIGM:

DATE: 28/2-75

TEST ASSEMBLY DATA

DESCRIPTION UOZ - Pu02 pellets, mechanically blended, sintered and ground
Fuel Form
Fuel Weight kg JF3-01 -02 -03 -04 -05 -06 07 Total
2.408 2365 2.438 2.392 2394 2.405 2.365 16.768

Fuel Dansity gJem?® 10.37 10,32 10.38  10.30 1032 10.29 10.30

Fuel Diameter mm 14.37 14.27 14.45 1437 1437 1443 1429

Enrichment Pu: 1.202 wfo -235: 6.97 wjo

Diam. Clearance mm 0.31 040 0.23 0.31 0.31 0.23 0.40 ]
Pellet Length mm L6 o

Dishing Both ends L

Dishing Depth mm 0.2

Dish dia. 8.2 8.3

Cladding Zircalov-2

Tensile  Yield :
Cladding 5tate :lt?;lcfh S[]r(::ngth ) Flong.
(kg/mm?, RT 63.8 645 51.7-52,3 30 32 Burst
3439C 46.7 37.3 31.3 30.5 3% 35 1077 1080

Welding 1)C straight porarity TIG in He atmosphere
ﬂll_er Gas He o o

Clad. Int. Diam. mm 14.68 14.68 14.68 1+.68 14.67 14.68 14.68
Clad. Thickness mm 0.89 0.88 0.89 0.89 0.90 0.89 0.88
Ng. Pint [Cluster 7

Pitch Distance mm 8.0

Spacers K spacers, made of Inconnel-718

Fuel Length/Pin mm 1439.75 1440.70 1440.75 1441.95 144140 1438.05 1442.50
Plenum 15.3 15.1 15.1 14.9 15.0 15.6 14.8
Shroud Material Al x 8001

Shwoud Int. Diam. mm |71

No. OF Clusters 1
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
OECD Halden Reactor Project.

Supplier:

NFI,

DATA SHEET

IFA- 4241

Japan

1SSUE NO: 2 1

o

PAGE:

SIGN: DATE: LiLZ_' 77

OPERATIONAL DATA

OBJECTIVES

to evaluate PCMI and tuel densification behaviour as a

function of cladding restraint and pellet microstructure.

) DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 11,74 11, 74 o
Unloading Date 1675
VBurn—_UEVAdeﬁUQE_‘“_ ) 2_;00() 7265 Urrpr avg. upper cluster
Reactor Position 3-4 4 S
Ei': Flux Position 1.02 G.30 .
Channel Power kW 163 144 Bol) 2)Upper cluster only
Avg. Lin. Heal Rafing Wiem 508 430 500 Desired<{450 W_¢m
Max. Lin. Heat Rating Wiem 517 >50 o
Peak Surf. Heat Flux Wiem? | 154 164 L
Peak {kd( Wiem 315.8
Peok Spec Heal Raling WigU0y | 7.9 e
Max. Conlre Tomp. C <2500 B o
Cooling Condition N L _|Natural circ tlation
Inlet Velocity misec .
Inlet Throtiling v2/2g
Hydraufic Diam. mm 25.9
Flow ;rea mm?2 3200
 Assembly Dwg. 07419 Parts List Dwg. 473280
| Cable Data Sheet 376043
Experim. Procedure
INSTRUMENTATION
1 Inlet turbine flowmeter ] [ 1 [OQutiet turbine flowmeter
l lCalibration valve 2 | Outlet coolant themmooouplss
2 |Inlet coolant termocuples | 1 |Failure detector

4 Fuel stack elongation detectors

I . -
8 ; Neutron detectors, vanadium emitter
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JAERI-M 84-031

1SSUE NO: 1 PAGE: 2
DATA SHEET SIGN: (44 (1] / & 1I] DATE: 15.10/74
IFA- 424!
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UQO, pellets .
Rod Na. 424-01 03 04 06 07 09 10 12
Fuel Waight kg 269 .272 .270  .275,.270 .275 .269  .275 . B
Fuel Density gicm? 10.33  10.32. 10.36 10.36 10.37 10.36 10.34 10,34 B
Fusl Diameter mm 9.228 .9.297 9.2259.295 9.227 9.298 9.225 9.299 B
Enrichment 100 Yo U-235 R
Instrument No. EF 1 = EE 4 EF 2 EF 3
Diom. Clearance mm | 0.25 10.18 | 0.25 ©.18 0.25 ©0.18 0.25 0.18
Pallet Length mm 10,28 10.22 10.2810.28110.03 10.03 10.2610.28
Dishing Both ends L i
Dishing Depth mm 0.26  0.25 0.24 | 0.25 0.25 0.25 0.25 0.25
Land Width mm 0.45 0.46 0.46 0.46 0. 16 L 0.46 D46 0.4n
Cladding Zr-4 ,,_;_,,7___ - *_,,
Cladding State Cold worked and st str< ss reliev ed i
UTS: 73.1 kg, mm®, ¥S: 56.5 hy mn_'iz_.LL: 15.5%,7
it Tie e e
Filler Gas Helium—_; ; _7 [ e
Ciad. Int. Diam. mm 9.48 L L o _
Clad. Thickness mm o.ci__l 0.91 ©€.62 0.9l 0. o2 1 0.91.0.62 | 0.91_
Mo. Pins [Cluster «
pPitch Distance mm 44 o -
Spacers Two end plates  cluster
Fuel Length/Pin mm 398.5 [398.7 i 398,9 ,401.0:400.1 '1401.3[ 398.7 ]401.1 l
Plenum
Shroud Material Al X 8001
Shroud Int. Diam, mm 70.5%
No. Of Clusters 2
x)

Upper cluster rods: 01, 04, 07 .and 10.
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INSTITUTT FOR ATOMENERGI
QECD Halden Reactor Project.

Supplier:

DATA SHEET

IFA-4241

NFI, Japan

ISSUE NO: 2 PAGE: 1

sigN: A2 DATE: 15/6-77

OPERATIONAL DATA

OBJECTIVES

1o evalulate PCMI and fuel densification behaviguras a function

of cladding restraint and pellet microstructure

REMARKS

Avg. Lin. Heat Rating W/cm

Max. Lin. Heat Rating W/cm

DESCRIPTION PREDICTED ACTUAL
Loading Date 10/75 10/75 Lower cluster carried over from
Unloading Cate 6/77 4247
Burn-Up MWdHUO; 4) 23,000 15,300%) 5) Assy avg. 42411 only
Reactor Position 34
Rel. Flux Position .62 090 - .
Channel Power kW 163 144 1501) 1) Max. obtained 20/12.75
508 450 [4302)  510°) | Desired < 450 W/em

517 510 550

2) Lower cluster avg.

Posk Surf. Heat Flux Wjem?

154 140 160

3) Upper cluster avg.

Peak 1kdl) ¥¥/em

35.8

Peak Spec. Heat Rating W/gUO;

76.9

Max. Centre Temp. °C

<2500

Cooling Condition

Natural circulatiog

Inlet Velocity mfsec

lalat Throtiling v2{2g

Hydraulic Diam, mm 25.9

Flow ares mm? 3200

Assambly Dwg. 07419 Parts List Dwg.
Cable Data Sheel 376043

Experim. Procedure EP-14241

INSTRUMENTATION

1 ; Inlet turbine flow meter

8 | Neutron detectors (Va)

Qutlet turbine flow meter

1 Calibration valve

2 | Outlet coolant T/C

2 | Inlet coolant T/C

1 | Failure detector

4 | Stack elongation detectors

4) Burn-up achieved in lower cluster as 4248 was 6710 MWd/t UQy before starting irradiation as 42411

(burn-up zeroset at start)
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ISsuE NO: 1 PAGE: 2
DATA SHEET SIGN; 2 ] |oam. 23/10/75
IFA- 42410
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered UO, pellets
Pin No, 424-02 -03 -05 -06 -08 ~09 -11 -12
Fuel Waight kg L271 L272 L270 L 275 L271 .275 .268 275
fuel Density gfem? 10, 32 10,32 10.36  10.36 10.36 10.36 10,34 10,34
Fuel Diamater mm 9,228 9,297 9,225 9,295 9,227 9,298 9,225 9,299
Enrichment 100 Vo U-235
Instrument No, EF1 EF4 EF2 EF3
Diam. Cloarance mm ' | 0,25 0,18 0,25  0.18 0.25  0.18 0,25 0.18
Pellet Langth mm 10,28 10,22 10,28 10,28 10, 02 10,03 10.29 10,28
Dishing Both ends
Dishing Depth mm 0,26 .25 0,24 0.25 0.25 0,25 0,25 0.25
Land Width mm 0.45 (.46 0,46 0.46 0,46 0.46 0.46 0,46
Cladding Zr-4
Cladding State Cold worked and stress relieved
UTS: 73.1 kg/mm>, Y.S.: 56.5 kg/mm", EL: 19.5%

Walding TIG - -1
—Filler Gas Helium
Clad. Int. Diam. mm 9,48 —
Clad. Thickness mm 0,62 0.81 0.62 a,91 0,62 0.51 0. 62 0,91
Mo. Pins [Cluster 4
Pitch Distance mm 44
Spacers Two end plates/cluster
Fuel Long!h/Pin mm 401.3  398,7 398,9 401.0  401.1 401,3 899.2  40L.1
Plenum
Shroud Material Al X 8001
Shroud Int. Diam. mm 70,5
Mo. Of Clusiers 2

x Upper cluster rods:

424-02, -05, -08 and -11.
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|ISSUE NO: 1 N !FAGE: 1

INSTITUTT FOR ATOMENERG!
OECD Halden Raactor Proiect. _ DATA SHEET ban, ;50 | oam, 13/8-79

o
IFA-s011 \c’“\\ '

Supplier: JAERIJHITACHI -TOSHIBA

OPERATIONAL DATA

ORJECTIVES ]

Base irradiation rig IFA-501 is composed of 2 six rods clusters prepared for the purpose of ether

igvestigating the effects of modified fael designs on fuel temperature, fission gas relezse and 1ucl T0d

clongation ar replacing Trtadiated rods into 3-rods diameter nig IFA-519

DESC_RIPTION PREDICTED ACTUAL REMARSS

Loading Dale Sept. 1979

Unlosding Date 1982

Bura-Up GWAHUO, 3 20

Raactor Potition 3-17

Rel. Flux Position

Channel Powsr kw 213 Max. power: 213 kW

Avg. bin, Heat Rating kW/m 39.0 Target values

Max. Ur Heat Rating kW/m 36 44 Upper/lower clusters

Peak Scrf. Heat Flux MW /m? 3577

Peak jkdB kW/m 3.15

Peak Spec Haal Rating W/gUOQ; 50.1

Max. Centre Tamp. OC 1793

Cocling Condition Natural circulatipn

Iner Yelocity misec 0.5

tnlat Throtling v3{2g 40

Hydraulic Diam. mm 18.7

Flow azea mm? 2928

Assembly Dwg, ) 07478 Parts List Dwg. +76181
Cable Data Sheot 377391

Experim. Procedurs EP-15011  |Loading Sheet: The ist loading 377689

INSTRUMENTATION

1 i Inlet turbine 1 | Qutlet turbine 1 | Failure detector

2 | 1nler thermocouples 2| Qutlet thermocouples 1 | Gamma thermometer
& | Va neutron detectors 1 |Calibration valve

12 | Differential transformers {for loading I, all are used for PF-measuremcnts)

12} Central oxide thermocouples j | [ I
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DATA SHEET

ESSUE MO,

1

PAGE: 2

IFA- 501 (Lower CIu‘stcr\f

Qqu‘\#_Mg_,\?‘ DATE; 13/8-79

TEST ASSEMBLY DATA

DESCRIPTION Al A2 A3 At AS Ab
Fuel Form Sintered urznium dioxide pellet
End Prllet 3wt % Dy,0y in natural L0, (Flat)
Fuel Waight kg 0.343 0.343 0.342 0.342 0.345 0.344
End Peilet wt kg 0.010 (¢.009 0.009 0.009 0.009 0.009‘
Fuel Density glem? 10.41 (95.0 % T.D.)
Fuel Diameter mm 10.36
Earichmant 9.8
Peilet Form Standard
Diam. Clearance tm 230
Centrs Hols Diam. mm 1.8 for T/C {all rods)
Pellot Langth mm 10.7
End Form Flat and chamfered on both ends
Chamfer Height 0.2320.1
Chamfar Width 0.33x0.1
] Recrystaliized zircaloy-2
Claddtng Stxte Autaclaved on outside
Cladding Barrier None -
imsomarcavons _vx TET - EF bF3 | b4 #F3 pF%
Waelding Standard T.1.G. and Standard EB.
He Filler Gas P’“’“;' 0.1 0.3 0.3 0.1 0.3 0.3
Clad Out Dasm. mm 12.3
Clad. Int. Diam. mm 10.58
Clad. Thickness mm 0.860
Nao. Pins [Cluster o6
Pitch Distanca mm 46.0
Spacers None
Plnum VolfFuel Vol 0.084
Fuel Length{Pin mm 104 (active)
Plenum ml 5.7 5.5 58 5.5 5.6 5.6
Shroud Material * Zr-2
Sheoud lat. Ciam. mm 71
Mo, Of Clusters 2
Axg Pos. No. 1 2 3 4 3 b

*= PF: Fission gas pressure transducer.

*TF: Fuel centreline thermocouple located in 305.2 mm from the bottom end of fuel pellet
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DATA SHEET

1SS0E NO: |

PAGE, 3

paATE: 13/8-79

SIGN: a5
h ]

: Y
IFA- 501l (Upper Cluster)
PP

YEST ASSEMELY DATA

** PF: Fission gas pressure transducer.

DESCRIPTION Bl B10 B2 B1l B3 B12
Fusl Form Sintered uranium dioxide pellet
End Pellet 3 wt % Dyo0Og in natural UO, (flat)
Fuel Weight kg 0.342 0.352 0.309 0.317 0.305 0.316
G Pollot wi b5 0.009 0.009 0.008 0.009 0.008 0.009
Fusl Deniity gjcm? 10.41 (95.0 % T.D.)
Fuel Diameter mm 10.36 10.51 10.36 10.51 10.36 10.51
Enrichment 9.8
Peliet Form Std Std Hollow  Hollow  Holow  Hollow
Diam. Clearance {tm 230 70 230 70 230 70
Cornre Holw Diam. mm 1.8 18 3.15 3.15 3.15 3.15 |
Peliat Length mm 10.1 10.1 10.1 10.1 5.1 5.1
End Form Flat and chamfered on both ends
Chamter Height 0.23 £0.1
Chamfer Width 0.33+0.]
Cladding Stets Recrystallized zircaloy-2

Autoclaved on outside

Ciadding Barrier Cu Gu Cu
e B N 5 I S £ R 5 1 5
Welding Standard T.1.G and Standard EB.
He Filler Gas Pressure, 0.3
Clad. Our. Diam. mm 123
Clad. int. Diam. mm 10.58
Clad. Thickness mm 0.860
No. Pins [Cluster 6
Pitch Distance mm 46.0
Spacers None
plenum Vol/Fust Vol ¢.084
Fuel Length/Pin mm 404 (active}
Plenum ml 5.8 4.6 9.2 8.3 9.5 8.3
Shroud Material Zr-2
Shroud int, Diam. mm 71
No. Of Clusters 2
_Rig Pos. No. 7 8 9 10 11 12

* TF: Fuel centreline thermocouple located in 205.2 mm from the bottom end of fuel pellet.
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INSTITUTT FOR ATOMENERG!
QECD Halden Reaciosr Project.

DATA SHEET

| FA-501.2

Supplier: JAERI/Hitachi-Tashiba

ISSUE NO: 1 PAGE: 1

sicn: £ ‘)i_ DATE:1980.02.11

CPERATIONAL DATA

OBJECTIVES

Base irradiation rig IFA-501 is composed of 2 six rod clusters prepared for the purpose of cither

+ investigating the effects of modified fuel designs on fuel temperature, fission gas release and fuel

rod clongation or replacing irradiated rods into 3-rod diameter rig IFA-519

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date March 1980
Unloading Date 1982
Burn-Up MWd[tUO2 3 20 _t
Reactor Position 3.17 !
Rel. Aux Position !
Channel Power kW 213 Max. power: 213 kW
Avg. Lin. Heat Rating W/cm kW/m 39.0 Target values ‘
Max. Lin, Heat Rafing Wjcm kW/m. {1 36 44 Upper/lower clusters i
peak Surl. Heat Flux Wiem?  MW/m® 1.139 i
Peak (xd® Wiem kW/m 3.15
Peak Spec. Heat Rating W{gUQO; 50.1
Max, Cenire Temp. °C 1793 |

1

Cealing Cendition

Nat. circulation

Inlat Velocity mfsec 0.5

inlet Throtiling vi/Zg 40

Hydraulic Diam. mm 18.7

Flow area mm? 2928

Assembly Dwg. 07478 Parts List Owag. 476181

Cable Data Sheet 377391 )

Experim. Pracedure EP-1501.2 Loading Sheet: 2nd loading 3778156

INSTRUMENTATION

Inlet turbine 1 | Outlet turbine 1 Failure detector
Inlet thermocouples 2 | Outlet thermocouples 1 Gamma thermometer

6 i Va neutron detectors

1 Calibration valve

12 | Differential transformers

12 | Central oxide thermocouples
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ISSUE NOy 1 PAGE: 2
DATA SHEET sicnATY -';t% DATE:1980.02.11
| F A -501.2 (Lower Cluster) 7
TEST ASSEMBLY DATA
DESCRIPTION Al A2 A3 Ad Ab AB

Fusl Form Sintered uranium dioxide pellet

End Pellet 3 wfo DyeQg in natural UOg (flat)

Fuel Weight kg 0.343 0.3453 0.342 0.342 0.345 0.344
End Pellet Weight kg 0.010 0.009 0.009 0.009 0.009 0.009
Fuel Density glem? 10.41{95.0% T.D.})

Fuel Diameter mm 10.36

Enrichment 9.8

Pellet Form Standard

Diam. Clearance um 230

Centre Hole Dia. mm 1.8 for T/C (all rods)

Pellet Length mm 10.7

End Form Flat and chamfered on both ends

Chamfer Height 0.23 + 0.1

Chamfer Width 0.33 +0.1
T Recrystallized Zircaloy-2

Cladding Sm—ta Autoclaved on cutside

Cladding Barrier None

instrumentations 4 | FF1 1] PE3 ¥ X PEo
Welding Standard T.1.G. and Standard EB.

He Filler Gas Press. MPa 0.1 0.3 0.3 0.1 0.3 0.3

‘1 Clad.Out.Biam, mm 12.3

Clad. Int. Diam, mm 10.58

Clad. Thickness mm 0.860

Mo, Pins [Cluster &

Pitch Distance mm 46.0

Spacers None

Plenum Vol/Fuei Vol 0.084

fuel Length{Pin mm 404 (active)

Plenum 5.7 5.5 5.8 55 5.6 5.6
Shroud Material Zr-2

Shroud Int. Diam. mm 71

No. Of Clusters 2

Rig pos. No. ¥ 2 3 4 5 6

* TF: Fuel centreline thermocouple located in 305.2 mm from the bottom end of fuel pellet
=*PF:  Fission gas pressure transducer

All rods Al - A6 attained bum-up of 2.86 (GWd[tUOé) in [FA-501.1
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DATA SHEET

ISSUE NO: 11

PAGE: 3

son 3T 7%

DATE:1930.02-11

{F A -501.2 (Upper Cluster) -

TEST ASSEMBLY DATA

**PF:

Rods Bl - B3 attained bumn-up of 2.86

Fission gas pressure transducer

{GWd/tUOy) in 1EA-501.1

DESCRIPTION Bl B4 B2 B5 B3 B6
Fuel Form Sintered uranium dioxide pellet
£nd Pellet 3 wjo DypOg in natural UOy (flat)
Fusl Waight kg 0.342 0.358 0.309 0.320 0.505 0.316
End Peliet Weight kg 0.009 0.009 0.008 0.008 0.008 0.009
Fual Dansity gfem? 1041 (95.0% TD.)
Fual Diareter mm 10.36 10.36 10.36
Enrichment 9.8
Pellet Form Std Hollow Hollow Disks
Diam. Clearance um 230 70 230 70 230 70
Gentre Hole Diam, mm 1.8 1.8 3.15 3.15 5.15 3.15
Pallat Langth mm 10.1 10.1 5.1
End Form Flat and chamfered on both ends
Chamfer Height 0.23 + 0.1
Chamfer Width 0.33 0.1
Cladding State Recrystallized Zircaloy-2
Autoclaved on cutside
Cladding Barrier Cu Cu Cu Cua Cu Cu
instrumentations 5, }FH ECS }:53 EC-10 };;’1111 EC-12
Welding Standard T.L.G. and Standard EB
He Fiiler Gas Press MPa 0.3
" ¢tad.Out. Diam. mm 12.3
Clad. Int, Diam. mm 10.58
Clad, Thickness mm 0.860
No. Pins [Cluster 6
Pitch Distance mm 46.0
Spacers None
Plenum vol fFuel vol. 0.084
Fuel Lengthf{Pin mm 404 {active)
Plenum mi 5.8 9.2 9.5
Shroud Matarial Zr-2
Shroud Int. Diam. mm 71
No. Of Clusters 2
Rig Pos. No. 7 8 9 10 11 12
* TF: Fuel centreline thermocouple located in 305,2 mm fromithe bottom end of fuel pellet
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DAYA SHEET

ISSUE MO, ]

| s 7Y %

PAGE, 2

DATE, 158G-10-17

| F A -501.3 (Lower Cluster) |

TEST ASSEMBLY DATA

**PF:

Fission gas pressurc transducer

Rods Al - A6 have a burn-up of approx. 5.9 MWd/kgUOy per Oct. 1980

DESCRIPTION Al AZ A3 Al Ab A6

Fuel Form Sintered uranium dioxide pellet
End Paiat 3 wfo Dyp0Q3 in natural UO, (flat)
Fuel Waight kg 0.343 0.343 0.342 0.342 0.345 0.344
End Peltat Weight kg 0.010 0.009 0.009 0.009 0.009 0.009
Fuel Density gfem? 10.41(95.0% T.D.)
Fusl Diamaler mm 10.36
Enrichment  w/o 9.8
Pelist Form Standard

Dism., Clearance um 230 —_
Centre Hole Dia. mm 1.8 for T/C (all rods)

Pallet Length mm 10.7
End Form Flat and chamf{ered on both ends
Chamfer Height mm 0.23+0.1
Chamfer Width mm 0.33+£0.1
Cladding State Recrystallized Zircaloy-2

Autoclaved on outside

Cladding Barrier None
Instrumentations :. ;;11_3]1 ;;22 ;Fg ;;j -IEFEE? ;l‘-lg-g
Welding Standard T.1.G. and Standard EB.
Hao Filler Gas Press. MPa 0.1 0.3 0.3 0.1 0.3 0.3

Clad.Out.Diam. mm 12.8
Clad. Int. Diarm, mn 10.58
Clad. Thickness mm 0.86D
Nao. Ping [Cluster 6
Pitch Distance mm 46.0
Spacers None
Plenum Val/Fuel Vol (.084

Fuel Lengih/Pin mm 404 (active)

Planum 5.7 5.5 58 55 5.6 5.6
Shroud Matarial Zr-2

Sheoud 11, Diarm. mm 71

No, Of Clusiers 2

Rig pos. No. 1 2 3 L 5 6
* TF: Fuel centreline thermocouple located in 305.2 mm from the bottom end of [uel pellet
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1S3UE NO: 1

DATA SHEET won 77 7%

PAGE: 3

DATE, 1980-10-17

[ F A -501.3 {Upper Cluster)

TEST ASSEMBLY DATA

DESCRIPTICN B1 B16 B2 B17 B3 B18
Fusl Form Sintered uranium dioxide pelict
End Pslist 3 wjo Dyq0g in natural UOy {[lat)
Fusl Waight kg 0.342 0.358 0.309 0.357 0.305 0.358
End Fallat Weight kg 0.009 0.010 0.008 0.009 0.008 0.009
Fusl Density glem? 1041 (95.0% T.D,)
Fuel Diamsler mm 10.36
Enrichmeat  wio 9.8
Pellet Form Std - Std Hollow Std Hollow/Disk Std.
Diam. Clearance um 230 70 230 70 230 70
Centre Hoia Diam, mm 1.8 0.0 5.15 0.0 8.15 0.0
Pellat Length mm 10.1 10,1 10.1 10.1 5.1 10.1
End Form Flat and chamfered on both ends
Chamter Height _mm 0.23+£0.1
Chamfer Width mm 0.33+£0.1
Cladding State Recrystallized Zircaloy-2
Autoclaved on outside
Cladding Barrier Cu Zr Cu Zr Cu Zr
nstrumentations 54 | PP EC8 PFa EC-10 PFII EC-12
Welding Standard T.I.G. and Standard EB
He Filler Gas Press MPa 0.3
‘| Clad.Out. Diam. mm 12.3
Clad. Ini. Diam. mmw 10.58
Clad. Thickness mm 0.860
Me. Pins [Cluster 6
Pilch Dislance mm 46.0
Spacers None
Plenum vol./Fuel vol. 0.084
Fuel Lenglh{Pin mm 404 {active)
Plenum ml 5.8 9.2 9.5
Shroud Material 7.2
Shroud inl. Diam. mm 71
No. Of Clusters 2
Rig Pas. Na. 7 8 9 10 11 12

* TF: Fuel centreline thermocouple located in 305.2 mm from.the bottom end of fuel pellet
**PF: Fission gas pressure transducer

Rods Bl, B2, and B3 have a burn-up of approx. 4.9 MWd/kgUO9 it Oct. 80.
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DATA SHEET

LISSUt NOy 1 PACE 1
e B e T T—
| SN T, Makijind | pare, 198103-18

[ F A -501.4 (Lower Cluster)

TEST ASSEMBLY DATA
DESCRIPTION Al A2 A3 A4 A5 A6
Fusl Form Sintered uranium dioxide pellet
End Pailet 8 wjo DygQy in natural UQyg (flat)
Fusl Weight kg 0.343 0.543% 0.342 0.342 0.345 0.344
End Peflet Welght kg 0.010 0.909 0.009 0.009 0.009 0.009
Fuel Density glem? 10.41 {95.0% T.D.)
Fuel Diameier mm 10.36
Jlkhml wlo 9.8
Pallst Form Standard
Diam. Clearance ym 230
Cantre Hole Dia. mm 1.8 for T/C (al! rods)
Pelist Length mm 10.7 )
End Form Flat and chamfcred on both ends
Chamfer Height mm 0.23+0.1
Chamfer Width mm 0.33 0.1
T Recrystallized Zircaloy-2
Cladding Suate Autoclaved on outside
Cladding Barrier None
instrumentations 4y | FF1 i PES ra i 1
Walding Standard T.1.G. and Standard EB.
He Filler GasPress. MPs | D.1 0.3 0.3 0.1 03 0.3
Clad.Cut.Diam. mm 12.3 .
Clad. Inl. Diam. mm . 10.58 )
Clad. Thicknass mm 0.8360
No. Pins [Cluster 6
Pirch Disance mm 46.0
Spacers None
Planum Vol/Fusl Vol 0.084
Fuel Lengih/Pin mm 404 (active)
Planum 5.7 55 5.8 5.5 5.6 56
Shroud Muateeial Zr-2
Shroud [nt. Dism. mm 71
No. Of Clusters 2
Rig pos. No. 1 2 3 4 5 6
* TF: Fuel centreline thermocouple located in 305.2 mm from the bottom end of fucl pellet
[**PF: Fission gas pressurc transducer
Rods Al - A6 have a burn-up of approx. 3.04 MWd/kgUOg in Junc 1981
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DATA SHEET

PAGE, 3

ISSUE NO) 1
$IGN T Maj537i7 9| DATL, 1981.05-18
r

| F A - 501.4(Upper Cluster)

TEST ASSEMBLY DATA

**PF:

Rods B1, B2, and BS have a burn-up of approx. 6.

Fission gas pressure transducer

OESCRIPTION Bl B13 B2 Bl14 B3 Bl15
Fusl Form Sintered uranium dioxide pellet
End Peilet 8 wjo Dy90Oy in natural UQ, {flat)
fuel Welght kg 0.342 0.357 0.309 0.321 0.505 0316
£nd Pailet Weight kg 0.009 0.009% 0.008 0.008 0.008 0.008
Fusl Density glcm? 10.41{55.0% T.D.)
Fusl Diamaler mm 10.36
Enrichment  wijo 9.8
Pellat Form Std . Std Hollow Hollow Hollow/Disk  Hollow/Disk
Diam. Clesrance um 230 70 230 70 230 - 70
Centre Hole Diam. mm | 1.8 0.0 3.15 3.15 3.15 3.15
Pellet Length mm 10.1 10.1 10.1 10.1 5.1 5.1
End Form Flat and cham{ered on both ends
Chamter Height mm 0,23 #0.1
Chamfer Width mm 0.33 £0.1
Cladding State Recrystallized Zircaloy-2
Autoclaved on outside
Cladding Barrier Cu Cu Cu
nstrumentations 8, | PEd ECS FES ECI0 PFLL EC-12
Welding Standard T.I.G. and Standard EB
He Filler Gas Pross MPa 0.5
’| clad.Out. Diam. mm 12.3
Clad. int. Diam. mm 10.58
Clad. Thicknass mm 0.860
MNo. Pins {Cluster 6
Pitch Distance mm 46.0
Spacens None
Plenum vol./Fuc) vol. 0.084
Fuel Length/Pin mm 404 {active)
Planurt mi 5.8 9.2 9.5
Shroud Malerial Zr-2
Shroud Int. Dism, mm 71
No. Of Clusters 2
Rig Pos. No. 7 8 9 10 11 12
¢ TF: Fuel centreline thermocouple located in 305.2 mm {romithe bottom end of fuel pellet

7 MWd/kgUQO4 in Junc 1981
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DATA SHEET

ISSUE NO: |

PAGL, 1

SIGH 77 Kakyyjmd

DATE:1982/01/22

| F A -501.5 {(Lower Cluster) .

** PF:

Fission gas pressure transducer
Rods Al - A6 will have a bumn-up of approx. 13.7 MWd/kgUO, in March 1982

 ——
TEST ASSEMBLY DATA

T pesCRIPTION Al A3 A3 Ad A5 A6

Fuel Form Sintered uranium dioxide pelict

End Pellat 8 wfo Dyq Oy in natural UO, (flat)

T Weigh b 0.343 0.342 0.342 0.350 0.345 0.544
End Peliet Weight kg 0.019 .009 0.009 0.009 0.009 0.009
Foel Dansity glcm? 10.41 (95.0% T.D.)

Fuel Dismeler mm 10.31 10.31 10.31 10.31 10.51 10.313
Enrichment w/c 9.8

Pellet Form Standard

Diam. Claaranca, pm 227 232 224 225 229 775
Centre Hols Dia. mm 1.8 for T/C (all rods}

beliet Langth mm 10.64 1058 10.77 10.79 10.65 10.81
End Form Flat and chamfered on both ends

Chamfer Height mm 0.23£49.1

Chamfer Width mm .35 £ 0.1

Cladding State Reaystallized Zircaloy-2

Autoclaved on outside

Cladding Barrier None

D o O S - A2 |- R N 5
Welding Standard T.I.G. and Standard EB

He Filler Gas PressMPal (.1 0.3 0.3 0.1 0.3 0.3

"l Clad Out. Diam. mm 12.257 12.264 12.262 12.269 12.268 12.261

Clad. Int. Diam. mm « 10.5387 10.542 10.534 10.535 1G.539 10.538
Clad. Thickness mm 0.860 0.856 0.864 0.867 0.865 0.862
No. Pina [Cluster 6

Pilch Distanca mm 46.0

Spacers None

Plenum Vol/Fuel Vol " 0.084 h

Fusl Longlh/Pin mm 999.7 399.6 398.9 398.6 399.2 $99.9
PTomem 5.7 5.5 5.8 55 556 56
Sheoud Material Zr-2

Shroud Int, Diam, mm 71

No. Of Clusters 2

Rig pos. No. 1 2 3 4 5 [

*  TF: Fucl centreline thermocouple located in 305.2 mm from the bottom end of fuel pellet
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DATA SHEET

ISSUE NOy )

PAGE, 3

SIGH: 7. Makdr7vd ' DATE 1982/01/22
4

I F A - 501.5 (upper Cluster)

e
TEST ASSEMBLY DATA
[ DESCRIPTION Bl B16 B2 B17 BLO B18
-_-_-—-'_-—_ - . - -
Fuel Form Sintered uranium dioxide peilet
'—.——'__“_.__7 -
End Paliet 3 wio Dy,04q in natural UG, (fat)
-
M’ 0.342 0.558 0.309 0.357 0.352 0.358
End Pellet Weight kg 0.009 0.010 0.008 - 0.009 0.009 0.009
e
fuel Denaity glemd 10.41 (95.0% T.D.)
Fuel Diameater mm 10.30 10.45 10.302 10.45 10.47 10.44
| Fuel B2
Enrichment w/o 9.8
peltet Form Std. Std. Hol]pw Std. Std. Std.
Diam, Clesrance um 227 79 225 . g2 67 54
Centre Hoie Diam. mm 1.8 0.0 3,15 0.0 1.8 0.0
Pailel Length mm 10.69 10.71 10.80 10.71 10.68 10.66
End Form Flat and chamfercd on both ends
—(.;amfer Height mm 0.23 £ 0.1
Chamfer Width mm 0.355£0.1
R stallized Zircalay-2
Cladding State e ° Y
Autoclaved on outside
Cladding Barrier Cu Zr Cu Zr None Zr
nstrumentations «k IEd ECS iEs EC-10 Il EC-12
Walding Standard T.I.G. and Standard EB
He Filler Gas Press MPa 0.3
‘| Clad. Gut, Diam. mm 12.272 12.27% 12.26% 12.279 12.263 12.277
Clad. n1. Biam. men 10527  10.529 10.527 10.532 10.537 10.534
Clad. Thickress mm 0.873 0.875 0.871 0,874 0.863 0.872
Na. Pins [Cluster 6
Fitch Distance mm 46.0
Spacery MNone
Plenum vot fFuel val, 0.084
Fusl LengthiPin mm $98.7 399.6 399.7 8989 398.5 400.0
Plenum mi 5.8 9.2 4.6
Shroud Matarial Zr-2
Shroud Int. Diam. mm 71
No. Of Clusters 2
Rig Pos, Na, 7 8 Ej 10 11 12
* TF: Fuel centreline thermocouple located in 305.2 mm from the bottom end of fuel pellet
p P
. PF:  Fission gas pressure transducer
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SR NO: | PAGE, 2
DATA SHEET s . Tlomee oAt (9E2108126
| £ A -501.6 (Lower Cluster) .
TEST ASSEMBLY DATA
DESCLPTION Al AS AS A4 AS A6

Fuel Form Sintered uranium dioxide pellet

End Pellet ~ 3 w/o Dy Oy in natural UQ, {fat)

Fuel Weight kg 0.343 0.542 0.542 0.342 0.345 0.344
End Pellet Walght kg 0.010 0.009 0.009 0.009 (_1.009 0.009
Kool Donsity glemt | 10.41 (95.0% T.D.)

Fuel Diameter mw 1031 10.51 10.31 10.51 10.51 10.31%
Envichmend wio 9.8

Peliet Form Standard

Dism, Clearance pom 227 232 224 225 229 215
Cantre Hols Dla, mm 1.8 for T/C {all rods}

Poltet Langth mem 10.64 10.58 10.77 10.79 10.65 '10.81
End Form Flat and chamfered on both ends

Chamf{er Helght mm 0.2%+0.1

Chamfer Witth mm 0.35+0.1

Cading Sttn Recrystallized Z.Lra-loy-2

Autodaved on outside

Cladding Barrier None

tretrumentation 3, | FE i1 3 1 1§ 2
Welding Standard T.I.G. and Standard EB

He Fllter Gas Press MPs] 0.1 0.3 0.3 0.1 0.3 0.3
Clad Out. Dlam, mm 12.257 12.254 12.262 12.269 12.268 12.261
Cad. lot. Dism, mem ™| 10.537 10.542 10.534 10.535 10.539 10.538
Clad. Thickness met 0.860 0.856 0.864 0.867 0.865 0.862
Mo, Pies [Cluster 6

Pitch Ditancs mm 46.0

Spacers None
Plenum Vol/Fuel Vol | 0.084 . )

Fuel LengthyPia mm 399.7 599.6 398.9 398.6 $99.2 399.9
Pl 5.7 5.5 5.8 5.5 5.6 5.6
Shroud Matecisd Zr-2

Sheoud InL. Diam mm 71

Mo, Of Clutiers 2
Rig pos. No. 1 2 3 4 5 [

* TF: Fud centreline thermocouple located in 305.2 nm from the bottom end of fud pellet
*+ PF: Fision gas pressure transducer
Rods Al - A6 will have 2 bum-up of approx. 16.0 MWd/kgUQ, in August 1982.
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DATA SHEET

B NO: |

PAGEH 3

sioH: . Tahanwnal

| DATE.1932/08/25

| F A - 501.5 (upper Cluster) -

s ity Tt b

[
TEST ASSEMBLY DATA
[ pescueTIoN B13 B16 Bl4 BL7 B10 B18
_F;—F_.m Sintcred uranium dioxide pellet
End Pullet 3 w/o Dyg0g in natural U0y (flxt)
el Wotght ks 0.857 0358 0.521 0357 0.352 0.358
End Peilet Weight kg 0.009 0.010 0.008 0.009 0.008 0.009
 Fod Dacsicy glom? 10.41 (95.0% T.D.)
_;:{_p:m e 10.45 10.45 10.45 10.43 10.47 10.44
m wio 9.8
Peilet Form Std. . Std. Hollow Std. Std. Std.
tasn, Clasrance sm 86 79 85 82 &7 91
Cantrs Hole Dlam, mm None 0.0 515 . 0.0 1.8 0.0
Pollat Langth mm 10.76 106.71 10.76 10.7% 10.68 10.66
T‘.:d Form Flat and cham{cred on both ends
| Chamfer Meight mm | 0.2310.1
Chamfer Width mm 03%+0.1
Cladding Stste Reaystallized Zircaloy-2
Autoclaved on outside _
Cladding Barrier Cu Zr Cu Zr None Zr
Ingtromentations ++ | EC7 IC EC9 EC10 TEH EC12
Welding Standard T.LG, and Standard EB
Ha Filler Gas Prest MPa 0.3
‘|Clad. Ount, Dism. mm 12.262 12.279 12.265 12.279 12.263 12.277
Clad. bnd. Dismt mm 10.536 10.529 10.596 10.5%2 10.537 10.534
Clad, Thickreus mem 0.363 0.875 0.865 0.874 0.863 0.872
N, Pins rcw.: : 6
Piich Dictance mm 46.0 . |
Spacers None .
Plerum volJFust vol, | 0084 i
Fool LangtPin mm 398.3 399.6 396.0 $98.9 398.5 400.0
Plonume i 2.25 2.3 6.2 2.85 Iy 2.4 ]
Sheoud Matecial Zr2 ]
Sheoud bnt, Dis, vn 7t |
Na. Of Custers 2 i
Rig Por. No. 7 ‘8 9 10 i1 12
* TF:  Fuel centreline thermocouple located in 305.2 mm from the battom end of fuel pellet
*+ PF! Fission gas pressure transducer
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INSTITUTT FOR ATCMENERG issugNOs L | page, 1
OFCO Haldan Ruactor Profct DATA SHEET son. /LA onre, 41577
IFA-502!
Supplier: JAERI/HITACHI/TOSHIBA
OPERATIONAL DATA
CBIECTIVES

- to study the effect of fuel rod design parameters

" and pewer ramp rate on pellet-clad mechanical inter-
action, specifically on cladding diameter changes.
DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 6/77
Unloading Date
Burn-Up MWdILO,
Reactor Position
Rel. Flux Pesition [Peak/Normal) With shield up/down
Channel Power kw 50.1 /[ 30.2
Avg. Lin. Heat Rating W/cm 490 / 295 Requested
Max._ Lin. Heat Rsting Wicm 515 /[ 310
Peak Surf. Hoat flux Wlem3 134 /[ 80.4
Peak [kd® Wiem 41.0 [ 24.7
Paak Spec. Haat Rating W/gUO; 57.2 / 34.4 In red C1
Max. Cenire Temp. OC 2080/ 1270
Cocling Condition Natural circulation
tnlet Yalocity m(sec 0.26 /[ (Measured in JFA-404 (HP} )
Inlet Throttling v2{2g 50 /
Hydraulic Diam, mm 22.6 [ 20.7
Flow area mm? 3143/ 2436
Assambly Dwg. 07452 Parts List Dwag. 474581
Cable Daia Sheet 376789 Fuel rod drawing no. 272295
Exparim. Procedure
INSTRUMENTATION

1 | Calibration valve 1 | Inlet turbine 2| Inlet thermocouples
3 | outlet thermocouples 1 |Failure detector 5] Va neutron detectors
3 | Diameter gauges 3 {Clad. elong.det.{type 5}] 2 | Stack elong.det . (type 15)
1 ! Gauge pos. indicator 1 {Shield pos. indicator 3| Fuel centre thermocouple)s‘ '
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ssue no, 1 PAGE. 2
DATA SHEET SIGN.M V DATE: 4/5-77
IFA-502! '
TEST ASSEMBLY DATA
DESCRIPTION Al Bl Ccl
Fuel Form Sintered and ground UO, pellets
End Pellet Natural UO, with 3% Dy,0. Total:
Fuel Weight kg 0.308 0.308 0.301 0.917
Epd Pellet Wt. kgl 0.020 G.019 . 0.020 0.059
Fuel Density glem® 10.52
Fuel Diameler mm 10.58 10.55 10.44
£nrichment 10.04 wtX
Diam. Clearance mm 0.06 0.11 0.21
Centre Hole Dia.mm] 2.0
Psllet Langth mm 10.10
End Form Chamfered
Chamfer Height mm 0.26 0.25 0.23
Chamfer Width mm 0.40 0.39 0.36

Cladding Fully annealed Zircaloy-2

Cladding Stata Pickled, ancdized and aﬁtoclaved
*(Al & C1) YS: 44.0/16.2 Kg/mmz,UTS: 56.8/26.9 Kg/mz,EL: 40.5/40.5%
(B1) 7S+ 36.6/13.7 Ka/ame,UTS: 54.0/26.8 Kg/mm® EL: 34.6/42.17

Walding TIG

Clad Quts.Dia. mm

Fillar Gas He 1 ata

Clad. in1. Diam. mm 10.64 10.66 10.65

Clad. Thickness mm 0.84 0.81 0.83

No. Ping [Cluster 3

Piich Distance mm 38 (P.C.D.)

Spacers None

Fusl Length/Pin mm

341 {active), 361 (total), 102 (hollow)

Plenum 7.7 cc
Sheoud Malerial Zircaloy-2
Shrowud ini, Diam. mm 71

Mo. Of Clusters 1

* Test results at R.T./343°C before autoclaving.
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Assembly drawing
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INSTITUTT FOR ATOMENERGH
OFCD Halden Raactor Project

DATA SHEET

IFA- 5gpll

Supplier: Hitachi/Toshiba

ISSUE NOvW 2

PAGE: 1

sign: M LA

DATE.28/2-78

OPERATIONAL DATA

OBJECTIYES

- to study the effect of fuel rod design parameters

and power ramp rate on pellet-clad mechanical inter—

specifically on cladding diameter changes.

L action,
DESCRIPTION PREDICTED ACTUAL REMARKS

toading Date 3/78

Unicading Data

Burn-Up MWdIHUQ;

Reaclor Position -4

Ral. Flux Position

Channel Power kw 49.1

Avg. Lin. Heat Rating Wlem 430 Requested

Max. Lin. Heat Rating W/em 504
—;qak Suef, Heat Flux Wicm? 131

Peak ket W/em 40.2

Peak Spec. Heat Rating W/qUO; 50.4 In rod Cl

Max. Centra Temp. °C 2080

Cooling Condition Maroral circ

tnlat Velocity misec

tnlot Theattling v2/2g

Hydraulic Diam. mm 22.6 [/ 20.7 with shield up/down

Flaw area mm? 3143 /2436 with shield up/down
Assambly Dwg. Q7452 Parts List Dwy. 476581
Cable Data Shest 376789 Fuel rod drawing no. 272295
Experim. Procedure p-1502"T Loading sheet 2nd loading 377217

INSTRUMENTATICN

1 ECalibration valve 1 |Inlet turbine 2 { Inlet thermocouples
3 !OQutlet thermocouples 1 [Failure detector 51Va pneutron detectors
j IDiameter gauges 1 [clad.elong.det.{type 5) 2 | Stack elong.det.{type 5}
1 F Gauge pos. indicator 1 |Shield pos. indicator 1 | Fuel centre thermecouple
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JAERI-M 84-031

ISSUE NOY 9 PAGE: 12
DATA SHEET v A1 LA Lonte, 28/2-78
IFA- 502!l '
TEST ASSEMBLY DATA
DESCRIPTION A2 B3 cl

Fusl Form giptered and ground U[}2 pellets

End Pellet Matural UO. with 3% Dy.0, Total:
Fuel Weight kg 0.312 0.311 0.301 0.924
End Pellet Wt.kg 0.020 0.019 0.020 0.059
Fusl Density glem? 10,52

Fuel Diameter mm 10.58 10.55 10.44

Ensichmeni 10.04 wtX

Instrumentation Eg:%' EC- Eg:%’ B2 '?'g-——g, Fe-

Diam. Clearance mm 0.04 0.97 0.21

Nentte Hole Dia.mp 2.0

Pellat Langth mm 10.1Q

| End Form Chamfered

| Chamfer Height 0.26 0.25 0.23

Chanfer Width Q.40 0.39 0.36

Cladding Yully aunealed Zircaloy=2

Cladding State Pickled, anmodized and autoclaved

Waiding TIG .

r1ad Quts.Dia.om 12.255 12.240 12.275
_irer Gas He 1 ata

Clad. Int, Giam. mm 10.62 10.62 10.65

Clad. Thickness mm 0.81 0.81 0.83

No. Ping [Cluster 3 '

Pitch Distance mm 38 (p.C.D.}

Spacefs None

Fuei Length{Pin mm

341 (active), 361 (totat), 102 (hollow)

Plenum

7.7 cc

Shroud Material

7ircaloy—2

Sheoud Int, Diam. mm

7]

Mo, Of Clusters

1

- A2 and

B3 rods are new, Cl rod is from IFA—SOZI.
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INSTITUTT FOR ATOMENERGI ssueno. 2 feace
OECD Halden R Protect.
wactor Prsinc DATA SHEET (son. M, /ehy | oareaspo-is

lFA~ 502!!1

Supplier; JAERI/HiTo, Japan

OPERATIONAL DATA

OBJECTIVES ]

to study the effect of fuel rod design parameters and power ramp rate on

pelletclad mechanical interaction, specifically on cladding diameter changes

the effect of very fast ramp rate by on-power shicld removal is studied in this loading

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Dale 10/78

Unloading Date

Burn-Up MWd[IUOz

Reactor Pesition 34

Rel. Flux Position

Channel Power kW 49.1
Avg. Lin. Heat Raling W/cm 480 Requested
Max. Lin. Heat Rating Wjcm 504
Peak Surf. Haat Flux W/em? 131
Peak _{kd(—) Wicm 40.2
Peak Spec. Heat Rating W{gUOy 50.4 Inrod Cl1
Max. Ceatre Temp. °C 2080
Cooling Condition Nat. circul,
Inlet Yelocity mfsec
Inlei Throttling v2[2g
Hydraulic Diam. mm 2267207 with shield up/down
Flow area mm? 3143/2436 with shield up/down
Assambly Dwg. 07452 Parts List Dwg. 474581
Cable Data Sheet 376789 Fue! rod drawing no. 272293
Experim. Procedure £p-1502111 | Loading sheet 3rd loading 737339
INSTRUMENTATION
[ I Calibration valve 1 Inlet turbine 2 1 Inlet thermocouples
3’ Qutlet thermocouples 1) Failure detector 5 | Vaneutron detectors
3] Diameter gauges 3| Clad. clong. det. (type 5) 2 | Stack clong. det. (type 5)
1l Gauge pos. indicator 1{ Shield pos. indicator 1 | Fuel centre thermocouple
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1SSUE NO: 2 PAGE: 2
. DATA SHEET siGe /Y, (/‘% DATE:  28/2-78
| F A -so2!!
TEST ASSEMBLY DATA
DESCRIPTION A3 B2 Ct

Fusl Form Sintered and ground UQ, pellets
End Pellet Natural UOg with 3% Dy3Qg Total:
Fuel Weight kg 0.314 0.312 0.301 0927
End Pellet Wt,, kg 0.019 0.019 0.020 0.058
Fuel Density glem? 10.52
Fuel Diameter mm 10.58 10.55 10.44
Enrichment 10.04 wt%

instrumentation

DGI,ECL,EF1 DG2,EC2,EF2? DG3,ECS, TF3

Diam, Clearance mm . 0.04 0.07 0.21

Centre Hole Dia., mm 0 0 2.0 (top 102 mm)
Pallet Length mm 10.10

Ead Form Chamfefed

Chamfgr Height 0.26 0.25 0.23

Chamfer Widtn 0.40 0.39 0.36

Cladding

Fully annealed Zircaloy-2

Cladding State

Pickled, anodized and autociaved

Walding TIG

Clad Quts. Dia., mm 12.24 12.24-12.26 12.28
Filler Gas He 1 ata

Clad. Int. Diam. mm 10.62 10.62 10.65
Clad. Thicknass mm 0.81 0.831 0.83
No. Pins [Cluster 3

Pilch Distance mm 38 (P.C.D.)

Spacars None

Fuel Length/Pin mm

341 (active), 361 (total)

Planum 7.7 cc
Shroud Material Zircaloy-2
Shraud Int, Diam. mm 71

No. Of Clusters 1

- A3 and B2 rods are new, Cl rod is from IFA-SO?“.
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1 :
ISSUE NO AVP PAGE: 1

DATA SHEET o
¥
| F A-s02'V \(x‘\ -

INSTITUTT FOR ATOMENER
CECD Malden Reactor Projec

DATE:] §97905-22

Gemier: JAERI/HiTo, Japan

CPERATIONAL DATA

OBJECTIVES |

to study =he effect of fuel rod design parameters and power ramp rate on

pelietcimd mechanical interaction, specifically on cladding diameter changes

DESCRIPTION PREDICTED ACTUAL REMARKS
6/79

Lloading Data

Unloading Date
Burn-Up MWdIUOC;

Reactor Position 34

Rel. Flux Position

Chaanel Power kW 49.1

Avg. Lin. Heat Rating kW/m 18 Requested
Max. Lin, Heat Rating KW/m 50.4
| peak Sucl. Heat Flux  KW/mz™ 1310

Peak jkd8 kW/m 402

Peak Spec. Heat Rating WigLts: 50.4 In rod Cl
Max. Centre Temp. 9C 2080

Cooling Condition Nat. circul.

inlat Velocity mlsec

Inlet Threttling v2[2g

Hydraulic Diam. mm 22.6/20.7 With shield up/down

Flos area mm: | 3143/2436 With shield up/down

Assembly Dws. 07452 parts List Dwe. - | 474581

Cable Data Sheet 376789 Fuei Rod Dwe. . 476381

Experim. Procedure EP-15021Y Loading Sheet 4th Loading.| 377558
INSTRUMENTATION

r

I | Calibration valve 1 [nlet turbine Inlet thermocouples

3 | Cutlet thermocoupiss

! .
1 i Failure detector

Va neutron detectors

T
3| Diameter gauges

3 | Ciad. clong. det. (type 3}

=T L FL]

Stack clong. det. (type 5}

1 I Gauge pos. indicatar

1 ! Shicld pos. indicator

1 'Fuel centre thermocouple

1

i
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1

ISSUE NO:» s [PAGE 2

DATA SHEET

SIGN: oAy DATE;1979.05-22
w N
| F A -s02'VY A
TEST ASSEMBLY DATA

DESCRIPTION B4(11) A4(11) ci
Fual Form Sintered and ground UO, pellets
End Pellet Natural UQ5 with 3% Dy504 (Flat) Total:
Fuef Weigh! kg 0.313 0.3140 0.301 0.928
Edd Pellet Wi, kg 0.016 0.016 0.020 0.052
Fuel Dansity gfem? 10.52
Fuel Diametec mm 10.58 10.56 10.44
Enrichment 100205 wt%

DG1, EC1, EF1 DG2, EC2, EF2 DG3, EC3, TF3

{nstrumentation

Diam. Clearance mm 0.04 0.06 0.21

Centre Hole Dia., mm 0 - 0 2.0 {top 102 mm)
Pellet Length mm 10.10

Dishing Chamfered

Dishing Depth memn 0.25 0.25 0.23

Land Width mm 0.40 0.40 0.36

Cladding Fully annealed Zircaloy-2

Cladding State Pickled, anodized and autoclaved

Grain size {um) =17

Rig pos. No. 1 2 3

Welding TIG

Clad Outs. Dia., mm 12.24 12.24 -12.26 12.28
‘| Filler Gas He 0.1 MPa

Clad. Int. Diam. mm 10.62 10.62 10.65

Clad. Thickness mm 0.81 0.81 0.83

Ma. Ping [Cluster 3

Pitch Distance mm 38 (P.C.D.)

Spacers None

Fue! Length{Pin mm 341 (ac{ivc), 361 (to tal)

Planum 1.7 cc
Shroud Material Zircaloy-2
Shroud Int. Diam. mm 71

| Ne. Of Clusters 11

B4{L1) and A4(11) rods are new, Cl rod is from 1FA-5021
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INSTITUTT FOR ATOMEMERGI
QECD Halden Reactor Projed.

Supplier:

DATA SHEET

| FA-508!

JAERI, Japan.

ssue HO: 1 PAGE: 1
M’ paTEs 15/4-77

OPERATIONAL DATA

QBJECTIVES
- to study the effects of different cladding thickness
' and gap size on pellet/clad mechanical interaction.
DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 5777
Unloading Date
Burn-Up MWd1IUO; 6000
Raactor Position
Rel, Flux Pesition 1.02
Channal Power kv 75 63
Avg. Lin. Haat Rating W/cm 597 500 Required
Max. Lin, Heat Rating Wiem 664 556 In rod 11
Peak Surf. Hest Flux ¥Wlcm? 173 145
Peak [kd@ Wiem 43.6  36.5
Posk Spec. Heal Raling W/gUO; $7.5 56.6 In rod 1-2
Max. Contre Tamp. °C 2480 2150 In rod 13
Cosling Condition Natural circulation
Inlet Velocity misec 0.51 0.50
Inlat Throtiling v2]2g 25
Hydraulic Diam. mm 21.6
Flow ares mm? 1098
Assembly Dwg. 07442 Parts List Dwg. 474232
Cable Data Shea! 376465 Fuel rod drawing No. 272181
Exparim. Procedure EP-1508
[NSTRUMENTATION
Inlet turbine D=4Q,u=32 1 {Failure detector
Inlet thermocouples 3 | Outlet thermocouples

Electromagnetic calibration vaive

Neutron detectors (Vanadium emitter)

Pin diameter gauges

I 3 lE’uel centre thermocouples (W-Re 3-25)

Cladding elongation detectors(Type 3) | l[ Eddy current coil {prototype)

~lw lwiwv =]~

Long range position indicator

]1 I Periodic position indicator (protocype)
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1S5LE NO: 1 PAGE: ) 2
DATA SHEET SIGN=M M;A’_ DATE. 15/4-77
[FA-508!
TEST ASSEMBLY DATA
DESCRIPTION

Fuei Form Sintered and ground UQ, pellets
Fin No. 11 1-2 13
Fuel Waeight kg 0.402 0.363 0.396 1.161
End P211f1, kg. 0.030 0.026 ¢.030 0.086
Fuel Density gfcm? 10.41 Total VEigHtt 1.247 kg
Fuel Diameter mm 11.31 10.75 11.21

Enrichment

10.5 wtl of U-235

Centre Hole Dia.mm

1.8 (for nominally 45 mm from top of active stacks)

Diam, Clearance mm .10 0.10 0.22

Peilat Length mm 15

Dishing Spherical both ends

Dishing Dapth mm 0.4

Land Width mm Approx. 2

Cladding Fully annealed Zr-2

Cladding State Autoclaved (claddings for 1t and 13 were chemically thinned from
inside)

Walding TIG

| Clad Qut.Diam.mmf 12.19 12.22 12.19

Filler Gas Heljum ] arm

Clad. Int, Diam. mm 11.41 10.85 11.43

Clad. Thickness mm *2 {0.38) {0.70) {0.37)

No. Pins [Cluster 3

Pitch Distance mm 38 (P.C.D)

Spacers Two end plates

Spring Wire Dia.mm| 1.21

fuel Langth{Pin mm

420 (including end pellets), 390 (with no poisom)

Plenum 6.3 cc
Shroud Material Zr-2
Shroud Int, Diam. mm 71

No. Of Clusters 1

at R.T.

+1 10.5 wt% enriched U0, with 6.1 wel Dy.
«2 Thickness values are less reliable than L.D.

values.

Mechanical properties of the claddings (no difference with thickness).
¢S: 36 kg/mm®, UTS: SO kg/mm’, EL 307
st 343°C ¥S: 14 kg/mm®, UTS: 24 kgfmm’, EL 462
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INSTITUTT FOR ATOMENERGI IssuE MOy PAGE: 1
PECO Haldan Reactor Project. DATA SHEET son. M. (LS {oare, 15/9-8
I F A -so8ll
Suppliers JAERI, Japan
COPERRATIONAL DATA
OBJECTIVES |
to study the effects of pellet parameters and gap size on pellet/clad
i mechanical interaétion
DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dale : 10/78
Unloading Date
BurnUp MWHUO, 6000
Resctor Position 4-13
Rel. flux Position
Channel Power kw 63
Avg. Lin, Heat Rating Wlem 500 Required
Max, Lin, Heat Rating W/em 558
Peak Surl. Heat Flux W/cm? 143
Peak [kd& ¥ /jem | 365
Peak Spec. Heat Rating W/gqUO; 56.6
Max. Cenire Temp. °C 2150
Cooling Condition Narural cireul.
tnlet Velocity mfsec 0.50
Irdat Throttling vZ[2g | 25
Hydraulic Diam. mm 21.6
HAow area mm? 3098
Assambly Dwg. 07442 Parts List Dwy. 474232
Cable Data Sheat 376465
Experim. Procedure EP-15081 Loading Sheet 2nd Loading 377341
INSTRUMENTATION

1 f Inlet turbine D=40, 4=32 1 Failure detector
2 | Inlet thermocouples 3 | Outlet thermocouples
1| Electromagnetic calibration valve
5 l Neutron detectors (Vanadium emitter)
3 : Pin diameter gauges ' | 1 l Fuel centre thermocouple (W-Re 3-25)
3  Cladding elongation detectors {Type 5) 1  Eddy current coil (prototype)
1 Long range position indicator 1 Perodic position indicator {prototype)
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DATA SHEET siGN, M. Vc/L DATE,  15/9-78
| FA- sos'l
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered and ground UQ, pellets
F; No. 14 18 13
Fuel Weight kg 0.403 0.402 0.356 1.201
End Beflet®, kg 0.030 0.030 0.030 0.090
El Density gfem? 10.41 Total weight:  1.291 kg
Fuel Diameter mrm 11.31 11.31 11.21
Enrichment 10.5 wt% of U-235
Centre Hole Dia., mm 0 o 1.3 (top 45 mm of active stack)

Diam. Cleararce mm

0.10 0.10 0.22

Pellet Treatment

Siaddition fine grain  none

Pallat Leagth mm 15

Dishing Spherical both ends
Dishing Depth mm 0.4

Land Width mm Approx. 2

Cladding Fully annealed

Cladding State

Etched from inside and autoclaved

Instrumentation

DG!,EC1 DG3,EC3 DG2, EC2,TF2

Walding TIG

12.18 12.22 12.19
Fillar Gas Helium 1 atm.
Clad. Int, Diam. mm 11.41 11.41 11.42
Clad. Thickness mm ** {0.37) (0.42) {0.37)
Mo, Pins [Clustar 3
pitch Distance mm 38 (P.C.D.)
Spacers Twao end plates
Spring Wire Diam,, mm | 1.21

Fuel Length/fin mm

420 (including end pellets), 390 (with no poison}

Plenum 6.3 cc
Shroud Material Zr-2
Shroud lnl. Diam. mm 71

No. Of Clusters

+ 105 wt% enriched UOy with 6.1 wi% Dy
*+ Thickness values are less reliable than LD, values

Mechanical properties of the claddings.

atRT. YS: 36kgmm?, UTS: 50 kg/mm?Z, EL 30%
20 343°C  YSt 14 kg/mm?, UTS: 24 kg/mm?, EL 46%
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NSV FUR ATOMENER T 153UE NO: PAGE: T
OFCD Halden Reactor Project. DATA SHEET o, K-"ﬂmﬁ: o 13870
[FA-5083
Supplior: JAERI
OPERATIONAL DATA
OBJECTIVES [
- To investigate the effect of gap size as well as burnup on pelletcladding
mechanical interaction, especially on the deformation of fuel rod diameter.
DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 10/1979
Urloading Date
Burn-Up MWdIIUO; 5000
Reacior Potition 4-13
Rel. Flux Position
Channel Power kW 63
Avg. Lin. Heal Rating kW /m 50
Max. Lin. Heat Rating KW/m 55.6
Park Surf. Heat Flux_ MW/m® 1.45
Peak [kd@ kW/m 3.65
Peak Spec. Heat Rating WigUQ; 56.6 .
Max, Canire Temp. °C 2150
Cooling Conditian Nat. circ.
tnlet Velocity mfsac 0.50
tnlai Throttling v#{2g 25
Hydraulic Diam. mm 21.6
Flow area mm? 3098
Assembly Dwg. 07442 Paris List Dwg. 474 232
Cable Data Sheat 376 465 _
Experim. Procedure EP-1508.3 Loading sheet: the 3rd Loading 377691
INSTRUMENTATION

1 Inlet turbine D=40,u=32 3 | Clad elongation detector

2 | Inlet thermocouples 3 | Outlet thermocouples 1 Eddy current coil

1| Electromagnetic calibration vplve 1 | Position indicator (long range)

5 | Neutron detectors {Vanadiurf emitter) 1 | Positicn indicator (periodic)

3| Diameter gauge 1 | Failure detector
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15SUE No: L PAGE: 2
DATA SHEET BN PL ——
| F A -5083
TEST ASSEMBLY DATA
DESCRIPTION

Fuel Form Sintered and ground uranium dioxide peilets
Rod Item No. 33 32 ' 29
Fuel Weight kg 0.397—~ 1.198({total} 0.404 0.397 .
End pellet weight kg* 0.030 - 0.090(total) 0.030 0.030 Total weight: 1.288 kg
Fuel Density gjemd ©10.41 (94.98% TD) -
fuel Diameter mm 11.21 1151 11.21
Enrichment 10.5 wt % of 235U
Additives No Ne No
Oiam. Clearance um 210 . 100 210

| Grain size ' Large Large Large
Pellef Langth mm 15
Dishing Sphf.:r]cal both ends

Ehing Dapth mm a4
Land Width mm 2.1 2.2 2.1
Cladding State Fully annealed Zr-2
Cladding surface Ghemically thinned from inside and autoclaved outside
Instrumentation DG-1/EC-1 DG-3jEC-3 DG-2/EC-2
Rig position 1 3 2

h;ldinq TIG
Clad out. diam. 12.20 12.20 12.19

’| Filler Gas Helium 0.1 MPa
Clad. !nt. Diam. mm 11.42 11.41 11.42
Crod, Thickness m 0.390 0.395 0.385
No. Pins {Cluster 3
Pitch Distance mm 38 (P.C.D.)
Spacers Two end plates

Spring const. Gg/m 0.30 0.29 0.91
Fuel Length/Pin mm 490 (end pellets involved), 390 {without poison)
Plenum 1.4 cm?
Shraud Material Zr-2
Shroud Int, Diam. mm 71
Ma. Of Clusters 1
Attained BU GWd/tUQO 11.989 in IFA-501 (until January 1980)

* 10.5 wt % enriched UQg with 6.1 wt % Dy
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issue noo | b PacE 2
DATA SHEET ston, ¥ fpwoa’ | oare, 1980-08-24
[FA-508.4
TEST ASSEMBLY DATA
DESCRIFTICH

Fuel Form Sintered and ground uranium diexide pellets
Rod Item No. 3-1 17 21
Fusl Waight kg 0.364 0.403 0.402
End pellet weight k;z 0.027 0.030 0.030
Fuel Dansity glem? 10.41 (94,98 % TD) Total weight: 1.256 kg .
Fusl Diamaeter mm 10.75 11.31 11.31
Enrichment 10.5 wt % U-235 '
Additives No 0.4 % Silicon No
Dism. Clearance  umj 100 110 100
Grain size Large Large Small
Pellet Langth mm 15

Dishing Spherical both ends
Dishing Depth mm 0.4
Land Width mm 1.9 2.2 2.2

Cladding State

Fully annealed Zr-2

Cladding surface | Etched from inside {except rod 12 and 31) and autoclaved outside
Instrumentation EC-1/DG-1 EC-2 /DG-2 EC-3/DG-3

Rig Position 1 2 3

Walding TIG

Clad. Out, Diam, mmj 12.22 12.21 12.21

Filler Gas Helium ¢.1 MPa

Clad. Int, Diam. mm 10.85 11.42 1141

Clad. Thickness mm 0.69 0.40 Y 0.40

Neo. Pins [Cluster 6

Pitch Distance mm 46 [P.C.D)

Spacers Two end plates

Spring const. Gg/m | 0.25 0.29 0.29

Fuef Lengih/Pin mm 420 (end pellets involved), 390 (without poison}

Flenum cm 1.4 :

Shroud Matarial Zr-2

Shroud a1, Diam. mm 71

No. Of Clusters 1 .
GWd/ILO, | approximately 14.4 from [FA-515.1 and 515.2

T10.5 wt % enriched UOg with 6.1 wi % Dy |
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M B4-031

WA MR A METICRAS

OFCD Halden Reactor Project.

Supplier:

DATA SHEET

MHLI, Japan

[FA- swof

[FEI SRR TV i

reocs 1

sian: 1 1A

DATE: 26/1-78

OPERATIONAL DATA

OBJECTIVES

Tg test long term integrity of two fuel rods placed in ceontacr under

simulated bowing condition,

and also to check the performance of high

pressure 100p.

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Date 2/78
Unloading Date 5/78
Bura-Up MWJIIHIO;
Reactor Position 0-0
Rel. Flux Position
Channsl Power kw 36.9
Avg. Uin, Heat Rating Wicm 356
Max. Lin. Heat Rating Wlem 384 363 W/cm at contact point
Paak Surf, Heat Flux W[cm? 108

Coolant pressure ata 150
Peak Spec. Heat Rating W/gUO; S&. 4
Max. Centre Tomp. °C 1657
Ceoling Candition e reed Cire
inlat Velogity mfsec 2.5
Coolant Temp. °c 240/248 inlet/contact point
Hydraulic Diam. mm 6.0 of grid-spacer part
Flow araa mm? 224/168 clean part/spacer part
Assembly Dwag. 07454 Parts List Dwg. LT4650
Cable Data Sheet 376842
¢ xperim, Procedure gP-1510"

INSTRUMENTATION

|
10! Coolapnt Thermocouples

2| Fuel center thermocoupld

w

{W37ZRe/W257Re}

2! Bellows elongation/

‘
; failure detectors
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ISSUE NO: ] PAGE: 2
DATA SHEET SIGN:/’.// [Z,/‘_ DATE: 26/1-78
[FA- 510!
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered and ground U0, pellet
Fuel rod/instr.NY 1 (%%Z%) 2 (Ef.jf)

0.020 (depleted)

Fuel Waight kg 0.705 (enriched},
Fuel Density gjcm? 10.41
Fual Diamater mm 9.29
Enrichment (e .1 7
End pellet Depleted UO2 pellet at lower end .29 ¢ X 15.23
Diam. Cleacance mm g.19 )
Center Hole mm 2.0 (lower part of the stack)
Pellat Length mm 15.23
Dishing Spherical both ends
Dishing Depth mm 0.3
Land Width mm 1.3
Cladding Zircaloy-é

Cladding Stale

)
Tensile Properties at 385°; UTS 45.3 kg/mm®,

0.2YS 39.0 kg/mm>, EL 22.3%

Walding T1G
Filler fias He 32 kg/‘cmzc
Clad_Qut.Diam. mg 10,72
Clad. Int. Diam. mm 9.48
Clad. Thickness mm 0,62
No. Ping [Cluster 2

Pitch Distance mm

14.3 at both ends, 10.72 at center (contact)

Spacers

Que grid spacer at contact pdint, two grid plates at each end

Contact Point

1000 mm from core bottom

290, solid 228, excluding end pellet)

Fuel Length{Pin mm 518 (hollow:
Plenum mm 60

Shroud Material Zry-2

Shroud Int. Diam. mm 30

Mo, Of Clusters 1
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Fig. FA-4. IFA-510 (MH{] test assembly and pressure flask drawing
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Table FA-XX. 1FA-510!! (JAERI/MHI) Operational Data

INSTITUTT FOR ATOMENERGL ISSUE NO: 1 PAGE: 1

QECD Halden Reactor Project. . DATA s H E ET . . /’?' [:_-‘A: DATE. 14 /678

[FA- 510t

Supplier: JAERI/MHL, Japan

OPERATIONAL DATA

OBJECTIVES J

To test short term behaviour of two fuel rods placed in contact under simulated

bowing condition.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 6/78
Unloading Date 6/78

Burn-Up MWd/ILO,

Reaclor Position 0-0

Ral. Flux Position

Channel Powsr kW 37.4
Avg. Lin. Heat Rating W/em jel also at coptact point
Max_ Lin. Heat Raling W/em 368
-PoaL;urf. Hoolelux Wilem? 109
Peak /kd) Wiem 150
rP_uk Spec. Heat Rating WigUO; 54.7

mMax. Cantre Temp. ©C

Cooling Cendition Forced circ.

Inlet Velocity m/sec 1.8 reduced to one half

Inlet Throttling v2{2g 270
| Hydraulic Diam. mm 6.0 of grid-spacer part

Flow area mm? 2247168 clean part/spacer part
Assembly Dwg. 07454 Party List Dwyg, 474650
Cable Dala Shest 3176842

Exparim. Procadure Ep-1510""

INSTRUMENTATION

10 Coolant Thermocouples

‘7 | Fuel center thermocouplps

(W3ZRe /W2SZRe)

2 Bellows elongation/

| failure derectors
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Table FA-XXI. 1FA-510'7 (JAERI/MHI) Test Asscmbly Data

1550 NO: 1 PAGE: 2
DATA SHEET sin: A, (AL |oart. 147678
IFA- swo™t
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form $intered and ground UQ, pellet

Fuel rod/instr.N

3 D 4 (FE=%)

0.020 (depleted)

Fuel Weight kg 0.705 (enriched),
Fuel Density glem? 10.41

Fuel Diameter mm 9.29

Enrichment wt .7 7

End pellet

Depleted U0, pellet at lower end 9.29 ¢ x 15.23

Diam. Clearance mm

0.19

Center Hole mm 2.0 (lower part of the stack)
Pellet Leng:h mm 15.23
Dishing Spherical both ends
Dishing Depth mm 0.3
Land Width mm 1.3
Cladding Zircaloy-=4
Cladding State
Tensile Properties at 3850; UTS 45.3 kg/mmz
0.2YS 39.0 kg/mm®, EL 22.37
Walding TIC
Filler Gas HE 32 kg/csz
Clad Qut.Diam,mm 10.72
Clad. tnt. Diam. mm 9.48
Clad. Thickness mm 0.62
No. Pins [Cluster 2

Pitch Distance mm

14.3 at both ends, 10.72 at center {contact)

Spacers

One grid spacer at contact point,

two grid plates at each end

Contact Point

1000 mm from core bottom

Fuel Length{Pin mm

518 (holiow: 290, solid 228, excluding end pellet)

Planum 60
Shroud Material Zry-2
Shroud Int. Diam. mm 10
No. Of Clusters 1
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Table FA-XXIT. TFA-51011 (JAERI/MHI) Operational Data |

INSTITUTT FOR ATOMENERGI
QECD Halden Reactor Project.

DATA SHEET

IFA-s10

Supplier: JAERI/MHI, Japan

IssuE NO: 1 PAGE: 1

siGN: AL, (4 | DATE: 14/6-78

OPERATIONAL DATA

OBJECTIVES

To test long term behaviour of two fucl rods placed in contact under simulated bowing

condition.
JI
.
DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dale 7/78
Unloading Date
Burn-Up MWdHUO;
Reactor Position 0-0
iol. Flux Position
Channel Power kv 374
Avg. Lin. Heat Rating Wem 361 also at contact point ]
Max. Lin. Heat Raling Wicm 368 o
Peak Surf. Heat Flux Wlcm?2 109
Peak _{kd(-) Wicm 150
Peak Spec. Heal Rating WigUO; 54.7

Max. Centra Temp. °C

Cocling Condition

Forced circ.

Cable Cala Sheet

inler Valocity misec 2.5 reduced 1o one half

Inlat Throhling v2{2g 270

Hydraulic Diam. mm 6.0 of grid-spacer part

Flow area mm? 2247168 clean part/spacer part

Assambly Dwg. 07454 Parts List Dwg. 474789
376994

Experim. Procedure

Ep-151011

INSTRUMENTATION

12y cooclant thermocouples
21 fuel centre thermocouples
(W3%Re/W25%Re)
2! bellows elongation/failure
detectors
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Table FA-Xx111. TFA-510MT (JAERIJMHI) Test Assembly Data

issue vOs L PAGE, 2

DATA SHEET SIGN:M,UCL DATE: 14f6‘78

1FA- 510!t

TEST ASSEMBLY DATA

DESCRIPTION

Fusl Form

Sintered and ground UOy pellet

Fuel rod/instr. Nb

5 EC-I EC.2

Fuef Weight kg

(TE1) © (TF-2)

0.705 {enrched}, 0.020 (depleted}

Fuel Dansity gfem? 10.41
Fuel Diameter mm 9.29
Enrichment wt. % 7

End peliet Depleted UQ, pellet at lower end 9.29 @ x 15,23
Diam, Clearance mm 0.19

Centre Hole mm 2.0 (lower part of the stack)

Pellet Length mm 15.23

Dishing Spherical both ends

Dishing Depth mm 0.3

Land Width mm 1.3

Cladding Zircaloy-4

Cladding State

Tensile properties at 385%; UTS 45.3 kg/mm®

0.2 YS 39.0 kg/mm?, EL 22.3%

Welding TIG

Filler gas He 32 kg[csz
Clad. Out. Diam. mm 10,72

Clad, int, Diam. mm 9.48

Clad. Thickness mm 0.62

No. Ping [Cluster 2

Pitch Distancea mm

14.% at both ends, 10.72 at centre {contact)

Spacers

One grid spacer at contact point, two grid plates at each end

Contact Point

1000 mum from core bottom

Fuel Langth/Pin mm

518 {hollow: 290, solid 228, excluding end peliet)

Plenum 60
Shroud Malterial Zry-2
Shroud int. Diam. mm 30
No. Of Clustars 1
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INSTITUTT FOR ATOMENERGI
QECD Halden Reacter Projact.

DATA SHEET

[FA- 514

Supplier: JAERI/PNC

13sUE Mo: L 1 PAGE: 1

sicns Fo Yo ! oAt 19790504

OPERATICNAL DATA

OBJECTIVES

- To investigate the in-

fabricated by PNC - Tokai Works, espe
mechanical interaction, through in-react
changes, fuel centre temperature, and pienum gas pressure.

reactor behaviour and reliability of Pu-bearing LWR type fuel rods .
cially the effects of pellet design on fuel cladding
or measurements of fuel stack length and fuel rod length

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 5/79
Ualoading Date
BurnUp MWINUO: 15,000
Reactor Posilion 317
Rel. Flux Position
Channel Powar kw 307/278
Avg. Lin. Heat Rating Wicm 370
Max, Lin. Heat Rating Wlem 460
Peak Surf. Heal Flux Wlem? 139
Peak _,l'kd@ Wiem 334
Peak Spec. Heal Rating W/gUQ, 51.1
Max. Centre Temp. °C 1,990
Cocling Condition Nat. circulation
Inlet Yelocity mfsec 0.480/0. 485
Inlet Throtling v2[2g 30/40
Hydraulic Diam. mm .18.1
Flow area mm? 2829
Assembly Dwa. 07462 Parts List Dwyg. 474736
Cable Data Sheet 2376952 :
Experim. Procedure EP-1514 .
INSTRUMENTATION

1 | calibration valve type II

3 3 EF clongation detector

fatlure detector

—

1 | inlet turbine D =40, p = 32

fuel central oxide T/C

1 | outlet turbine D =53, p =32

inlet T/C

EC differential transformer

outlet T/C

2 | P.F. differential transformer

Q[ i IR

ncutron detector (Va)
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| 15SUE NO: 1 PAGE. 2
DATA SHEET sicn. 7 Ve patt. 1979-05-04
|FA- 514
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form U0, - Puby, pellets, mechanically blended, sintered and ground
Rig Pos. No, 1 2 3 4 5 6
Rod No. 514-1.- 514-2° 5144 514-3 5145  514-6-
Instrumentation PFI/TFL EF1/ECt PF2/- EF2/EC2 -TF2  EF3/EC3 (upperflower rod end
Fuel Density glem? 10.28 10.24 10.36 10.39 10.36 10.34
Fuel Diameter mm 10.54 10.57 10.55 (3.5)10.57 . 10.56 10.55 (3.5)
Enrichment Pu:4.64 w/o Pu fiss. U: 0.71 wjo U-235
Fuél Weight, kg 1.250 1.237 1.107 9.959 1.942  1.105 Total:7.173
Diam. Clearance mm (.25
Pellet Length mm 10
Dishing
Bishing Depth mm
tand Wicth mm
Cladding Zircaloy-2
Cladding State gf;éﬁi;h gfrc;ggth Elorg.
(kg/mm?) RT 55,3 -55.8 37.1-380 33-34 Burst
343°C 26.0-26.4 13.5-13.7 42 - 44 791 - 800
b;elding
‘| Filler Gas He
Clad. Irt. Diam. mm 10.80 10.80 10.80 10.80 10.80 10.80
Clad. Thickness mm | 0.87 0.87 0.88 0.88 0.88  0.88
Mo. Pins {Cluster 6
Pitch Distance mm 48.0
Spacers 2 spacers, made of AISI 304
Fuel LeagthiPin mm 1380.5% 1379.99 1379.18 137991  1380.12 1379.36
Flenum 80 80 80 80 80 80
Shroud Material Zircaloy-2
Shroud Int, Diam. mm 71

No. Of Clusters

1
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Fig. FA-2. IFA-514 (JAERI/PNC) test assembly drawing
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84-031

U TR A TUPMALINIRG]
OECD Haiows Tsactor Progect.

Supplier:

DATA SHEET

Ut NO: ]

PAGE, 1

SIGNM . ﬂcfp

DATE: 31/8-77

| FA-515

.JAERI, Japan

OPERATIONAL DATA

CLECTIVES

IFA-515 is a single cluster, base irradiation rig built

in support of the diameter measurement experiments

TFA-508 (JAERI).

Six out of the twelve IFA-508 fuel

rods will be pre-irradiated in this rig.

DESTRIPTION PREDICTED ACTUAL REMARKS
Loading Date 9/77 '
Unloading Dare
Burn-Up MW OO 10 000
Reactor Positien
el Flux Pasiticm 1.02 (0.68)
Channel Power b 151 101
Avg. Lin. Heat Zaerg Wiem 600 400 400 W/cm is requested
Max Lin. Hear Raimg Wica 664 442
Peak Surf. Haar Az Wicm® 115
Peak [kd@ Wiem 31.1
Peak Spec. Hear Taring W/sUQ; 44 .8 in rod 31
Max. Canira Temm. =C 1720
Cooling Candition Natural circulation
Inlat Yelocity mises 0.40
tnlet Throtling =23
Hydraulic Diam. mm 20.8
Flow area mm? 2954
Assambly Dwg. 07459 Parts List Dwg. 474681
Cable Data Shear 376873
Experim. Pracadure EP-1515

INSTRUMENTATION

|calibracica valve

l ll‘:‘ailure detector

Inlet flowmerter D=-’40.;.\=32

emitter)

6 | Cladding elongation

Inlet coelzat thermocouples

detectors

1

1

1 {Outlet £lcwmeter D=35, p=32
) /

2

l Outlet e=ziznt thermocouples
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PRCY -

v t] Vo

DATA SHEET DATE: 31/8-77
IFA- 515
TEST ASSEMBELY DATA
DESCRIPTION
Fuef Form Sintered and ground U0, pellets
Pin No. 32 31 29 i 17 21 33
Instrum. No/Rig.Pos Nd  EC-5/5. EC-1/1 EC-4/4 EC~22 EC-3/3 EC-6/6
Fuel Weight kg 0.404 0.364 0.397 0.403 0.402 0.397 2.367
End Pellets* kg 0.030 0.027 0.030 0.030 0.030 0.030 0.177
Fuel Density /em® [ 10.41 2,544
Fuel Diameter mm 11.31 10.75 11.21 11.31 11.31 11.21
Earichment 10.5 wtZ of U-235
Si Content % 0 0 0 0.4 0 o
Diam, Clearance mm 0.10 .10 0.21 0.11 0.10 6.21
Pailal Langth mm 15
Dishing Spherical both ends
Dishing Depth mm 0.4
Land Width mm 2.2 1.9 I 2.1 2.2 2.2 2.1
Claddiag Fully annealed Zr-—2
Cladding State Autoclaved (chemically thinned from inside except pin no. 31
Welding TIG .
Giad. Ot Dm m | 12.20 | 12.22 | 1z.19 | 12.21 | 12.21 | 12.20 |
Fillar Gas Helium 1 atm
Clad. tnt. Diam. mm 11.41 10.85 | 11.42 11.42 11.41 | 11.42
Clad. Thickness mm* > | (0.37) 0.67) | (0.38) | (0.39) | (0.38)| (0.39
Mo. Pins {Cluster &
Pitch Distance mm 46
Spacers Two end plates
SprimgwieDia.mm | 1.2 | 1.2 | 1.6 1.2 1.2 1.2 |

Fuel Langth(Pin mm

420 (including end pellets), 390 (active stack)

Plenum 6.3 cc
Shraud Material Zr-2
Shroud Int. Diam. mm 71

No. Of Clusters 1

*1 10,5 wtl eonriched uo, with 6.1 wtZ Dy.

*2 a1l thickness values are less reliable than ID values.
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Assembly drawing IFA-515 (JAERI)

—182-



JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
QECD Halden Reasctor Project.

Supplier:

DATA SHEET

IFA-5152

JAERI

12308 M . rALLL 1

| St E.Yomaqi. | oare. 13/8.79
7

OPERATICNAL DATA

OBJECTIVES |

- To provide high bumup fuel rods for the 3-tod dizm

cter measurement rig IFA-508 as well as to

measurc the clongation of fuel rods in the course of

iradiation.

DESCRIPTION

PREDICTED

ACTUAL

REMARKS

Loading Dale

October, 1979

Unloading Date

Surn-Up MWAIUO 5000

Raactor Position 5-18

Rel. Flux Position 1.02 (0.68}

Channael Power W 151 101

Avg, Lin. Heat Rating . kW/m 60 40 40 kW/m: requested
Max. Lin. Heal Rating kW/m 66.4 412

Peak Surf. Heat Flux MW /m > 1.15

Peak [kd® KW/m 3.11

Paak Spec. Heat Rating WigUO, 4+.3 inred 12

Max, Centre Temp. °C 1720

Cooling Condition

Natural circalatpn

Inlet Yelocity misec 0.40
Inlst Throttling v2/29
Hydraulic Diam. mm 20.8
How area mm2 2954
Assombly Dwg. 07459 Parts List Dwy. 474 681 -
Cable Data Sheet 376 873
Exparim. Procedurs EP.1515.2 Laading sheet: the 2nd loading 377 692
INSTRUMENTATEON
Inlet turbine, D=40,4+32 1| Failure detector 4 § Neutron detectors

Qutlet turbine, D=55%,u =32

(Vanadium emitter)

Calibration valve

& | Clad elongation detectors

Coolant thermocouple (inlet)

rab b=

Coolant thermocouple {outlet)
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YT '3

DATA SHEET S;GN,[(.M DATE: 13/8-79
[FA-s15.2
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form Sintered and ground uranium dioxide pellets
Rod Item No. 31 17 21 12 11 13
Fuel Weight kg 0.364 0.40% 0.402 0.363 0.402 0.396
End pellet weight ke| 0.027 0.030 0.030 0.02 0.030 0.030
Fuel Density glem? 10.41 (94.98 % TD) Total weight: 2.503 kg -
Fuel Diameter mm 10.75 1131 11.31 10.75 11.31 11.2%
Enrichmant 10.5 wt % U-235
Additives Ne 0.4 % Silicon No No No No
Oiam. Claarance  pmj 100 110 100 100 100 220
Grain size Large - Large Small Large Large Large
Pellet Langth mm 15
Dishing Spherical both ends
Dishing Depth mm 0.4
Land Width mm 1.9 2.2 2.2 2.0 2.0 20
Cladding State Fully annealed Zr-2 ’
Cladding surface | Etched from inside (except rod 12 and 31) and autoclaved outside
Instrumentation EC-1 EC-2 EC-3 EC-4 EC-5 EC-6
Rig Position 1 2 3 4 5 6
Welding TIG A
Clad. Out, Diam. mr| 12.22 12.21 12.21 12.22 12.19 12.19
fillar Gas Hellum 0.1 MPa
Clad. Int. Diam. mm 10.85 11.42 11.41 10.85 11.41 11.43
Clad. Yhickness mm 0.685 0.395 0.400 0.685 0.390 0.380
No. Pins [Cluster 6
Pitch Distance mm 46 (P.C.D}
| Spacars Two end plates
Spring const. Gg/m | 0.25 0.29 0.29 0.25 0.26 0.29
Fuel Langth/Pin mm 420 (end pellets involved), 390 {(without poison)
Plerum cm® 1.4 1.4 1.4 6.3 6.3 6.3
Sheoud Material 2r-2
Shroud Int. Diam, mm Ti
No. Of Clusters 1
Attained BU 11.989 through IFA-515.1 8.65 through IFA-508.1 | 16.33 throy
G“"dftU02 [FAs-508.1
and 508.2

* 10.5 wt % enriched UQg with 6.l wt% Dy

*x . . . R T
Afl values involved are nominal determined from the beginning of irradiation
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| Burn-up MWd/kgUOg

* 10.5w/o enriched UOg with 6.1 w/o Dy

5k N, b .l.m‘ 2
DATA SHEET sion. 197 % | oare.1080.08.29
|FA-515.3
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Farm Sintered and ground uranium dioxide peliets
Rod ltem No. 14 18 27 12 11 13
Fuel Waight kg 0. 403 0.402 0.391 0.363 0.402 0.396
End pellet weight k; 0.0 0.030 0.030 0.026 0.030 0.030
Fuel Density glem? 10.41 (94.98 % TD} Total weight: 2.539 kg ~
Fuel Diametec mm 11.31 i1.31 11.21 10.75 11.31 11.21
Enrichment 10.5 wt % U-235
Additives 04% S No No No No No
Diam. Clearance  um} 100 Small Large 100 100 220
Grain size Large Large Large Large
Pellet Langth mm 15
Dishing Spherical both ends
Dishing Dapth mm 0.4
tand Width mm 1.9 2.2 2.1 2.0 2.0 2.0
Cladding State Fully anncaled Zr-2
Cladding surface | Etched from inside (except rod 12 and 31) and autoclaved outside
Instrumentation EC-1 EC-2 EC-3 EC4 EC-5 EC6
Rig Position 1 2 3 4 5 6
Walding TIG .
Clad. Qut. Diam. mn{ }2.18 12.22 12.22 12.22 12.19 12.19
Filler Gas Hdium 0.1 MPa
Clad. fnt. Diam mm | 1161 11.41 1141 10.85 11.41 11.43
Clad, Thickness mm 0.31 0.42 0.39 0.69 0.39 0.38
Mo, Pins [Cluster 6
Pitch Distance mm 46 (P.C.D)
Spacers Two end plates
Spring const. Gg/m | 0.25 0.29 0.87 0.25 0.26 0.29
Fuel Langth/Pin mm 420 (end pellets involved), 390 (without poison)
Plenum cm3 14 1.4 P4 6.3 6.3 6.3
Shroud Materiel Zr-2
Sheoud Ind. Diam. mm 71
No. Of Clugters !
Irradiation history 1FA-508.2 Fresh IFA-508.1 and 515.2  1FA-508.1 - 508.2 -
515.2
1.6 0 11.0 186
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INSTITUTT FOR ATOMEMNERGI
QECD Halden Reactor Project.

Supplier:

DATA SHEET

1FA-s19

JAERIJHITACHI-TOSHIBA

PAGE, 1

57" {oar, 13/8-79

OPERATIONAL DATA

OBJECTIVES

The purpose of this 3-rods diameter measurement rig IFA-519 is to study the effects of modified fuel

designs (He pressurized, pellet form , copper or Zirconium barriers) on pellet-cladding mechanical inter-

action and fue! centre temperature.

DESCRIPTION PREDICTED ACTUAL REMARKS
Leading Dals Sept. 1979
Unloading Date April 1980
Burn-Up GWdNIUO; 3
Roactor Pasition 3-4
Rel. Flux Position
Channsl Power kv 61
Avg. Lin. Heat Rating W/em 46.7 47.5 Norrmi/disturbed shape
Max. Lin, Heat Rating kW/m 50 Requested
Paak Surf, Heat Flux MW /m? 4,063
Peak kd© kW/m 3573 2.821 Rod B7/B8 and B9 (hollow)
Peak S‘pQC. Heaf Rating W/gUO; 554

1608 1293

Max. Cantre Temp. °C

Cooling Condition

nat. circulation

tnlet Yelocity m{sac

Inlat Throtling ¥3/2g 40

Hydraulic Diam. mm 19.5 233 DG moving/Ne DG

Flow area mmd 2551 2590

Assembly Dwg. 07479 Parts List Dwag. 476225

Cable Data Sheet 377460

Experim. Procedura Ep-1519] Loading Sheet: the lst loading 377690
INSTRUMENTATION

1 | Inlet Turbine \ Fuel failure detector 1 | Calibration valve

2 | inlet thermocouples 2 | Outlet thermocouples 1 | Cobalt neutron detector

4 | Va neutron detectors 1 Local power control (He 3)

3 | Centrol oxide thermocouples {3 | Diamecter gauges

2 | Gauge position indicator {linear and periodic)

3 Differential transformers {for loading I, all are used for cladding clongation measurements)
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Cladding barrier

no

S (AL
DATA SHEET SGN: paTe: 13/8-79
[FA-s19! Y
TEST ASSEMBELY DATA
DESCRIPTION B7 - B8 B9

Fuel Form Sintered uranium dioxide peilet

End pellet 3 wt % Dys0gq in natural UOy {flat)

Fuel Weight kg 0.352 0.316 0.316

End pellet wt kg 0.009 0.009 0.009

Fue! Density glem? 10.41 (95.0 % TP)

Fuel Diamater mm 10.51

Enrichment wt %o 9.8 wt% U-235

Pellet form Standard Hollow Hoilow Disks
Oiam. Clearance mm 0.070 0.070 0.070

Centre hole dia. mm 1.8 for T/C 3.15 215

Pellet Length mm 10.1 10.1 5.1

End form Flat and chamfered {both ends)

Chamfer height 0.23 0.1

Chamfer width 0.33£0.1
—(Idding state Recrystallized Zircaloy-2

no no

Cladding state

Autoclaved outside

TF.3, EC-3, DG-3

Rig pos. No.

[nstrumentations™® TF-1, EC-1,DG-1 TF.2,EC-2, DG-2
Walding Standard T.1.G. and standard EB.
Filler Gas MPa He 0.3
cld. Qut. Dia. mm - 12.30
Clad. Int. Diam. mm 10.58
Clad. Thickness mm 0.86
No. Pins [Cluster 3
Pitch Distance mm 38.0
Spacers None None
Plenum vol/Fuel vol| 0.084
Fuel Langth{Pin mm 404 (active)
Plenum ml 3.4 70 6.9
Shroud Material Zr-2
Shroud Int. Oiam. mm | 71
No. Of Clusters 1
1 , 2 3

¥ . R
Thermocouple is located in

305.2 mm from the bottom end of fue! pellet
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Fig. FA4.IFA-519 (JAERI/HiTo) test assembly drc;wing
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INSTITUTT FOR ATOMENERGH
OECD Halden Reactor Project.

DATA SHEET

]FA-5192

Supplier: JAERI/Hitachi-Toshiba

1SSUE NO: 1

PAGE: 1

su:mﬁf ’)%T;

DATE, F80-02-11

CPERATIONAL DATA

OBJECTIVES

The purpose of 3-rod diameter measurement rig [FA-519.2 is to study the effects of modified fuct

designs (fuel inner éré-prcssuﬁzation, pellet form {L/D, diameter of centre hole}) on pellet-cladding

mechanical interaction.

DESCRIPTION PREDICTED ACTUAL REMARKS
{oading Date March 1980
Unloading Date Sept. 1380
Bura-Up MWIIUQ; 6
Reactor Positian 3.4
Rel. Flux Position
Channel Power kw 61
Avg. Lin. Heat Rating Wicm 46.7 47.5 Normal/disturbed shape
Max. Lin, Heat Raling Wiem kW/m 50 Requested
Pesk Surl. Heat Flux Wiomd MW/m*® |1.294
Peak /kd® W/em kW/m 3.373 2.821
Puak Spec. Heat Rating W[gUO, 55.4
Max. Centre Temp, °C 1608 1293

Cooling Condition

Nat. circulation

Inlet Velocity misec

tnlet Throtling v2[2g 40

Hydraulic Diam. mm 10.3 13.2 DG moving/No DG

Flow area mm? 2471 2810

Assembly Dwg. 07479 Parts List Dwg. 476225
Cable Data Sheet 377460 "

Experim. Pracedure EP-1519.2 Loading shect: 2nd loading 377815

INSTRUMENTATION

Inlet turhine

| Fuel failure detector

Calibration valve

Inlet thermocouples

1
2 ¢ Qutlet thermocouples

Cobalt neutron detector

Va neutron detectors

Local power control {He 3)

Differential transformers
to be used for PF. T

1
3 i Diameter gauges

X lu .{LW]’\:»—!

Gauge position indicator (lincar and periodic)

—189—




JAERI-M 84-031

|issue HO: PAGE: 2
DATA SHEET sion: 17T 1‘{ oate. 1980-02.11
[FA-5192
TEST ASSEMBLY DATA

DESCRIPTION B1O Bil B12
Fued Form Sintered uranium dioxide pellet
End Paliet 3 wt % Dyg0Og in natural U0, (flat)
Fuel Waight kg 0.352 0.317 0.316
End Pellet wt kg 0.009 0.009 0.009
Fuel Density glem’ 10.41 (95.0% T.D.)
Fuel Diametsr mm 10.51 10.51 10.51
Enrichmant 9.8
Pallet Form Std Hollow E[-)Ig Tow ]
Diam. Clearance im 70 70 70
Cartra Hole Diam.mm 1.8 3.15 3.15
Pellat Length mm 10.1 10.1 5.1
End Form Flat and chamfered on both ends
Chamfer Height 0.23£0.1
Chamfer Width 033 0.1
cladding State Recrystallized zircaloy-2

Autociaved on outside
Cledding Barrier None
Inetrumentations © PF-1 PF-2 PF-3
Weiding Srandard T.1.G and Standard EB.
e Filter Gas Pressure, MPa | 0.3
Clad. Out. Diarm, mm 12.3
Clad. Int. Diam. ann 10.58
Clad. Thickness mem 0.860
No. Ping [Cluster 6
pitch Distance mm 46.0
Spacers None
Plenum Vol/Fusl Vol 0.084
Fuel Langth/Pin mm 404 (active}
Plenum mi 4.6 8.3 8.3
Shroud Material Zr-2
Shroud Int, Diam. mm 71
Mo, Of Clusters 1
Rig Pos. No. 1 2 3
*PF: Fission gas pressure transducer.
Carrected bum-up of 2.86 CWdftUO2 attained already in IFA-501.1
g
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ISSUE NO. | 29;5, Vi
DATA SHEET SIGN, ‘fﬂ’ :,’g D*T-i_rlgso-lo.zo
|FA-5193
TEST ASSEMBLY DATA

DESCRIPTION B4 B5 B6
Fuel Farm Sintered uranium dioxide pellet
End Pellet 3 wjo Dy40gq in natural UQ, (Nat}
Fuel Weight kg 0.358 0.320 0.316
End Pellet Weight kgl 0.009 0.008 0.009
Fuel Dansity glem? 10.41 {95.0% T.D}
Fuel Dismeler mm 38:36-10- 51
frrichmen!  wo 9.8
Peilet Form Std. Hollow Hollow Disks
Diam. Clearance um 70 _
Centre Hole Diam. {thm} 1.8 3.15 3.15
Pellet Length mm 10.1 10.1 5.1
End Form Flat and chamfered on both ends
Chamfer Height mm 0.23+0.1
Chamfer Width mm 0.33+0.1
Cladding State Recrystallized Zircaloy-2

Autoclaved on outside

Cladding Barrier Cu Cu Cu
Instrumentations EC-1 EC-2 EC-3

Welding Standard TIG and Standard EB
He Filler Gas Pres MF 0.3
‘| Clad. Qut. Diam, mif}  12.3
Clad. Int. Diam. mm 10.58
Clad. Thickness mm 0.860
No. Pinsg {Cluster 3
Pitch Dislance mm 46.0
Spacers Noné
Plenum vol/Fuel vol. 0.084

Fuel Length/Pin mm

404 (active)

Plenum

Shroud Material Zr-2
Shroud Int. Diam. mm 71
No. Of Cluslers 1

Bum-up of rods B4, B5, and B6 when loaded in IFA-5[§.3 - 2.2 MWd/kgUO,.
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—
INSTITUTT FOR ATOMENERGE
OLCD Halden Reaclor Projecl.

DATA SHEET

|FA-519.4

Supplier: _]AERI/Hilachi-Toshiba

usuE noy

| pace,

siGN, T Makijind \ patE, 19810518

OPERATIONAL DATA

OBJECTIYES

The purpose of the irradiation of the S.rod diameter i

g IFA-519.4 is to study the effects of

——

modificd fuel designs (zirconium barrier fuel)

on pellet cladding mechanical interaction during

simulated daily load following.

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Dats June 1981

Unloading Date
[ 3urnUp MWdj kg UOp

Reactor Positian 4-5

fel, Flux Position

Channel Pawar kW 61

Avg. Lin. Heal Raling W/cm 46.7 47.5 Norma][disturbcd shape
Max. Lin, Heat Rating ¥[em 50.3 Requested

Peak Surl. Heat Flux W{em? 1.294

Peak [kdB W/lem 3573  2.82%

Poak Spec. Heat Rating WigUO; h5.4

Max. Conire Tamp. °C 1608 1293

Cooling Condition

Nat, circulation

Inla! Yelacity m/sec

Gauge position indicators {linear and periadic)

Inlet Throtlling ¥2/2g 40
Hydraulic Diam. mm 10.3 13.2 DG moving/No DG
flow area mm3 2471 2810
Assembly Dwg. 07479 Parts List Dwp. 476225
Cable Data Sheat 377460 i
Experim, Procedure EP-1519.4 Loading sheet: 4th loading 280173
INSTRUMENTATION
| 1| Inlet turbine |1 | Fuel failure detector 1| Calibration valve
2 | Inlet thermocouples 2 | Outlet thermocouples 1| Cobalt neutron detector
4 | Vaneutron detectors 1 | Local power control (He 3)
|_3 1 Diflerential transformens to 3 | Diamcter gauges
| 1 beuscd for EC
12
L
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ISSUE NOL | PACL 2
DATA SHEET t;"ZMbjr‘na -DAT-E-.;SSI-Ob-IS
[FA-5194 '
TEST ASSEMBLY DATA
DESCRIPTION Bl§ BL7 B18
Fuel Form Sintered uranium dioxide pellet
End Pellet 3 wfo DyoOyq in natural UG, (fla)
Fuel Weight kg 0.358 0.357 0.358
End Pellet Weight kg g.010 0.009 0.00%
Fusl Density glem? 10.41 {95.0% T.D.}
Fusl Diameter mm 10.36
Enrichmenl  w/o 9.8
Pellet Form Sid. Std. Std.
Diam. Clearance um 70 .
Centre Hole Diam. {fim}
Pellel Length mm 10.1 10.1 10.1
End Form Flat and chamfered on both ends
Chamfer Height mm 0.23+0.1
Chamfer Width mm 03301

Recrystallized Zircaloy-2

Cladding State
Autoclaved on outside
Cladding Barrier Zr Zr , Zr
Instrumentations EC-1 EC-2 EC.8
Walding Standard TIG and Standard EB
He Filler Gas Pres !:! P2 0.3
Clad. Qut. Diam. mm 12.3
Clad. Int. Diam. mm 10.58
Clad. Thickness mm 0.860
Na. Pins [Cluster ]
Pitch Distance mm 46.0
Spacers None :
Plenum volfFuel vol. 0.034

Fuel Length{Pin mm

404 (active)

Plenum

Shroud Matecal Zr-2
Shroud Int. Diam. mm 71
No, Of Clusters 1

Burn-up of rods B16, B17, and B18 when loaded in IFA-519.4 - 2.5 MWd/kgUO,
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OECD Halden Reactor Project.

|NSTITUTT FOR ENERGITEKNIKK

DATA SHEET

{SSUE NO)

1 PAGE. 1

SIGN 7. Makagind
7

|FA-5195

Supplier: JAER_UHitaChj-Toshiba

OPERATIONAL DATA

CBJECTIVES

e purpose of this 3-rods diameter measurcment rig IFA-519 is to study the effec

ts of modified fuel

designs

He pressurized, pellet form, copper or zirconium barriers} on pellet-cladding mechanical intet-

-
sction and fuel centre temperature.

DESCRIPTION FREDICTED ACTUAL REMARKS
Loading Date March, 1982
Unloading Date
Burn-Up MWd[IUO, 3.5
Reaclor Posilion 4 -5
Rel. Flux Position
_Channul Powar kv 60.6
Avg. Lin. Heat Raling kW/m 500
Max. Lin. Heat Raling kW/m 53.5
Peok Surf. Heal Flux MW/m?2 1.385
Peak rkdiv KW/m 3.573
Paak Spec. Heat Rafing WfgUO; 60.7
1740

Max. Centre Temp. °C

Cooling Condition

Nat. circulation

inlat Velocity m|sec

Inlet thermocouples

Inlet Throliling v#/2g 10
Hydraulic Giam, mm 10.3  13.2 DG moving/Not moving
Flow area mm< 2471 2810 "
Assambly Dwg. 07479 Parts List Dwy. 476225
Cable Data Sheel 377460
Experim. Procedure EP-1519.5 Loading Sheet: 5th loading 380335
INSTRUMENTATION
i : lnlet Turbine 1 Fuel failure detector 1§ Calibration valve
2] 2 | OQutlet thermocouples 1| Cobalt ncutron detector

1 | Local power control {He 3)

+ | Vaneutron detectors
.

3 Diameter gauges i

2

2 Gauge position indicator (lingar and periodic)

% Differential transformers (for cladding elongation measurements)
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JAERI-M 84-031

ISSUE NC1 | PACE, 2
DATA SHEET m’f uéi,‘,w DATE 1982/01/25
[FA-5195 '
TEST ASSEMBLY DATA
DESCRIPTION B13 Bl4 Blb
Fuel Farm Sintered uranium dioxide pellet
End Peilet 3 w/o Dys0; in natural UQ, {flat)
Fuel Weight kg 0.357 0.321 0.316
End Peilat Weight kg 0.005 0.008 0.008
Fusl Demily glem? 10.41 (95.0% T.D.)
Fuel Diamater mm 10.45 10.45 10.45
fnrichment w/c 5.8
Paliat Form " Standard Hollow Hollow Disks
Diam. Clearance wm 86 _ 86, 90
Centre Hole Diam, mem None 3.15 3.15
Peilst Length mm 10.76 10.76 5.30
End Form Flat and chamfered (both ends)
Chamter Height mm 0.23+£0.1
Chamter Width mm 0.33£0.1
Cladding State Recrystallized Zircaloy-2
Autoclaved outside
Cladding Barrier Cu Cu Cu
instrumentation. EC-1 EC-2 EC-3
Welding Standard T.L.G. and standard EB.
He Filler Gas Press Mpa | He 0.3
| Cindl. DT, Diam. o 12.262 12.265 19.967
Clad. Int. Giam. mm 10.536 10.536 10.540
Clad. Thickness mm 0.863 in.865 0.864
No. Pins [Cluster 3
Pitch Distance mm 46.0
Spacars None i
Plenum vol /Fusl vol, 0.084 )
Fuel Lengih/Pin mm 398.3 {active) 398.0 397.3
Plenum mi
Shroud Malerial Zr2 -
Shroud Int. Diam. mm 71
Mo, OF Clustars 1
Rig Pos. No. 1 9 3
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JAERI-M 84-031

OFCD Habden Rescher Prajed,

HNSTITUTT FOR ENERGITEKNIKK

DATA SHEET

|FA-5196

Suppliar: JAERI/HITACHI-TOSHIBA

3T A T PAGH 1

3160, 4 Tladapena | DaTE 1932708725

OPERATIONAL DATA

OAXCTIVES

The purposc of this 3.rods diameter measurement rig IFA-519

it to study the effecu’of modified fuel

designs (He praysurized,

pellet form, copper or Zirconium barrier) on pelict-cladding mechanical inter- |

action and [uel centre temperature.

DESCRIPTION PRECICTED ACTUAL REMARKS

Loading Date Scpt. 1982

Unloading Dale

Burn-Up MWdWUO, 121

Rescior Pesition 5.1

Rel. Flux Porition

Channa| Power kw 60.6

Avg. Lin. Heat Rating k'¥W/m 500

Max Lin, Heat Raling kW/m 53.5/52.7 normal/disturbed

Pask Surl. Heat Flux MW/m?2 1.385 /1.564 normal/disturbed

Peak (kdB =kw/m 3.57% /2.821 B 1/B 2 and B 3 (Hollaw)

Pesk Spec. Heoat Raling WigUO; 60:7

Max Centre Tomp. OC 1740 ]
Cooling Condilion Nat. circulation

Inlet Yelocity mfsec
lT-i Theotiling v3[2g 40 ]
Hydraulic Dizm, mm 10.3 1%.2 DG moving/Not moving

Flow atea wem 2471 2810 " "

Assembly Dwy. 07479 Paris Lis? Dwy. 476225

Cable Data Shest 377460 : o
Experim Procedurs EP-1519.6 Loading Sheet: 6th loading 380489

INSTRUMENTATION

1 Fuel failure delector

Calibration valve

—

i Inlet Turbine
2 | Inlct thermocouples 2 i QOultlct thermecouples 1| Cobalt neutron detector
4 | Vancutron detectorns 1 Local power control (He 3)
3 | Diameter gauges f

2 | Gauge position indicator {lincar and periedic) | )

. . * - . —]
3 Dilfcrential transformers {for cladding clongation measurcments)

- P |
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JAERI-M 84-031

153 MO | ract, 2
DATA SHEET G, & Tlahamest DaTe, 1982/08/23
[FA-51956
TEST ASSEMALY DATA

DESCAIPTION Bl B2 B3
Fusl Farm Sintered uranium dioxide peilct
End Peliet 3 wfo Dy,0Oy, in natural U0, (flat)
Fusl Weight ke 0.342 0.509 0.305
End Pellet Weight kg 0.009 0.008 0.008
Fual Density glem? 10.41 (95.0% T.D.)
Fuel Dismeler mm 10.30 10.80 10.30
Enichment wio 9.8 '
Pallet Form Standard Hollow Hollow Disks
Dism. Clearance pm 227 225 221
Cantre Hole Diam. mm 1.8 3.15 115
Pellet Longth mm 10.1° 10.1 5.1
End Form Flat and chamfered (both ends) )
Chamfer Haight mm 0.23 £ 0.1
Chamler Width mm 0.33£0.1
Claddirg State Recrystallized Zircaloy-2

Autoclaved outside
Claddging Barrier Cu Cu Cu
Instrumentation PF-1 PF -2 PF.8
Welding Standard T.1.G. and standard EB.
He Filler Gas Press MPa | He 0.3
‘elsd. Out. Dism. mm 12.272 12.269 12.268

Clad, Ind, Dism. mem 10.527 10.527 10.523
Clod Thickness mem 0.873 6871 0873
Mo. Fint [Choster 3
Pitch Distance mm 46.0
Spacers None
Plenum vol JFusl vol, 0.084
Fuel LengthlPin mm 404" (active})
Plonum mit 5.8 9.2 9.5
Sheawd Material Zr-2
Shroud Int. Diam, mm 71
Mo, Of Clusters 1
Rig Por. No. 1 ? 3
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JAERI-M 84-031

INSTITUTT FOR ENERGITEKNIKK
GECD Malden Rasctor Project.

Sup

DATA SHEET

I1FA-5197

pliecs JAERI/HITACHI- TOSHIBA

135uE NO, !

PAGH:

]

$EN: § Tokimara, pare,1582/10/08

¥

OPERATIONAL DATA

OBIECTIVES

The purp

ose of Lhis 3-rods diameter measurement rig IFA-519 st

o study the eflects’of modified fuel

designs (He pressunized, peliet form,

copper of zirconium Larviers) on pellet-

cladding mechanical inter-

action and fuel centre temperature.

DESCRIPTION PREDICTED ACTUAL REMARKS

losding Date Oct. 1982 |
Unleading Dale
Surn-Up MWd{ kg0, 4 ;
Reaclor Posilion 10

Rel, Flux Pasiiion

Chanaa] Powar kw 60.6 ]
Avg. Lin. Heal Rating  kW/m 500

Max, Lin. Heat Raling kW/m 535 152.7 normal/disturbed

Peak Surl. Heal lux MW/m? 1.385 /1.364 normal/disturbed T
Peok _,l-kd(T) kw/m 3,573
Peak Spec. Heal Ralipg W/gUOC; 60:7
tax. Centre Temp, OC 1740
Ceaoling Condition Nat. circulation
Inlat Yelocily mfsec )
Inlet Throttling ¥2f2g 40 T
Hydraulic Diam. mm 103 13.2 DG moving/Not moving T
Hlow srea mm? 2471 2810 " "

Aprembly Dwg. 07479 Parls List Dwg. 476225
Cable Daia Sheet 377460

{xperim. Procedure EM-1519.7 Loading Sheet: 7th loading 380539

INSTRUMENTATION

! Inlet Turbine l Fuel failure detecctor 11 Calibration valve

'J—N Inlet thermocouplics ? Qutlet thermocoupices 1| Cobalt neutran detector Bl
‘1_ Va ncutran detectors 1 Local power control (He 3} —

i

3]

Lismcler gauges

Gauge pasitien jadicatar (lincar anc

i penodic)

[

Differential transformers (for cladding clengatian measur

cments)

Y
3
o

| DO ——
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JAERI-M 84-031

DATA SHEET
[FA-519.7

131714
$IGH

NG,

PAGE,

7

———

b Pahamed 04111982/ 10/08

\

TEST ASSEMBLY DATA

f

DESCRIPTION B10 B16& B17
Fuel Form Sintered uranium dioxide pellet
End Pellet 3 wjo Dyo0q in natural UO, {flat)
Fuel Weight kg 0.352 0.358 0.357
End Peliet Weight kg 0.069 0.010 0.009
fusl Densily glem? 10.41 (95.0% T.D.}
Fuel Diameisr mm 10.47 10.45 10.45
Enrichment wio 9.8
Peilet Form Standard Standard Standard
Dism Clearance wm 67 _ _ _ 79 82
Centre Hole Diam. mm 1.8 0.0 0.0
Pallel Length mm 10.68 10.7 14 10.71
End Form Flat and chamfcred (both ends)
| Chamfer Height mm 0.23 £0.1
Chamfet Widith mm 0.33 0.t
Clagding State Recrystallized Zircaloy-2
Autoclaved outside
——
Cladding Barrier None Zx Zr
Instrumentation PF-1 EC-2 EC-3
Woelding Standard T.1.G. and standard EB.
He Filler Gas Press MPa He 0.3
‘|clad. Qut. Diam. mm 12.263 12.279 12.279
Clad. {01, Diam. mm 10.537 10.529 10,532
Clad. Thickness mm 0.863 0.875 0.874
Nao. Pins [Clusler 3
Pitch Qitfance mm 46.0
Spacent None
Pienum vol SFuel vol. 0.084
| ~
Fusl LengthPin mm 404 ({active)
Plenum mi 4.6 2.3 2.35
Shroud Malerial Zr2
—Shroud [ni. Diam, mm 71 "{
Na. Of Clutlars 1
EPOL No. 1 b k]
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JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
OQECD Halden Reaclor Praject.

Supplier;

DATA SHEET

| FA - 520.1

ISSUE NO: ] PAGE: H

SIGN: T,

oate, 1982/05/03

OPERATIONAL DATA

ORJECTIVES

1) To conduct performance tests of the dg under the BWR simulation condition.

2} To provide the basic data on thermal/hvdraulic charactedstics.

3} To determine the power factor and power distribution.

1) To provide the data on diameter changes in [uel rod during power ramp operation.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date June 1982
Unloading Date
Burn-Up MWdUO;
Reactor Position 2.1
Rel. Flux Position
Channel Power kw 22,4 max. 23.3
Avg. Lin. Heat Rating Wicm 300
Max, Lin. Heat Rating W/em 520
Paak Surf. Heat Flux W/em? 135
Peak 1kd®@ Wiem
Peak Spec. Haal Rating W/gUO2
Max. Ceatra Temp, °C 2360 at peak power of 660 W/em

Cooling Condition

Forced circ.

Inlet Velocity msec 1.5 min. 1.0
Inlet Throtiling v2[2g

Hydraulic Ciam. mm 10.534

Flow area mm? 290.2

Assembly Dwg, Parts List Dwg.
Cable Data Sheet )
Experim. Procedure EP-1520.1

Rig INSTRUMENTATION

ILS 332 (Flask No. 3)

i
53 i Thermocouples

1 ;Inlet turbine

1 [ Eddy current

2 | He-3 coils

10 i Coolant thermocouples

1 | Position indicator {linear}

| Va neutron detectors

-

1 | Position indicator (periodic)

{Co neutron detectors

Centreline thermocouples

2 —

Diameter guages
| guag

*

2 | Elongation detectors

* Onc of the elongation detectors is not used in IFA-520.1.

S,

—200—




JAERI-M 84-031

1

PAGE: 2

DATA SHEET

L

DATE: 15982/05/05

{FA- 520.17

1SSUE NO:
SIGN: 7.

TEST ASSEMELY DATA

DESCRIPTION BWR-12
Fuel Form Sintered UQs pellets
End Pellet & wfo DygQg in nat, UQg
Fuel Weight kg 0.392 -
End Pellet wt. kg 0.0105
Fuel Density gfcin?d 10.41 (95% TD)
Fuei Diameter mm 10.44
Earichment W/ O 13
Diam, Clearance mm 0.100 o wim
Pellet Length mm 10.0
Dishing None. Chamfered
Chamfer Height mmj 0.2
i Chamfer Width mm| 0.4
Cladding Zr-2
Cladding Slate Fully annealed, autoclaved
Instrumentation TF/EC
Welding E.B.
I Filler Gas He 1 bar
Clad. Int. Diam. mm 10.54
Clad. Thickness mm 0.86
No. Ping [Cluster 1
Pitch Distance mm
Spacers None

Fuel Length{Pin mm

448 mm {active)

Plenum

Shroud Material ZLr-2
Shroud int. Diam. mm 43 mm
No. Of Clusters 1
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JAERI-M 84-031

INSTITUTT FOR ATCMENERGI
QECT Halden Raacter Project.

Supplier:

DATA SHEET

|FA-5202

JAERIJHP

ISSUE NO: 1 PAGE: 1

sion: /. A4 Loare. 1982/07/07

CPERATIONAL DATA

CBJECTIVES

1) to provide data on the red dimension changes and fission g

as release during power ramp operation

under BWRpressure and temperature conditions.

to utilize these measurements for fuel rod performanc

¢ modelling.

2)
DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dale July 1582
Unloading Cate July 1982
Burn-Up MWdtUO:
Reactor Posifion 2-1
mux Position
Channel Powaer kW 22.4 max. 23.3
Avg. Lin. Heat Rating Wlcm 500
Max. Lin. Heal Raling W/lem 520
Peak Surf, Heat Flux Wlem? 135
Peak {kdO W fem
Paak Spec. Haat Rating W/gUQ;,
Max. Centre Temp. ©C 2150 at peak power of 600 Wfcm

Coaling Candition

Forced circ.

ILS 352 {Flask No. 3)

Inlet Yelocity mfsac 1.5 min. 1.0
tnfet Throtlting v2[2g
Hydraulic Diam. mm 10.54
Flow area mm? 250.2
Assembly Dwg. 07505 Parts List Dwg. 476809
Cable Data Sheel 380083 Loading Sheet 2nd loading 380459
Experim. Procedure EP.1520.2
Rig INSTRUMENTATION

Va Neutron Detectors

5 | Thermocouples 1| Tnlet Turbinc 1 | Eddy current
2 | He-3 coils 10 | Coolant Thermocouples 1 | Pasition Indicator (Linear)
1 | Position Indicator (Periodic)

i

Co Neutron Detectors

I | Centreline Thermacouple

Y

Diamcter Gauges

* Oue of the elongation detectors is not used tin IFA-320.1.
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JAERI-M 84-021

DATA SHEET
|FA - 5202

SSWE NOY ]

| raGe,

2

SIGH 7:-/0;}

parg, 1982/077 01

TEST ASSEMELY DATA

BWR-8

DESCRIPTION
fuel Form Sintered UQ, pellets
EudiPellet 5 wfo Dys0Og3 in nat. UDg
Fuel Waight kg 0.395
£nd Pellet wit kg 0.01
Fuel Donsity glem? 10.41 (95% TD)
fuel Diameler mm 10.44
frrichmenl wfo 13
Diam. Clearance mm 0.108

pellat Length mm 10.279

None. Chamfer-c_d

Dishing
Chamfer Height mm 0.2
Chamfer Width mm 0.4
Cladding -z,-.g
Cladding State Fully annealed, autoclaved
Instrumentation PF
Welding E.B.
| Filter Gas He 1 bar
Clad. Int. Diamn. mm 10.548
Ciad. Thickness mm 0.864
No. Ping [Cluster 1 -
Pitch Distanca mm
Spacers None

fue! Length{Pin mm

448 mm (active)

Pleaum (cm3) 5.4
Shroud Matarial Zr-2
Shroud Int, Diam. mm 43 mm
No. Of Clusiers 1

—203—



JAERI-M 84-031

INSTITUTT FOR ATOMENERGI
OECD Halden Reactor Projoct.

Supplier;

"DATA SHEET

'FA-5203

JAERIfHP

ISSUE MG ] PAGE: 1

sian: A4 oate: 1982/08/17

OPERATICMNAL DATA

OBJECTIVES |

1) to provide data on the rod dimension changes and fissi

on gas release during power ramp operation

under BWR pressurc and tempcrature conditions.

to utilize these measurements for fuel rod performance modelling.

2)
DESCRIPTION PRECICTED ACTUAL REMARKS

Loading Dsle Aug.1982
Unloading Dale Aug. 1982
Bura-Up MWdIUO;
Reactor Position 2-1
Rel, Flux Pasitica
Channal Powaer kw 23.4 max. 23.3
Avg. Lin. Heal Rating Wfem 500
Max. Lin. Heat Rating W/em 520
Peak Surf, Heat Flux W{cm? 135
Peak [kd® ¥iem
Peak Spec. Haal Rating W{gUO;
Max, Centra Temp. OC 2150 at peak power of 600 W/cm

Forced circ.

Cooling Condilion

Inlet Velocity m.':-ec 1.5 min. 1.0
Inlet Throttling ¥2[29
Hydraulic Diam. mm 10.54
flow area mm3 290.2
Assembly Dwag. 07505 Parts List Dwg. | 476809
Cable Dats Sheet 380083 Loading Sheet 3rd loading 350474
Experim. Procedure EP-1520.3
Rig INSTRUMENTATION

ILS 352 (Flask No. 3)

Thermocouples

1| Inlet Turbine

1 | Eddy current

He-3 coils

10! Coolant Thermocouplcs

Position Indicator {Lincar)

7| Va Neutron Detectlors

[ | Position Indicator (Periodic)

1| Co Neutron Detectors

I | Centreline Thermocouple

2| Diameter Gauges

* One of the clongation detectors

is not used in IFA-020.3,
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JAERI-M 84-031

ISSUENO: | [PAGE, 1 I
DATA SHEET son. T A7) | oare, 1982/ U8[17
[ FA- 5203
TEST ASSEMBLY DATA
DESCRIPTION BWR-2
Fuol Form Sintered UQ5 pellets
Eadl Pellet 5 wfo DY203 in nat. UQo

Fuel Weight kg 0.395
End Pellet w/t kg 0.0t
Fuel Density gfem? 10.41 {95% TD)
fuel Diamaler mm 10.44
Enrichment_wfo 13
Diam. Clearance mm 0.1C5
Pellet Length mm 10.048
Disthing None.
Chamfer Hetght mm 0.2
Chamfer Width mm 0.4
Cladding )
Cladding State Fully annealed, autoclaved
[nstrumcntation EC
Walding E.B.
| Fifler Gas He 1 bar
Clad. tnt. Diam. mm 10.545
Clad. Thickaess mm 0.869
Na, Pins [Cluster 1
Piich Distance mm )
Spacers None

Fuel Langth/Pin mm

448 mm (active}

Plenum (cm>) 3.7
Sheoud Material Ze-2
Shroud Inl. Diam. mm 43 mm
No. Of Clystars )
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JAERI-M 84-031

DATA SHEET

|FA-526.&

Suppliers JAERL/HP

155UE NO, |

SIGN, lf_urfTv

|
- PAGE, 1

10aTE 1983706/ 14

CPERATIONAL DATA

OBJECTIVES

1) to provide data con the rod dimensiun changes and fission pas release during

power ramp cperaCion under BWR pressure and temperature conditicns.

2)

to utilize these measurements for fuel rod performance modelling.

Max. Cenlre Temp, °C

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dale o June 1983
Unloading Date June 1983
Burn-Up MWSIUO: o 12800 —
Reaclor Posilion - B o _
gelﬂux Posilion o o
‘_Channei Power kw 2.4 max. J3.3
Avg Lin Heal Rating Wlem 500
Max. Lin. Hea! Rating W/em 520 _
Feak Surl. Heat Flux W/em? 135
Peak tkdt! &Y rem
5eak Spec. Heat Rating W[gUOi” o
a o 2150 at peak power of 600 W/em

Cooling Condition

Forced vire.

Inlel Velocily mfsec 1.5 min. 1.0

inlat Throiling v]2g

Hydraulic Diam. mm 10. 54

Flow area mm? 290.2

Assembly Dwg. G7505 Parts List Dwg. 476809
Cable Dala Sheel 380083 Loading Sheet 4th loading 380832
Expecim. Procedure EP-1520.4

ILS 352 (Flask No. J)

INSTRUMENTATION

5 |Thermocouples

2 lHe-3 colils

1_|Inlet '[_urbine

1 | Eddy current

Coolant Thermogouples

| ! Position Indicatur(Lineat

7 {Va Neutron Detectors

i | Position Indicator(Periog

I {Co Neutron Detectors

1! Cladding Extensomseter

2 [Diameter Gauges

1i Pressure Detector

2 I_)iffcrcntial Transformers
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JAERI-M 84-031

tISSUE NOY ) ]'AG[ 2 J
I LT -0
DATA SHEET | SIGN: k .. IOAT£:|983f06f\l.:
o e R L
IFA- s10.6 '
TEST ASSEMBLY DATA .
DESCRIFTION BWR-9
Fyel Form Sintered UD,_ pellets e . -
I AR 2 —_ e e
_ 4.88 w/o Dy,0q in nat. U0y e
Fuel Weioht kg 0.400 . e e e —
0.010 — - —_
fuel Density glem3 10.39 (957 TD) e
Fuel Diameter mm 10.440 o — J—
Enrichment /o 13.0
Diam. Clearance mm ~0.109 e e e e e —
Peliet Length mm 10.274
Dishing None, Chamfered
Chamfer Height 0.2 mmw
. Chamfer Width G.4 o
Cladding Zr-2
Claddmg Stale Fully anncaled, autoclaved
Instrumentation EC, PF
Welding N E.B.
L i
‘| Fifler Gas He 1 bar
Clad. Int. Diam. mm 10.549
Clad. Thickness mm 0.86 __.__|
No. Pinslﬂuie: B |_ B —
Pilch Distance mm _ e _
Spacers None —
Fuel Lenglh/Pin mm 467.5 mm (active)
| Plerum volume,cm | 5.7
Shroud Material 7r-2
Shroud Inl. Diam. mm 43
Na. O Clusters 1 S
__;_/
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JAERI-M 84-031

1550 NOy PAGE, i

DATA SHEET sian: K DATE, 1983/06/23

1FA-520.5

Supplier: JAERT/HP

OPERATIONAL DATA

- OBJECTIVES |

1) to provide data on the rod dimension changes and fission pas release during

power ramp operation under BWR pressure and temperature conditions.

7} to utilize these measurements for fuel rod performance modelling.

DESCRIPTION PREDICYED ACTUAL REMARKS

Loading Dale ‘]uly' 1983

Unloading Date July 1883

burn-Up MWd[IUO 11610

Reaclor Posilion 2-1

Rel. Flux Posifion

Channel Powar oW 22.4 max. 23.3

Avg. Lin. Heat Rating W(cm 500

Max. Uin. Heal Rafing W/cm 520

Paak Surf. Heat Flux Wlcm? 135

Peak (kdO Wiem

Peak Spec. Haat Rating W/glO;

Max. Cenlra Temp. °C 24380 at peak power of 600 W/em
Cooling Condition Forced circ.

Y

inlat Yelocity mfsec 1.5 min. 1.0

Inlal Theottling ¥2[2g

Hydraulic Diam. mm 10.54

Flow area mm? 260 .2
| Assombly Dwg. 07505 Paris List Dwy. 475809
Cable Dala Shee! 380083 Loading Sheet 5th loading 380833
Experim. Procedure EP-1520.5

ILS 352 (Flask No. 3) INSTRUMENTATION

5 |Thermocouples 1 |Inlet Turbine 1 | Eddy current

2z 'He-3 coils 10| Coolant Thermocouples. 1| Position Indicator{linead
L 7 {Va Neutron Detectors 1] Position Indicator{Period
- ! |Co Neutron Detectors 1 | Cladding Extensometer

2 |Diameter Gauges 1 | Pressure Detector

L 2 lDiﬂcr:ntia[ Transformers |

L_
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JAERI-M B4-031

DATA SHEET

[FA- s520.3

ISSUE NO . |

o K He

PAGE, 2

a——
———

1oaTEi 983 /06 /27

TEST ASSEMBLY DATA

DESCRIPTION BWR-10
Fuel Form __| Sintered UD, pellets
L
4.88 w/o Dy,04 in nat. UO, -
fuel Weighl kg 0.38Y .
0.010
Fuel Density glem? 10.39 (95% TD) ;
fuel Diameter mm 13.310
farichmen? w/o 13.0
——
Diam. Clearance mm 0.235 e
Pellat Length mm 10,187
Dishing None, Chamfered
Chamfer Reight mmy 0.2
Chamfer Width mm | 0.4
Cladding Zr-2
Cladding S1ate Fully annealed, autoclaved
|Instrumentation EC, PF
YWalding E.B
| Filier Gas He 1 bar
Clad. Int, Diam. mm 10.545
Clad. Thickness mm 0.88
Mo. Pins [Clusier §
Pitch Distance mm
Spacers None
Fuel Langth{Pin mm 468.7 mm {active)
Plenum volume,cm 6.5
Shroud Mstarial 7r=2 —
Shroud lat, Diam, mm 43
Na. Of Cluslers 1
N
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JAERI-M 84-031

Supplier:

DATA SHEET

w IFA-520.6

JAERL/UP

wsuE Np. 1 | PAGE: i
ok ol IR b
sicn: K. Ha | oAt i9gupeir9

OPERATIONAL DATA

QBIECTIVES

1) to provide data on the rod dimension changes and {ission pas release during

) power ramp operation under BWR pressure and temperature conditions.

?) to utilize these measurements for fuel vod performance modeiling.

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Date Aug. 1983

Unloading Date Aug. 1983
Taum-up MWdNUO; 8720

Reactor Position 2-1

Rel. Flux Posilion

Channel Power kW 22.4 max. 23.]

Avg. Lin. Heal Raling W/cm 500

Max. Lin. Heat Rating Wicm 520

Peak Surl. Heal Flux Wlem? 135

Peak ',"kd@ Wiem

Peak Spec. Heal Ratind WigUO;

Max, Cenlre Temp. OC 2480 at peak power of 600 W/cm

Cooling Condilion

Forced circ.

Inlat Yelocity mfsec 1.5 min. 1.0
Inlat Throtiling v3{2g
Hydsaulic Diam. mm 10.54
Flow area mm* 290.2
Assembly Dwg. 07505 Parts List Dwg. 476809
Cable Data Sheet 380083 Loading Sheet 6th loading 380834
Experim. Procedure EP-1520.6
ILS 352 (Flask Mo. 3) INSTRUMENTATION
5 IThermocoup].es | |Inlet Turbine 1 | Eddy curcent
2 [He-1 coils 16 |Coolant Thermecouples. i | Position Indicator{Lin.)
7 |Va Neutron Detectors i | Position Indicatot{Per.} |
1 1Co Neutron Detectors ! | Cladding extensometer
- 2 |Diameter Gauges
. 2 |Diffevential Transformers®
e

* Only onc transformer is used as cladding extensometer

in IFA-520.6 (rod BWR-14 without PF)
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1S3UE NOL 1 1
DATA SHEET swon, K a -oargﬁlgs]/-[;,z:/._._.'
[FA- s20.6
TEST ASSEMBLY DATA.
DESCRIPTION BWR-14
Fuel form Sintered UQ, pellets L
L9 —_—

4.88 w/o Dy,0q in nat. UQ,

e A ———— — ———— §

Fuel Weight ky 0.385 . S R
0.010 —

Fuel Density glem? 10.36 (957 TD) _:_

Fuel Diameler mm 10.31]

Enrichmenl  u/g 13.0 :__,

Diam. Clearance mm 0.236

Pellel Length mm

10.16

Dishing None, chamfered
CHamfer Helght mm 0.2

Chamfier Widith mm 0.4

Cladding Zr-2

Cladding Slale

Fully annealed, autoclaved

Instrumentarion EC
Welding E.B

"l Filler Gas He 3 bar
Clad. Int. Diam. mm 10.547
Clad. Thickness mm 0.B%
Ne. Pins [Cluster 1
Pitch Dislanca mm
Spacers None

Fuel Lenglh{Pin mm

446.7 mm {active)

Plenum volume,cm 39
Shraud Material 7r~2
Shreud Inl. Diam. mm 43
Mo, Of Clusters i
e
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JAERI-M 84-031

NI FOR ATOMENERGE IS NO: PATE: 1

OECD Halden Reacior Project. D ATA s H £ ET — E oae 19800110

|FA-5231

Supplier: JAERI/HP

CPERATIONAL DATA

OBJECTIVES ]

To aperate BWR rods in a forced circulation loop under commercial conditions

(LWR simulation test}. After base irradiation, the fuel rods will be ramped in a

rig incorporating diameter measurcments.

DESCRIPTION PREDICTED ACTUAL REMAZKS

Loading Date 1/80

Unloading Dats {81

Burn-Up MWd(IUO2 Target

Reactor Potition 4-10
| Ral. Flux Pasition

Channel Powar kw 104

Avg, Lin, Heat Rating kW /m sol) 282 33 KWjm mit rodavg. |
Max, Lin. Heat Rafing kW/m 36 35 1} lower cluster

Peak Such. Heat Flux Wiem? 94 91 2Y upper cluster

Peak [kd® ¥Wjicm 24 23

Peak Spec. Heat Rating WIgUO;

Max. Centra Temp. °C 1560 Rod Bl or BY

Cocling Conditien Forced circulation loop 70 bars

Inlat Velocity mfsec . >1.0

Inlet Throttling ¥Z{2g

Hydraulic Diam. mm 4.23

flow ares mm? upstream 490

Assembly Dwg. 07482 Parts List Dwg. 176400
Cable Data Sheat 377643 Loading Sheet No. 1st loading 377633
Exparim. Procadure EP-1523

1L.S 350 (Flask 1)’ Rig INSTRUMENTATION Rod
_il [nl. coclant thermocouples 1 | Inlet turbine 5 | Fuel Centre Thermocouples

Int. coolant thermocouples 12| Coolant Thcrmocouplcs 4 | Cladding Extensometers
5 | Out. coolant thermocouples |8 | Differential Transformers 4 | Fis. gas press. transducers

11} Neutron detectars Va 1 | Heat exchanger {3 | Fis. gas press. transducers
1 + | Neutron detectors Va \ [ for ramp exp-

Neutron detector Co
{3 Fuel rod faifure detector

\ 2nd loading
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JAERI-M 84-031

ISSUE NO: 7 PAGE: 2
DATA SHEET (gome D2 | oare,20/4-80
| FA-523.1
TEST ASSEMBLY DATA
DESCRIPTION

Fuel Form Sintered UOy pellets

Rod Upper - Lower | B8 B9 B10 Bll — Bl B2 B3 B7
Instrumentation TF5 - - TF1 TF2 TF3 TF4

" ” PF5 EC6 EC7Y EC8 — PF1 EC2 PF3 PF4

Fusl Dansity gleed 10.41 (95% T.D.) Enr.f.wi = 3159 kg0,
Fuel Diameter mm 10.31 and 10.44 End pellet = 0.081

Enrichment 13 wjo U-235
[End Pellets Nat, UOo +5 wfo DyoQq

Diam. Clearance mm 0.1 0.1 933 91 - ?12‘3 0.1 0.1 0.23 *)
%:ﬂ; : 3% §9  oos 5916 Efﬁ% s Qoaz o ev)
Pullet Longth mm 10, end pellets &

Dithing None. Chamfered

Dishing Depth mm

Land Width mm

Cladding Zr-2

Cladding State Fully annealed, autoclaved

Welding TIG

Plenum Volume cc's| 5.4 5.7 6.5 5.8 6.4 3.7 5.55 6.35

Gas pressure All rods 0.1 MPa, except rod B7=0.3 MPa at room temperature

Filler Gas Helium

Clad. Int. Diam. mm 10.54

Clad. Thickness mm 0.86

No. Pins [Cluster 4

Pitch Distance mm 28 ped

Spacers

Fuel Lengih{Pin mm 448

Plenum

Shroud Material None

Shroud Int. Diam. mm

No. OF Clusters 2

* Tot. Enr. Wt. = 3.139 kgUQ4
**End Pellet = 0.08!
e ——
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Fig. FA-3. ILS-350 (HP) high pressure flask for [FA-523 (BWR)
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Fig. FA-2. IFA-523 (JAERI[HP) test assembly drawing
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JAERI-M 84-031

——

INSTITUTT FOR ATOMENERGI
OFCD Halden Reactor Projact,

Supplier:

DATA SHEET

|FA- 5232

JAERI/HP

ssue No, 1 PAGL !

pare, 22/6-81

sioN.  [EOAS

OPERATIONAL DATA

OBJECTIVES

To investigate the thermal, mechanical and fission gas pressure behaviour of BWR type

rods in a forced circulation loop under BWR pressure and temperature conditions. After

base irradiation, the fuel rods will be ramped in a rig incorporating diameter measurements.

DESCRIFTION PREDICTED ACTUAL REMARKS
Loading Dats 6/81
Unloading Date |82
Bura-Up MWdIIUO;
Reuctor Position 4-10
Rel. Flux Position
Channsl Power kw 104
Avg. Lin. Heat Rating W/em sgl)  282) $3 kW/m limit rod avg.
Max. Lin. Heat Rafing W/cm 36 35 1) lower cluster
Peak Surf. Hoat Flux W/em? 94 91 2) upper cluster
Peak [kd® - Wiem 24 23
Pesk Spec. Heal Rating W/gUC,
Max. Cenire Tamp. ©C 1560
Cooling Condition Foreed circulatjon loop 70 bars
inlet Yelocity m/sec > 1.0
inlet Throttling v22g
Hydemulic Diam. mm 4.23
Flow area mm? upsteam 450 ‘
Assembly Dwg. 07482 Parts List Dwg. 476400
Cable Dals Sheet $77643 Loading Sheet No. 2 .. - | 880205
Exparim. Procedure EP-1523
INSTRUMENTATION
Inl. coolant thermocoupies 1 | Inlet turbine Cladding Extensometers

4 |Inl. coolant thermocouples

12| Coolant Thermocouples

Cladding Ext.{Failure Detect.

QOut. coolant thermocouples

8 | Differential Transformers

11| Neutron detectors Va

Heat exchanger

1 | Neutron detector Co

§ | Neutron detectors Va
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" JAERI-M 84-031

ISSUE NO. 1 PAGEL 2
DATA SHEET sicn.  HOUAR | oan. 22/6-81
FFA- 5282
TEST ASSEMBLY DATA -
DESCRIPTION
Fuel Form Sintered UQq peliets
Kod Uppei - Lower | BWR1S BWRS BWRI0 BWRIl. BWRe BWRs!) Bwrsl) BWR14!]
lnstrumentation EC-5 EC-6 EC7 EC8 - EC1 EC-2 EC-3 EC4
Pos. No. : 5 6 7 8 -1 2 5 3
Fusd Density glem3 10.41 (05% T.D.} Enr, fowt. = 8.136 kg UO,
Fuel Diameler mm 10.31 and 10.44 End pellet = 0.081
Enrichment 18 wjo U-235
End Pellets Nat. UQq +5 wio Dys0Oq
Diam. Clearance mm 0.10 0.10 0.23 0.10 0.23 0.23 0.23 0.28 *)
Rod weight enr, 0.400 0.460 0.589 0.400 0.385 U387 U387 U385
End pellet wt, 0.010 0.011 0.009 0.010 0.010 0.010 0.011 0010 **)
| Pafiet Longth mm 10, end pellets 6
Dishing None. Chamfered
A Sintering temp.ftime} 1700°C for 8.5 hry.
Loading New f Carried over from 5138.1 —+—— New rods
Cladding Zr-2
Cladding State Fully annealed, autoclaved
Wilding TIG
?lcoum Volume cc's| 2.6 5.7 6.5 5.8 5.3 5.8 535 39
Gas pressure . . | All rods 0.1 MPa, cxcept rod BWR14 = 0.3 MPa at reom tomperature - =
‘| Filler gas Helium
Clad. Int. Diam. mm 10.54
Clad, Thickness mm Q.86
No. Pina {Cluster 4
Pitch Distance mm 28 pcd
Spacers
Start - bum-up
Fusl Length/Pin mm 448 £ 3
Plenum
Shroud Material None
Shroud inl. Dism. mm
No. Of Clusters 2 o
* Tot. Enr, Wt. = 3.136 kgUO,
** End Pellet = 0.081
1) Supplied by JAERI
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JAERI-M 84-031

ISSUE HO, | ] PAGE 1

DATA SHEET son, JEDUA” Loatt, 1983706727

|FA-5233

Supplisc: JAERI/HP

OPERATIONAL DATA

OBJECTIVES ]

Base irradiation of BWR rods in a pressure flask op:ralcd under forced circulation with BWR pressure

and temperature conditions. After base irradiation, the fucl rods will be ramped in IFA-520.

"

DESCRIPTION PREDICTED ACTUAL REMARKS

toading Date 7/83

| S——

Unlcading Duie

Burn-Up MWJ/IUO;

Reaclor Position 8-9
Rel. Flux Position
Channal Power kw 104
Avg. Lin. Heat Raling Wiem 301t 282 33 kW/m limit rod avg.
Max. Lin. Hea! Rating W/em 36 35 1) lower cluster
Peak Surf. Heal Flux W/em? 94 91 2] upper cluster
Peuk.]kd{') V¥ /em 24 23
Peak Spec. Heal Rating WigUOz
< 1500

Max. Cenire Temp. °C

Cooaling Condilion Forced circutati¢n loop 70 bars

Infel Velocily mfsec > 1.0

inlet Throliling v2{2g
Hydraulic Diam. mm 4.23

Flow area mm? 490 _
Assembly Dwg. 07482 . Parts List Dwg. 476400
Cable Dala Sheet 377643 Loading Sheet No. 3 380855
Experim. Procedure EP-1523.3
. INSTRUMENTATION
1L.5-356 [FA

4 | Coolant thermocouples Inlet thermocouples 5 |Cladding Extensometers
10| Neutron detectors Va Qutlet thermocouples 3 [Cladd. ext./Failurc detectors

2| Neutron detector Co Heat exchanger t/c's

Heat exchanger

Neutron detectors Va

w|lm| =] ™

_Di fferential Transformers
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JAERI-M B84-031

1550 N0, L PAGE 3
DATA SHEET son. {2204 |oar, 198310607
_—
|FA- 5233
TEST ASSEMBLY DATA
DESCRIPTION T
Fuel Form Sintered UQ, peliets
Rod Upper - Lower BWR13 BWRI15 BWRI6 BWRI1-BWR4 BWRS DWR6 BWRI7 B
Instrumentation
Pos. No. 5 & 7 8 -1 2 3 4 *4
Fue! Densily glem? 10.41 {95% T.D.)
fuel Diamslar mm 10.31 and 10.44
trrichment 13 wjo U.235
End Pellets Nat. UGy + 5 w/o Dyo0g4
Diam. Clearance mm 0.10 0.10 0.10 0.23 -~ 0.23 0.23 0.23 0.10
Rod e DR MR AW Ba%  Goie oot ooi
Pallal Langth mm 10, end pellets 6
Dishing None. Chamfered
Sintering temp. ftime 1700°C for 3.5 hrs.
Loading 523.2 ] New - 528.2 - | Now
Cladding Zr-2
Cladding Stale Fully annealed, autoclaved
Welding TIG
Pienum Volume ec’s 2.5 2.8 2.8 5.8 5.3 5.3 5.35 2.85
Gas pressure bzr!“_ [ 3 3 -1 1 1 3
| Filler Gas Helium
Clad. Int. Dism. mm 10.54
Clad. Thicknass mm 0.86
Neo. Pins {Cluster 4
Pitch Distance mm 28 pcd
Spacers ‘
Start - burn-up 7970 0O 0 11470 —8260 7890 7280 . O MWd/tUO,
Fuel Length{Pin mm 448 £ 8
Pienum |
Shroud Malarial None -
Shroud Int. Disam. mm |
No. Of Clusters 2

. Tot. Enr. Wt. = 3.150 kgUQO,

** End Pellet

= 0.082 kgUOy
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JAERI-M 84-031

INSTITUTT FOR ATOMEMNERGI
OQECD Haldsn Reactor Project,

Supplier:

DATA SHEET

|FA-5241

JAERI/HP

IS5UE NO -

PAGE: 1

SIGHN: m

1
’;%

DATE:1980-01-17

OPERATIONAL DATA

OBIECTIVES

To give base irradiation to rods und

er PWR conditions for further experiments

in other rigs.'

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date Feb. 1980
Unloading Date
Burn-Up MWd{kg UO, 10 20
Reactor Patition 2-7
Rel. Flux Position
Channal Power kw 139
Avg. Lin. Heat Rating KW/m 26 Requested
Max. Lin. Heat Rating kW/m 33
Pesk Surd. Heat Flux MWW/m® 1.282
Peck {kdQ LW/m 2.361
Peak Spec. Haal Raling W/gUQ, 60.2
Max. Contre Tamp. °C 1540

Cooling Condition

Forced circulat.

Light water 13 MPa press.

Inlet Yelocity misec 1.8
Inlet Throttling v2[2g
Hydraulic Diam. mm 23.6/16.9 Lowerfupper
Flow area mm? 641.7/649.3 Lowerfupper
Assembly Dwg. 07486 Parts List Dwg. §76393
Cable Data Sheet 377647
Expearim. Procedura EP-1524.1
ILS 353 (Flask 4) Rig ~ NSTRUMENTATION Rods
2 | Inlet Thermocouples 1 | Intet Turbine 7 | Fuel Centre Thermocouples
2 | Outlet Thermocouples 1?2 { Differential Transformers 6 | Cladding extensometers
8 | Va Neutron Detectots 12 | Coolant Thermocouples & | Fis.gas. pressure transducers
1 | Heat exchanger (5 ' Fis.gas. pressure transducers)

! for mmp experiment

st

s g
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JAERI-M 84-031

DATA SHEET

ISSUE HOy

* PAGE: 2

SIGN:M :l%

oATE. 1980-01-17

| F A -524(PWR)

TEST ASSEMBLY DATA (UPPER CLUSTER)

DESCRIPTION PWR 10 PWR 11 PWR 12 PWR 13 PWR 14 PWR 15

Fual Form Sintered uranium dioxide pellet

End Pellet 3 wio Dys0g in natural UGy (flat, 95% TD,D=8.19 mm, L =15 mmj}

Fusl Weight kg 0.241 0.243 0.243 0.243. 0.243 0.244

End Pellet Wt. kg 0.008 0.008 0.008 0.008 0.008 0.008

fuel Density glem3 10.41 (950% TD)

Fuel Diameler mm 8.19

Enrichment  w/o 13

Peilet Form Standard Modified

Diam. Clearance um 170

Centre Hole Diam.mm 1.8 only for thermocouple ‘

Pellst Length mm 13.5 9.83

Pelict End Form | Dished *dish with both

Dishing Depth mm 0.3 (dishing diameter = 6.0 mm}_

Land Width mm 1.1

Cladding Stress telieved Zr-4

Cladding State during ramp only
TF-7 (PF-) (PF-) {PF-) {PF-) <! (PF-)

Instrumentation PF-7 EC- 8 EC-9 EC-10 EC-11 EC-12

Walding Standard TIG

He Filicy Gas Press.MPz | 3.2 ! 1.5 | 3.2 i 1.5

Clad Qut. Diam, mm 9.5

Clad. Int. Diam. mm 8.36

Clad. Thickness men 0.57

No. Pins [Cluster 6

Pitch Dislance mm D = 555 mm, Dffuelrod = 9.25 mm

Spacers None

Plerum Vol/Fuel Vol 21.1 i8.1 18.1 18.1 18.1 18.1

Fuel Lengih{Pin mm +48 mm (active)

Plerum ml 4.9

Shroud Matarial Zr-2

Shroud Int, Diam. mm 71

No. Of Clusters 2

Rig Pos. No. 7 8 9 10 11 12

JAERI or HP HP JAERI JAERI JAERI JAERI “JAERI

Burn-Up high high high high high high

Ramp Rate slow slow fast fast fast

* chamfer height; 0.3 mm, chamber width; 0.5 mm
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JAERI-M 84-G31

DATA SHEET

| F A -52¢ (PWR)

ISSUE NO: 1

PAGE: 3

SIGN: m :l%

paTe 1980-01-17

TEST ASSEMBLY DATA (LOWER CLUSTER}

DESCRETION PWR 1 PWR 2 PWR 3 PWR 7 PWR 8 PWR 9
Fusl Form Sintered uranium dioxide pellets
End Pellet 3 wjo Dyg0jy in natural UQy (flat, 5% TD, D = 8.19 mm, L =15 mm}
Fuel Weight t3 0.241 0.247 0.2415 0.241 0.247 0.241
End Peller Weght kg 0.007 0.0075 0.c075 0.007 0.0073 0.0075
Fust Density giom’ 10.41 (85% TD) Total ut. 2.9155 kg + 0.087 kg
fuel Diameter mm 8.19 8.28 8.19 8.19 8.28 8.19
Enrichment  w{o 13
Pellet Forma Standard
Diam. Clesramce gm 170 80 170 170 80 170
Centre hoie diam.nmd 1.8 only for thermocouple
Pollet Langth man 13.5
Peilet End Form Dished
Dishing Depnn mm 0.3 {dishing diameter = 6.0 mm}
Land Width mm 1.1

Stress relieved Zr-%
Cladding Stare
Instrumentalion TF-1 TF.3 TF-5 TF.2 TF-4 TF-6
[nstrumerzation pF-1 EC-3 PF.-5 PF.2 PF-4 PF-6
Walding | Standard TIG )
He Filler Gas PreeMPa | 3.2 3.2 1.5 3.2 3.2 1.5
Clad Ouc. Dxa, mm 95
Clad. Int, Ciam. mm 8.36
Clad. Thickzess mm 0.57
No, Pins [Cirser 6
Pitch Digtamce mm D = 55.5 mm, D/fuclrod =9.25 mm
Spacars None
Plenum Vol/Fuel Vol 21.1 7.2 21.1 21.1 18.1 21.1
Fuel LengthiPn mm 148 mm (active)
Plonum +9 1.7 4.9 4.9 4.3 49
Shroud Marerial Zr-2
Shroud Int. Ciam. mm 71
Neo, Of Crcters 2
Rig Pos. No. 1 3 5 2 4 6
JAERI oc HP HP HP JAERI HP HP JAERI
Burn-up low low low high high high
Ramp rate fast fast fast fast fast fast
]
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JAERI-M 84-031

INSTITUTY FOR ATOMENERGI
OECD Halden Resctor Profed.

DATA SHEET

[FA- 524.2

Suppliers  JAERI/BP

155 MO, L

AGE, 1

W«J pare, 1981-06.30

OPERATIONAL DATA

ORIECTIVES

i

To give bare irradiation to rods under PWR conditions for further experiments

in other rigs.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date ' 6Bl
Unloading Date
Burn-tip MWd[IUO, 10 20
Reactor Position
Rel. Flux Potition 2.7
Chanml Power kv 160
Avg, Lin. Heat Rating Wem 30 Requested
Max. Lin. Hea! Ruling W/cm 38
Peak Surl. Heat Flux W/cm? 1.282
Peak [xd© W/em 2.361
Pesk Spec. Heal Ratiag W/gUO; 60.2
#ax. Cenire Tomp. ©C 1640
Cooling Condition Forced circulat. Light water 15 MP'a press.
Infe! Velocity mfsec 1.8
Inlet Throttling v2{2g
Hydraulic Diam. mm 5.46/5.31 Lowerfupper
Flow area mm? 664/654 Lowerfupper
Assambly Dwg. 07486 Pars List Dwa. 476393
Cable Dala Sheet 377647 ;
Exparim, Procedure EP-1524.2 Loading sheet 2nd loading 380194
INSTRUMENTATION
2 | Inlet Thermocouples 1 | Intet Turbine 2 |Combined F.P.press.ffucl faiiurd
2 | Outlet Thermocouples 12 | Differential TRansformers 9 {Cladding extensometers
8 | Va Neutron Detectors 12 | Coolant Thermocouples 1 | Fis.gas.pressure trarsducers
1| Heat exchanger {5 | Fis.gas. pressure transducers)
for ramp expenment
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JAERI-M 84-031

—

IS5 NG PAGE, 2

patt, 1981063

Lo f

DATA SHEET

sigN i

[FA - 5242 (PWR)

TEST ASSEMBLY DATA (UPPER CLUSTER)

DESCRIPTION FWR17 FWRI11 PWR12 PWR1Y PWR14 FWR15
Fuel Form Sintered uranium dioxide pellet
End Pellet 3 wjo DyqOq in natural U0, (flat, 95% TD, D = 8.19 mm, L = 15 mm}
Foel Weight kg 0.244 0.243 0.243 0.243 0.243 0.244
End Pecllet Wt. kg 0.007 0.008 0.008 0.008 0.008 0.003
Fuel Density glemd 10.41 {95.0%. TD) Total Wt, 1.460 kg +0.047 kg
Fusl Diameler mm 8.19
Envichmant w/o 13
Pellet Form Standard Modified
Diam. Clearance - fim 170
Centre Hole Diam. m|
Pallat Length mm 13,5
Pcllet End Form Dished 'carlas c‘ﬁ]agxlﬂté?m
Dishing Depth mm 0.8 {dishing diamcter = 6.0 mm])
Land Width mm 1.1
Cladding Stress relieved Zr-4
Cladding State . iciog s onlu
(PF-) (PF-) (PF-) (PFy ~  (PF)
Instrumentation EC-7 EC-8 EC9 EC-10 EC-11 EC-12
‘Walding E.D.
He fHer Gas Presa. MPal 3.2 1.5 5.2 3.2 3.2 1.5
1¢lad Out.Diam. mm 9.5
Clad. int. Diam. mm 8.56
Clad, Thicknass mm 0.57
Mo. Pins [Cluster 6
Pitch Dislance mm D =928 mm
Spacers None .
Pienum Voi/Fuel Vol 0.099 0.233 0.225 0.227 0.258 0.251
Fuel Laagth{Pin mm 448 mm (active)
Plenum ml 2.4 565 5.4 5.5 5.65 5.60
Shroud Malerial Zr-2
Shroud Int. Diam. mm 71
No. Of Clusiers 2
Rig Pos. No, 7 B 9 10 11 12
JAERI. gr HP HP JAERI JAERI JAERI JAERI JAERI
Bum-Up high high high high high high
Ramp Rate slow slow fast fast fast

* chamber height; 0.3 mm,chamber width; 0.5 mm
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JAERI-M 84-031

DATA SHEET

15s0E Noy 1 rAGH, 8
smn.u'fnj){;@ pATE, 1981-06-30

[FA- 5242 (PWR)

TEST ASSEMELY DATA (LOWRR CLUSTER)

DESCRIPTION PWRG PWRI1B PWR4 - PWR20 PWRI19 PWR5
Fuel Form Sintered uranium dioxide pellets
End Pellet 3 w/o Dy9QOygq in natural UQy (flat, 95% TD, D = 8.19 mm, L=15mm)
Fuef Walght kg 0.844 0.245 0.2435 0.248 0.250 0.243
End Pellct Weight kgl 0.008 0.007 0.0075 0.007 0.002 0.008
Fuel Density glem3 10.41 (95% TD) Total wt. 1.4685 kg +0.0445 kg
Fuel Dismaler mm B.19 8.19 8.19 319 8.29 8.19
Enrichmant  w/o 1%
Pellet Form Standard
Diam. Clearance HI 170 170 170 170 80 170
Centre Hole diam. m
Pallet Lengih mm 158.5
Pellet End Form Dished
Dishing Depth mm 0.3 (dishing diameter = 6.0 mm)
Land Width mm 1.1

Stress relieved Zr4

Cladding State
Instrumentaticn T
Instrumentation EC-1/FD EC-8 PF-5 EC-2 EC-4 EC&/FD
Walding E.B.
He Filler Gas Press. MPal - 1.5 1.5 0.4 1.5 5.2 3.2
Clad Qut, Diam. mm 9.5
Clad. Iat, DHam. mm. 8.36
Clad. Thickness mm 0.57
Na, Pins JCluster 6
Pitch Distance mm D =28 mm
Spacers None
Plenum Vol/Fuel Vol. | 0-161 . 0.095 0.169 0.09% 0.069 0.169
Fusl Length/Pin mm 448 mm (active}
Plenum  m] 3.9 2.3 4.1 2.4 1.7 4.1
Shroud Material Zr-?
Shroud Int. Diam. mm 71
No. Of Clusters 2
Rig Pos. No. 1 -3 - b . 2 4 6
JAERI or HP JAERI JAERI HP JAERI HP JAERI
Bumn-Up low low low high high low
Ramp Rate fast fast fast fast fast fast
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JAERI-M 84-031

DATA SHEET

IFA- 5243

Sopplier,  |AERI/HP

S5 NO, ]

SIGN. =77 40

PAGE: 1

oATH 1982/08/09

OPERATIONAL DATA

OLECTIVES

Teo give base irradiation to rods under PWR conditions for further experiments in other rigs.

-

DESCRIPTION FREDICTED ACTUAL REMARKS
Loading Dats 6/82
Unloading Date 10 20
turnlp MWJIIO; 10 20
Reactor Position 2-7
Ral. Aux Poslition
Channel Power kW 121
Avg. Un. Heat Rating W/em 30 Requested
Max. Lin. Hast Rating Wiem 58
| Peak Surf, Heat Flux W/em? 1.282
ka[kdB Wiem 2.361
Pask Spac. Heal Rating WigUOy 60.2
Max. Centre T-mp._;C 1740
Cooling Condition Forced circulat. Light water 15 MPa press.
inlet Valocity misec 1.8
Inlet Theotiling v2{2g
Hydraulic Biam, mm 6.08/5.81 Lowerfupper
Flow arsa mm? B76/654 Lower/upper
Assembly Dwg. 07486 Partt Ust Dwyg. 476398
Cable Dala Sheet 377647 -
Experim. Procedure EP-1524.3 Loading sheet 3rd loading 380424
INSTRUMENTATION
2| Inlet Thermocouples 1| Inlet Turbine Combined F.P. press.{fuel failug
2| Qutlet Thermocouples 12| Differential Transformers Cladding extensometers
8| Va Neutron Detectons 12| Coolant Thermocouples 1 | Fis. gas. pressure transducers
1| Heat exchanger (5 | Fis. gas. pressure transducers)
fur Tamp experiucent

4]
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JAERI~-M 84-031

DATA SHEET

ISSUE NGO, ]

PAGE:

H

SIGN

7 A

oATE, 1982/08/09

| F A - 524.3 (PWR)

TEST ASSEMALY DATA (LOWER CLUSTER)

DESCRIPTION Empty Empty Empty PWR20 PWRE PWRS
Fuel Form Sintered uranium dioxide pellets
End Pellet Swlo Dyzos'in natural U02 (flat, 95% 1D, D = 8.19 mm, L = 15 mm)
Fuel Walght kg 0.243 0.244 0.2438
End Pellet Weight kg 0.0G7 0.008 0.008
Fusl Density glem’ 10.41 (95% TD) Total wt. 1.4685 kg + 0.0445 kg
Fuel Dismater mm 8.19 8.19 8.19
Enrichment w/fo 13
Peliet Form Standard
Diam. Clearsnce Hm 170 170 170
Centre Hole diam. mm
Pellst Length mm 13.5
Pcllet End Form Dished
Dishing Depth mm 0.3 (dishing diamcter = 0.0 mm}
Land Width mm 1.1

Stress relieved Zr4

Cladding Stats
Instrumentation EC-2 EC1/FD EC-6/FD
Walding E.B.
He Filler Gas Prcas. MPa 1.5 1.5 3.2
Clad Qut. Diam. mm 9.5
Clad. Int. Diam. mm 8.56
Clad. Thicknes: mm 0.57
Mo. Pins [Clusier &
Pitch Dirtance mm D= 28 mm
Spacars None
Plenum Vol/Fuel Vol. 0.099 0.161 0.16%
Fuel Length/Pin mm 448 mm (active)
Plenue ml 2.4 39 4.1
Shroud Material Zr-2
Shroud Int. Diam. mm 71
No. Of Clusters 2
Rig Pos. Na. 1 L] 5 2 4 6
JAERI or HP JAERI HP JAERI
Burn-UP high low low
Ramp Rate fast fast fast
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JAERI-M 84-031

DATA SHEET

BSUENO. | piPAGE, 5§
SIGN. Jf part, 1981.06.3¢

I FA- 5243 (PWR)

———|

TEST ASSEMBLY DATA -(UFPER CLUSTER]}

* chamber height; 0.3 mm,chamber width; 0.5 mm

DESCRIPTION PWR17 PWR11 PWR12 PWR1% PWR14 PWRI15
Fuel Form Sintered uranium dioxide pellet ]
End Pellet 3 wjo Dy,0q in natural UQs (fat, 95% TD, D = 8.19 mm, L = 15 mm) :
Fuel Weight kg 0.244 0.243 0.243 0.243 245 0.244
End Pellet We. kg | 0.007 {.008 0.008 0.008 0.008 0.008
Fuel Density glem? 10.41 (95.0% TD) Total Wt. 1.460 kg +0.047 kg
Fuel Diameter mm 8.19
Encichmant w/o 18
Pellet Form Standard Modificd
Diam. Clescancs Hm 170
Centre Hole Diam, mim
Peliet Langth mm 13,5
Pellet End Form | Dished Ta IRt
Dishing Depth mm 0.8 (dishing diameter = 6.0 mm}
Land Width mm 1.1
Cladding Stress relieved Zr-4
Cladding Stale o
(PF-} (PE-) (PF-) (PF-) (P?')
Instrumentation EC.7 EC8 EC9 EC.10 EC-11 EC.12
Walding E.B.
He ¥iller Gar Prew. MPy 3.2 1.5 5.2 8.2 3.2 1.5
‘| Clad OutDiam. mm y.5
Clad. Int. Diam. mm 8.36
Clad. Thickness mm 0.57
No. Pins [Cluster 6
Pitch Distance mm D =28 mm
Spacers None ‘
Plenum Vol/Fuel Vol 0.099 0.233 0.22% 0.227 0.233 0.231
Fuel Length/Pin mm 448 mm (active)
Planum ml 2.4 5.65 5.4 5.5 5.65 5.60
Shroud Matarial Zr-2
Shroud Int, Diam, mm 71
No. Cf Clusiéns 2
Rig Pos. No. 7 ) 9 10 11 12
JAERI or HP HP JAERI JAERI JAERI JAERI JAERI
Burn-Up high high high high high high
Ramp Rate slow siow fast fast fast
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JAERI-M 84-03]

DATA SHEET

|FA-524.4

Supplier: JAERI/HP

ISSUE MO, |

7 Ma

PAGE, 1

DATE: 1982/09/014

SIGN,

OPERATIONAL DATA

ORIECTIVES

To give base irradiation to rods under PWR conditions for further experiments in other rigs.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dats 882 _
Unloading Date
Burn-Up MWIIUO,
Reacior Potition 2-7
Rel. Flux Position
Channsl Power kv 161
Avg. Lin. Haat Rating W/em 3G Requested
Max. Lin, Hasl Rating Wicm 38
Peak Surl, Heat Flux W/em? 1.282
Peak [kd@ Wicm 2.861
Pask Spec. Heal Ratigg W/gUO; 60.2
Max. Contrs Temp, °C 1740
Cooling Condition Forced circulat. Light water i5 MPa press.
Inlet Velacily mfsac 1.8
Intet Throtiling v2[2g
Hydraulic Diam. mm 5.46/5.31 Lowerfupper
Flow area mm? 664/654 Lowerfupper
1 Assombly Dwg. 07486 Parts List Dwg. 476398
Cable Data Shea? 377647 -
Experim. Procedure EP-1524.4 | Loading sheet 4th loading 380494
INSTRUMENTATION

| 2; Inlet Thermocouples I | Inlet Turbine 2 | Combined F.P. press./fucl [ailu

2] Outlet Thermocoupies 12| Diflcrential Transformers Cladding cxtensometers

Va Neutron Detectors 12| Coolant Thermocouples Fis. gas. pressure transducers
[{ Heat cxchanger (5 | Fis. gas, pressure trunsducers)
ful ramp vXperhaienl
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JAERI-M 84-(31

DATA SHEET

5 NO)

1 PAGE:

oan. 1982/09/03

I F A -524.4 (PWR)

A7

TEST ASSEMBLY DATA‘(IDWER CLUSTER)

DESCRIPTION FWR 21 PWR 20 PWR 22 PWR 6 FWR 23 P}N’R b
Fusl Form Sintered uranium dioxide pclllct.l
End Pallet - 3 w/o Dy,0g4in natural UQ, (flat, 95% ID, D = 8.19 mm, L = 15 mm)
Fual Welght kg 0.245 0.243 0.244 0.244 0.251 0.243
End Peilat Weight kg 0.007 0.007 0.007 0.008 0.007 0.608
Fuel Density glem 10.41 (95% TD) Total wt. 1.4685 kg + 0.0445 kg
Fuel Dismeter mee 8.19 8.19 8.19 8.19 8.28 8.19
Encichment wio 18
Pellat Form Standard
Dism, Clesrance o 170 170 170 170 BO 170
Cynitre Hola Diam, mm
Pallal Lenpih mwn 13.5
Psllat End Form Dished
Dishing Dapth mm 0.3 (dishing diamcter = 6.0 mm)
Land Width mm 1.1
Cledding State Stress relieved Zr-4
Instrumentations EC-1 EC-2 EC-8 ECA/FD  EC-5 EC-6/FD
Welding E.B.
He Filler GarPress MPa | 1.5 1.5 0.4 1.5 3.2 5.2
Clad, Out. Dism. mm 9.5
Clad. Int. Diam. mm 8.36
Clad. Thickness mem 0.57
No. Ping [Chrster 6
Fuch Disance mm D =28 mm
Spacens None )
Plenum vol /Fuel vol. 0.099 0.161 0.169
Fusd LangthiPin mm 448 mm (active)
MHeorwirm mit 2.5 2.4 2.5 39 1.8 4.1
Shroud Matecial Zr-2
Shroud 1nd. Dism. mm 7
No. Of Clusters 2
Rig Pos. No. 1 2 3 4 5 6
UAERI or HP HP JAERI HP HP HP JAERI
Burn-up high low low
| Ramp Rate fast fast fast
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JAERI-M 84-031

B3 HOY ) PAGL,

3

DATA SHEET

sicn TNy

pare, 1982/09/0%

| F A~ 5244 (PWR)

TEST ASSEMBLY DATA (UPPER CLUSTER)

DESCRIPTION PWRI17 PWRI1l PWRI2 PWR]Y PWH14 PWR15
Fusl Form Sintered uranium dioxide pellet
End Pellct 3 wfo DyoOg in natural UQ, (flat, 35% TD, D = 8.19 mm, L. = 15 mm}
Fuel Weight kg 0.244 0.243 (0.243 0.248 0.243 0.244
End Pellet Wt. kg 0.007 0.008 6.008 0.008 0.008 0.008
Fuel Densily glem? 10.41 (95.0% TD) Total Wt. 1.460 kg + 0.047 kg.
fusl Diamaler mm §.19
Enrichmant w0 18
Pellet Form Standard Modified
Diam. Clascance HM 170 _
Centre Hole Diam. min
Pellet Longth mm 13,5
Pellet End Form ~ | Dished oy
Dishing Depth mm 0.3 {dishing diamcter = 6.0 mm)
tand Width mm 1.1
Cladding Stress relieved Zr-4
Cladding Stale duringrampoaly
(PF-) {PF-) (PF) (PF-) (PF)
Instrumentation EC-7 EC-8 EC-9 EC-10 EC-11 EC-12
Walding E.B.
He Filler Gas Press. MPs 3.2 1.5 8.2 3.2 8.2 1.5
IClad Qut.Diam. mm Y5
Clad. int. Diam. mm 8.36
Clad. Thickness mm 0.57
No. Pina [Clustar 6
Pitch Distance mm D=28 mm )
Spacers - None
Plenum Vol/Fuel Vol 0.099 0.233 0.223 0.227 0.233 0.281
Fuel Langth/Pin mm 448 mm {active)
Plenum ml 2.4 5.65 5.4 5.5 5.65 5.60
Shroud Material Zv-2
Shroud It Diam. mm 71
No. Of Clusters 2
Rig Pos. No. 7 8 9 10 11 12
JAERI or HP HP JAERI JAERI JAERI JAERI JAERI
Bum-Up. high high high high high high
Ramp Rate slow slow fast Fast fast

* chamber height; 0.3 mm,chamber width; 0.5 mm
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JAERI-M 84-031

Supplier;

DATA SHEET

|FA- 5245

JAERI/HP

1S3 NG, | FACL, t

seH, Tve S4p)

oate, 1985/06/28

OPERATIONAL DATA -

OJJECTIVES

To give buse irradiation to rads under FWR conditions for [urther experiments in other rigs.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dale July -83 )
Unloading Date
Burn-Up MWd/ILO;
| Reactor Pasition 8-30
Rel, Flux Posilion
Channal Fowar kv 161
Avg. Lin. Haal Rating Wicm 30 Requested
Max. Lin, Heat Rating Wicm 38
Puak Surl. Heat Flux Wlcm? 1.282
Peak [kd Wicm 2.361
Pesk Spec. Heat Raling W{gUO; 60.2
Max. Centre Tamp, ©C 1740

Cooling Condilion

Farced circulai.

Light water |3 MPa press.

Inlet Yelocity misec 1.5
Inlet Theotiling vi2g
Hydraulic Diam, mm 5‘46!5.3 I L,O\VCT!LIPPCI’
Flow ares mm? 664/654 Lowerfupper
Assambly Dwg. 07480 Parts List Dwg. 476343
Cable Data Sheat 317647 Loading sheet 5th loading 380856
£xperim. Procedure L1 n24.5
1LS 338 INSTRUMENTATION
2] g . ¥ T - E
21 loket Thermocouples 1] [nler Turbine 2 | Cladding cxtensometers _

Quilet Thermacouples

(2N

(I

Differential Trnsformers

K 2 | Fis. gas. pressure transducers

H] Va Neutron Deteclars

12| Coolunt Thermucouples

for mmp experiment

Ly Tear exchanger

(1} Fucel extensometer for mmp *° .

| experiment)
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JAERI-M 84-031

DATA SHEET

1

I PAGLE 2

- -

‘lssut NO:
.SIGN.TN A7, G DAt 1983/06/28

| FA- 524.5 (PWR) lower

TEST ASSEMBLY DATA

DESCRIPTION PWR 21 PWR 20 PWR 22 . PWR 24 PWR 23 PWR 27

Fuel Form Sintered uranium dioxide pellets

End Pellet 5 wfo Dy203 in natural UGy (flat, 95% ID, D = 8.19 mm, L=7 mm)

Fusl Waeigh! kg 0.245 G.243 0.244 0.248 0.251 0.285

End Peilet Weight kg | 0.007 0.007 0.007 0.007 0.007 0.0065ﬁ1

Fusl Density glem? 10.41 (95% TD) Total wt. 1.4795 kg +0.0415 kg

fual Diameter mm 8.16 8.19 8.19 B.28 8.28 8.28

Enrichmani  w/o 13

Pellet Form Standard

Diam. Clearance um 170 162 170 80 80 80

Centre Hole Diam. mm

PeHat Length mm 13.5

Pellet End Form Dished

Dishing Depth mm 0.3 {dishing diameter = 6.0 mm)

Land Width mm L1

Cladding State Stress relieved Zr-¢

nstrumentations EC-] EC-2 EC-3 EC-4 EC-5 EC-6
| Welding E.B.

Fle Filler Gas Press. MPa| 1.5 1.5 0.4 3.2 3.2 3.2
'Ed. Qut. Diam. mm 9.5

Clad. nt. Diam. mm 8.36

Clad. Thickness mm 0.57

No. Pins [Cluster 6

Pitch Distance mm D = 28 mm

Spacers None
B UpaaiU0y, | 2250 9590 2310 0 2310 3

Fusl Langlh/Pin mm 448 mm (active)

Planum 2.5 2.4 2.5 2.1 1.8 2.1

Shroud Material Zr-2

Shroud Iny., Diam. mm 71

No. OF Clusiers 2

Rig Pos. No. 1 2 b} 4 5 6
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JAERI-M 84-031

DATA SHEET

TFA- 5245 (PWR) upper ,

ISSUE MOy | PAGE 3

oatt, 1983/06/2

SIGN: Ta,,: /7%

1]

TEST ASSEMELY DATA

DESCRIPTION PWR 17 PWR 25 PWR 16 PWR 13 PWR 14 PWR 26
Fuel Form Sintered uranium dioxide peliet
Lad Pellet 5 wfo DypQy in natural UQg (flat, 95% TD, D = B.19 mm, .= 7 mm)
Fuel Weight kg 0.244 0.249 0.246 0.243 0.243 0.249 i
bnd Peliet Wi, kg 0.007 0.007 00075  0.008  0.006
Fuel Density gicm? 10.41 (95.0% TD) Total wi. 1.474 kg + 0.0435 kg
Fuel Dizmeter mm 8.19 8.28 B 8.28 8.19 8.19 8.28
Enrichmenl  w/o 13 T
Fellet Form Standard Modified
Diam, Clearance um 173 80 .-8‘6 176 176 8D
Centre Hole Diam. mm T 18t TF
Peilet Langth mm i3.3
Pelict End Furm Dished ¥ dish with both
Dishing Depth mm 0.3 (dished diameter = 6.0 mm}
Land Width mm 1.1
Cladding Stress relieved Zr-4
Cladding Stale during ramp enly
(PF-) (PF-)
Instrumentation EC-7 EC-8 EC-9 EC-10 EC-1i EC-12
Welding E.B.
He Filler Gas Press. MPal 3.2 3.2 3.2 3.2 3.2 3.2
| Ciad. Qut. Diam.mm g 5

Clad. inl. Diam. mm 8.36
Ciad Thickness mm 0.57 ~
Na. Pins [Clusler 6
Srbmememm D= Z8mm
Spacers Nonec
ihe Hariup in fly 63 8270 0 690 13200 13660 0
Fuel Langth{Pin mm 448 mm (active)
Plenum 2.4 2.1 1.7 5.5 5.65 2.05
Shroud Malerial Zr?
Shroud Int, Diam, mm | 71
No. Of Clusters 2

Rig Pos. No. 7 3 g 10 11 12 )

* chamfer height; 0.3 mm, chamfer width; 0.5 mm , L
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JAERI-M 84-031

ISSUE NO: | 1 PAGE; 1

SIGN;,{TM DAT¢: 1981-10-27

INST[TUTT FOR ATCMENERGI
(CECD Haldan Rescror Project.

DATA SHEET

|FA- 525.1

Supplier: Halden Project

OPERATIONAL DATA
QBJECTIYES J To perform performance tests with the High Pressure Dia rig to get

basic data on thermal/hydraulic behaviour, power distribution, ramp rate, ctc., in preparation for sub-

[ scguent ramp tests using rods base-irradiated i (FA-524,

DESCRIPTION PREDICTED ACTUAL REMARKS
tcading Dale 1981 - Nov.
Unlcading Date 1982 - Feb.
Bura-Up MWGUO; 3000
Reactor Posilian 2-1
P:eL flux Pasition
Channe! Powar kw 244 max 25.4
Avg. Lin. Heat Rating W/cm 500 max 370
Max. Lin. Heat Rating Wicm 530 600 (at peak)
Peak Surf. Heat Flux Wlem? 178 201
Peak kd&) Wicm
Peac Spec. Heat Rating WighlO» 92.8
Max_ Cenire Temp. 9C 2110
Cecling Condition Forced circ.
Inlet Velocity mfsec 1.6 min 1.1
Inlet Throttling v2{2g
Hydraulic Diam. mm 13.3
Flow area mm? 3374
Assembly Dwg. 07496, 07493 * Parts List Dwg. 476663476541
Cable Dala Sheet 377880,377953% Loading Sheet lstloading 380077
Experim, Procedure EP-1525.1
ILS 332 (Flask No. 3} Rig INSTRUMENTATION
5 Thermocouples 1| Inlet Turbine 2 | Eddy current
2  He-3 coils 10 ; Coolant Thermocouples 1 1 Positien Indicator (Linear)
7| Va Neutron Detectors 1 | Position Indicator {Periodic)
1 1 Co Neutron Dctectors [ | Centreline Thermocouple
2 i Diameter Gauges 2 | Elongation Detector ¥

—

For [1.8-332 {Flask No. 3)

L :
** Onc of the elongation detector is not used in IFA-525.1
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JAERI-M 84-031

ISSUENO: 1. )

PAGE: 2.

DATA SHEET

s:GN,}{‘(pW

pats. 1981-10-27

FFA-5251

TEST ASSEMBLY DATA

Pellet Length mm

BESCRIPTION PWR-16
Fual Form Sintered uranium dioxide pellet
End Pellet 5 wfo Dy,O3 in nat. UO, (flat, 95% TD, D = 8.28 mm, L = 6 mm)
fuel Weight kg 0.246
End Pellet w/t kg 00075
Fuel Dansity glem? 10.41 (95% TD)
fuel Diameter mm 8.28
Enrichment 13%
Pellct Form Standard
Diarn. Clearance mm 0.080 |
Centre Hole Dia. mm 1.8 o_nly for ;hcrmocouplc

13.5

both side dishing

Spacers

Dishing
Ehiﬂg Depth mm 0.3 (dishing diameter = 6.0 mm)
Land Width mm 11
Cladding Zry4
Cladding Stale Stress relieved
Instrumentation TF/EC
Welding E.B.
| Filler Gas He 32 bar
Clad. Iot. Diam. mm 8.36
Clad. Thickness mm 0.57
No. Ping {Cluster 1
Pitch Distance mm -
None

Fuel Lengih/Pin mm

448 mm (Active) 160 (Toral)

Na. Of Clusters

Plenum (Cmg) 1.7
Shroud Material Zr2
Shroud Int. Diam. mm 43

1
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JAERI-M 84-031

OR ATOMENERGI

1T F
NS"TU Raaciar Propect.

oHco Halden

DATA SHEET

{FA-5252

Supplier: JAERI/HP

ISSUE NO: 1 PAGE: 1

SIGM, DAYE: [982/07/02

7 M

-

OPERATIONAL DATA

[ —
OBJECTIVES |

10 rll'(

,vide datz on the rod dimension changes and fission gas release during power ramp operation

ander PWR pressure and temperature conditions.

1o utilize these measurements for fuel rod performance modelling.

ILS 352 (Flask No. 3)

- DESCRIPTICN PREDICTED ACTUAL REMARKS
Leading Date July 1982
Uniaading Dale July 1982
burn-Up MWANIUO; 6330
Rescior Position 241
_l_—fl, Flux Position
Channal Power kw 24.4 max. 25.4
);vg. Lin. Heat Rating ‘W/em 500 max. 570
Max, Lin. Heat Raling W/zm 530 600 (at peak}
Pask Surl. Haat flux Wje= 178 201
Pcck_,'kdE) W/lem
Paak Spec. Hoat Rating wilsO, 92.8
Max, Cenire Temp. ©C 1850 530 W/cm
Cooling Condition Forced circ.
inlot Velocity mfsec 1.6 min. 1.1
Inlat Throttling v2[2g
Hydraulic Diam. mm 13.3
Flow area mm? 337.4
Assembly Dwg, 07496 Parts List Dwg. 476663
Cable Data Sheet 377880 Loading Sheet, 2nd Loading 380457
Experim. Procedure EP-1525.2
INSTRUMENTATION

3 Iﬁ Thermocouples 1| Inlet Turbine 1 | Eddy current
2 I He-3 coils 10 | Coolant Thermocouples 1 | Position {ndicator {Linear)
7| Va Neutron bletectors 1 | Position Indicator (Periedic)
I 1| Co Neutron Dctectors I | Centreline Thermocouple
# 2 | Diameter Guuges 2 | Differential Transformer
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JAERI-M 84-031

ISSUE NO: ) JPAGE 2
DATA SHEET signe 70 A3 Joare 1982/07/02)

[FA-5252

TEST ASSEMBLY DATA

Diam. Clearance mm

DESCRIPTION PWR- 2
fual Form Sintered uranium dioxide pellet
Fnedt Pellet 5 wfo Dy203 in nat. UO2 (flat, 35% TD,D = 8.28 mm, L = 6 mm)
fuel Weight kg 0.247
Eadd Petlet wit kg 0.0075
el Density glem 10.41 (95% TD)
fuel Diamater mm §.28
garichment 13%
Pellet Form Standard

0.080

(‘cntre Hole Dia. mm

1.8 only for thc;-mocouplc

Pallat Length mm

13,52

both side dishing

Dishing

Dishing Depth mm . 0.3 (dishing diameter = 6.0 mm}
Land Width mm 1.1

Cladding Zry4

Cladding State Stress relieved
Inscrumcatation EC

Welding ‘EB.

| Filler Gas He 32 bar

Clad. Int. Diam. mm 8.36

Clad. Thickness mm 0.57
No. Pins [Cluster 1
ﬁPirch Distance mm -

Spacers None

fuel Lenglh{Pin mm

448 mm {Active) 460 {Total)

Na. Of Clustars

Plerum (Cms) 2.9
Shroud Material Zr2
Sheeud Int. Diam. mm 43

1
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JAERI-M 84-031

INSTITUTT FOR ATOMENERG!
OfCD Haldea Reactor Project.

DATA SHEET

[ FA-5253

Supplier: JAERI/HP

1SSUE NO; ]

PAGE: 1

SIGN: 7: //d

oate, £982/07/07

OPERATIONAL DATA

QBJECTIVES
1) to provide data on the rod dimension changes and fission gas release during pc‘nwcr ramp operation
under PWR pressure and temperaturc conditions.
2)  to utilize these measurements for fuel rod performance modelling.

DESCRIPTION PREDICTED ACTUAL REMARKS

Loading Dats July 1982

Unlcading Date July 1982

Byrn-Up MWLNUO; 6600

Reactor Pasition 2-1

Rel. Flux Position

Channel Powaer kw 24 .4 max. 25.4

Avg. Lin. Heat Rating W/em 500 max. 570

Max. Lin. Heat Raling Wicm 530 600 (at peak)

Paak Surf. Heat Flux Wicm? 178 201

Peak [kd® Wiem

Peak Spec. Heat Rafing W{gUQ; 92.8

Max. Cenire Temp. ©C 2340 530 W/cm

Cocling Condition Forced circ.

Inlet Velocity mfsec 1.6 min. 1.1

lnlet Throtiling v?[2g

Hydraulic Diam. mm 13.3

Flow area mm? 337.4

Assembly Dwg. 07496 Parts List Dwg. | 476663 -

Cable Data Sheet 377880 Loading Sheet, 3rd Loading 380458
EP-1525.3

Experim. Procedure

ILS 352 (Flask No. 3}

INSTRUMENTATION

5 Thermocouples 1{ Inlet Turbinc 1 | Eddy current
2 | He-3 coiis 10| Coelant Thermocouples 1 | Position Indicator {Lincar)
Va Neutron Detectors 1 | Position Indicator (Periodic)
Co Neutron Detectors 1 | Centreline Thermocouple
2 Diameter Gauges 2 | Diffcrential Transformer
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JAERI-M 84-031

GWENO. 1 |PAGE. 2
sighs 7o Ay 1 oate 1982/07/07

DATA SHEET
[FA-525.3

TEST ASSEMBLY DATA

CESCRIPTION

PWR- 3

Sintered uranium dioxide pellet

fuel Form
-Emjll’cllct ' § wjo Dy,Qg in nat. UO, (flat, 95% TD, D = 8.28 mm, L. =6 mm)
Fuel Weight kg 0.2415
End Pclict wit kg (0.0075
Fuel Deasity glem?® 10.41 {95% TD)
Fuel Diamaler mm 8.19
Earichment 13%
Pelict Form Standard
Gism, Claarance mm 0.175
Centre Hole D mm 1.8 only for Lhc;mocouplc
13.61

Pellot Length mm

both side dishing

Dishing
Oishing Depth mm 0.3 {dishing diameter = 6.0 mm)
Land Width mm 1.1

Cladding Zry4

Stress relieved

Cladding State

[nstruraentation PF
Yelding EB.

| Filler Gas He 15 bar
Clad. Int. Diam. mm 8.365
Clad. Thickness mm 0.579
No. Pins [Cluster L
Pitch Distance mm
Spacers Nonc

448 mm {Active) 460 (Total)

Fuel Langth{Pin mm

Ne. Of Clustars

ﬂenum (cma) 4.95
Shroud Material Zr-2
Shroud fnt, Diam. mm 43

1
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JAERI-M 84-031

SUTUTT FOR ATOMENERG!
DECD Halden Reactor Project,

Supplier:

DATA SHEET

IFA-525.4

{AERI/HP

155U NO- 1 PAGE: ]

$IGN: pate: 1982/38/17

7 M

OPERATIONAL DATA

OBIECTIVES

1)

to provide data on the rod dimension changes and fission gas release during p

ower ramp operation

under PWR pressure and tempcrature conditions.

) 1o utilize these measurements for fuel rod performance modelling.

DESCRIPTION PREDICTED ACTUAL REMARKS
~ading Date Aug. 1982

Umizading Dale Aug. 1882

2 _enlip MWIIIUO; 6330

Reacar Position 2-1
:—e;ux Position

Cramnel Power kw 24.4 max. 25.4

Awg. Lin. Heat Rating W/cm 500 max. 570

Mar Lin, Heat Rating Wlem 530 600 (at peak}

Fe2c Surf. Heat Flux W/cm? 178 201

P-’:zkrjrkde Wiem

Fsae Spec. Heat Rating WigUGa 92.8

Max Centre Temp, OC 1850 530 W/cm

Cooiing Condition Forced circ.

iret Yelocity misec 1.6 min. 1.1

leiat Throtling v2]2g

Hwsraglic Diam. mm 13.3

Feow arga mm= 337.4

Assembly Dwg. 07496 Parts List Dwag. 476663
Cable Data Sheet 377880 Loading Sheet, 4th Loading 3804175
£x5erirm. Procedure EP-1525.4

ILS 352 {Flask No. 3)

INSTRUMENTATION

FE ‘Thermocouples . 1| Inlet Turhine 1 | Eddy current
2 . He-3 coils 10| Coolant Thermocouples I | Position Indicator {Linear)
Va Neutran Detectors 1 | Position Indicator {Periodic)
| 1| Co Neutron Detcctars I | Centreline Thermocauple
2| Diamcter Gauges 2 | Dilfercnual Transformer
F—
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1SSUE NO: |

lpace:s 2

DATA SHEET siene 7 M7

oaTe, L982/08/17

LFA-s5254

TEST ASSEMBLY DATA

CESCRIPTION PWR.10
fusl Form Sintered uranium dioxide pellet
Ll Pellct 5 wfo Dy,0j in nat. UO, (flat, 95% TD, D = 8.28 mm, . = 6 mm)
fuel Waight kg 0.241
End Pellet wit kg 0.008
foal Density glcm® 10.41 (95% TD)
fuel Diamalor mm 8.19
[nrichment 13%
Peilet Form Standard
0;‘”," Clearance mm 0.180 L
Centre Hole Dia. mm 1.8 only for thermocouple

13.60

Pollet Length mm

both side dishing

Dushing
Dushing Degpth mm 0.3 (dishing diameter = 6.0 mm)
h:d Width mm 1.1
Cladding Lry4
Cladding State Stress relieved
lastrumentation EC
Welding E.B.
| Fitter Gas He 32 bar
Slad. Int, Diam. mm 8.370
Clad. Thickness mm 0.571
No. Fins (Cluster 1
Pitch Distance mm i
Spacers ' None T T

Fuel Length{Pin mm

448 mm {Active) 460 {Total)

No. Of Clusters

Plenym (Cl’“g) 5.05
Shroud Material Zr2
Shroud Int. Diam. mm 43

1
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DATA SHEET

[FA-525.5

Supplisrr JAERIfHP

ISSUE N ] PAGE

1

siGh, T. Na

———
DATE 19830603

OPERATIONAL DATA

—

OBIECTIVES |
1) to provide data on the rod dimension changes and fission gas rclcase during pc;wcr ramp opcratioT
undecr PWR pressurc and temperature conditions. T
2}  to utilize these measurements for fuel rod performance modelling. o
—
DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dale June 1983
Unlcading Date ' June 1983
Burn-Up MWd[IUO; 99500
Reactor Positian 2-1
Ral, Flux Position
Channel Powar kw 24.4 max. 25.4
Avg. Lin, Heat Rating W/em 500 max. 570
Max. Lin. Hest Rafing Wlem 530 600 (at peak)
Paak Surf. Heat Flux Wicm? 178 201
Peak [kde Y¥iem
Paak Spec. Heal Raling W/gUC, 92.8
Max. Centre Temp. °C L 2340 530 W/cm
Cooling Cendition Forced drc.
Infat Velocity mfsac 1.6 min. 1.1
tnlet Theottling v3{2g —
Hydraulic Diam. mm 13.3
flow area mm? 337.4 -
Assembly Dwg. 07496 Parts Us! Dwy. 4?666;___
Cabls Data Sheet ) 377880 Loading Sheet, 5th Loading 380835
Exparim. Procedure - EP.1525.5 I
ILS 352 (Flask No. §) INSTRUMENTATION
e
5 | Thermocouplcs 1| Inlet Turbine 1 | Eddy current
2 | Hc-3 coils 10| Coolant Thermocouples 1 { Position Indicator (Llr:c_l_r)-____
7| Va Neutron Detectors 1 | Position Indicator (Periodic)
g g A T - e
1| Co Neutron Detectors i | Cladding Extensometers
2| Diameter Gauges 1 | Pressure Detector ) . )
2 | Differential Transformers |

—]
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o
BRENO 1. |PAGL .2
DATA SHEET iGN, T.Na | oar, 1983/06/03
LFA-s5255
TEST ASSEMBLY DATA
DESCRIPTION PWR-5
fuel Form §intered uranium dioxide pellet
EodiPellet 5 wio DYZOS in nat. UO2 (flat, 95% TD, D = 8.28 mm, L = 6 mm) .
Fusl Walght kg 0.243
End Pellet wit kg 0,008
Fuel Density gfcm? 10.41 (95% TD)
Fuel Diameler mm B.202
Enrichment 13%
Pcilet Form Dished
Diam, Clearance mm 0.175
Centre Hole Dia. mm 1.8 only for thermocouple
Pollot Langth mem 13.50
Dishing both side dishing
Dishing Depth mm 0.3 (dishing diameter = 6.0 mm)
Land Widih mm 1.1
Cladding - Zry4
Cladding Stale Stress relicved
Instrumentation EC, FD
Wolding E.B.
| Fller Gas He 3.2 bar
Clad. int. Diam. mm 8.377
?iad. Thickness mm 0.570
Na. Pins [Cluster 1
Pitch Distance mm .
Spacers None

Fuel Length/Pin mm

448 ram {Active) 460 (Total)

:&:num (cms) 4.1

Shroud Matsrial Zr-2

Shroud Int. Diam, mm 43

No, Of Clusters i

L .
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"DATA SHEET

|FA- 5258

Supplier: JAERIJHP

155U NO |

—

FAGE: 1

DATE, ISJB@]QB/Q-_J

S|GN_|},M

OPERATIONAL DATA

OBJECTIVES
1) to provide dats on the rod dimension changes and [ission gas release during power ramp
aperation under PWR pressure and temperature conditions,
-

) to wiibize these measurements for fucl rod performance modelling.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date June 1583
Unloading Dale July 1983
Burn-Up MWdANIUQ: 12910
Reaclor Position 2.1
Rel. Flux. Position
Channel Power kw 24.4 max. 25.4
Awvg. Lin. Heat Rating W/cm 500 max. 570
Max. Lin. Heat Rating W/em 334 GOO (at prak]}
Peak Surl. Heat Flux W/cm? 178
Peak tkdt Wilem
Poak Spec. Heal Raling W/gUO, 92.8
2380 530 W/em

Max. Centre Temp. ©C

Cooling Condilien

Forced circ.

inlet ¥elocity m/sec

1.6

min, 1.]

Intat Thretling v?{2g

Hydraulic Diam. mm 13.3 ]
Flow area mm? 337.4
Assembly Dwg. 07496 Parfs List Dwg. 476663
Cable Data Sheet 377880 Loading Sheet, 6th Loading 380836
Experim. Procedure EP-1525.6
ILS 352 INSTRUMENTATION
5| Thermocouples Inlet Turbine Eddy curmrent
2| He§ coils 10| Coolant Thermocouplcs Position Indicator {Lincar)

Va Neutron Detectors

Cladding Extensomcter

Co Neutron Detectors

e e e

Pressure Detector

2 Diameter Gauges

2 'Dil'fcrcnu'al Transformers
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ISSUE NO; | PAGE, 2
DATA SHEET $1GH, . Tlahamwra, i DATE 1983/06/24
IFA- 5256
TEST ASSEMBLY DATA
DESCRIFTION PWR-11 ‘
Fuel Form Sintered uranium dioxide pellet
End Pelict 5 w/o DyyOy in nat. UOy (flat, 95% TD, D = 8.28 mm, L = 6 mm)

Fusl Waight kg

0.243

End Pellet w/t kg G.008
Fuel Density gfem? 10.41 (35% TD}
Fuel Diameter mm 8.19
Enrichment 13%
Pelict Form Standard
Diam. Cisarance mm 0.181
13.60

Pellat Langth mm

Dishing

Both side dishing

Dishing Depth mm

0.3 (dishing diameter = 6.0 mm)

Land Width mm 1.1

Cladding Zry-4 i
. Cladding Slate Stress relieved

Instrumentation EC, PF

Welding w E.B.

Filler Gas He 15 bar

Clad. Inl. Diam. mm 8.371

Clad. Thickness mm ¢.570

Mo. Pins {Cluster 1

Pitch Distance mm -

Spacars None

Fuel Length/Pin mm

448 mm (Active) 460 (Total)

Plenum (cms) 5.65
Shroud Material Zr-2
Shroud Int. Diam. mm 43
No. Of Cluslers 1

-
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JAERI-M 84-031

Supplier:

DATA SHEET

|FA- s257

JAERI/HP

1
ISSUE HO, ] | #AGL: i

: —
mom},_'}],.l.;.._..nt! paTE: 1983/06G/2

OPERATIONAL DATA

OMIECTIVES
17w provide data on the rod dimension changes and Mission gas release during power raimp T
aperation under PWR pressure and temperature conditions,
2] 1o utilize these ineasuremenis lor fuel rod performance modelling.
DESCRIPTICN PREDICTED ACTUAL REMARKS
toading Date _ July 1983
Unloading Date July 1983
Burn-llp MWZ/IUO; 9720
Reactor Position 2-1
Rel. Flux Position
Channal Power kw 24.4 max. 25.4
Avg. Lin. Heat Raling W/cm 500 max. 570
Max. Lin. Heat Rating Wicm 530 600 (at peak})
Paak Surl. Heat Flux Wiem? 178
Peak _,'kdE) Wiem
Poak Spec. Heat Raifng W/gUO; 92.8
Max. Canirs Temp. ©C 2380 530 W/cm
Cooling Condilion Forced circ.
tnlal Velocity mlsec 1.6 min. 1.1 ]
Inlat Throitling ¥?{2g
Hydraulic Diam. mm 13.3 ]
Flow area mm? 337.4 ]
Assambly Dwg. 07496 : Parts List Dwg. 476663
Cable Data Sheet 377880 Loading Sheet, 7th Loading 380857
Exparim. Procedure EP-1525.7
1LS 357 INSTRUMENTATION
5[ Thermocouples 1] Inlet Turbine 1 | Eddy current :
2| MHe-3 coils 10| Coolant Thermocouples 1 | Position Indicator (Lincar)
1

7| Va Neutron Detectors

Cladding Extensometer

Co Neutron Detectors

1, Fuel Failure Detector

2| Diameter Gauges

i

2| Differential Transformers

AN
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ISSUE NO. | PAGL, 7
sIGN. g

DATA SHEET oatt, 1983/06/2]
|FA- 5257
TEST ASSEMBLY DATA
DESCRIPTION PWR-6

Fusl Form Sintered uranium dioxide pellet
End Pellet 5 wfo Dy203 in nat. UO? (flat, 95% TD, D = 8.28 mm, L =6 mm)
Fuel Weight kg 0.244
End Pellet wit kg 0.008
Fuel Dansily glem? 10.4} (95% TD)
Fus! Diameler mm 8.198
Enrichment 13% e
Pellet Form Standard
Diam. Clearance mm_ 0.179 o

13.60

Pellat Length mm

Dishing

Both side dishing

Qishing Depth mm

0.3 (dishing diamcter = 6.0 mm)

tand Width mm 1.1
Cladding Zry-4
Cladding State Stress relieved
Instrumentation EC, FD
Welding e E.B.

| Filter Gas He 15 bar
Clad. Int. Diam. mm 8.377
Clad. Thickness mm 0.570
No. Pins {Cluster 1
Pilch Distance mm
Spacers None

Fuel Length/Pin mm

448 mm (Active) 460 (Total)

Plenum (cms) 3.9
Shroud Mafsrial Zr-2
Shroud Int, Diam, mm 43

1

MNo. Of Clusters
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‘DATA SHEET

[FA- 5258

Sugpliers JAERI/HF

1SSUE Oy ] PAGL: 1

—_—

$1GN § Tohassic

baTt 198%/06/22

COPERATIONAL DATA

OBJECTIVES

1} to provide data on the rod dimension changes and {ission gas release during po;vcr ramp

operation under PWR pressure and temperature conditions.

2} 1o utilize these measurements for {uel rod performance modeiling.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Dale Aug. 1983
Unloading Dule Aug. 1983
BurnUp MWJNUO, 13700
Reactor Porition 2.1
Rel. Flux Pesition
Chanral Power kw 24.4 max. 25.4
Avg, Lin, Heal Raling Wicm 500 max. 570
Max. Lin. Heat Raling Wiem 530 600 (at peak)
Peak Surl. Heat Flux Wlem? 178
Peak {kd® W/em
Peak Spec. Heat R.i'.r.;r\u'wn’tguo2 92.8
Max. Centra Temp, ©C 2380 530 W/em
Coaling Condition Forced circ.
Inlat Valocily misac 1.6 min. 1.1
Inlet Throttling v2[2g
Hydraulic Diam, mm 13.3
Flow area mm? 337.4-
Agsembly Dwg. 07496 Paris List Dwg. 476663
Cable Dala Sheat 377880 Loading Sheet, Bth Loading 380837
Exparim. Procedure EP-1525.8
ILS 352 INSTRUMENTATION
5| Thermocouples 1| Inlet Turbine 1 | Eddy current
2| He-3 coils 10| Coolant Thermocouples 1 | Position Indicator (Linear}
71 Va Neutren Detectors 1 | Differential Transformer
Co Neutron Detectors 1} Cladding Extensomcter
Diamcter Gauges 1| Pressure Detector
2

Differential Transformers
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JAERI-M 84-031

DATA SHEET
IFA-

525.8

BSUENO, | lragt, 2
$IGN & Tudummi. | Doz, 1983706723

TEST ASSEMBLY DATA

DESCRIPTION PWR-15
Fuel Form Sintered uranium dioxide pellct
End Fellet 5 wjo Dy,Ogq in nat, UQy (flat, 95% TD, D = 8.28 mm, L = 6 mm])
Fuel Weight kg 0.243 o
End Pellet wit kg 0.008 N
Fuel Density gfem? 10.41 (95% TD}'__
Fuel Diamatar mm 8.19
Enrichment 13%
Pellet Form Standard
Diam. Clearance mm o1l B
13.60

Pellel Length mm

Dishing

Both side dishing

Dishing Depth mm

0.3 {dishing diameter = 6.0 mm)

Land Width mm

1.1

Cladding Zry-4
Cladding State Stress relieved

Instrumentation EC, PF

Welding i E.B.

Filler Gas He 15 bar

Clad. Int. Diam. mm 8.371

Clad. Thickness mm 0.570

No. Pins [Cluster 1

Pitch Distance mm N
Spacers None

Fuel Langlh{Pin mm

448 mm (Active) 460 (Total)

Plenum {cm3} 560
Sheaud Material Zr-2
Shroud Inl. Diam. mm 43

1

No. Of Clusters
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ISSUE NO: PAGE: 1

INSTITUTT FOR ATOMENERGI
QECD Halden Roactor Frojecl. DATA SH EET

s:sn:%M- DATE: 28/5/80

IFA-s29

Supplier: JAERI/PNC

CPERATIONAL DATA

OBJECTIVES |

T o examine the fuel behaviour of BWR ty'p_e fuel fabricated in PNC under

reactor operation, especially the effects of pellet design on fuel, through

in-core measurements of fuel stack length and cladding changes, plenum

pressure and fuel center temperature.

DESCRIPTICN PREDICTED ACTUAL REMARKS

Loading Date 6/30

Unloading Date

i}rn-Up MWHUO, 10000

Reactor Position

Rel. Flux Position ]

Channel Power kw 280%/2607" _ x high limit xx requested
Avg. Lin. Heat Rating Wicm 4247 /394™%

Max. Lin. Heat Rating Wlem 594"

[ Peak Surh. Heat Fux Wicm? 164%

Peak rkd® Wlem

Peak Spec. Heat Rating W/gUOs 64.6"

Max, Centre Temp. 0C 2770™

Cocling Cendition Nat.circulatiqn

Inlat Velocity mfsec c.4

nlet Throttling v¥{1g

Hydraulic Diam. mm 18.2

Flow area mm2 2838

Assembly Dwg. 07484 Parts List Dwg. 476374
Cable Data Sheet 377605 i

Experim. Procedure EP-~1529

INSTRUMENTATION

1 | Calibration valve 2 | Fuel thermocouples 1 | Failure detector
1 | Inlet turbine 9 |B.F, differentialtransforinet
1 Qutlet turbine 2 | Inlet coolant T/C

4 Cladding extensomggecl) 2 I Outlet coolant T/C —
3 |[Fuel stack extensometer]b | Neutron detector {Va) |

(EC)

—252-



JAERI-M 84-031

ISSUE NO: 4 PAGE: 3

DATA SHEET

sion T adesh.

DATE: 28/5/80

| FA-529 {Upper cluster)

TEST ASSEMSLY DATA

DESCRIPTION

Fuel Form PuQ, -UC, Sintered Peilet

Rod No. 529-57 “529-08 529-09 529-10C 529-11 529-12
Fuel Weight kg 0.499 0.493 0.495 0.491 0.489 0.487
FERST 0.013  0.013  0.0i4  0.013 0.613  0.013
Fuel Dansity gfcm3 10.32 (94 % T.D)

Fuel Diameier mm 10,61 10,61 10,55 1¢.56 10.48 10.47
Enrichment Pu: 6.2 w/o Pu fiss, U : Nat, U

Rig Pos. No. 7 8 9 10 11 ¥
Diam. Clearance mm Q.19 0.19 __G.ZS 0.24 0,32 0.33
Pallat Length mm 10

Dishing none

Dishing Depth mm

Land Width mm

Cladding Zry-2

Cladding State See Page 2

Welding TIG

Filler Gas He

Ciad. int. Diam. mm 10.80

Clad. Thickness mm 0.86

Ne. Pins [Cluster 6

Piich Distance mm 48

Spacers
i

Instrumentation

EF1/EC] PF7/TFl EF2/ECZ PF8/EC3 EF3/EC4 PF9/TF2

No. Of Clusters

Fuel Length/Pin mm 547 548 548 549 551 549
Plenum 40
Shroud Material Zry-2
Shroud Int. Diam. mm 71
2
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JAERI-M 84-031

ISSUE NQ: | PAGE: 2
DATA SHEET <IGN: ‘M. oATE: 28/5/50
[FA-529 (Lower cluster)
TEST ASSEMBLY DATA
DESCRIPTION
Fuel Form PuQ, - uo, Sintered Pellets
Rod No. 529:01 “529-02 5249-03 529-04 529~05 529-06
Fuei Weight kg 0.504 0,489 0.488 0,498 0.496 0,487
E~D Pellet
weight kg 0,013 0.014 0,013 0.013 0.013 0.013
Fuel Density glem’ 10,32 (94 % T.D) '
fuel Diameter mm 1 10.64 10.56 10,45 10.60 10.56 10.48
Enrichment Pu: 6.20 w/o Pu fiss, U: Nat U
Rig Pos. No, I 2 3 4 5 &
Oiam. Clearance mm 6.16 vﬂf)_.__2._4 j 35 0.2 0.24 0.32
Pellet Length mm 10
Dishing none
Dishing Depth mm
Land Width mm
Cladding Zry-2
Cladding State gtir;ii;reh {kg/rmm?Z) ;Elféigth (ke /mm?) Elongation (%}
RT 55,3-55.8 37.2-38.0 33.4-34,0
650°F  26.1-26.8 13.5-13,7 42.5-44.0
ﬂelding TIG ’
| Fller Gas He
Clad. Int. Diam. mm 10.80
Clad. Thickness mm 0.86
MNa. Pins [Clusier 6
Piich Distance mm 48
Spacers
Jn_si:umentation -/PF1 -/PF2 -/PF3 —/pf';; -/PF5 -/PFé
Fuel LengthfPin mm 548 548 552 547 551 - 547
Plenum 40
Sheoud Material . Zry-2
| Sheoud fat, Diam. mm 71
Na. Of Clusters 2
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JAERI-M 84-031

—_
|HSﬂTUTT FCR ATOMENERG]
OECD Hulden Rascior Projed.

DATA SHEET

{SSUE NO«

1 PAGE; 1

SIGN: 7, Makegi= @] DATE: 1081/08/19)

[FA- 530

Supplier: JAERIfroshiba

OPERATIONAL DATA

CRIECTIVES

To study the bum-up behaviour of Gdy

0, poisoned fuel pins in order to quanfy the

calculational methods used for the Reactor Core Design.

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 8/81
Unloading Dabe
Burn-Up MWEIC,
Reacfor Pasitica 1-5
Rel. Flux Positon-
Channel Power 1333 270
Avg. Lin, Heat Rating Wlem 287 Total rod numbe of 16 excluding
Max. Lin. Heat Rafing Wiem 379 GdgQg poisoned rods is used
Paak Surf. Heat Fux Wlcmd 96 for conservative cvamaton.
Peak [kd®  Wiam 29.5
Peak Spec, Heat Rating W/gUO; 44.3
Mayx, Centre Temp. °C 1780
Cooling Condtion Nat. circuiation
inlet Velocity misec 0.52
[ tolet Theottfing v2123 45
Hydraulic Diae mm 14.93
Flow area mma” 2641
[ Assembly Dwg. 07507 Parts List Dwg. I 476877
Cable Data Sheet 380131 Loading sheet 1st loading | sso134
Experim. Procadure EP-1530 l
INSTRUMENTATION

1 | Inlet turbine

2 | Outlet thermocouples

2 | {nlet thermocouples

1 | Faidure detector

14 | Vaneutzon detectors

(stearn sampler type)

3 | Central oxide thermocouples

Cutlet turbine
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JAERI-M 84-031

ISSUE NO,

1 PAGE,

2

r— e

DATA SHEET

SIGN: 7, Madegimrd

oate: 1981/08/19

IFA- 330 {Lower cluster)

TEST ASSEMBLY DATA

DESCRIPTION
Fual Form Sintered UO, pellets (Rod No. 1 - 8) UOsp. +GdoO4
Rod No., Lower Cluster 2 3 4 5 6 7 8 igwer 17 uppe
Fual Weighi kg 0.500 0.500 0.501 0.508 0.502 0.501 0.510 0.508  0.4965
0.0I1 0.011 0.011 ©.01} 0.0I1 0.011 0.0i1 0.0i1 00 k1
Fuel Dansity gfem? 10.40 10.21 10.11
Fuel Diameter mm 10.£1 4:8831
Enrichment w/o £0 £ 0.1 30 + 0.1
Gd,04 Content w/o| None
Diam. Clearance mm 0.240
Pollet Lorgth mem 10.0 £ 0.5
Dishing One end
Dishing Depth mm 0.5
Land Width mm 0.43
Cladding Zircaloy-2
Cladding State Fully annealed
End Pellets Nat. UQo, onc pellet each end R
Instrumen tatian
Welding EB
Filler Gas He at atmospheric pressure

Clad, Int. Diam. mm 10.65

Clad. Thickness mm 0.80

Mo, Pins [Cluster 9

Pitch Distance mm

Spacers None

Fuel Langth/Pin mm 588 (active)
Plenum

Shroud Matecial Zx-2

Sheoud Int. Diam. mm 71

Ma, Of Clucters 2
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ISSUE NO,

PAGE: 3

DATA SHEET

SIGN: 7, Haldpimd

par. 1981/08/19

[FA - 530 (Upper cluster)

TEST ASSEMBLY DATA

DESCRIFTION

Fuel form Sintered UQq pellets {Rod No. 19 - 26) UQs + GdaO
Rod No., Upper Cluster 19 20 21 22 23 24 -25 26 lower 27 upper
Fuel Woight kg 0302 0506 5504 0303 0.505 0.508- 0506 05055 U 10 gheve |
End Pcller Weight kg | 0,011 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
Fuel Density glem? 10.40 : 10.11 10.21
Fuel Diametar mm 10.41 _ng%

Earichment w0 40+0.1 5%0.1
GdoOq Content w/o| None g 6
Diam. Clearance mm 0.240

Peiled Length mm 10.0+£0.5

Dishing One end
[ Gishing Cepth mm 0.5 |

Land ¥Wiith mm 0.43

Cladding Zircaloy-2

Cladding State Fully annealed

End Pellets Nat. UQy,, one pellet each end

Instrumentation TF1 TF2 .TF 3
Walding EB

3
'} Filler Gas He at atmospheric pressure

Clad. Ind, Diam. mm 10.65

Clad. Thickness mm 0.80

No. Pins {Cluster 9

Pitch Distance mm

Spacers None

Fuel Length{Pin mm 588 (active)

Plenum

Sheoud Material Ze -2

Sheood int. Diam. mm 71

Na, Of Clusters 2

| _
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INSTITUTT FOR ATOMENERGI
OICD Holdun Rescher Projuct,

DATA SHEET

TS5 HO

PAGE: 1

SGH, 77 M

DATL1982/05/28,

IFA- 3302

Supplier:  JAERI{Toshiba

OPERATIONAL DATA

ORJECTIVES

|

To study the burn-up behaviour of GdoOy poisoned fuel pins in order to qualify the

calculationa! methods used for the Reactor Core Design.

L

DESCRIPTION PREDICTED ACTUAL REMARKS
Loading Date 6/82
Unloading Dale
Burn-lUp MWJ[IUO;
Reactor Position 1-5
Reol. Flux Position
Channel Power w 270
-} Avg. Lin. Heat Rating Wlem 287 Total rod number of 16 excluding
Max. Lin. Heat Rating W/em %79 GdZOS poisoned rods is used
Pesk Surf. Heat Fux Wicm! 96 for conservative evaluation.
Peak /kd W/iem 29 %
Pask Spec. Hear Rafing W/gUO, 443
Max. Certrs Temp. OC 1780
Coaling Condition Nat. circulation
inlel Velocity m/iec 0.52
Inlet Theotlling v3{2¢ 45
Hydraulic Diam. mem 14.93
Flow area mm? 2641
Assembly Dwg. 07507 Pacts List Dwyg 476877
Cable Daia Sheet 380131 Loading sheet 2nd loading 180422
Experim. Procedure EP-1530.2

INSTRUMENTATION

Inlet turbine

2 | Qutlet thermocouples

2 | Inlet thermocouples

1 | Failure detector

14 | Va-neutron detectors

{stcam sampler type)

3 | Central oxide thermocouples

i I Qutlet turbine
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JAERI-M 84-031

PAGL. 2
Jpare, 1982/05/28

[T R T |
WIZM

DATA SHEET

IFA- 5302 {Lower cluster),

TEST ASSEMBLY DATA

DESCRIPTION

Fusl Form

Sintered UO, peliets {(Rod No. 1 - B) UQy +GdnOy

Rod No., Lower Cluster 9 10 11 12 13 14 15 16 3\,“?‘ 18 .
0.509 L5095 0.508 0.507 05055 0.508 0.508 0.509 .498-

Fuel Welght kg
End Pcllet Weightkg €.011 0.01! 0.011 0.011 0.011 0.011 0.011 0.011 0.011
Fuel Density glem’ 10.40 10.21 10.11
Fusl Dismater mm 1041 003 |
Enrichment w/o 40 ¢t 01 3.0 £ 0.1
Gdo04q Content wjo|  None 6 9
Diam. Clearance mm 0.240
Pellet Langth mm 10.0 £ 0.5
Dishing One end
Dishing Depth mm 0.5
Land Width mm 0.43
Cladding Zircaloy-2
Cladding Slale Fully annealed
End Pellets Nat. UQy, one pellet cach end
Instrumentation
Welding EB
=
| Filler Gas He at atmospheric pressure
Clad. Int. Diam. mm 10.65
Clad. Thickness mm 0.80
No. Pins {Cluster 9
Pitch Distance mm
Spacecy None
Fuel LengIh/Pin mm 588 (active)
Plenum )
Shroud Material Z1-2
Shroud Ind. Dism. mea 71
No. Of Clustens 2

—261—



JAERI-M 84-031

s o} PAGL 3

DATA SHEET $GR. 7 A 10AT,1982/05/28

[ FA- 530.2 (Upper cluster) -

TEST ASSEMBLY DATA

DESCRIPTHON

Fuel Form Sintered UQ, peilets (Rod No. 19 - 26) U0, + Gd,0
Rod No., Upper Clusfer 19 20 21 22 23 24 28 26 owe 274
Fuel Weight kg 0.502 0.506 D.504 0.503 0.505 0.503 0.506 0.5055 0.2%"492.5 8]
End Pellet Weight kg | 0011 0.011 0.011 0.011 0011 0011 0.011 0.011 0.011

Fusl Density glem? 10.40 10.11 10.21
Fuel Diamater men 10.41 . 003

Earichment  w/o 4.0+0.1 3$0.1
Gd,04 Content wio| None 9 6
Dism. Clearance mom 0.240

?sllet Longth mm 10.0£0.5

Dishing One cnd

Dishing Depth mm 0.5

Lend Width mm 0.43

Cladding _ Zircaloy-2

Cladding State \iFu.lly annealed
| End Pellets “Nat. UOy, one pellet cach end

Tnstrumentation TF1 TF2 TF 3
ealding EB
| Fitler Gas He at atmospheric pressure

Clad. Int. Dism. mm 10.65

Clad. Thicknass men 0.80

Mo. Ping {Chuster 9

Pitch Distance mm

Sowcers None

Fuel Length/Pin mem 588 (active)

Marism

Sheoud Material Zs -2

Shroud Inl. Dism. mm 71

Na. Of Clusters 2 )
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INSTITUTT FOR ATOMINERGI
OICD Halden Noacter Project.

DATA SHEET

1S3 NQ.

7 PACE

o K. 2

DAL 1983 /04 /1

JF A - 530.2 (Addendun)

Supplier,  JAERI[Toshiba

——

OPERATIONAL DATA

CAJECTIVES

|

To.study the bum-up behaviour of GdyQO4 poitoned fuci pins in order to valifly the
Y P 2Py P P 9

caleulationa! methods used for the Reactor Core Design.

DESCRIPTION PREDICTED ACTUAL KEMARKS

Loading Dale April 1983
Unleading Date
urn-Up MWdJIUO,

Raactor Posiicn 5-16

Kol Flux"Position "
Channel Power kv 325
Avg, Lin. Heat Rating Wlcm 346 Total rod number of 16 excluding
Max_ Un. Heat Kating W/cm 456 GdyOy poisoncd rods is used
Peak Surf. Heat Flux W/em? 119 for conscrvative cvaluation.
Peak /%dB W/iem
Pk Spec. Heat Rating W/gUO; 52.8
Max. Cenire Temp, oC 2140
Cooling Condition Nat. circulation
(nlet VelocHy m/cec 0.49

Inlet Theottling v1[2g 40 -
Hydraudic Diam. mm 14.93

Flow area mm? 2641
Assambly Dwg. 07507 Pacts Ust Dwg. 476877
Cabls Data Sheet 380131 Loading sheet 2nd loading 380422
Experim. Procedurs EP-1530.2-Addendun

INSTRUMENTATION

1 II Inlet turbine 2 | Outlct thermogouples ]

2 ] Inlet thermocouples 1 | Failure detector ]
14 | Va-ncutron detectors {stcam sampler type) ]
T — —]

e
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B 1S3V HO racl 2
DATA SHEET [—;u £, Xa_ |oan1983/06/12
i F A - 530.2 {Luwer cluster)
TEST ASSEMBLY DATA
DESCRIPTION
Fud Form ' Sintered UQ, pellcts (Rod No. 1 - 8) UO,, +Gd 0y
Rod No., Lower Qugter 9 10 11 12 13 14 15 16 wer 18 4
Forol w.;g:u kg 0.509 0.5095 0.508 0.507 05055 0505 0.508 0.509 “’3-“%79?-‘%——‘
End Pellct Weight kg 0.011 0.011 0.011 0.011 0.011 D.Oll 0.011 0.011 0.011
Fuel Density glem? 10.40 10.21 10.11
Fuel Diamater mm 10.41 Tg:g:}, )
Erwichment w/o 4.0 £ 0.1 3.0 0.1
Odzoj Content wfo None 6
Cham, Claarance mm 0.240
Peollet Langrh me 10.0 £ 0.5
Dishing One end
Dishing Depth mm 0.5
Land Width mm 0.43
Cladding Zircaloy-2
Cladding State Fully anncaled
End Pcllets Nat. UOs, onc pellet each end
Inrtrumentation
Walding EB
.
| Fller Gas He at atmospheric pressure
Clad. Int. Diam. mm 10.65
Clad, Thickners mm 0.80
Mo, Piet [Chuster 9
Piich Distance mm
Spacert None
Fuel LengthiPin mm 588 (active)
?lenum .
Shroud Matecial Zr-2
Shroud Int, Dism. mes 71
Mo, Ol Cluntes 2
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DATA SHEET

sweno | PACl 3 I
| sicM. t,%\ ,Dar(.|983/0ﬁl1g

IFA- 5302 {Upper cluster)

TEST ASSEMBLY DATA

DESCRIPTION

Fuel Form Sintered UO, pellets (Rod No. 19 - 26) UO, + d, 0,
Rod Ne., Upper Qusier 19 20 21 22 23 24 25 26 tower 27 up
Fuel Weighi kg 0.502 0506 0.504 0.503 0.505 0.503 0.506 05055 o-crip  DI¥8 ™
End Pcllet Weight kg | 0011 0.011 0.011 0011 0.011 0.011 0.011 0.011 0.011
Fuel Density giem? 10.40 10.11 10.21
Fiel Dismater sum 10.41 . .03

Enichmenl  w/o 4.020.1 310.1
Gd203 Content wfo Nene y 6
Diam. Clearance mm 0.240

Pollel Lengih mm 10.,0x0.5

Dishing Cne end

Dishing Depth mm 0.5

Land Yidith mm 0.43

Cladding Zircaloy-2

Cladding State Fully anncaled

End Pellets Nat. UQ,, one pellet each end

Instrumentation TF1 TF2 TF 3
Walding EB

1 Filler Gaa He at atmospheric presrure

Clad. Ind, Diam, mm 10.65

Cad, Thickness mm 0.80

Ma. Pira [Cluster 9

Pich Disdance mm

Spacers None

Fuel LengthiPin mm 588 {active)

Flonwm .

Shroud Matecial Ze -2

Shwoud Int. Dism, mm 71

Ne, Of Chusters 2

et
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B
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f 5 2
36—-1
35 —-2-1
35 —-2—-2
35—-2-3
35-2~-4
35 -2 -5
35—3
5 F

JAERI-M 84-031

EI5E LT HAREAREEERS
% ¥ &

BMSSAES HTH (k) 13:30~14:45
AR AE 1 2FE

(EAF, S g )

BREEE, BE, TN, Hil, HFXR, FHHE, RBPHE, KT, Al
g (KL ERB)

BA (B, AR (B8, KB (MAPT)  REF (ZFE&) .
Zw (Hi) , BE (ZEEL) , Kk (Z£EL), ¥ (HZ)

B3 4E AT ARAFELAEEFRLHER
6 3 AR

Bo4M "

6 5HE p

AT RRARREREAICET 2T — 7 Y 2 0 THERS
By = h 1979 -1880

AT o RRABEAREEERS W64 FERXHEH

B3aoZFEHEER (FAE)
BEN3IS -1 OEOEEIN.

BEIMEAA T U/EHEESERSES FRID
BEN IS -2l L DHEZTNI,

oL m AL Y ELHERE (D
RN 3S-2-2IlL 0HBEI N,

65 E AT YEFEERS (D
BEIN 35-2-3iIC L vEEINI.
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(5) T v BREBRBEMICETLET -2 v sy THRERE (HID
BEING 35—2-4 10K DHE AN,

(6) T HBWRICE W 3 EEMNREZRESRE
1) E# (AA)
« IFA-508. 3 THEHED | BB LA LsEREN. eNICEHL, 2REOK
ENLERARILEBRTHLEDBWBS » 72,
« IFA—523 524 m~—z2KeH3 HAroBsini,
2) s (B4
c IFA-S514TFFO A~y T A -2 —BXFy 7T Lo
c [FA-52033 A ey olmEsFn, 4 AR v FYICEEL .
LU CCELEOMITHBEE S,
e FH AT IFA-514 AMLEBDTH S
3) By, HE (FE)
« IFA-502 DBFE BT ~T5T L7t.
IFA-501 (~— 2K 7)) RS AEEE DS €0 1 HHA S hi
IFA-519 (ERAEV 7)) T, £0 1 0ESEBHET L
[FA-501 5190 DD 245 ENTH .
[FA-501 DY v T3, PIEARITRTH S,
s IFA-519Tit, RL v FEROERLEZEDMBA-TEY, ridging OF ~£TH
WHREDHELN T S,
4) =& (B
« [FA=510(1). (I}, M@ PIERSFEDIHICTNTHET LA,
s PIR-30REMLARLE, BHETOBLBELAD SN,

'Y

() AREEEELEEICET G HFR)
B EING 3530 LD, WALSAFEENIHEENRFA SN
. 55 FESES T, NFD (AARBEMABEER L) 2MA ¢4 TL800000M
(200FFIX9%) &42. FEFEOLLLEREEEHAERT ZOT, FAZAL
DCEET Do

(8) &= ot
CHhE LU A EICED FEMAXI-MICE 2 BHEREORBRAKREIRE SN,
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FI6EANAVFyARARECAESEZER

1L B % ¢ BBFIL64E3IH11H (K) 13:30~17:00

2 & Froor R R R ILEE

. o E (EAE, R
S, wEAE, TN, WL HFER, ODE, FHH,

B, HEHE, B&

(LIER&) . B2 (HZ) . % (ALY, 5% (NFD), #X

(BEED . LB UR&I) . X% (E4)
B (Z£2E) , BHA (ZEEL

e

EGR-E S

No36—1 Ea3sE v FrARARGHNEEZALEEH
36—2 33, 34@oanFUrEELERS
36-3 FOHE~68 M 7 EHHSEPS
36—4 HBW EHMEEBEEFRACETEITI - v a2y
36-—5 HBWR Z & i 2 i « BYEHA K B O BRI W4
36—6 AT VT oY MRERS

36—7 R FENEZTFTES (TFE)

51 EBEORE

FEIIRTE, ERETH-ARBEFLEZEEDL S, RO -

FRICEERAXRBLEZNERLEMNS D, KF SN/

52 EI3ISEAAFrEFAZFROERE (FNEER)
B EENI6—]l OB ERINT,

53 #33E, 34 FryEELEws (GFHEEE)
A EEN36—2 DB HE S,

54 Be6EH, 67, 68E AT HEAERE (FNESE)
RATCENI-3 DB EEIN,
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5 HBWRGHMMEBREHEORAICET I -2 v v TRE (MIZER)
EAEEN3I—40BDHRE XN,

.6 HBWR BEBHEBHRRTRE

C6 1 RE (WE)
AT EEING 365 DB e 3Ll

6.2 FEE (B4

ITFA=514 & IFA-529 ORHE MSHAEETHTT

[FA-514 (2BEFIS44FE6 A CHBEEBT, BMSSFI0AHAETEGWL M
CEELTE T SR 15 m6 AT HEREC, EFBIUPFTY,

—J5, IFA-529 (MM 55F T AmHMMEHT, WALSFI10ARET
1L5GWd t M CFiELTEd. IFA-514 tHALESRBMAHT AREL 24AL
DR - TinEd o BT [IFA-514 ERETT

6.3 EieHZ (BH<NFD>)
[FA-502 RERNE IHLE Li. BEBBORFHERQUTRROTPETT . H
BB Y /) IFA-501 R IFA-519 BAEABIROEWICL-THET .
IFA-510 @8 | BHOBHBRRBHET L, BES 2 KEM IS0 CORMREAR
BETHTT -
SEESF)=TADBREOER, IFA-530 RENHEERBICHD I T,

6.4 ZEERT (BHA<MAPL>)
AEZEICRETLEZ TN EF A

T T UIREE®RES (E)
RASEN3IE-6ICLDHEE SN,

8 HEEMSEEEFNETFEE () HFREILFER)
EAEENI6-TICLDREINL,

5.9 IWGFPTHFZESHE ARBICET 2E (MIHEARER)

' SAMAEICH, SEAESLONTEDET, BMESRIERT /v -7D 1 Y/,

AR NLE-—DELT, FRENAPC], SHBEEICET L7 - THESLI L.
LGk s WETEARMBRESEKII DV TOEMFLBLEN, 7L Aw s - THE

@%Ef?oaxm%m,S&avayuﬁbf%n%mzofo®ﬁiﬁ%ﬁ®%ﬁf

To DFED
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[, SITE INSPECTION EXPERIENCE i
PWR FUEL® %4 FiE
ATRBEH® POOL SIDE INSPECTION
I, HOT CELL EXAMINATION EXPERIENCEIZ(Z
D5 MEMEOPIE (BE. JAERT)
PWReBWRE=4 Y v Fas 56 (At T¥HEBREY 2 —)
i, SPECIAL PIE TECHNIQUEiliZ
NFD# v b 7 HofE&E PIEHH
JAERT K&k y + 7 FOMAE & PIEEH
DEFE WX T T o
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F3 T A LT v ERFESEHEELTAS

A 5647 158 (Gk) 13:30~17:00
ME o 4 NFD RE%E « NFDEEAL

UEAR[E, BFies)
A, RN, WL B BE, BAE. R £# (BLEREBD
FE, %% (NFD) = #H, BA (W), HE (AL . B4
B (EBED) . BA (SEET), AE (MAPL), BF (SE&E)
M CEBED . b (RRTL) - 208 -

waemaosnF yHEFEACREEEZEQEER —
BasEaALT v ENLES LU 198284~ YEtHINEASHRRE
070 BT EE SR

N F VR RETE 2

» PCMI as a function of power ramp conditions ” (&3

" Thermal and mechanhical behaviours of FPluicnium- Uranium
mixed oxide fuel 7 (GH30

" Influence of base irradiation of 17000 MWdtU on cladding
diametral deformation during power increase ” (&)
RS NRHEIN LAy P EBEREMNEEEN Ly D
REOHET (1981 KO%¥a - THD

QECD ATy a7 b 1980 FMAREHHESE (FW) ~HPSTS
D#EEFK. JAERI-memo 9580

SNV F B RS RN RE

EI6EALT VEFHREFOBR (MIEER)
AR N3IT-1DEEDHEINI,

H i
2. & Hy
3. m R &
4 MEmEH
No 37-—1
372
37—3
aT7—4
37-5
3786
3717
378
37-9
37—-10
5. = faxs
51
5 2

EAsE AT VEESSEK 10821984 M F YEENEFLERS {HIHEER)
35 @EaLFYEYSEICONTIE, BESEAE WmEYS, EY MBWCELT,

F/1982-1984 7 ¥

HEmMEFESHEIC T, & B oK - R E, HmA
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EOAREZSICEALT, BH3T-21IH - THIB - FEHLINT,

53 HE9-T0RAA T VEHERERS (TIZAER)
SEHHEG, EY - -ME, SUFEHS, 7 -7 v sy TRESOBERILETAFEHDOM,
ToY 27 FPOME, HP-581 L08R L721980-1981 EERETHEEA, ER37-3

AEOTHE IR,
TMI BEH TR B ENA2 7FREIZ DT Johnston BE, LK NUREGHFEEIZE

TAHERILENS » 1.
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1) ~nF v iR ESEES BE) FTIERELD, BH3T-4 2 MO THRER%,
BERMPSRI3HDBMTFA VICKROTLMTH -, €YY a4 TOMK S 53

WEFLEEOHICETONL [y Feo It BILAL6BED 3 - F

OB THBEOHETE -5, SNWE 3N,
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IFA=514, 529 BABM/ABAICET 2 - IARSER NGB, BBE BAHNK) IZL

DERIT-642ANTHE SN,

T ADBICETAHE, EALTOEBTUQ Ny PP, Ly MEIZE N

Voo VERESCHLATLEOEEICEST 248, ATRTO Pu0, —UO, B O F AZE R IZH

TLE, ZEOHERENKREINT.
I[IFA-S02BEERAE) FICET A ASHERBERYHAY - HE (HZ2 -BAEE)IZL

{2}

13}
b, BR3T-52F0THE I,
Slow rampD EFE, B LERLBEETORE TR DEE,
PCMI BRI RFICHT s EREE PR I NI

(4) 1FA-508%&, MAULFogEIEHT 2 ARSHB2BHY, EF (F£8E)

FOBEHIT-TERANTEHESN

hsk » HZERL 5 b O

55 HBWRICH T 2 EEMEEEHNOHERT$E

1) B8BE (HGARXK)
IFAs—514 529 MEHE#KERTT. MEREERIEFETLZOBRLEE >TInET,

IFA—-514 529
£ &£ & 6.8 GWd. tM 2.1 GWd, t M
Ry M 8 0 u 2.7 w

ATREBEOBRBWBHERFZELZTHET. STHFETHEIHATER

ROETE & LT,
e Yy MICEM EORREESIZO

ED, S8EETFHTERTAIELRADP TS
—Cﬂ%\bi L 7o
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(2) Ay -WE (BFEE)
502X PIEMETLE L, 501 519 % 3mEMeSs ARIESET L, 6 AhFaA
SEARICA-TOETo
5102 PIEIRSET, 5103 9HMGPIEKABTFETY .
EEmES N =T ARBOMEER IFA-5303, #oRMEMETLELL. 5
BT 12 AL EZ SNET
(3) Bt (MEKD
[FA-523 (BWRE - F), IFA-524 (PWR=— F) @#5GWd tU (B&HEF
) R A L L7, Halden 205 I LN, IFA—52 4128 L Fo SOk
1 2kD55, FTH2 5248 -6 KEHRUPLES 724 - 1KOE (A TR rp O BV X 28
ﬂ%&bfﬁwfwéﬁ)ﬁmﬁwﬁwﬁgﬁﬁéﬂibto%ﬁbt%&ﬁ*%ﬁ&ﬁ
AEOEAMEOELTE BB LI DETT L, ELVEBERBENISASTONE A
IFA—508 D PIER, 4FDORILETSETFETT o

T D

6.1 o v TR 55 EE AR (ROF - HAEK)
ERAT-10 100 - THENS D, RRSR SN,

69 IFA-508EBER. 1981 FKOoELTE (FHF - 0
BEZT-8ARNT, HRAEEDED Ly L PCMI B is o0 TR B 87
g fo

63 OECDAAFvyZooz=7F: 1980 ENEEDHES (FH: F77 1)

~HP 575 DEER (B - 41E)

EXHALFT Y OE2ER (1980 4F) oFMEHRS e LTHsnk, HP=575 @
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38-2 BE3sEAAT VEYSE WEE
38=3  HET1-73[@ T vEELEEE N

JAERI-M 84-031

FIgEHALFrEEFAESREEZES

B HEWMSTHE3IARI9H (£) 13:30~17:00
Ao B HEWILZLATERI oFE
EoaE (JEARE, )
Ak (HZ), BF (Av) ., 2 (NFD) . #R (&),
BE (ZSE2RE), BAK (ZEZFI), £8 (MAPI), JAH (EhH)
mE, R, ff, &8 (EF)

& *

g8-1 EaTEALF Sy ERAFEAREEERS HER

38—4 Quarterly Status Report (Oct—Dec. 1981 ) HP—-607

3

85 HBWR iZ 5 13 5 B s ok G @ &t o iR se (R

386 (B L)
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3

g1 AT vREERES (RO - S8
g8 o v iEE®E RV B R

38-9 TMEEOERERICREITHRREEOURE (F2 - TR
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53 E11-T73E~AvFraBEeaidE®RE (MDD
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B 36 @mosa T vERHRAGFEEELERES

1. B oo RFIS8AELALITH (H) 14:00~19:00
2. B R FEHHEAANE T 2EE

3 WEoE o UERR, SR
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