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a. Composite of Fuel Fleme SU-2-5 (R-55)
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. U-1.2 Mo (572)

k. U -3 Mo (602)
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i. U~ 2 Zr (555)
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1. U- 1.8 Mo (583)

m, Th-5.4 U (532)

’_%—6" LONG FUEL SLUG“———{

0.750" 0.750" 0.755" 0.795"
ALL SLUG
0.747" 0.751" 0.751" 0751"

0.750" e

0 748" 90°

FUEL SLUG 335-4 FROM FUEL ROD 604 U -3 Mo

0.749" 0.744" 0 738" 0.735" 0.753" 0°
ALL SLUG
0.750" 0.750" 0.740" o718" 0.724" 90°
FUEL SLUG 73-B FROM FUEL ROD 572 U - |.2 Mo
0 739" 0728" 0.700" 0.743" 0.750" 0°
ALL SLUG
0734" 0.734" 0.720" 0747" 0.768" 90°
FUEL SLUG 64N FROM FUEL ROD 583 U - 1.8 Mo
PART CLAD ON CLAD ON CLAD PART CLAD  ALL SLUG
0.7886" 0.794" 0803" 0774" 0747" 0°
ALL SLUG  ALL CLAD ALL CLAD PART CLAD  ALL SLUG
0.746" 0 788" 0 796" 0.769" o.745" | 90°

FUEL SLUG 0-3 FROM FUEL ROD 532 Th - 54 U.

n. Fuel Slug Measurements
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o. Length of Fuel Element Rods Recovered







SLUG LOCATIONS .
12 | |n| 10 | 9 L_ 8 | 7 ]A 6 | 5 4 | 3 | 2 | I

l
lrapee pdipes . -l ol o | | B

TOP AREA OF HIGHEST
TEMPERATURV
/ /LONGITUDINAL
CRACKS

BOTTOM

MELTED ORIFICE

PROCESS
TUBE

CLEAN RODS RADIAL
NO DAMAGE CRACKS

TOTAL ROD LENGTH 8'-8" (104") I'-4 -

PROCESS TUBE LENGTH 10-0" ZIRCONIUM

a. Composite of Fuel Element SU-1-15 (R-24)




Etched
(1) lrradiated

‘ (1) 73X

(2) Unirradlated
h. Photomicrograph of Melted Material

Figure 8. Evidence of Eutectic Melting and
Plugging of the Fuel Channel

NAA-SR-4515
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g. Photomicrographs of Cladding from SU-1-40 (R-25), Adjacent to Melted Area
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CLAGDING SECTIONS
MiSSING, EXPOSED FUEL
[ _~ EXPLODED SURFACE,AS
OPPOSED TO PUNCHED
) OR IMPLODED
| JUPPER 9 7O 14 .n ]
OF DAMAGED AREA)
NO
APPARENT
DAMIAGE 1) 165X
4 |
l
|
——
TYPICAL CLADDING BREAK
14 15" SHARP FRACTJRE LINES,
y N0 MELTED EDGBES, NO
RAWEEER EMBRITTLED FPCRFORATED
SECTIONS NEXT TG FRACTURE
) (UPPER 3 TO 14 .n OF
DAMAGED AREA)
(2) 165x
2 7126
) NO 1
APPARENT
DAMAGE
SMALL LUMPS WirhCH WERE
‘ FOUND THROUGH ABOUT THE
LOWER 3 TO 5.n OF
DAMAGED AREA NO
AREAKS FOUND HERE
g L -

a, Location and Description of Typical Breaks

(3) 165)

n
i
b. Fuel Element SU-1-4({R-25) c. Photomicrographs of Cladding
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a, Composite of Fuel Element SU-1-12 (R-21)

Tlavre 10 LeFT




| Distance | Distance Distance
| From Tap ' Dm_n\\eter From Tap D:aimeler From Top Mameter
of Rod _ in) of Rod L) of Rod o, )
(in. ) dtial Reading | Rod Rotated {(in.) Initial Reading | Rod Rotated 20° {in.} Initial Reading [ Rod Rotated 90°
Rod No. | ‘ Rod No. b Rod Na. 3
1 24 0.791 0.791 3 0.790 1 0.790
i 59 I 0.786 23 IS 16 0.794
E 60 ! 0.785 G.790 39 0.785 32
6l 40 0.782 18
62 41 0" 786 614
63 12 0.790 RO
90 0.731 60 0.790 2l
30 0.792
Rod No. 2 Rud No. 1 Rod 2
23 0.790 3 0.791 0.791 1 0,790
24 0,792 0.7 23 0,792 G.790 io
60 0,790 t0 0.791 ¢.790 24 0790
g0 0.792 60 0.790 0.791 20 0736
a7 0.791 }T9L 50 0790
% 2 n.74u
91 a.791 [Tl

1, Clad Rod Measurements

h, Composite of Fuel Element

SU-1-20 (R-45)
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b, Exit Sodium Temperatures

a. Central Fuel Temperatures of Fuel Element SU-2-5 (R-55)
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Figure 11. Temperature Information
Supporting Thermal Cycling Thesis

NAA-SR-4515
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PERIPHERAL CENTER PERIPHERAL

~ —A N r—'A—ﬂ r h N
ROD Nos 264 376 250 6 59 381 269
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b. Location of Fuel Slugs Recovered from Element SU-1-9 (R-12)

a, [uel and Cladding from SU-1-9 (R-12)
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c. Dimensions of Recovered Fuel Slugs

Supporting Thermal Cycling Thesis
NAA-SR-4515
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d.” Sections of Unalloyed Uranium from Element SU-1-12 (R-21)
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50X

(3) lrradiated

(S

.

(4) Unirradiated

(As=Recelved Material)
a. Cladding from Fuel Element SU«1-3 (R-56) (Type 304 Stainless Steel)

e |2 AT

150X
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b. Cotter Pin from Fuel Element SU-1-3 (R-56)

150X




0,042

(1) Immersed in Vapor Phase Sodium

150X

.0042"

(2) Immersed in Liquid Phase Sodium

c. Upper Hardware (Hanger Rod Hold-down Tube) from Element SU-1-3 (R-56)

150X

]jiai’gonal (Ioﬁg) ) Knoop R % R sk
(filar) . ' (mm) Number C b
- 152 0.070 290 2T
ge 141 0.065 : 337 . 33
160 - 0.074 R 260 22
171 .0.079 : 228 <20 95.5
171 _ 07079 228 95.5
171 - 0.079 . 228 95.5
) 172 0.0795 225 95
. L 187 0.086 192 88
Etched 175 -.0.081 217 93
177 0.082 212 ‘ 92
175 . 0.081 217 <20 93
163 0.075 253 20.5
- 163 - 0.075 253 20.5
154 . 0.071 282 26 p
150 0.069 299 28
Edge 138 0.064. 347 34.5

Spacing of indentations 0.1 mm, except at edges.

*Conversion of Knoop to RC and Rb is from table, and therefore is only relative.

Knoop indentor 100 g load
10.25 objective

1 filar unit = 0.000462 mm

d, Results of Microhardness Testing

Figure 13. Results Indicating Absence
of Structural Damage from Nitriding or
Carburization o
NAA-SR-4515



















































