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1. General remarks

Halden IFA-529 irradiation test is planned to examin the fuel
behavier of BWR type fuel under reactor operation.
Twelve fuel rods for this irradiation test were fabricated in Research &
Development Section of Plutonium Fuel Div. in P.N.C.
These fuel rods have instrumentations for the measurement of fuel column
elongation, cladding elongation, plenum pressure and fuel center tempe-
rature.
The fuel pellets were made from two type of raw materials, One was
obtained by precipitation ~ calcination process, and another was direct
denitration process.
The fuel composition is 8.3% Pqu—UO2 (natural), and the pellet nominal

dimension is 10.56 mm dia. and 10 mm height.

2. Fabrication process of the fuel
2-1 Pellet fabrication flow sheet and sampling position ..... Fig. 2-1

2-2 Fabrication process of the fuel rods cees. Fig, 2-2

3. Fabrication records of the fuel pellets and the rod components

3-1 Fuel pellets

3-1-1 Pellet fabrication lots and sampling
1) Fabrication lot numbers and pellet types are shown in Table
3-1-1.
2) Samples were taken out at random from each sintering lot for

the following examinations.

a)  Plutonium content
b}  Impurities (spectroscopy)
c) " (chemical analysis)

d) Amount of released gas (include moisture)

e) O/M
f) Ceramography, « -autoradiography and X-ray diffraction
analysis.
3-1-2 Methods of examination and analysis

The examination and analysis listed above, were performed by
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3-1-3

3-2

3-2-1

methods which are in the routine work at P.N.C. .

Inspection results
1} Isotopic composition of plutonium is shown in Table 3-1-2.

2) Chemical analysis
Plutonium content, impurities, released gas and 0O/M ratio in

the mixed oxide fuels are shown in Table 3-1-3.

3) PuO2 spot

Uniformity of PuO2 in the fuel pellets was inspected by o -
autoradiograph. There was no any harmful PuO2 spot in all
fabricated lots. The @ -autoradiographs are shown in Photo

3-1-1 to 3-1-6.

4) Dimensions and density of pellets

The diameter, height, and weight of all pellets were measured
for determination of geometrical density.
Chamfer sizes were measured on one pellet by projector. The
values of height and width of the chamfer were 0.35 mm and 0.28 mm,
respectively, and these values were taken into density calculations.
The measured values of diameter and density are shown in the form
of average and standard deviation for each sintering lot.

They are listed in Table 3-1-4 to 3-1-15 as the componeni of fuel rods.

Insulator pelleis

Inspection results
The same methods which applied to the inspection of fuel pellets

were used for determination of following items.

1) Chemical analysis

The results of chemical analysis are shown in Table 3-1-3.

2) Dimension and density
Measured values of dimensions, weight and calculated densities

are shown in Table 3-1-4 to 3-1-15,
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3-3 Cladding

3-3-1 Inspection results

1) Chemical composition
Results of chemical analysis of cladding which were reported

by manufacturer are shown in Table 3-3-1.

2) Mechanical properties

Mechanical properties which were measured by manufacturer
are shown in Table 3-3-2,
3)  Metallography

Metallographic tests such as grain size and hydride orientation
were performed by manufacturer the results are shown Table 3-3-2

and Photo 3-3-1.

4) Dimensions, defect, surface and straightness
Dimensional measurements, ulirasonic defects detection, visual
observation and straightness inspection were done by P.N.C.

The results are shown in Table 3-3-3.

3-4 End plug

Instrumented end plugs and normal end plugs were fabricated at

Holden site and shipped to P .N.C. .

3-5 Spring

Material : AISI 304-WPB
Spring constant : 0.114 kg/mm

Weight and free length : Shown in Table 3-1-4 to 3-1-15 for
each fuel rod.

3-6 Dise

Material : Zry - 2
Weight and thickness : Shown. in Table 3-1-4 to 3-1-13.

4, Records of fabrication and inspection for fuel rods

4-1 Components of fuel rod

Weight and length of rod components are shown in Table 3-1-4 to

3-1-15. The Combination of end plugs and each rod are shown in

Table 4-1-1.
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4-2 Weight and length of fuel stacks and fuel rods

Fuel stack length and weight were measured by a varnier caliper

_dn d balance. These values are shc_nwn in Table 4-1-1.

4-3 Nondestractive inspection
The results of He leak test, X-ray inspection, contamination
inspe ction are summarized in Table 4-3-1,

5. Fuel Material

Weight of fuel material contained in the twelve fuel rods are listed

in Table 5-1-1.
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1)

M.B TYPE PELLET

2) Co-pro TYPE PELLET

UO2 PuC 5 Uuo 5 PuO2
MIXING | SOLUBILIZATION |
MILLING I
MIXING
LUBRICANT )
DENITRA TION
MIXING ]
| ROASTING|
PELLETIZING REDUCTION
Uo,
PRESINTERING MIXING
MILLING
SINTERING LUBRICANT
MIXING
INSPECTION ¥
PELLETIZING
Impurities {
PRESINTERING
Contained gas T
PuO2 content SINT:!’ERING
—~ O/M ratio INSPECTION
X-ray diffraction
Ceramography
Autoradiography

FUEL PELLETS

FUEL PELLETS

Fig. 2-1

Pellets fabrication process and sampling position
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PuOZ—UO 5 Nat, UO2 Inspected Instrumented
Cladding Lower End Plug
| | [
| Inspection
Stack length l
adjustment Welding
X-ray
Component test
Inspection
Loading
f
Instrumented or normal Decontamination
Upper End Plug a
1
Inspection
Welding
Contamination
check
X-ray test
I
He leak test
Dimension check
Contamination
check
Fuel rod
Fig, 2-2 Fabrication process of fuel rod
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Table 3—1—1 [sotopic composition of Plutonium

Pellet Pellet Types
Lot No.
Size M. B Pellet | Co-pro Peliet Solid Hollow
HT—20—20 Gs O O
HT—20—30 Gsa O O
HT—20—40| Gi & Gs O O
HT—30 Gs O O
HT—60—10] Gz & Gg O O
HT—60—20 Gt O @)
HT—70—10 Q O
} Ga
HT—70—20 O O
HT—70—30 O O
} Gz
HT—70—40 O O
HT—70—50 Gs O O
HT—70—60 G O O
HT—80~10 Gz O O
HT—80—20 Gz O O
HT—90 Gz O O

. + (0.0 4 nng
Note | & 10.66_0.07

Gz 1056+ 004 #
Gs 10444004 7

Table 3—1—2 Results of chemical analysis of fuel pellet

Isotopic Composition (Analysis date )
Isotope
8) Natural

Pu — 238 0.85 (%)

Pu — 239 66.60

Pu — 240 2218

Pu — 241 7.34

Pu — 242 303

Am — 241 24000 ppm (May.30. 1979)




Table 3-—1—3 Resulis of

chemical analysis of fuel pellet and insulator vellet

M. B Pellet Co—pro Pellet Insulator
Item Specification HT — 20 HT-30| HT— 60 |HT—90 HT—T70 HT—80D Pellet

—20-30 140Gy ~40(Ge) —  |=10-20} -1Ge —  |=I0.-20-30] —40 [~5060 | =10 | -20 | Solid [Hollow
0./M Ratio .97 ~ 202 198 198 197 198 199 187 187 | 198 198 198 198 201 201
Released gas <408L/F+M Oz (1700C  30min ) 17 12 | <10 16 | <10 31 16 17 16 31 24 25 28 < 10
Moisture < 1D # 400 cTH <5 |{<5|< 5 8 7T | <5 ]< 5 <5 |<5§ | <5 6 5 i< 5 | < 5
Plutenium content 6.0 + 03 fissile % 827 628 621 601 592 - —
Pu+ U/ M.0 2877 VY 883 883 882 883 883 - —
Pu Spot <500 um < 50 < 50 < 50 < 50 < 50 < 50 — —
Impurities
Ag < 10 (PPM ) < 02 <02 |<02 |<02 |<02|< 02 < 02 <02 <02 | <02
Al <300 20 20 {=<< 10 110 120 90 35 20 55 50
B < 10 < 03 06 {=<< 03 (<03 [=<<03i{<03 << 03 <03 < 03 =< 03
Ca <200 < 10 30 |=< 10 |=<< 15 |< 15 |< 10 20 15 15 35
Ccd < 10 < 1 < 1< 1|j< 1[|=< 1|{=< 1 < 1 < 1 <1 | < 1
Cr = 200 << 10 < 10 { < 10 | =10 | < 10 {< 10 << 10 <10 <10 =< 10
Cu < §0 =< 1 < 1 |< 1}|< 1< 1< 1 < 1 < 1 < 1 < 1
Fe <400 i5 < 10 | < 20 20 20 10 10 i5 <10 25
Mg <180 3 15 | =< 2 4 4 |=< 2 < 2 < 2 < 2 7
Mn <2090 < & < §|< 6|< 6 |<< 6|« 6 < 6 < 6 << 6 < 6
Mo <300 < 10 < 10 | <10 (=< 10 | =< 10 |=< 10 < 10 <10 =< 10 < 10
N1 =300 < 15 < 16 25 15 15 |< 10 < 10 <10 < 10 < 10
Pb <100 < 10 <10 |< 10 |< 10 | << 10 |< 10 < i <10 = 10 = 10
51 <300 25 35 30 50 50 35 25 45 20 < 10
Sn <100 < 10 <10 }<<10 |10 | < 10 |< 10 < 10 <10 < 10 << 10
[} <200 90 90 45 | < 30 | << 30 35 =< 30 <30 <30 < 30
F < 15 << 10 <10 [<10 (<10 [<< 10 {< 10 < 10 <10 < 10 < 10
Cl < 25 < 10 < 10 | <10 |<<10 |<< 10 {< 10 =< 10 <10 =10 < 10
N <100 < 50 < 50 |< 50 {< 50 |< 50 {< 50 =< 50 < 50 60 60
Zn 400 << 50 < 50 |=< 50 [« 50 |< 50 {< 50 < 50 <50 < 50 << 50
Dy+Eu+ Gd < 20 < 09 <09 |< 09 (<09 [< 09 |{< 09 < 09 <09 <09 < 09
Total impurity < 1500 < 3401 <3796 [<C3214 <4134 < 42341< 3614 <3014 <3064 < 3214|3464

Naote

Gz ; 1056 004
Gs 7 1046 004

: Pellet size G ; 10661 J3472(0.D)

1¢—08—T¥78N



N841—80—21

MACRO lmm |

Photo 3 —-1—1 HT—20

MACRO

Photo 3—1—2 HT-—30
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MACRO | lm

Photo 3-1-—5 HT—80
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Table

3—1—14

ROD MNo. IFA 529—01 (Cladding No 14—2)

Pellet Lot No
HT-70—60 {HT—80—20
Pellet O.D (m) Av. 10597 10682
S.D 0.009 0010
Density (% T.D) Av. 95631 9272
$.D 0.262 0.186
Length (mm) 29130 25700
Cladding 1.D @ Av. 10798
S.D 0.002
Length (mm) 62506
Weight (§) 13016
Parts Lower Insulator Pellet Disc Spring Upper
Disc . (for stack
End Plug (bot tom) (top) [ladj.) (Plenum) | End plug
Length ) | 10.25 %[ 105 7.43 713 L 41.0 10 ¥
Weight (9) | 3048 0.53 6.79 6.49 762 | 2269
Density @& | — — 9420 /9420 —_— — —
% insert léng-th
- . E— - T:ﬁjlf
10804 -_ ‘ T
__i T
10.800 S TS S —y [
= - "-- L
h _v-_--r—-%"'k S LY
10795 ‘,!{’n S, v“-l‘fﬂs{
1 ll___!
10791 —
10787
== A
[ — — i
| 625m | |
X—direction Y—direction (909
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Table

3—1—5

ROD No. IFA 529-02 (Cladding Mo 15—2)

Pellet Lot No
HT-70—40| HT-80—10|HT—-70—-30
Pellet O.D (am) Av. 10529 10571 10565
S.D 0011 0.012 0014
Density (% T.D) Av. 9467 9220 9203
S.D 0.335 0.321 0119
Length (mm) 155.45 33140 6120
Cladding I.D G Av. 10805
S.D 0.002
Length (mm) 62500
Weight (§) 12939
Parts Lower Insulator Pellet Disc Spring Upper
Disc __ {for stack
End Plug (bottom) {top) [adj.) (Plenum) |End plug
Length (m) | 1045 % 147 751 _ 40.5 10 ¥
weight (9) | 3953 6.82 6.8 6 762 | 2267
Density (9 |  — 9447 || 9434 | — — —
¥ insert length : e
— - i
10813 L ,—;:_m_%____ .
10809 [N SN SR S — ; i
e
10.804 i L
10800
10795

X—direction

}

Y—direction (90%)
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Table 3—1—6
ROD No IFA 529—03 (CladdingMo 15—3)
Pellet Lot Ho
HT—-70—50 |HT—-70~10|HT—70—20
Pellet O.D (m) Av. 10478 10432 10450
S.D 0.012 0.008 0.020
Density (£ T.D) Av. 3344 9543 9325
$.D 0.499 0.953 0.397
Length {(mm) 42165 4990 8030
Cladding 1.D (mm) Av. 10805
S.D 0002
Length (mm) 62500
Weight () 12957
k insevt levgth
Parts Lower Insulator Pellet Disc Spring Upper
Disc _ (for stack
End Plug (bottom) (top) |adj.) (Plenum) | End plug
Length (m) | 10.45 F| 115 7.05 7.22 1315 19 *
Weight (g) | 3955 057 6.42 6.59 7.686 2269
Density @ | — — 9461 || 9446 — — —
%k insert length = oo —oesceoon 0 e —
10813 - I
_
10809 —— ——L—}-— -
- PR PR S
’ "1.?’: f: : hf! -.:;J.,:.l—. i:'J [:.!ir':
10804 i g
L - ’.,_‘
PR f.l{m_-‘ {" [
BN R S,
10800 S A e | o R
SRR UL Y A
[ I DU S
10795 -
DO DU R B
iy Dt Rl B

X—direction

Y—direction (§0°)
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Table 3—1-—17

ROD Mo IFA 529—04 (CladdingiNa18-—2)

Pellet Lot No
HT—30—10

Fellet O.D (m) Av. 10602

S.D 0.010

Density (£ T.1)) Av. 9362

S.D 02351

Length (mm) 547190

Cladding 1.D @m Av. 10793

5.D 0.002

Length (mm) 62496

Weight (4) 13026

Parts Lower Insulator Pelliet Disc Spring Upper
Disc . (for stack
End Plug (bot tom) (top) [adj.) (Plenum) | End plug

Length (m) | 10.30 *| 110 721 7.0 7 415 10
Weight () | 3958 0.55 6,57 6.4 4 7.58 | 2268

Density @ | — — | 9448 | 9428 | — — —

% insert length ‘i T . 1
L |

IS DO B S JU S B AP

10804 . S —— —

R R b ::;ifi 0 DA el Wt

__.__ ——e e - . _._]____ [ T ,A__Jl-A___ —

10799 e e e B o S

e ——ie R Lv U U

Y [, J — I

—_— ! N . JR— o e e

10795 et 1 e 1 o s S el

i IL\......E:IJ . B T __—%__

R e L et It P T SW R R S
5 T [ s R A ol I L AT _1{_._4 ','.f"“
PR R R M _1 Tk Wy

i . RS S T - v..,l,ﬁi,,,

10787 A it RSt i YT ":—“5_'*7 N :“_
- —ie e T

X—direclion Y—direction (909
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Tabble

2—-—1—-8

ROD Mo IFA 529—05 (Cladding Mo 20—1)

Pellet Lot Na
HT—-60—-10
Pellet O.D (m) Av. 10558
S.D 0017
Density (% T.D) Av. 93724
5.D 0.459
Length (mm) 55110
Cladding 1.D ) Av. 10795
S.D 0002
Length (mm) 62500
Weight (9) 130.09
Parts Lower Insulator Pellet Disc Spring Upper
’ Disc _ (for stack
End Plug (bottom) T (top) |adj.) (Plenum) | End plug
Length ) | 1040F| 105 7.13 7.2 6 - 37.5 1o *
Weight (g) 3957 0.55 6.50 6.6 4 760 | 2274
Demsity @) — — 9453 |/ 9465 — — —
3} insert length W
10804 B P— O S—
SN AT Y (SRS S
10799 B S N I
ST R P S
r\ [ S ! —[
10795 S [T ;1 ikj‘t }'.‘j.‘.’ E
i 1 S AR
H - ,_’l_lj‘-‘f;' i Ll"j“i L
10791 i~ :—_%__ ———de
. ﬂE*,___u _ _ ‘MT' A
"i _ - — _____.’ - ,,{,,
10.787 1 - ;--——i - -
- i _ _4, D I
: Tl
N | i

X—direction

Y—drection (§0°)
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ROD Mo IFA 529--06

Tabble

§—1—9

(Cladding No.1 5—~4)

Petlet Lot No HT—20-—20
Pellet Q.13 {m) Av. 10479
S.D 0009
Density (% T.D) Av. 9401
5.D 0276
Length  (mm) 54710
Cladding 1.D (m Av. 10805
S.D 0002
Length (mm) 62508
Weight (%) 12965
Parts Lower Insulator Pellet Disec Spring Upper
Disc _ (for stack
End Plug (bottom) (top) adj.) {(Plenum) | End plug
Length (m) | 10.25 | 110 714 733 | a1s 10 *
Weight (g) | 39.72 0.54 6.51 6.70 764 [2267
Density @ | — — | 9454 |[9459 — — —
¥ insert length
10813 S —_ { _ _
10809 DN ISR S B
10804
10800 -
,,,,,,, U N [N S— —
. S R S NN
10.795 e e e - -

X—direction

Y—direction (0%
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Table

3—1—10

ROD N IFA 529—07 (Cladding No. 1 8 —3)

Pellet Lot No
HT — 30
Pcllet O.D {m) Av. 10605
S.D 0010
Density (% T.D) Av. 89363
5.D 0244
Length (m) 54720
Cladding 1.D (up Av. 10793
S.D 0.002
Length {(mm) 62498
Weight (4) 13026
Parts Lower Insulator Pellet Disc Spring Upper
Disc _ (for stack
End Plug (bottom) (top) adj.) (Plenum) | End plug
Length(md | 1095 Ff 718 710 315 | 430 10~
Weight (g) | 2437 6.5 4 6,47 167 659 4696
Density @ | — — 9427 || 9449 — — —
X insert length L j _ N . JERERE D
R S S S - R
10804 - - -
_fo _-_.% . ,,ﬁ____!__ N _
i I SR SNV S
107989 I -
i ; 1
10795 ,'% AR o j(f
‘ RInEA = Fa N
r‘""'ff:i,',";_ﬂ,'-';lg_'_ T
10.791 N S i At
10787 A S R N

X—direction

Y—d irection (90
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Table

iI—1—-1

ROD No. IFA 529—08 (Cladding No 18—4)

Pellet Lot No
HT—20—40|HT—-60—20 HT—30
Pellet Q.D (m) Av. 10591 10624 10603
S.D 0.004 0013 0.012
Density (% T.D) Av. 9340 9358 3363
S.D 0.255 0.290 0.27%9
Length (mm) 148990 36880 3060
Cladding I.D @ Av. 10,793
S.D 0.002
Length (mm) 62500
Weipht (%) 130.25
* insevt levgth
Parts Lower Insulator Pellet Disc Spring Upper
Disc _ (for stack
End Plug (bottom) || (top) |adj.) (Plenum) |End plug
Length Gm) | 1020 %] 110 6.6 0 7.07 L 42.0 10 *
Weight (g2 99,44 0.58 570 6.43 7.62 3159
Density @ | — — 9350 9413 — — —
*insert length — e . -
R | i
!
— i d___
10804 ' —
R G __;L_____ I
e e e .
10799 — ‘-r::
Lozes EE=E
- Je RS I IR
.*;jjr_'\j‘ o YJ Wj?-:_._ﬂf.? L
T
10791 il Y ok ol S
S L Rl i
— jiiki R
10787 _
X—direction Y—direction (80%)
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ROD Mo IFA 529—09

Table 3—1-—12

(Cladding No.8—2)

Pellet Lot No HT—60—10 HT—90
Pellet O.D (m) Av. 10556 10550
S.D 0.019 0012
Density (% T.D) Av. 9381 9424
S.D 0.522 0.941
Length (mm) 50170 4630
Cladding 1.D @m)  Av. 10796
S.D 0,002
Length (mm) 62498
Weight (4) 13046
Parts Lower Insulator Pellet Disc Spring Upper
Disc _ (for stack
End Plug (ottom) || (top) [adj.) (Plenum) | End plug
Length () | 10.90%] ___ 7.3 4 744 | 110 41.0 10 *
Weight (g) 3414 6.71 6.86 0.55 659 4694
Density @ | — — 9424 9487 —— — —
%k insert length - -
10804 _ -
= e =
B Y S S ] I
10799 — e !
. T R — !\"v T :;é,,,,
oo (I
10795 N Y Y i A WA 4
- \f:‘:f_ ot o
10791 f—i- e e
i e B =
10787 e — - —

X—direction

L T

Y—direction (907
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Table 8—1—13

ROD Mo IFA 529—10 (Cladding No 9—1)

Peilet Lot No HT—90
Pellet 0.D {m) Av. 10555
$.D 0.023
Density (% T.D) Av. 93.17
$.D 0.512
Length (mm) 54910
Cladding 1.D fm)  Av. 10796
S.D 0.002
Length (m) 62498
Weight (%) 13045
Parts Lower Insulator Pellet Disc Spring Upper
Disc _ (for stack
End Plug (bottom) (top) [adj.) (Plenum) | End plug
Length m) | 10.90%| 7.24 727 . 405 197"
Weight (g) 3408 6.6 2 6.6 3 760 3144
Density @ | — —— 9445 || 9455 — — —
* insert length ™
10804 -
10799
10.795 ”
M
10791 '
10,787 SN DUNNS UR R D I S E
I eatts e e 190 e et Bt skl
X—direction Y—direction (0%
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Table

3I—1—14

ROD MNo. IFA 5296—11 (Cladding No 15-5)

Pelilet Lot Na

HT—20-30

Pellet O.D Gmw Av. 10475
S.D 0011
Density (& T.D) Av. 9403
$.D 0332
Length (mm) 55090
Cladding [.D Gm Av. 10805
S.D noo2
Length (mm) 62500
Weight (¥) 12959
Parts Lower Insulator Pellet Disc Spring Upper
Disc -_ (for stack
End Plug (bottom) (top) |adi.) (Plenum) | End plug
Length Gm) | 10957 __ 6.9 4 6.8 7 R ELY 10 *
Weight (g} 3421 6.33 6.26 6.59 4704
Density @ — - N . —
* insert length —
JRE A R A - —
10813 __ -
10809
10.804
10,800
10.795 T -

X—direction

Y—direction (807
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Table

3—1—15

ROD No IFA 529—12 (Cladding No 15—12)

Pellet Lot Na

HT—20—40|HT-20—20|HT20—30 HT—60-10
Pellet 0.D m Av. 10.450 10480 10,472 10.490
S.D 0.001 00601 0,030 0.011
Density (% T.D)  Av. 9461 9399 9392 94, 48
S.D 0.424 0. 309 0.218 0.227
Length (mm) 148 65 7075 5090 27850
Cladding I.D G Av. 10.805
5.D 0.002
Length (mm) 62498
Weight (g) 129 40
Parts Lower Insulator Petlet Disc Spring Upper
Disc (for stack
End Plug {bottom) r (top) adj.) (Plenum) | End plug
Length (m) | 1005™| 110 7.04 746 40.0 10"
Weight (80 |100.02 55 599 6. 78 7.61 3165
Density @ - ——n — _ S

* insert length

10.813

10.809

10.804

10800

10.795

X—direction

Y—direction {90°)
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Table 3—3—1 Chemical composition of cladding
Specification Results
I ngot
Top Mid Bot
1. Composition %
Sn 120~170 154 154 1.59
Fe 0.07~0.20 0.14 014 016
Cr 0.05~015 0.10 010 011
Ni 0.03~008 0.05 005 0.06
Fe+Cr+Ni 0.18~0.38
Zn
2 Impurities PPM
Al L7585 54 54 54
B Z£05 <0256 <025 <025
cd £05 < 0.25 < 025 <025
C Z270 130 100. 120
Co <20 <190 <10 <10
Cu £50 14 14 17
H £100 54 62 50
H £25 5 7 9
Mn £50 <25 < 25 <25
N £80 36 34 28
Ca &30 <10 <10 <10
Si £120 52 57 69
Pb £130 <25 <25 <25
Ti £50 <25 <25 <25
C1 £2 0 <5 <5 <5b
W Z100 <25 <25 <25
Mg £20 <10 <10 <10
U £35 1.6 1.9 0.9
700~1500 1210 1210 1160
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Ta_ble 3—3—2 _M_e_chan.ic_a_l properties of cladding.

Flare (%)

Specifications ‘Test Resulis

Burst P ressure (hg/ct) X 640 . 791, SQO:
Cir. Blongation (8) | N 20 300, 334
Yi_eiq_ :.._s_tr'e;ig't_l_u_ tkyf.;'a;yn.z)__._-_f.' S~ 338 | '_37.16,. _:f'_'?',_7'..95__ |
U.T.5. L #) | > 402 5582, 5576

E longation - " (%) - > 30 336, 34._0
650°F Yield Strength (ke/mn® ) N 113 1351, 1365
v UTS. ( #) > 253 26.09, 2638

" E longation (%) > 30 425, 440
Crain Size, (ASTM M) Finner than Na11 125, 125
Corrosion (mg</dnf) Z 2 2mg/ At/ T 2 hrs. 1593, 1659

(ASTM B353-71}
Hydride Orientation(FN) £ 045 020
Hardness (30T) £83 778
>15 of O.D. Accept.
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Photo 3—3-—1
Lot No. 173
Micrograph of Grain Size
) (X 400)
Longitudinal Direction

Transverse Direction

Hydride Metallographic
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Table 3—3—38

The results of

cladding inspection.

Red No 529- 529- | 529-1| 5291 529- | 529~ | 529~ 529- 1529- |529- | 529- | 529~
Specification
Item 01 02 03 04 05 06 07 08 09 10 11 12
Outer D iame{ter) 12532 | 12520 | 12.534 | 12535 | 12533 12534 | 12534 | 12535 | 12.538 | 12535 | 12534 12.533
i
Max- 12538 | 12,537 | 12589 | 12.547 | 12.538 | 12541 12539 | 12544 | 12544 | 12539 | 12540 | 12.540
Min. 12523 | 12523 | 12529 | 12525 12.526 | 12530 12526 | 12530 | 12.532 | 12530 | 12.526 | 12.524
Inner Diameter 10.798 | 10.805 | 10805 | 10.793 | 10.795 | 10.805 10793 | 10793 | 10786 | 10796 | 10.805 | 10.805
(mm) 10.795+0.037
Max. - 10801 | 10.810 | 10811 : 10.797 { 10.799 | 10800 10.797 | 10799 | 10799 | 10.800 | 10.810 | 10.811
Min. 10794 | 10803 | 10.200 | 10.789 | 10.792 | 10.800 10,790 | 10789 | 10793 | 10.793 | 10.801 | 10.801
Thi ckness{ m)
086410076
Max. 0.820 0.893 0.895 0.882 0.886 0.899 0.884 0.884 0.884 0.886 | 0.890 | 0.895
Min. 0.856 0.853 0.861 0.865 0.858 0.861 0.861 0.861 0.867 0.858 0.863 | 0.863
Defects inspection Less than 5%
(by Ultrasonic) of minimum wall
. thickness
Axial Direction 0.K| 0.k | 0.x |0.K | 0.K | O.K | O.K | 0-K | O-K [ O.K | 0O.K | O.K
Circumferential 0.K| 0.K | 0.K {0.K | 0.K 0.K | 0.K | 0.K | 0.K | 0O-K | O.K | 0-K
Direction
Visval observation |- not exist harm— 0.K 0. | 0.K | 0.K 0.K 0.K 0.K | 0.K 0.K 0.K 0.K | 0.K
full scale and
oxide-
*not exist more
than 50 #m of pit,
dint and hair seam
Straightness < Odmm 0.K 0. 0.K | 0.-K 0.K 0.K 0.K O.K 0.K 0.K 0.K 0.K
Reference cladding No 14-2 ! 15-2 | 15-3 | 18-2 | 20-2 15-41 18-3 ] 18-4 8-2 9-1 15-5 115-6

12—08—1¥%8N



Table 4—1—1

Weight and length of fuel stacks and fuel rods.

I tem

End Liug Fuel Stack Fuel Rod

Rod Na Lower Upper  |Length(m) | Length” | Weight (#) | Length “(an) | Weight (%) Referene
529—01 Type PF-937 Normal 54830 56265 50416 63520 71666

—02 Type PF-938 Normal 54805 56210 48919 63500 70258

-03 Type PF-939 Normat 55185 56620 48788 63500 70091

—04 Type PIF- 0940 Normal 541710 56115 49750 63480 71018

— 05 Type PF-941 Normal 55110 56560 49633 63500 70972

—06 Type PF-942 Normal 54710 56240 487.09 63500 70032

—07 Type EC EF- 952 547.20 56130 49862 63480 73009 Added 315m

—08 Type TF-A PF~944 54830 56215 493.00 63285 77539 thick Zry-2 Disc

—09 Type EC EF-951 54800 56300 49456 63490 72618 Added 110 mm

—10 Type EC P F- 943 54910 56365 49140 63490 70876 thick Zry-2 Disc

—11 Type EC EF- 950 55090 56450 48894 63460 71992

—12 | Type TF-B P F- 945 54880 563.10 48650 63280 76731

Notes %1} Include insulator pellets.
2) Rod length means the interval between “y” grooves.

12—08—-178N



Table 4 -3 -1 The results of non destructive inspection of fuel rods.

ITtem Hel jum Leak Test X-ray Inspection Contamination
Lower E.P | UppcrE.P Leose Fized
Ro dio Spec.  <1x107% atm.cc/sce| <05 m | o5 mP| <20 ™| <1000%™

528—-01 0.0196 x 10~ %atm.cc.sec 0.K 0.X <3 64
-02 1% " ” ” 50
—-03 o ” ” # 37
~-04 00185x 1078 v ” ” 387
—05 0.0196x% 1078 ” ” ” 23
—086 00185x 107¢8 " ” ” 19
—-07 00196x 1078 ” ” o 323
—08 00185 10~¢8 ” ” ” 41
—09 v o v p 60
~10 0.0196x 108 ” # 4 46
—11 00185x 1078 4 o ” 178
—12 00196x 10"% # v P 392

12—08—1¥8N



Table 5—1-1

Weights of fuel materials,

Fuel Pellet Insulator Pellet
Rod Mo Plutonium Nat. Uranium Nat. Uranium
‘M.Q (#)

PuQ: (# Pu (¥} |Pu-fissile (f) | N-UO: (¢} NU (& N U002 (F) N-U(#
529—01 50416 4200 37.04 27.54 462 407 13 11
— 02 48919 40.75 3594 2673 448 395 14 12
—03 48788 40.64 35.84 2665 447 394 13 11
—04 49750 4144 3655 2718 456 402 13 11
—05 49633 4134 3647 2712 455 401 13 11
— 06 48709 4057 3579 2661 447 393 13 11
—07 49862 4154 3663 2724 457 403 13 i1
—-08 49300 4107 3622 2693 452 398 13 11
—09 49456 4120 3634 2702 453 399 14 12
—10 49140 4093 3610 26.85 450 397 13 i1
—-11 48894 4073 3592 26.71 448 395 13 i1
—12 48650 4053 3574 2658 446 393 13 11
Total 591517 49274 43458 32316 5421 4777 158 134

Notes 1. PuOs enrichment : 833%

9 py {fissile ratio

i 7436 %

I¢—08-T¥8N



6. Drawings of the IFA-529 fuel rods
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DRAWING NO.

EH5-110M

n

4]

n

tt

"

-111M
-130M
-131M
-202M
-210M
-220M
-222M
~230M
-231M
-232M
-250M
-251M
-260M

-261M

PROJECT NAME

DRAWING LIST

TITLE
Fuel Pellet (A) - (F)
Fuel Pellet (G), (H)
Thermal Insulator (A)
Thermal Insulator (B)
Fuel Rods
Cladding
Upper End Plug

T.E. Assy.

Lower P.F'. End Plug Assy.

Upper P.F. End Plug Assy.

E.F. End Plug Assy.
Spring (A)

Spring (B)

Disc. Hollow

Disc.

IFA-529 FUEL ASSEMBLY

790118
790119
790120
790121

790026
790122
790123

790140
790137
790138
790139
790124
790125

790142

750143
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REFERENCE MARK worel DISCRIPTION [PATE
oo PN _
(D2 (@@ “

<
oS
9
— H
_Dlarn 5y N |- F Y-
Ao Q:ag,
JeblNo) P Gap . ze(udBlesding | Nombers | Remarks
£29
(A1 12.hb () H.B 16n =i =8
/B lo.kb6 | 2ap | M. B {6 =50 -t
o) lo.4& Zdp M. lsp —b.H. ~12]
(D3 (0,44 ) c.p 5¢ =7
(E) .54 A7) c. P £ -2
(F) (o, b 240 c.? t e =3

b Fuel Pellet (Fi_{Pufa-lda Lo¥ by diosile |

3 7 (E) # 7

¢ 4 rh) " z

2 Ce) “ 7

2 4 4} 7 %

f Fuel Pallet: £d) 1Pufa=l0a oW Putioslle |

ITEM | DRAWING NO. NAME MATERIAL | NUMBERS REMARKS

NAME DATE | DIVISION TITLE
DESIGN =114
WG, Y7i
= 3 —/o ]l Ta = They mal-A¢ Fuel Pellexd) ~ (CF)
=T
CODE .NO
)| 4asoss DWE.NC M - |ipM.
R SEQ. NO 7290118

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION,

TOKAI ¢

>
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REFERENCE A ore DISCRIPTION A e
So ¥
- ;
0
¥ =
Ligstn s,
=
Tob. Ho. D &ap $izequn) Blending | Nustbers | RemarKs
t4) (0. b4 Z.Y) M.B is £29- %
tH) | 0. 44 2do o8 15 &= 12
2 Fuel Pellee (&) \Fn0:-110a Lo Pu fissile |
| Foel Fellet (&) FPa-lia 40 %% Fu tieslle
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
NAME DATE | DIVISION TITLE
DESIGN a8 M: -3 —20
DWG. . ¢ -z
CHECK  Dotantons 15— 4 /o)l ~Thermal -A4 Fael FPellet (G2.0H)
APPR.  lo.Viumolfy | — y i
ANGLE SCALE CODE .NO DWG, NO
: - M
THIRD | 2 » Eny
/1 ( ) 405755 SEQ. NO 790119
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, Tokal ¢ ?



Ng41—-80—-21

REFERENCE MARK orel DI SCRIPTION [PATE
X i
v
o
Q
H
1
q
&y
T T 3
8
o tos
i Theymea! nsulatord}| W, U000 Za fa?-f oG -12
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
NAME DATE | DIVISION TITLE
DESIGN  |af ‘7o~ 11 —4
DWG, ., P Y 2t - i - {A
cneer [ lnbara T U P Thermel A4l Thevmal lLrsulator
APPR, ) — ¢ -
ANGLE SCALE CODE .NO DWG, NO
THIRD 2 <. EHS - 1230 M
/1 ( ) ©5765 | seano 780 i2n

<
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI|
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REFERENCE

sy "8

MARK DATE
/NC!T% DI SCRIPTI ON AME

Lptochzges

A1)

i The VI P z A9 Roolz

ITEM! DRAWING NO, NAME HATERIAL NUMBERS REMARKS
NAME DATE DIVISION TITLE

DESIGN =5 ~2
WG, 99— ¢ ~/2
CHECK ,{M#émj 7?_ P Rﬁ - Th.eYn‘Lﬂ.l A‘i’ Tkerm&l 'ﬂvéﬁ'ﬂtor (B)
APPR, | B Vume®o | — fr—av
ANGLE SCALE CODE .NO PWG, NO

THIRD 2/’ ( ) Fo 54 S0 nO EHS 16'”

: 7ontzd
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, Tokar ¢ >
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H

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATIQN, TOKAI

- 2 R
Yo |
| SPT - Tk °
I p 10) 13 U5y AT 8 (18] 20
1 e N
i Rod No. 52%-1,-2,-9;4-8-¢
—d [N Y ¥ | S
. i
T N DO Y SN Y/ O I O
NN {>1+|+IIII.‘IIII
i
L. Esaz® . ..
NACT
Rod No. 829 -7-4,-11
e O % ¥ S,
/,
| L T T T
L T T T 1T T
! é
I - sSoxd . . .. 42
-
3) J
Rod Mo . 528-10
b
11
p——0l_L LI
e ig )
s) 6
<
Rodl _itle, 828 0,8
o
&
DL E £33__ — . .
15 :I.‘EHE:M&':L_M-LML S P
20) > =yrim IR Y| ST TS PP
- 20 x_atinM), s w2y e o fel 0
s L2 v ) * Ey !
F7 A5 Sy * ) '”I"
L I S Y 71 ST Y
¥ |7 SRR L T1 S réis ] —
-2 clioMlEwal  Pester e feOr-coal 1%0, ——]
- M =i d rderael faulaterti W, vz | . 2| atew |
2 ] M4 = Srtalgtarill Y, eoe | 22
4 2] ¢ _—papN IS, Maliew Rry-2 ] |
4, 0 =—ZALMipler Ery-2 A J
Wit —agiN (,.n‘-" chl M-‘ZJ':" 1
e 4 | c2esens w = Y ]
A | 1|2l + ~ataR|nsddag eyt f2
— 1 1] T2 Cuble Avsy 2 o]
_@_ 1 ] b1 + —g3aMlrr dadyr | Z
S S | & | ». —zz.ma.mn;.z.d g tmey=2l £ *
—_ i " 230N Lk bt fag diky | by
} 3]t =2t F e ey ey x -
4 ] [ —lllﬂ‘rl‘lh’»’l‘ﬁn 2
_ - 8 —z2aM | mpry Tus Plal =0 b - -
ITEM) DRAWING uo.] T e v o AEMARRS
- - AHGLE scae | oewen [ ow cuicx | apen.
|_A ; Aql B THIRD ,/( ) WAME
g | b | Wt !
FOIvISIoN TTLE .
140 ' 140 | 340
P+ Tharmadmds | - Feal Rets s
Pe | 8F A Jeooe o WG, MG
I -oe| =vu| -gel -pe| BN BB 24
Ga&' 2L S Yicono
Fuel Rod Ho. 52% -7|-8 | -4 Zeanzé |
n T T ry T E G ! H

apode @y

—39 ~ 40—
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REFERENCE MARK = ] DI SCRIPTION [PATE =
a] Ao
N o
43
=
Dinension
oD ¢l 52
Z.o| Pi0. 79510037
T 0.8b4 roo?b |
i Clodding Byw—2| 12
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
| nAME DATE | DIVISION TITLE
DESIGN [af 92 11— b
DWE. Y Vi .
CHECK st ﬂ_d__”fu'ﬂ\evmmlfi‘f CIﬁddlﬂ?‘
APPR, Jegh | — ¥
ANGLE SCALE CODE . NO DWG. NO
: EH S~ 2|eH
THIRD rf/f ( ) o £ 038 SEQ, NO ,

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI
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MAR
REFERENCE MRS iorel DISCRIPTION [PATE
1
: »
'\‘ o9 u
\ NN
\, N j\!
M
— a/ﬂ T ¥
e T W
7/ P ’ / S o
/";.'/‘/‘ r /I // - ",- * R "y :»
graE s s ‘ // ‘E; 3
A Bl R 3
il 22
90
e 12
|
=2 | I L SR
9 273 -
ot 27 ﬂ“‘}
| 73 Ry =2 4 829 =) A 827 -4
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
NAME DATE | DIVISION TITLE
DESIGN ~
DWG, i _ '
—Eek Pu- Thermal-A4)  lpper End __Flug . |
APPR,
ANGLE CODE .NO DWG, NO
THIRD | 2, ( )| _fee928_} " =~ EH&-Z220M
SEQ. NO 290123

4
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI

>
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REFERENCE

Hm/"‘”sl DI SCRIPTION

|

LA SNNN

1z z

2 _ 457 I -4 A
Z Eltler  Body Bry =2 2 4

1 Lo =Zptiiaed Eud LG Ef%&m 2 | 5.9-8, {2
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS

NAM E DATE | DIVISION TITLE
DESIGN " 59— 3 —1f _
DWG, L i 7 & —I5ip, -
o¥e, TS K p. - Thermal-A4 | T.E. Assy.
APPR, - i
ANGLE ScALE CODE . NO DWG. NO
: 2%
THIRD | 1/ ( )| #25%e5 L EHE-z22M
SEQ. NO 790140

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI<

>
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REFEREZHWNCE

-G

DI SCRIPTI ON

DATE
AME

YN
.

ITE®: | DPRAWING NO, MATERIAL MUHBERS REMARKS
HAME TITLE

DESIGN
DWG, 35 .. ;
CHECK gy _B.C Bue
APPR, LY
ANGLE SCALE CODE .NO DWG, HO

THIRD | 2/ ( )|l-sasn2e | EHE -~ 223M

SEQ. NO 790141

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAIz

>
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REFERENCE

MARK
RO E

DI SCRIPTLON [PATE =

é 5:9-1 A -h

f toswe) P Evil Plugdssy.
iTEM | DRAWING NO, NAME MATERIAL NUMEBERS REMARKS
NAME DATE QIVISION TITLE
EEN TN/
DWG. L i Lona |79~ &~/ _ _
TR > o fy-Thernal -A¢ | Cower P.F. End /D/u? /145/.
ANGLE SCALE CODE  NO DWG, NO
Ens— 2z30M
THIRD | ) ()L 405805 | 790137

L4
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI
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HARK DATE
REFERENCE —Hotg] DI SCRIPTION T s

T =7 Wars
I e |
= A e
fod -
{ /_.jrp]per LL Fad P/u‘;l Aﬁ'y _:.;'_Y.:,Y -2 = $29-%, -10.~12
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
NAME DATE _ | DIVISION TITLE
OESIGN 48wk fo: 71~ 3 ~ 49
OGS & ke 770 £ 8y . : /
CHECK Horszans |75 &szf f’M_ThCYWlRl,Aq— Lﬁo’p?}’ RF‘IEH‘:{/D“? Aéﬁ)}t
APPR. | R -y .
ANGLE SCALE LODE .NO DWG, NO
THIRD %l ( ) . 4o58p5 '_:-;*“—--EH'SLZ&—'LH"— -
SEQ. NG AN A 4

< >
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPCRATION, TOKA!
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- MARK . DATE
REFERENCE S iardl DU SCRUEPTION T

<
==
| |
S (40 - _,L_(B_@_J
4
brd Care Assy, z “
{ EF End Plug Ashy | Bry =2 2 529 -7, -9, =1/
iTEM] DRAWING NO_ NAME MATERIAL | NUMBERS REMARKS
NAME DATE | DIVISION TITLE
DESIGN  [HBWR Byg e 7
OWG. o hnleen 2f & /ST, . B ,
CHECR el 7 2f tn-Theywol- Ad EE_ End _[b./ﬂ_g__jﬁﬁy —
APPR, .y - =2
ANGLE "SCALE ZODE .NO OWG. NO
t ST EHS - 232+
o | ()| ereas | 5

<
POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI
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REFERENCE M orel DISCRIPTION [PATE
_ SPECIEFICATION
MATERIAL Al 304 - wPB
WIRE DPIAMETER 1.200t0.0/8
OVER PIAMETER 10
T OTAL NUMBER oF WRNS| 29
EFFECTIVE NUMBEROFTURNS| 2%
FREE LENGTH 57.0 %8
SPRINS CONSTANT 0.114 "%/ mm |
{ Spring (A) 32 $2%-7,-%, -/1
ITEM| DRAWING NO, NAME MATERIAL NUMBERS REMARKS
NAME DATE [ Diviston TITLE
DESIGN K, "‘-,’ -7
DWG, T - 7 —17 i _ .
cHEK Do [7F 2] helttal-dat Spring (A
APPR, K Yumolo]| -~ ¥-2¢
ANGLE SCALE CODE .NO DWG, NO _
THIRD | 2/ ()| #esNas ERT-250M
SEQ. NO 7220724

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORFORATION, TCH(AI<

>
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REFERENCE MARK o~ | DI SCRIPTEON |[PATE =,
i gl
Tig spet 2 g §
L o T4 7
q &
. 1200 ooty Ao 20zl g a
' N [~ ]
. ~ B 4 9 @
T
_ _ 1 i
e — S ,,,:,“——I-_J &, — J&_
laoteld
_ 580172 ]
_SPECIFICATION
MATERIAL N Als1Bo §-WEB
| WIRE DIAMETER 1200 xp0.201%
OVER DIAMETER 10
TOTAL NVBER oF TURNS | =271 = |
 EFFECTIVE NUBER oF TURNS 25
FRee _LENGTH 57.017% ]
4PRING CONSTANT &g “ em |
z Plate V4157 202] ¢
4 2py! ) g [PVt
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
NAKE DATE DIVISION TITLE
DESIGN 51/ ~ 7
DWG, il G/ - . :
T Pa- Thermal- A€ S Fyn\h% '4:P
APPR, 8. Y,
ANGLE CODE .NO DWG, NO _
THIRD d0EN4&S EHs-251M
SEQ. NO 290/ 24

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI<

>
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HARK
REFERENCE ——Worg, D) SCRIPTION [DATE -
Pz

/

.

{ Dice, Hollow 2py -2 2 £29-2 ~12,
ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
NAME DATE _E DIVISION TITLE
DESiGN TI-3 -
owe, 4 A file /% - = '
ek — Pu-Theymal - A4 Disc. Hellow
APPR, £ il /)
ANGLE SCALE CODE .NO DWG, NO
THIRD | 24 ( )} 4e5745% EHG-240M
SEQ. NO 790 (42

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKM< ?



Ng41-80—21

REFEREMNCE #ARE - I prscriPTION [PATE .=

|

{ RIsC Bry =2 b 4291 ~-b

ITEM | DRAWING NO, NAME MATERIAL | NUMBERS REMARKS
MAME | DATE [ DIVISION TITLE

DESIGH 3 -
owe, | 9i—¢ —15] ), 3 :
WG ~8 by Thermal - A4 | Disc
APPR, R, = =2/
ANGLE SCALE CODE .NO DWG, NO .

THIRD | 24 ()| <oen4s L. BHS - 261 M

POWER REACTOR AND NUCLEAR FUEL DEVELOPMENT CORPORATION, TOKAI‘



