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1. General remarks

This document is completed according to the Quality
Control and testing procedures described in "Preliminary
Design of PNC-5 Subassembly for Rapsodie Irradiation".

Co-precipitation method was employed for preparing
Pu0,-U0, powder. Five lots of pellets are provided for
fabrication of forty fuel pins.

Fabrication process of Pqu-UOz'powder,.Pellets and
fuel pins are shown in Fig. 3-1, Fig. 3-2 and Fig. 3-3

respectively.

2. Shipping List

Forty fuel pins and components of assembly were shipped
in March, 1975.

The shipping list are shown in Tables 2-~1 and 3-2

respectively.

3. TFabrication process of the fuel
3-1 PFabrication flow sheet of PuQ,-U0O; powder prepared by
co—-precipitation process.
;7 Fig. 3-1
3-2 Pellet fabrication flow sheet and sampling position
; Pig. 3-2
3-3 Fabrication process of fuel pins’

; Fig. 3-3.



4. Fabrication records of fuel pins

4-1 Fuel (Core fuel)

4-1-1

1)

2)

3)

4)

4-1~-2

Sampling

Lot size and lot number

Lot size of co-precipitation process; 100 gr
Co-precipitation lot number H 40

All lots for co-precipitated PuO,-U0O, powder were
cross blended before pressing.

Lot size of sintering ; 800 gr
Sintering lot number ; 5

Two samples were taken out at random from cross
blended powder for mass spectroscopic analysis of
uranium.

Pellets were taken out at random from each sintering

lot for the following examinations.

a) Plutonium content 3 pellets
b) Impurity (Spectroscopy) 3 "
c) " (Chemical analysis) 6 "
d) Amount of gas released 4 "
e) 'O/M ratio 3 "

f) Ceramography, c-autoradiography
and X-ray diffraction 2 "
About sixty pellets were centerless grounded for the
diametral adjustment. Four pellets of them were
taken out for determination of total gas released.
Analysis-and other inspection methods.
Analysis and other inspection methods of fuel are

described in the preliminary design of PNC-5 sub-



assembly for Rapsodie irradiation.

4-1-3 1Inspection results
1) 1Isotopic composition of uranium and plutonium of
five sintering lots are same because all lots of
the Pu0:-UO0:2 powder prepared by co-precipitation
were cross blended before pressing.
The results of analysis are shown in Table 4-1-1.
2) Chemical analysis
The results of plutonium content and impurities in
the mixed oxide fuel are shown in Table 4-1-2.
3) Amount of gas released
The amount of moisture in the pellets was measured
at 500°C, and released gas extracted at 1700°C for
30 minuts.
The results is as follows.
LOT NO.
Specification
RF-31-03 RF-31-04 RF-31-05 RF-41-01 RF-41-02
150 ui/fg Moisiﬁig <10 <10 <10 18 24
(Including) ul/g
H,0 Released 18 28 22 50 51
gas
4) O/M ratio

The O/M ratio of the pellet was determined by
thermo-gravimetric method.

The results are as follows.



4-2

5)

6)

7)

o/M LOT NO.

Specification pp 39 03 RF-31-04 RF-31-05 RF-41-01 RF-41-02

1.96 ~ 2.00 1.99 1.99 1.98 1.99 1.99

Dimension and density

The diameter, height and weight of all finished
pellets were measured for geometrical density deter-
mination. Measured value and calculated density are
listed in Table 4-1-3.

X-ray diffraction

The detail method of X-ray diffraction examination
is @escribed in our preliminary design of PNC-5
subassembly for Rapsodie Irradiation. The X-ray
diffraction chart for each lot are shown with lattice
parameter in Figs. 4-1-1 ~ 4-1-5,

Macrography

The ceramography and alpha-autoradiography of fuel

pellets are shown in Figs. 4-1-6 ~ 4-1-15.

Axial blanket pellet

1}

2)

Dimension and density

Seven hundred of U0, pellets prepared for blanket
pellets, and 10% of the pellets were taken out at
random for dimensional and density measurement.

The results are shown in Table 4-2-1.

o/u ratio

The result of o/u ratio measured by ignition method

is 2.01.



4-3-2

3) Amount of gas released
The result of analysis is <30 ut/g.
4) Impurities
The result of impurity analysis is shown in
Table 4-2-2.
Cladding
Two kinds of cladding were used for this irradiation
program, and all claddings used have been inspected by
CEA. Fabrication process of cladding presented by
manufacturer is shown in Fig. 4-3-1.
Sampling
Sampling and inspection items are shown in our pre-
liminary design of PNC-5 Subassembly for Rapsodie
Irradiation, in detail.
Inspection results
1) Chemical composition
Chemical analysis of cladding made by manufacturer
are shown in Table 4-3-1.
2) Mechanical properties
Mechanical properties which measured by manufacturer
are shown in Table 4-3-2.
3) Metallography
Metallugical tests such as grain size and inclusion
were made by PNC.
The result of grain size measurements is listed in
Table 4-3-2 with mechanical properties. Typical

micrographs of cladding are shown in Fig. 4-3-2.



4-4

4-4-1

4)

5)

Dimension

The results of dimensional measurements made by
manufacturer are listed in Table 4-3-3.

Non destructive test

Non destructive tests such as surface roughness,
visual inspection and ultrasonic inspection were made
by PNC.

Any harmfull defect was not observed.

The results are shown in Table 4-3-4.

Quter internal structure material of the fuel pin.

1)

2)

3)

Each plug of fuel pin, end plug of container of
tagging gas capsule, end plug of container of Sic and
stainless steel, and plate. These end plugs were made
from the same material as PNC-4 irradiation program
fuel pin.

Shape and dimension

Shape and dimension of end plugs are shown in drawing

RAPSODIE-5-1031(3), 5-1032, 5-2051, 5-2061 and

5-2071(3).

Chemical composition

Chemical analysis of end plug material were made by

manufacturer.

The results are shown in Table 4—441.

Mechanical properties

Mechanical properties are as follows.



Result

Properties Spec. R.T. at 600°C
Tensile strength (kg/mm?; >60 60.6 35.6
0.2% offset strength(kg/mm?) 240 39.4 25.1
Elongation (%) >25 65.7 53.0

4-4-2 Container of tagging gas capsule,- container of Sic and
stainless steel, and sleeve. These containers were
made by PNC.

1) Shape and dimension
Shape and dimension of containers are shown in
drawing No. RAPSODIE-5-2061, 5-2051, 5-2071(3) and
5—2642. These results of length and weight measure-
ment are listed in Table 4-5-1 with fuel materials.
2) Chemical analysis
Chemical analysis made by manufacturer are shown in
Table 4-4-2.
4-4-3 Spring
1) Shape and dimension
Drawing No. RAPSODIE-5-2031.
2} Material and spring constant.
1 Material : SWPAC piano wire
2 Spring constant : 0.15 kg/mm”.
3) Chemical composition
The data of the chemical analysis for the spring are
taken from the manufacturer mill sheet.

The data are listed in Table 4-4-3.



4-5 Fuel pin

4-5~1 Dimension and weight of fuel pins

4-5-4

1)

2)

3)

4)

Weight of components in the fuel pins are shown in
Table 4-5-1,
Length of components, total length of core fuels
and blanket fuels were measured. The results are
shown in Table 4-5-1 also.
Pin diameters were measured at welded rart and at
5 cm intervals with a blade micrometer.
The results are shown in Table 4-5-2.
Weights of fissile material in the core fuels are
shown in Table 4-5-3,
Helium leak test
The results were below enough than the allowable leak
rate of 1.0 x 107° atm co/sec.
The results are shown in Table 4-5-4.
X-ray radiography
The welded sections and components of fuels rins were
inspected by X-ray radiography. Any harmfull defects
or abnormalities were not absorved. The results are
shown in Table 4-~5-4.
X-ray films of each fuel pin will be sent to C.E.A.
togather with this document.
Surface contamination
Loose and fix contamination of each fuel pin were

checked and the results are shown in Table 4-5-4,



4-6 Grid spacer

1)

2)

3)

4)

5)

Shape and dimension

Shape of grind spacer is shown in attached drawing
RAPSODIE-5-3041.

Dimensional inspection was done for the following
items by P.N.C.

(a) Pin pitch

{(b) Grid height

{c) Thickness of grid unit wall

{d) Height of dimple

Any abnormalities were not observed in these
inspections.

Metallography of the welded part

Metallography of welded part of grid was made on
welding sample. The photographs are shown in Fig.
4-6-1.

Thermal cycling test and compression test -

these tests were not verformed.

Chemical composition

The data of chemical composition made by manufacturer
are shown in Table 4-6-1.

Defect inspection

All grid spaceré were visually inspected by PNC and

any defects were not observed.

Framework and knock bar

1)

Shape
Shape of Framework and knock bar are shown in drawing

RAPSODIE-5-3011(2), 5-3021(2) and 5-3024(2).



2) Dimension and defect inspection
Dimension and defect inspections were done by PNC
and the results are acceptable.

3) Chemical composition
The results are summarized in Table 4-6-2.

4-8 Tie rod, tie rod end plugs and tie rod sleeve

1) Shape
Shape of tie rod, tie rod end plug and tie rod
sleeve are shown in the attached drawing RAPSODIE-
5-3031.

2) Dimension and defect inspection
Dimension and defect inspection were made by PNC,
and the results are acceptable.

3) Chemical composition
Chemical composition of tie rod, tie rod end plug
and tie rod sleeve are shown in Table 4-6-2 along

with other assembly components.

5. Fuel pellet for analysis at C.E.A.

Three pellets were taken from each sintering lot for
analysis at CEA. These pellets are encapsuled in 30.7 cm long
pin.

Location of each pellets are shown in Fig. 5-1.

- 10 -



Table 2-1 Shipping list of fuel pin

1 Numbers of pin
2 TIdentification

3 Weight of fuel pin

40

001 ~ 040

Pin No. Weight of fuel pin Weight of fuel
Pu02—U02 U02 (Nat)

001 208.70 gr 68.48 gr 36.2 gr
002 209.60 69.24 36.1
003 209.22 68.65 36.3
004 209.10 68.38 35.4
005 208.60 67.27 36.4
006 208.78 69.00 36.3
007 209.68 . 69.19 35.9
008 209.31 69.38 35.9
009 209.80 68.81 35.9
Q10 210.16 69.01 35.7
011 209.81 68.85 35.7
012 208.60 68.49 36.7
013 208.60 68.26 34.9
014 207.90 68.65 35.5
015 208.92 68.16 36.2
016 209.43 68.97 36.6
017 209.56 68.56 36.8
018 208.80 68.70 36.0
019 209.50 68.59 36.0
020 209.82 69.10 36.1
021 207.83 66.34 35.3
022 208.21 66.89 36.5
023 206.36 67.27 35.3
024 207.22 67.98 35.7
025 210.41 67.68 © 36,2
026 210.41 66.84 36.1
027 211.04 67.28 36.7
028 210.04 66.53 36.2
029 210.12 66.81 36.0
030 211.07 68.25 46.2
031 210.95 68.17 35.9
032 210.42 68.58 35.6
033 212,00 69.33 35.6
034 211.82 68.44 35.9
035 209.11 68.72 35.9
036 208.90 68.67 36.5
037 209.54 69.62 35.9
038 212.56 70.14 35.9
039 210.43 67.35 35.7
040 209.74 67.32 35.5

Total 8382.07 2731.95 1439.2

15 pellets

for analysis* 65.47 35.29

S total 8447 .54 2767.24 1439.2

+ These pellets are contained in 30.7 cm-long pin.

- 11 -




Table 2-2 Shipping list of samples

Number
1. Grid spacer 12
2. TUpper and lower end plug 4 sets
3. Sleeve 4 se’cs
4. XKnock bar 2 sets
5. Framework 2
6. Stainless steel bar (20cm long) 1
7. Welding sample (upper and lower end plug) 5 sets
8. Spring 1

4

i 9. Tie-Rod

* ; These Tie-Rods were packed in the fuel shipping cask.



Pu0, POWDER [——=| composition

Isotopic

90%EU02-NU02 POWDER

of Pu, U
70%EU02~25%NUO,
DISSOLUTICON MIXED OXIDE
PURIFICATION (Anion Exchange) DISSOLUTION
PREPARATION PREPARATION
FEED MAKE UP
COPRECIPLITATION
PU(OH) L}'-(NHL{_) 2U207
FILTERATION
DRYING FILTRATE

{Pu, U)C.P.CAKE

WASTE DISPOSAL

Fig. 3-1 Fabrication flow sheet of C.P. powder



(Pu,DC.P. CAKE

CALCINATION

REDUCTION

MILLING

BINDER ADDITION

GRANULATION

PRESSING

PRESINTERING

SINTERING

GRINDING

DRYING f1

| 1nspEcTION

I__‘

FINISHED PELLET

Impurities
Contained gas
Pu0, content

0/M ratio

Fuel density
Dimensions

X-ray diffraction

Micrography

Fig. 3-2 Pellet fabrication process and sampling positiocn
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Bottom
End plug

Inspection

Pu0,-U05 Nat. U0, Inspected
Peliet Pellet Cladding
Stack length
adjustment
Welding
X-ray
test
Component
I
Inspection
Loading
Top End plug Decontamination
Inspection
Welding
X-ray test)|
He leak test
Dimension check
Fix contamination
check
Fuel pin
Fig. 3-3 Fabrication process of fuel pin
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Table 4~1-1 Isotopic Composition of Rap-V Fuels

Spec. % Isotopic Composition
Sample-1 Sample-2 | Average
U-235 75 =+ 0.5 74,93 74.99 74.96
Pu-238 | 0.71 £ 0.02 - - ~0.708
-239 76.04 = 0.04 - - 76.043
=240 14.46 = 0,04 - - 14,455
-241 7.49 £ 0.03 - - 7.493
-242 1.30 £ 0.01 - - 1.301
Table 451_2. Results of chemical analysis
Specification. Lot No.
RF-31-03.| RF-31-04 |RF-31-05| RF~41-01| RF-41-02
Pu 16.79 16.79 16.79 - 16.79 16.79
Pud, % 20,0 £ 1 19.04 19.04 19.04 19,04 19.04
Al <500 ppm 45 45 40 <10 <10
B <20 <0.3 <0.3 <0.3 <Q.3 <0.7
C <150 <30 <30 <30 35 <30
Ccd <20 <l <1 <1 <] <l
cl <25 <25 <25 <25 <25 <25
Cr <500 25 30 20 <10 <10
F 'o<25 <10 <10 <10 <10 <10
Fe <500 80 85 30 15 30
Mg <25 10 10 6 <2 7
N <200 <50 : <50 <50 <50 <50
Ni <500 35 - 25 15 10 10
v <200 - ~ <10 <10 <10 <10 <10
ol of <600 1 <61 <61 <61 <61 <61
igfﬁi-g-pb-% <200 <41.1 <41.1 <41.1 <37 <38




LT

Table 4-1-3 Demension

and density of fuel pellets

Pin No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
MAXTMUM | 5.450 | 5.450 | 5.450 | 5.450 | 5.440 | 5.450| 5.450§ 5.450 | 5.440 | 5.447 | 5.450°| 5.450 | 5.447| 5.450 | 5.446
DIAMETER | AVERAGE 5.432 5.416 5.433 5.439 5.391 5.432 5.433 5.439 5.407 5.391 5.424 5.429 5.437 5.432 5.384
MINIMUM | 5.390 5,364 5.391 5.423 5.360 5.400 _ 5.376 5.410 5.370 5.350 5.380 5.375 5.420 5.393 5.350
MAXIMUM | 11.175 | 11.090 |11.252 |11.338 !11.448 |[11.635| 11.385 | 11.510 [11.135 | 10.920 | 11.669 | 11.415 | 11.359 11.600 | 11.380
HELIGHT AVERACGE | 10.960 | 10.736 ! 10.969 | 11.016 |10.632 {10.975( 11.141 | 10.758 |10,711 | 10.396 | 10.994 | 10.990 | 11.037( 10.987 | 10.689
MINIMUM | 10.678 | 10.241 |10.594 {10.320 10.255 |10.575] 10.569 | 10.005 (10.315 9,913 [10.630 | 10.375 {10.616| 10.417 | 10.030
MAXTMUM 2.405 2.380 2.424 2.437 |- 2.460 2.498 2.443 2.500 2.404 2,297 2.510 2.428 2.430 2.517 2,448
WEIGHT AVERAGE 2.361 2.308 2,367 2.358 2.242 2.379 2.386 2.313 2.294 2.226 2.374 2.362 2,354 2.367 2.272
MINIMUM 2,309 2.177 2,299 2.224 2.150 2.263 2.253 2,133 2.232 2.105 2.307 2,170 2,268 2.284 2.100
MAXTMINM | 86.73 [86.87 |86.91 |B85.07 |86.64 |[85.96 | 86.33 |86.70 |86.94 |87.00 [86.87 |86.99 |84.66 | 86.07 |86.41
% T.D AVERACE | 84.59 | 84.85 |[84.71 |[83.83 [83.95 |B83.98 | 83.70 | 84.20 |84.83 |85.39 |85.05 |84.48 {83.56 | 84.58 | 84.69
MINIMUM | 83.05 |83.26 |83.02 {(83.15 |[83.05 |[83.12 | 83.17 | 83.06 |[83.28 |83.10 |[83.03 |83.00 |83.02 | 83.26 |83.04
Pin No. 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
MAXIMUM | 5.450 | 5.450 | 5.450 | 5.450 | 5.450 | 5.390| 5.420 | 5.410 | 5.415| 5.415| 5.415| 5.410 | 5.420| 5.395 | 35.443
DIAMETER | AVERAGE 5.427 5.431 5.428 5.433 5.425 5.371 5.376 5.3%90 5.385 5.390 5.382 5.381 5.387 5.371 5.422
MINIMUM | 5.375 5.400 5.362 5.380 5.385 5.353 5.350 5.350 5.350 5.350 5.360 5.350 5.350 5.350 5.360
MAXIMUM | 11.710 | 11.784 |11.697 |11.725 |11.680 [11.059 | 11.060 | 11.090 |11.090 | 10.990 | 11.075 | 11.010 {11.070; 11.065 | 11.365
HEIGHT AVERACE | 10.709 | 11.000 | 10.982 | 10.989 | 10.720 [10.607 | 10.664 } 10.711 |10.725 | 10.760 [ 10.623 | 10.745 | 10.599  10.673 } 10.320
MINIMUM 8.944 | 10.454 | 10.401 | 10.264 8.556 9.995 | 10.069 | 10.085 |10.170 | 10.401 9,400 9.%00 9.270 9,790 9.545
- MAXIMUM 2.514 2,512 2.529 2,539 2.490 2.314 2.315 2.310 2,320 2.305 2.410 2.301 2.312 2,320 2.412
WEIGHT AVERAGE 2.299 2.364 2.369 2.365 2.303 2,211 2.230 2,242 2.266 2.256 2.228 2,243 2.218 2,227 2.202
MIRIMUM 1.928 2.223 2.188 2.190 1.807 2.098 2.105 2.115 2.155 2.170 2,000 2.052 1.939 2.029 2.045
MAXIMUM | 86.49 86.97 86.88 86.10 86.98 84.67 86.92 84.33 85.95 84.79 84.70 86.38 84.78 84.68 87.97
% T.D AVERAGE | 84.43 84.41 84.68 B84.47 84.43 83.74 83.82 83.52 84.42 83.61 83.58 83.52 83.59 83.82 84.10
MINIMUM | 83.10 83.09 83.06 83.30 83.00 83.00 83.04 83.00 83.03 83.01 83.01 83.00 83.03 83.03 83.09
Pin No. 31 32 33 34 35 36 37 38 39 40 Spec.
MAXTIMITM 5.440 5.445 5.450 5.450 5.435 5.405 5.400 5.418 5.395 5.390 5.40+
DIAMETER | AVERAGE 5.418 5.404 5.423 5.425 5.419 5.364 5.402 5.408 5.376 5.374 '0 65
MINIMUGM | 5.350 5.390 5.405 5.410 5.395 5.350 5.355 5.375 5.360 5.355 *
MAXIMUM | 11.420 | 11.375 | 11.350 {11.320 | 11.428 |10.842 | 11.365 | 10.880 |11.095 [ 11.070
HETGHT AVERAGE | 10.689 | 10.411 | 10.173 | 10.376 | 10.407 | 10.358 | 10,401 | 10.034 (10.764 1 10.720 —
MINIMUOM | 9.590 | 9.500 | 9.540 | 9.540 | 9.498 | 9.533| 9.205{ 9.455 [10.120, 9.560
MAXTMUM 2.425 2,415 2.419 2,395 2.423 2,316 2.395 2.318 2.315 | 2.365
WEIGHT AVERAGE 2.272 2.295 2.167 2.208 2,217 2.215 2.246 2.192 2,245 2.244 —_
MINTHMUM 2.045 2.003 2,016 2.025 2.030 2.028 2,021 2.080 2,101 2.046
MAXIMUM | 86.72 85.36 84:94 84.52 85.88. | 86.97 §7.00 86,99 84.17 85.56 85+
Z T.D AVERAGE | 83.92 83.70 83.89 83.75 B84.04 86.11 85.79 86.52 83.60 83.90 2?; D
MINIMUM | 83.04 83.00 83.22 (83.08 |83.19 84.74 83.16 83.51 83.18 83,05 i
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Fig.4-1-6 Ceramograph of Lot RF31-03

Fig.4-1-7 Ceramograph of Lot RF31-04



Fig.4-1-9 Ceramograph of Lot RF41-01
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Table 4-2-1 Dimension and density of blanket UO,

Diameter Height Weight Density
Specification | 5.30 * 0.05 - — 92 = 3
Max, 5.307™ | 10,60 ™ | 2.452(8) | g5.00 %D
Min 5.252 9.60 2.159 89.02
Ave 5.290 10.15 2.227 91.37

Table 4-2-2 The result of chemical analysis
of blacket pellet

Ttem Specification | Result of analysis
(ppm) (ppm) (ppm)
Al <200 <14
B <10 0.2
c <150 i7
Ca <25 <10
Cd <20 <0.3
Cl <25 <10
Cr <200 <8
F <25 <10
Fe <200 70
! <5 5
Mg <25
N <150 23
Na <200 5
Ni <200 10
v <200 <3
CutZn4Si+Ti <600 83
AgHin+Mo+Pb+Sn <200 9

- 26 -




Table 4-3-1

The result of chemical
analysis of claddings

Ttem Specification (%) Cladding-K | Cladding-S
C 0.04 ~ 0.07 0.044 0.057
Mo 1.50 ~ 2.00 1.66 1.75
P %0.03 0.011 0.003
S 20.03 0.005 0.007
81 20.75 0.66 0.53
Ni 11.00 ~ 14.00 13.75 12.96
Cr 16.00 ~ 18.00 - 17.47 17.10
Mo 2,00 ~ 3.00 2,28 2.56
Co X0.10 0.04 0.060
B 0.0005 '0.0003 0.0002

20.010 0.006 0.0056
Fe Balance Balance Balance
Reference gilé—ggfgt Eilésf2355001

Table 4~3-2 Mechanical properties of claddings

Spec. Cladding~K | Cladding~S
ASTM
s 2
Tensile strength (kg/cm®) 4-370
At room temperature 270 86.7 80.1
At 650°C zZ40 49.9 47.2
2 ASTM
Yield strength (kg/cm®) A-450
At room temperature 258 77.8 70.6
At 650°C 230 39.2 37.3
. o ASTM
Elongation (% E-21
At room temperature 210 16.5 20.0
At 650°C 27 20.8 20.4
. oy | ASTM
Hydrostatic strength (kg/cm?) A-450
Rupture pressure 2900 1400 1450
Yield pressure 2800 1380 1360
Grai . ASTM
rain size E-112 | ASTM ASTM
<No 6 No 9 No 8
Hardness 271 293
Flatteni fast ASTM , Not Not
aktening tes A-450 | performed performed
. ASTM
Flaring test A—450 o Go




Table 4-3-3 Dimension of claddings

Quter diameter Inner diameter Thickness
Pin No. | Tube No. Max. Min. Max. Min. Max. Min, | otraightness
Spec. 6.500.030 mn | 5.600:0.025 mm | 0.450:0.030 mm gc.)iglfm]/.ength

01 K2283-2 6.493 | 6.490 | 5.603 | 5.601 | 0.463 | 0.451 <0.5
02 K2213-1 6.505 | 6.502 | 5.602 | 5.599 | 0.458 | ©0.448 <0.5
03 $§2220-2 6.506 | 6.504 | 5.607 | 5.603 | 0.459 | 0.448

04 K2177~1 6.504 | 6.502 | 5.602 | 5.600 | 0.456 | 0.445 <0.5
05 52202-1 6.503 | 6.501 | 5.593 | 5.500 | 0.456 | 0.446

06 $2305-1 6.508 | 6.505 | 5.604 | 5.599 | 0.458 | 0.447

07 K2152~3 6.500 | 6.499 | 5.597 | 5.594 | 0.454 | 0.445 <0.5
08 $2189-2 6.503 | 6.500 | 5.601 | 5.596 | 0.458 | 0.447

09 K2254~2 6.50% | 6.499 | 5.600 | 5.597 | 0.457 | 0.445 <0.5
10 521682 6.506 | 6.503 | 5.600 | 5.597 | 0.457 | 0.446

11 K2108~1 6.511 | 6.510 | 5.602 | 5.600 | 0.454 | 0.442 <0.5
12 K2077~3 6.499 | 6.497 | 5.601 | 5.599 | 0.460 | 0.44S <0.5
13 K2177~2 6.504 | 6.502 | 5.602 | 5.600 | 0.456 | 0.445 <0.5
14 K2292~3 6.499 | 6.497 | 5.601 | 5.600 | 0.473 | 0.452 <0.5
15 $2189-1 6.503 | 6.500 | 5.603 | 5.595 | 0.456 | 0.450

16 $2165-1 6.505 | 6.503 | 5.606 | 5.604 | 0.456 | 0.448

17 $2318~1 6.507 | 6.504 | 5.600 | 5.596 | 0.457 | 0.447

18 K2081-2 6.494 | 6.491 | 5.599 | 5.596 | 0.460 | 0.449 <0.5
19 $2197~2 6.505 | 6.503 | 5.600 | 5.503 | 0.456 | 0.446

20 $2215~3 6.504 | 6.502 | 5.599 | 5.593 | 0.456 | 0.445

21 $2217~2 6.507 | 6.504 | 5.597 | 5.592 | 0.453 | 0.444

22 K2160~3 6.504 | 6.501 | 5.603 | 5.600 | 0.458 | 0.446 <0.5
23 K2352~2 6.502 | 6.499 | 5.600 | 5.597 | 0.457 | 0.444 <0.5
24 §2202~2 6.502 | 6.500 | 5.593 | 5.580 | 0.456 | 0.447

25 $2318~1 6.507 | 6.504 | 5.600 | 5.596 | 0.457 | 0.447

26 $2203-1 6.504 | 6.501 | 5.593 | 5.589 | 0.456 | 0.446

27 K2112~3 6.513 | 6.511 | 5.605 | 5.605 | 0.454 | 0.442 <0.5
28 $2188-1 6.503 | 6.500 | 5.602 | 5.596 | 0.456 | 0.447

29 $2203-2 6.503 | 6.500 | 5.599 | 5.590 | 0.455 | 0.444 ,

30 K2081~3 6.494 | 6.492 | 5.601 | 5.596 | 0.460 | 0.450 <0.,5
31 K2213~3 6.505 | 6.503 | 5.600 | 5.599 | 0.456 | 0.445 <0.5
32 K2040~1 6.495 | 6.492 | 5.601 | 5.596 1 0.459 | 0.448 <0.5
33 §2217~1 6.508 | 6.505 | 5.597 | 5.592 | 0.453 | 0.444

34 K2112-2 6.513 | 6.511 | 5.606 | 5.602 | 0.454 | 0.442 <0.5
35 K2113~1 6.507 | 6.506 | 5.600 | 5.597 | 0.456 | 0.443 <0.5
36 K2203~3 6.503 | 6.501 { 5.604 | 5.603 | 0.458 | 0.447 <0.5
37 52312-2 6.504 | 6.502 | 5.598 | 5.591 | 0.457 | 0.447

18 $2189~3 6.502 | 6.500 | 5.601 | 5.598 | 0.458 | 0.448

39 $2312~1 6.505 | 6.502 | 5.595 | 5.589 | 0.437 | 0.447

40 K2129-3 6.506 | 6.503 | 5.603 | 5.601 | 0.458 | 0.447 <0.5




Table 4-3-4 Non destructive test of claddings

Surface Visual Ultrasonic Ref
o. roughness inspection inspection erence
Spec. 35 Free of all scale| 232p in Depth &
Cladding No._| and oxide <7501 in length
1 K2283-2 <38 A #l A %2 *1
2 K2213-1 3 A A Asdefect <25 (go)
3 §2220-2 :: A A B; 25~32 (")
4 K2177-1 A A .
5 $2202-1 " B A C; >32  (no go)
6 §2305~1 " A A
7 K2152-3 " A A )
8 §2189-2 " A A
9 K2254-2 " A A Ay <20p (go)
10 §2168-2 n A A B; 20~32u (go)
11 K2108-1 " A A C; >32 (no go)
12 K2077-3 " A A
13 K2177-2 " A A
14 K2242-3 " A A
15 52189-1 " A A
16 82165-1 " A A
17 52318-1 " B A
18 K2081-2 " B A
19 52197~2 " A A
20 52215-3 " A A
21 §2217-2 " A A
22 K2160-3 " A A
23 K2352-2 " A A
24 52202-2 " B A
25 §2318-3 " B A
26 $2203-1 " A A
27 K2112-3 " A A
28 52188-1 " A A
29 §2203-2 " B A
30 K2081-3 " B A
31 K2213-3 " A A
32 ¥2040-1 " A A
33 $2216-1 " A A
34 K2112-2 " A A
35 K2113-1 " A A
36 K2203-3 " A A
37 §2312-2 " A A
38 52189-3 " A A
39 $2312~1 " B A
40 K2129-3 " A A
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Table 4-4-1 Chemical composition

of end plug materisl
Specification (%) Result (%)

c 0.04 ~ 0.08 06.06

Si 20,75 0.53

Mn 22.00 1.54

P 20.03 0.02
20.03 0.01

Ni 11.0 ~ 14.0 12.9

Cr 16.0 ~ 18.0 16.4

Co 20.10 0.04

Mo 2.00 ~ 3,00 2.3

B 20.0005 0.0003
50,035 0.022

Table 4-4-2 Chemical composition of
capsule container and sleeve

Specification (%)

Result (%)

Cr
Ni
Mo
Co

0.04 ~ 0.08
20.75
22,00
20.03
20.03

16.00 ~ 18,00
11.00 - 14.00

2.00 ~ 3.00
20.10
20.001
20.035

0.058
0.52
1.74
0.003
0.007
17.20
12.92
2.50
0.06
0.0001
0.006

Table 4-4-3 Chemical composition of spring

Specification (%)

Result (%)

Cu

0.60 ~ 0.85

0.12 -~ 0.32

0.30 ~ 0.90
20.025
20.030
20.20

b.81
0.25
0.41
0.019
0.015
0.03
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Table 4-5-1 Dimension and weight of fuel pins and components

A B ¢ D E F G H 1 3
Pin | Cladding L. end plug | Tagging gas Lower 5.5. Fuel Upper Sic Plenum | U.end plug a~-Fix
No. Ne. Ttem capsule blanket capsule | pellet [blanket| capsule Spring sleeve Total {DPM)
] kazasn | 1 Lengtnm 47.00 70.15 100.90 L 14490 [ 317.75 | 60.6 39.95 | 36.40 | 161.10 23.00 | 984.92
2 Weight(gr) 8.37 4.49 22.6 - 13.40 | 68.476] 13.6 3.67 | 0.97 6.33 3.42 | 208.70| 7-
NPT 1 37.00 §9.943 | 100.80 5 144.95 ] 321.05 | 60.55 | 39.95 | 36.40 | 157.45 23.03 | 965.00] oo o
2 8.36 & .49 22.4 13.40 | 69.243 13.7 3.68 | 0.97 5.91 3.42 | 209.60 :
2 [ 52220-2 1 37.01 69. 76 101. 30 5 144,90 [ 317.45 | 60.85 | 39.90 | 36.40 | 161.05 73.01 | 984.78| o &
2 §.36 4.50 22.7 13.09 | 68.645| 13.6 3.70 0.97 6.34 3.42 | 209.22 .
o ki1 1 37.00 70.15 100,55 | , 146.00 | 319.25 | 60.85 | 40.0 | 36.40 [ 159.40 73.00 | 985.04] oo s
2 8. 36 4.51 23.0 13.22 | 68.381] 13.0 3.68 | 0.97 | 6.25 3,42 | 209.10 .
- 522021 1 37,00 70.21 101.95 | , 144.96 | 318.20 | 60.65 | 39.95 | 36.40 | 159.55 73.00 | 985.00] o
2 8.37 4.51 23.0 13.22 | 67.265| 13.4 3.63 | 0.97 6.26 3.42 | 208.60 .
523051 1 37.00 70.07 160.95 |  145.00 ] 318.00 | 60.90 | 39.95 | 3.40 | T61.00 23.06 | 985.22| , -
2 8.36 4.49 22.7 13.35 | 69.00 | 13.6 3.66 | 0.97 6.01 3.42 | 208.78
i . 1 37.00 70.17 101.75 _T44.85 | 322,85 | 60.25 | 36,90 [ 36.50 | 154.30 23.00 | 985.68|
2 8.37 4.50 22.3 13.25 | 69.19 | 13.6 3.67 | 0.97 6.09 3.42 | 209.68 .
s s2189.2 T 36.99 %9.06 100.70 | g 144.85] 322.15 | 60.70 | 40.00 | 36.40 | 157.10 73.00 | 985.12 | 5oe o
2 8.37 4.50 22.2 13.26 | 69.38 | 13.7 1.64 | 0.97 | 6.18 3.42 | 209.31 '
o 22502 1 36.99 69.95 T01.75 | o 145.00 | 320.95 | 60.95 | 40.00 | 36.40 | 157.15 23.00 | 985.00 | Lo .
2 8.36 4.49 22.9 13.16 | 68.81 | 13.0 3.70 | 0.97 6.19 3.42 | 209.80 :
10 | 57602 I 37.00 £9.95 T00.75 | ;o 145.00 [ 322.00 | 60.25 | 39.95 | 36.40 | 156.80 23.00 | 985.02]
2 8.3 4.49 22.6 13.18 | 69.01 | 13.1 3.68 | 0.97 6.10 3.42 | 210.16
1 37.01 70.04 99.95 144.90 | 317,95 | 60.85 | 39.90 | 36.40 | 161.70 23.00 | 984.98
11| K2108-1 2 8.136 4.49 22.1 | "13.30| 68.85 | 13.6 3.66 | 0.97 | 6.38 3.42 | 209.81 | 137
12 520773 1 37.00 70.27 101.05 |, 144.80 [ 317.00 | 61.0 39,95 | 36,40 | 161.15 73.00 | 985.10| 7 o
2 8.37 4.50 23.0 13.27 | 68.40 | 13.7 3.69 | 0.97 | 6.05 3.42 | 208.60 '
1 37.00 69.96 100.70 144.90 | 320.15 | 60.75 | 39.95 | 36.40 | 159.15 73.00 | 984.14
13| Kral7i-2 2 8. 36 4.50 21.9 13 713,27 '68.26 | 13.0 3.68 | 0.97 6.26 3.42 | 208.60| %43
T 57701 70.14 166.00 144.90 | 318.25 | 60.95 | 39.85 | 36.40 | 156.50 73.00 | 985.10
14 ] R2292-3 2 8.37 4.51 21.8 | 13.13| 68.65 | 13.7 3.66 | 0.97 | 6.17 3.42 | 207.00 | 173-2
1 37.00 70.25 101.75 144.90 | 321,35 | 60.25 | 39.90 | 36.40 | 154.75 73.02 | 985.06
15 | s2189-1 2 8.37 4.50 22.6 | %> "13.31| 68.16 | 13.6 3.65 | 0.97 | 6.09 3.42 | 208.92 | 7




A B c D E F G H I J

Pun | Claddin L. end plug|{ Tagging gas| Lower 8.5, Fuel Upper sic . Plenum | U.end plug o=~Fix

No. No. ® Ltem capsule blanket capsule | pellet’|blanket| capsule Spring sleeve Total (DEM)

16 1 52165.1 1 Length{mm) 37.01 70.18 100.50 144.90| 319.55 | 60.55 39.95 | 36.40 | 159.60 23.00 | 984.%0 102.4
N 2 Weight{gr) 8.36 4,49 22.9 13.06 ] 68.97 | 13.7 3.67 0.97 6.31 3.42 | 209.43 -

17 | 823181 1 36.99 70.15 99.90 144.90) 319.70 | 60.70 40.00 | 36.40 | 160.00 23.00 | 985.04 157.2
- 2 8.36 4.50 23.1 13.04| 68.56 | 13.7 3.64 0.97 6.30 3.42 | 209,56 '

18 | K2081.2 1 37.01 70.14 100.95 144.90 | 318.05 | 60.80 39.95 | 36.40 | 159.%0 23.00 | 984.98 0.9
2 8.36 4,51 22.3 13.63] 68.70 § 13.7 3.63 0.97 6.25 3.42 | 208.80 )

19 | $2197.2 i 37.00 70.11 101.05 144.85| 318.50 | 60.90 39.95 [ 36.40 | 160.20 23.00 | 984.96 194
2 8,37 4.50 22.4 13.82) 68.59 [ 13.6 3.67 0.97 6.00 3.42 ; 209.50 .

20 | 522153 1 37.01 70.11 101.40 145.00| 321.85 | 60.90 39.90 | 36.40 | 156.10 22,99 | 985.16 15.7
2 8.37 4.50 22.3 12.84 1 69.09 | 13.8 3.64 0.97 6.16 3.42 | 209.52 )
21 | 522172 1 37.00 70.10 99.95 144.95 | 318.90 | 59.85 39.90 | 36.40 | 160.00 23.00 | 985.16 0

2 8.37 4.50 21.9 13.32] 66.34 | 13.4 3.57 0.97 6.32 3.42 | 207.83

22 | x2160-3 1 37.01 70.27 99.85 144.95 1 320.30 | 60.10 39.95 | 36.40 { 164.40 23.01 | 985.00 23.6
2 8.36 4.51 22.6 13.55] 66.8% | 13.9 3.5% .97 6.33 3.42 | 208.21 -

23 | K2352-2 1 37.01 70.13 101.95 144.90 | 319.20 | 60.90 40.00 | 36.40 | 159.90 23.01 | 985.04 15.7
2 8.37 4.50 21.9 12.66 | 67.27 | 13.4 3.66 0.97 6.02 3.42 | 206.36 '
24 | 22202.2 1 37.00 70.27 101.75 144.90 | 319.85 | 60.70 39.90 | 36.40 | 158.40 23.00 | 985.08 0

2 8.37 4.52 22.4 13.30| 67.98 [ 13.3 2.60 0.97 6.25 3.42 | 207.51

25 | s2318-3 1 36.99 70.26 101.85 144.90 1 320.85 | 60.70 39.95 | 35.40 | 157.05 23.00 | 985.06 70.8
2 8.36 4.50 22.8 13.18| 67.68 | 13.4 3.65 0.97 6.20 3.42 | 207.22 .

26 | 52203-1 1 37.00 70.28 102.00 144,90 | 321.60 | 60.65 39.95 | 36.40 | 153.20 23.01 | 985.18 47.2
2 8.37 4.50 22.7 16.29 | 66.84 | 13.4 3.61 0.97 6.08 3.42 | 210.41 '

27 | k2112-3 1 37.00 70.25 102.00 144,90 ( 322,15 | 60.95 39.80 | 36.40 | 155.50 23.01 | 985.34 7.9
2 8.36 4.52 22.9 16.07 | 67.28 | 13.8 3.69 .97 6.13 3.42 | 211.04 -

28 | 52188.1 i 37.00 70.23 102.00 144.90 | 322.80 | 60.40 39.95 [ 36.40 | 154.80 23.01 | 985.04 7.9
2 8.36 4.50 22.8 16.13 ] 66.53 | 13.4 3.72 0.97 6.11 3.42 | 210.04 .

29 | 52703.2 1 36.99 70.04 101.65 144.85 | 320.60 ; 60.70 39.85 [ 36.40 | 157.80 23.00 | 985.00 7.9
2 8.36 4.49 22.6 16.19 | 66.81 [ 13.4 3.54 0.97 6.21 3.42 | 210.12 .

30 | K2081~3 1 36.97 70.10 160.60 144,90 [ 322.05 | 60.20 40.00 | 36.40 | 156.00 23.00 | 984.90 23.6
2 8.36 4.50 22.7 16.30 | 68.25 [ 13.5 3.65 0.97 6.18 3.42 § 211.07 i
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A B c D E F G H I J
Pin | Cladding L. end plug| Tagging gas| Lower 5.8. Fuel Upper 5iC Plenum | U.end plug a=Fix
No. No. Ltem capsule blanket capsule | pellet |blanket| capsule Spring sleeve No. Total {DPM)
11 K2213-3 1 Length (ym) 37.00 70.19 100.55 144.90 | 319.05 60.20 39,95 36.40 159.90 23.00 984.98 31.5
2 Weight(gr) 8.36 4.52 22,2 16.02 68.17 13.7 3.65 0.97 6.30 3.42 210.95 -
19 | K2040~1 1 37.00 70.10 99.75 1544.95 [ 322.35 | 59.90 39.90 | 36.40 | 158.00 23.00 ! 985.04 1.5
2 8.36 4.49 22.4 16.03| 68.58 [ 13.2 3.66 0.97 6.22 3.42 1 210.42 :
33 | g2217-1 1 37.00 70.13 99.95 144 .80 | 320.90 | 59.7 39.90 | 36.40 | 158.20 23.00 | 985.10 118.1
2 8.37 4.50 22.2 16.181 69.33 ] 13.4 3.59 0.97 6.30 3.42 | 212.00 )
2 | k2112-2 1 37.00 70.20 100.30 144.90 | 321.60 | 60.60 39.85 | 36.40 | 158.00 23.00 | 985.26 0
2 8.37 4.52 22.3 15.95| 68.44 | 13.6 3.64 0.97 6.22 3.42 | 211.82
35 | K2113-1 1 37.00 70.23 100.20 144.95 | 322.35 | 60.15 39.90 [ 36.40 | 155.45 23.04 | 985.22 0
A 8.36 4.49 22.4 13.40 | 68.72 | 13.5 3.66 | 0.97 6.14 3.42 | 209.11
36 | K2203-3 1 37.00 70.12 100.10 144.95 | 320.85 | 60.60 39.95 | 36.40 | 158.75 23,00 | 985.32 23.6
2 8.37 4,50 22.6 13,23} 68.69 | 13.9 3.66 6.97 6.27 3.42 | 208.90 .
37 | 523122 1 37.00 69.98 100.50 144.85 | 320.07 | 60.45 39.90 | 36.40 | 159.65 23.00 | 985.20 23.6
2 8.36 4.45 22.3 13.11 | 69.62 | 13.6 3.62 0.97 6.00 3.42 1 208.22 '
38 | g2189~3 1 37.00 70.26 100.45 144.90 | 320.05 | 60.20 39.85 | 36.40 | 159.40 23.00 | 984.94 0
2 §.36 4.38 22.3 16.14 | 70.14 | 13.6 3.60 0.97 6.29 3.42 | 212.56
9 |s2312-1 1 37.00 70.17 101.0 144.85 [ 323.00 | 60.35 39.95 | 36.40 | 156.00 23.00 | 985.16 7.9
2 8.36 4.50 22.3 16.11 | 67.35 | 13.4 3.61 0.97 6.16 3.42 | 210.43 .
40 | ke120~3 1 37.01 70.25 100.25 144.85 | 321.45 | 60.45 39.85 | 36.40 | 157.05 23,00 | 985.24 63.0
2 8.37 4.49 22.2 16.04 67.32 13.3 3.61 0.97 6.20 3.42 209.74 N
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Table 4-5-2 Results of pin diameter measurement

X -
=D 7/
LA R
32 == 50-‘-50 ~ 50— —— =~ — — — ==L 50=~50 e 18
Q@ @ @ ©® o %) DI
| — @D
Pin .
No.| clad. Was 1 2 3 4 5 6_ 7 8 9 .10 Ll 12 13 14 15 16 17 18 19 20 21
1 K2283-2 X| 6.556(|6.488|6.489|6.48816.489|6.488(6.489(6.489|6.488 [6.4896.488(6.48816.490]6.490(6.490|6.490!6.49016.490 6.489 (6,554 084.92
Y 546| ,490| L4911 .492| .492| .490| .491| .489| .488( .488| -.487| .492| .490) .492 WA92| 492 .492( 490} .492( .559 °
2 K2213-1 X .5372( .500| .502| .507| .507| .504] .505( .504( .504 [ .50&| .503| .505| .505| .504| .502 505 .503[ .504] .505[ .557 985.00
Y .559| .501( .500( .500| .501| .500] .501| .s500| .500( .500| .500| .501| .501| .501 498|498 .498( .498| .498] .577 )
3 §2220-2 X 547 .507| .507 .507| .507( .5086] .506] .506| .506| .506| .506| .506| .506 5061 .506{ .5068| .506| .507] .505[ .578 984,78
Y .580| .507| .507| .507( .507( .s507| .507| .507| .507]| .506| .506{ .506 _.506| .505] .506] .506| .s506| .s506] .s505) .567 *
4 K3177-1 X .536] .498( .498| .498| .498| .498| .498| .498 .495 LA498( L409| .499) 499 .499( .500( .500] .500] .so00| .500 .551 985.04
¥ (561 .498| .498| .498| .498| .498| ,498| .498] .498| .498| .498| .499} .499| .498| .500 499 .500] .500{ .500| .552 °
5 §2202-1 X 552! .503| .503| .s03| .s504l .503 .504 .503f .502 | .501| ,501| .500] .5001 .499( .498] .499] .498| .499| .500| .545 985.00
Y .549] 504 .503| .504| .504[ .504| .503| .s504| .504/( .502{ .spz| .s502]| -.s02f .so01 L500] 501 .497( .502] .501| .544 :
6 §7305-1 X 579 .507| .507 507 .507) .507f .507| .507| .507| .so7} .s07| .s08| .s508| .s508| .509 .509| .509( .508( .509] .539 985.22
Y .553] .508( .508! ,508| .508| .508/ .508| .508| .508| .s08| .s508| .508/| .509 509 .509 509( .509( .509| .s509] .533 *
7 K2152-3 X L5611 504 .499| .503| .499( .499] ,500| .498( .498[ .503| .500]( .502 .502| .502} .503} .504| .504] .502| .497] .550 985.68
¥ 25611 .497) .498) .498| .498| .499) .498] .498| .497| .496| 497 497 .z96| .496!| .49 596 4961 .496] .497| .550 .
"8 §2189-2 X .561| .504| .503 .503 .504( .505| ,5305| .505{ .505| .504| .5051 .498| .499| .a98| .502| .502 500 L499] (500 .571 986.12
i Y .041| .503| .503| .503] .503| .503| .504| .504| .501| .502| .504| .398| .499| .498 L498| L498f .499( L4991 499 .552 )
9 K2254—2 X 563 .496 | .496| .496] .496 ,497 497 496 L4097 L4997 497 L4971 497 L497 _.497 497 L4977 497 .497] L571 985.00
Y :539| .496| .496| 496 .497) .496| .596) .496| 4971 .495] .497| .497| .495] .496) .496| .496 L4961 495 .496] .575 °
10 32168-2 X .5345; .506| .506f .506| .306( .505| .505| .505] .505| .505| .505] .505 505} .505( .505| .505| .505| .505| .505] .s70 985.02
Y .570( .505} .505| .506| .505| .505! .506| .504) .s506| .507| .506| .506| .508 L505] .5071 .507| .506]| .506| .505| .540 *




LE

Pin

No.| Clad. ¥ 1 2 3 4 5 6 7 8 9 10 11 i2 13 14 i5 16 7 18 19 20 21

11 | ®x2108-1 X| 6.550[/6.503|6.505| 6.503{6.504(6.504l 6.504|6.504|6.504(6.505[6.504|6.505|6.504] 6.504|6.505| 6.505(6.505|6.505| 6.505| 6.569 984.98
Y .558| .504! .505| .504| .504| .504! .504! .504| .504; .505| .505] .505| .505} .504| .504] .505| .504| .505| .505| .548 )

12 | K2077-3 X|  .553]| .495) .495| .495| .494| .494] .495| .A04] .495] .494] (494] 494 494 494 L494] 494 L4941 (494 (494 (357 985.10
Yi .583| .502| .498| .496| .496{ .496| .497| .496| .495| .496] .497| .494| .495] .496| .496] .497] .496( .498] .497] .578 !

13 | ®o177-2 X| .557| .498| .498] .498| .498] 498 .498] .498| .498] .498| .498( .499( .499] .499] .499| .499] .499] .499 .499] .555 98l .14
Y| .558| .498| .500] .498| .498| .498[ .498| .498[ .498| .498| .498| .499| .499| .499| .499 .499] .499| .499] .499| .3538 :

14 | K2292-3 X| .574| .500| .498] .500| .498] .497| .498| .496] .495| .495| .490| .490| .491) .490| .494) 493 .494} .495| .495] .540 985.10
v| .558| .495| .495] .495| .495| .495| .495| .495; .494| ,492( .494| .489: .4B8| .488| .488| .493] .493] .493| .495| .549 .

15 | §2189-1 X| .582| .497| .697] .496] .497[ .497] .497| .497 .497| .497| .497( .498| .498| .498| .498] .498] .497| .498| .497| .561 985.06
v! .550| .4970 .497 .497| .497| .497] .497] .497| .497| .497| .497| .497| .498| .498[ .408| .498] .498| .498| .498[ .542 '

16 | $2165-1| % .564| .502] .503] .503| .502| .502| .503] .503| .503| .503| .503| .503| .504| .504| .504 .498| .498( .498| .499 .582 984.90
Y| .562 .502| .503/ .503| .302| .502| .502) ,502| ,502| .502| .502] .502| .501| .498] .498) .498| .498| .498) .498| .563

17 | s2318-1 X| .560] .500] .302] .s502] .50z .502] .s502| .502| .501| .501| .502| .500( .499] .498] .498f .498| .498| .498 .498[ .547 085.04
Yl .543, .501| .502! .502| .502| .502| .501| .561| .500| .501| .503] .499! .505! .503| .501i .503] .49%] .489| .499f .546 .

18 | x2081-2 ¥X| .540| .486| .490] .493| .486| .490[ .491| .486| .485| .485| .486| .488| .488| .488| .48B| .488) .490) .488 .491] .555 984.98
Y| .549| .486| .486| .486| .486| .486| .485| .486| .483] .486| .485| .487| .48B| .489| .488| .488| .490] .489] .489] .536 :

19 | g2197-2 | ¥ 556 .504| .505| .304| .504| .504] ,504] .504| .504] .505] .505| .505( .505| .505[ .505( .506 .505) .505f .506] .578 984.96
¥| .568| .505| .505| .504| .505| .505( .505| .505| .505! .505] .506| .505| .504| .505| .505| .505| .504| .504f .5041 .556

20 | 82215-3 x| .588] .507| .505 .s504| .s04| .s04] .504] .503| .504| .505] “s0a] .s05] .505| .505] .504] .504| .504| .504] .504] .536 985.16
v| .545| .306| .505] .504| .504{ .503] .504| .503| .503| .505| .504| .505] .506f .505] .505| .505} .505| .504| .505] .554 )

21 | s2217-2 X[ .549| .507] .507| .507| .507] .507| .508| .507| .507| .507| .507{ .5Q7; .507] .506| .505| .506§ .507| .507| .508( .374 985.16
vy| .s5801 ,505| .505{ .506| .505; .505| .506| .506] .507| .505| .508| .507| .507| .507| .507( .507| .507| .507| .506| .549

29 1 x2160-3 | ¥ .543| .502| .502| .500| .500| .500[ .50%; .501| .502| .504; .501| .500| .501| .500( .500| .500| .500| .500[ .500| .538 985.00
Y .578| .505| .504| .501| .501| .502| .505| .505} .502| .501§ .501| .500| .501| .500[ .501] .5Q0| .501| .501] .505| .556 .

23 | k2352-2 %[ .568] .s01| .502] .501] .501] .501] .500| .500( .4991 .499] .498( .498| .498| .498) .498| .498| .497| 497 .497 .549 985.04
Y| .544| .506]| .501] .499i .505{ .504| .504| .503| .503)| .501| .499| .498{ .498| .500| .498| .501) .498] .497| .499% .540

24 | §2902-2 x! .538| .503| .504| .503] .504| .503| .s04| .503| .503) .504| .504| .505| .506( .506| .506| .506( .506| .506( .506| .560 985.08
Y] .342| .503] .503] .503} .503| .503] .504| .503| .504| .504| .504| .505| .506| .506| .506| .506 .506| .506( .507[ .534 )

25 | s2918-3 X1 .533] .504| .504] .505| .505[ .505] .503] .505| .505| .504| .504| .502( .498| .497( .498[ .497| .497| 497 .497 .559 985.06
¥! .352f .504| .505; .505| .504| .506| .505| .504| .505| .505| .505| .502| .505f .504) .502] .501] .505]| .498 .502[ .536 )




gt

Pin

No.| Clad. Non 1 2 3 4 3 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
26 | 82202-1 X| 6.581(6.505|6.505|6.,50616.506]{6.506( 6.506|6,505(6,505|6.505(6.505|6:504 6,505/ 6.5046,505| 6.506] 6.505|6.505| 6.505(6.558 985.18
Y| .548[ .505| .506| .506]. .506| .506[ .505| .505| .505| .505| .505) .505| .506{ .505| .506] .504] .505( .505| .506[ .549 -
27 | mo112-3 | X| 333 .505| .505| .506| .506] .306| .506( .506| .506| .507| .506| .507| .507{ .507} .507| .506| .507| .506| .508( .55%9 985.34
Y| .555| .507[ .506| .506| .506]§ .506| .507) .506| .507) .507| .507] .507| .507| .506| .507{ .507{ .507| .507[ .507| .572 :
28 | s2188-1 X| .556( .504| .502| .503| .5021 .504| .502( ,503]| .502) .503| .502| .501} .501) .498] .498] .500{ .498] .498| .499( .552 985.04
Y[ .571] .503! .504( .503( .504] .503 .505| .503f{ .503| .503} .502} .500{ .502( .498) .501j .502{ .501]| .502| .501| .535 .
29 | 522032 X| .561( .502} .502y .501| .501( .501f .501} .501} .501| .501} .50%} .500| .500| .500{ .500| .500{ .500| .500| .500( .560 985.00
Y| .552 .501} .502] .301, .501% .500( .501} .501} .502| .502 | .502| .502) .501| .502{ .502; .502] .500] .501| .500] .546 .
20 | ®2081-2 X| .553| .506| .504) .504| .505| .505| .506| .504| .504( .503] .503| .503| .503| .503| .504] .504| .504| .505| .503{ .533 984.90
Y| .545]| .504| .504| .504| ,505| .504| .504| .504j .503| .503) .503j .503) .503! .503] .503] .503] .503] .503] .503| .530 :
31 | ko213-3 1 ¥ .557( .306( .502| .503| .503( .503 .505| .504} .504| .503| .503| .501( .502} .501| .501)] .502( .501} .501 .501] .557 984.98
Y| .546| .505) .503[ .504| .503] .504| .503| .504) .503| .502| .502| .501| .501{ .501; .501{ .501| .501| .501| .502{ .569 .
12 | K2040-1 X[ 534 .495( .497( .496] .496] .496| .494| .496| .494( .495| .495| .495( .493| .490| .490[ .490( .490( .490( .490] .543 98504
Y[ .572] .4971 .497| .496] .4951 .496[ .493| .499! 495 .496| .496| 490 .491) .494) .4901 .490| .490| .494) .494] .562 .
33 | 82217-1 X[ .543| .504| .504( .304] .505| .505| .505| .505{ .505( .502| .502| .s03( .500| .501| .501{ .500¢( .500( .500( .500[ ,562 985.10
Y| .574| .504 | .504( .504| .504| .504[ .505| .505| .505| .504] .504| .502| .500( .500] .500| .500| .500( .50Q0| .500| .538 ’
| ko112-2 x| .564] .506| .507( .505| .505| .506 .505| .505( .505| .506{ .506| ,s506| .507| .507] .507} .508| .507{ .507| .508| .577 985.26
Y| .559} .507) .507{ .507| .507| .506| .506| .507} .507| .306f .506| .506| .508| .507! .507} .507| .507| .507| .507| .554 .
35 | Ko113-1 X| .548] .498| .498| .498| .498| .498 .498| .498] .498% .498| .498| .498| .499| .499| .4991 .499| 499} .499| .499| .546 085.22
¥ »340] 498 .498] .498 .498| .498| .498| .498! .498| .498F .498| .498( .499| .499] .499] .499| .499] .499] .499| .568 3
36 | K2203-3 X| .554] .4991 .499| .499( .499| .499| .499| .499| .500| .501} .502( ,501| .504| .504] .504f .505| .504| .504| .504] .555 985.32
Y[ .564| .503| .501) .5064] .503| .501 .500| .504; .501| .501| .503]| .507¢ .505| .506] .5060 .505[ .505[ .505| .304| .550 .
37 | g2312-2 X| .351) .501| .4%9| .501| .501| .502| .500( .502| .501| .503| .501| .502} .499| .s01} .s00f .502| .500( .500| .501| .548 98488
Y| .562) 500 .501| .50¢1) ,502| .502{ .502| .502| .502| .502| .502| .5011} .501! .499] .501} .501| .501| .500| .501| .559
18 | s2189-3 | ¥ .334| .301| .501| .500( .501( .500; .501( .500| .499| .499( .499( .499| .498| .498| .498] .499| .498( .498 .498[ .s550 984.94
Y| .357] .301] .501} .501) .501| .501¢ .501| .501| .500( .500| .499| .498{ .500| .498| .4991 .499| .500| .498| .498| .544
39 | g2312-1 X| .576[ .501 ] .499( .5011 .501( .5027 .500( .502] .501| .503| .501( .50Z1 .499| .501} .500] .502| .500( .500] .501 .570 985.16
Y| .348| .500, .501; .501| .502| .502| .502[ .502| .502]| .502| .502| .501| .501] .499| .501! .501| .501[ .500| .501| .542
40 | R2120-3 | X 5501 .499| .498} .499| .499| .502| .497( .496| .496 | .497| .4%4| .501| .497| .496| .496] .497| .496| .495] .495| .548 985 .24
Y| .572( .498| .498! .498| .498| .498) .498| .496| .495| .494| .493| ,503| .493| .496| .495} .495| .495| .495( .495| .545 )




Table 4-5-3 Weights of fuel material

M0, Plutonium E. Uranium N. Uranium
Pin No, (@ | Pw, | Pu | Pu fissile! Eu0, EU v2ss | -
(g) (2) (g) (g) (g) (g) 2
1 68.48 | 13.04 | 11.50| 9.62 55.44| 48.85 | 36.63| 36.2 31.89
2 69.24 | 13.18 | 11.63] 9.72 56.06| 49.39 | 37.04] 36.1 31.80
3 68.65| 13.07 | 11.53| 9.64 55.58| 48.97 | 36.73| 36.2 31.98
4 68.38 | 13.02 | 11.48| 9.60 55.36| 48.77 | 36.58| 35.4 31.19
5 67.27| 12.81 | 11.29| 9.45 S4.46| 47.98 | 35.99| 36.4 32.07
6 69.001 13.14 | 11.59| 9.69 55.86| 49.22 | 36.91| 36.3 31.98
7 69.19 | 13.17 | 11.62| 9.72 56.02] 49.35 | 37.0L] 35.9 31.63
8 69.38 | 13.21 | 11.65] 9.74 56.17| 49.49 | 37.12| 35.9 31.63
9 68.81 | 13.10 | 11.55| 9.66 55.71| 49.08 | 36.81| 35.9 31.63
10 69.01 | 13.14 | 11.59| 9.69 55.87| 49.22 ] 36.92| 35.7 31.45
i1 68.85| 13.11 | 11.56| 9.67 55.74] 49.11 | 36.83| 35.7 31.45
12 68.49 | 13.04 | 11.50| 9.62 55.45| 48.85 | 36.64| 36.7 32.33
13 68.26 | 12.99 | 11.46| 9.58 55.27| 48.69 | 36.52| 34.9 20.75
14 68.65 | 13.07 | 11.53| 9.64 55.58| 48,97 | 36.73| 35.5 31.28
15 68.16 | 12.98 | 11.44| 9.57 55.18| 48.62 | 36.46| 36.2 31.89
16 68.97| 13.13 | 11.58| 9.68 55.84| 49.20 | 36.90] 36.6 32.24
17 68.56 | 13.05 | 11.51] 9.63 55.51| 48.90 | 36.68] 36.8 | 32.42
18 68.70 | 13.08 | 11.53] 9.65 55.62| 49.00 | 36.75| 36.0 31.72
19 68.59 | 13.06 | 11.52| 9.63 55.53) 48,92 | 36.69| 36.0 31.72
20 69.10| 13.15 | 11.60| 9.70 55.95| 49.29 | 36.97| 36.1 31,80
21 66.34 | 12.63 | 11.14| 9.32 53.71| 47.32 | 35.49| 35.3 31.10
22 66.89 | 12.73 | 11.23] 9.39 54.16| 47.7t| 35.78| 36.5 32.16
23 67.27| 12.81 | 11.29} 9.45 s4.46| 47.98 | 35.99| 35.3 31.10
24 67.98 | 12.94 | 11.41| 9.55 55,04 | 48.49 | 36.37| 35.7 31.45
25 67.68| 12.88 | 11.36] 9.50 54.80| 48.28 | 36.21| 36.2 31.89
26 66.84 1 12,72 | 11.22| 9.39 54,12 47.68 { 35.76] 36.1 31.80
27 67.28 | 12.81 | 11.30| 9.45 s4.47| 47.99 1 35.99| 36.7 32,33
28 66.53 | 12.66 | 11.17| 9.3 53.87| 47.46 | 35.59| 36.2 31.89
29 66.81 | 12.72 | 11.22] 9.38 54.00| 47.65 | 36.74] 36.0 31.72
30 68.25| 12.99 | 11.46| 9.58 55.26| 48.68 | 36.51| 36.2 31.89
31 68.17 | 12.98 | 11.45| 9.57 55.19| 48.63 | 36.47| 35.9 31.63
32 68.58 | 13.06 | 11.51| 9.63 55.52| 48.92 | 36.69! 35.1 31.36
33 69.33| 13.20 | 11.64| 9.73 56.13| 49.45 | 37.09| 35.6 31.36
34 68.44 1 13.03 | 11.49] 9.61 55.41| 48.82| 36.61| 35.9 31.63
35 68.72 | 13.08 | 11.54| 9.65 55.64| 49.02 | 36.76| 35.9 31.63
36 68.67 | 13.07 | 11.53| 9.64 55.60 | 48.98 | 36.74| 36.5 32.16
37 69.62 | 13.25 | 11.69| 9.78 56.37| 49.66 | 37.24| 35.9 31.63
38 70.14 | 13.35 | 11.78| 9.85 56.79| 50.03 | 37.52| 35.9 31.63
39 67.35 | 12.82 | 11.31| 9.46 54.53| 48.04 | 36.03| 35.7 31.45
40 67.32 | 12.82 | 11.30| 9.45 54.50| 48.02 | 36.00| 35.5 31.28
Total 2731.95 | 520.06 |458.69 | 383.61 2211.89 | 1948.67 |1461.51 | 1439.20 | 1267.94
ﬁiﬁi;ﬁ:gs forl 35,99 6.72 | 5.93| 4.96 28.57| 25.17 | 18.88
5. Total 2767.24 | 526.78 |464.62| 388.57 2240.46 | 1973.84 |1480.39 | 1439.20 | 1267.94




Table 4-5-4 Results of non destructive inspection of fuel pins

X-ray radiography

He-Leak test

Surface contamination

(atm-ce/s) Loose (dpm) Fix (dpm)
Pin No. ~2P¢: | No harmful defects 1 x 1078 <10 <1,000
01 GO 9,1 x 10”11 <5 7.9
02 GO 9.1 x 10711 <5 283.0
03 GO 4.8 x 10711 <5 70.8
04 GO 4.8 x 10711 <5 86.5
05 GO 4.5 x 10711 <5 7.9
06 GO 4.2 x 10711 <5 31.5
07 GO 4.2 x 10711 <5 63.0
08 GO 4.2 x 10711 <5 585.4
09 GO 4.8 x 1p7H! <5 39.4
10 GO 1.9 x 10711 <5 0
11 GO 4.8 x 10711 <5 133.7
12 GO 9.1 x 10711 <5 31.5
13 Go 4.2 x 10711 <5 94.5
14 GO 1.8 x 10”11 <5 173.2
15 GO 4.8 x 10711 <5 15.7
16 GO 9.1 x 10711 <5 102.4
17 GO 9.1 x 10711 <5 157.2
18 GO 9.1 x 10741 <5 70.9
19 GO 4.8 x 10711 <5 39.4
20 GO 9.1 x 10711 <5 15.7
21 e's) 4.5 x 10711 <5 0
22 GO 4.5 x 10711 <5 23.6
23 GO 4,5 x 10711 <5 15.7
24 60 4.2 x 10711 <5 0
25 GO 1.8 x 1p710 <5 70.8
26 GO 4,5 x 10711 <5 47.2
27 GO 1.9 x 10710 <5 7.9
28 GO 1.8 x 10710 <5 7.9
29 GO 1.8 x 19”10 <5 7.9
30 GO 1.9 x 10710 <5 23.6
31 GO 1.9 x 10710 <5 31.5
32 GO 1.9 x 10710 <5 31.5
33 GO 1.9 x 10719 <5 118.1
34 GO 1.9 x 10710 <5 0
35 GO 1.9 x 10710 <5 0
36 GO 1.9 x 10710 <5 23.6
37 GO 1.9 x 10710 <5 23.6
38 GO 1.9 x 10710 <5 0
39 GO 1.9 x 10710 <5 7.9
40 GO 1.9 x 10~10 <5 63.0




Table 4-6-1 Chemical composition of
assembly components

Ttems Grid Knock bar Framwork | Tie rod, Tie rod | Tie rod gleeve
(%) (%) (%) end plug (%) (%)
C 0.03 0.06 0.06 0.06 0.04
si 0.62 0.45 0.90 0.58 0.53
Mn 1.61 1.43 1.46 1.58 1.75
P 0.020 0.036 0.040 0.018 0.003
0.006 0.004 0.012 0.010 0.007
Ni | 13.90 11.94 10.35 10.46 ) 12.96
cr | 16.21 16.29 17.25 16.68 o 17.10
Mo 2.15 2.33 2.29 2.21 : 2.56
Co 0.30 0.11 0.22 0.23 0.06
N 0.090 0.030 0.021 0.030 0.006




Fig.4-6-1 Metallography of welded
part of grid
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