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ABSTRACT

This technical monthly report covers studies related to the use of **PuQ, in
radioisotope power systems carried out for the Office of Special Nuclear Projects of the
US Department of Energy by Los Alames National Laboratory. Most of the studies
discussed are ongoing; the results and conclusions described may change as the work

continues.

I. GENERAL-PURPOSE HEAT SOURCE
(GPHS)/SAFETY VERIFICATION TEST (SVT)
SERIES

A. SVT-6 Postmortem Examination (T. George)

Details of the test conditions, module disassembly,
and initial metallography were given in previous
monthly reports. In this month we completed metallo-
graphic examination of the clads and plutonia fuel,
and received the results of Auger and spectrographic
analyses.

1. Vent Metallography. Metallographic examination
of the vents on capsules HF-361 and HF-373 did not
reveal any mechanical defects (Figs. 1 and 2). Both frits
were uniform and properly aligned. No large inclusions
or glassy oxides were observed in either vent.

Wall sections adjacent to both vents exhibited an
unusual amount of grain coarsening (Figs. 3 and 4).
Areas adjacent to the HF-373 vent contained as few as
2 grains/thickness; in one section a nearly continuous
grain boundary extended from the interior to the surface
(Fig. 4). Although excessive grain growth in both vent
sections occurred next to the cover welds, the micro-
structures did not appear to have resulted from welding.

Further examination of the vent sections revealed
deep cracks on the radius of each vent cup, 180° to the
impact face (Figs. S and 6). The cracks in both cups
initiated on the interior surface and occurred in regions
of moderate grain growth. Although exact lengths could
not be determined, the cracks in HF-361 appeared to
penetrate more than 50% of the capsule wall. The cracks
in HF-373 traversed more than 65% of the wall thick-
ness.

2, Fuel Ceramography. Ceramographic examination
of specimens removed from the HF-361 and HF-373
fuel pellets did not reveal any unusual features. Both
fuel samples had a typical microstructure (Figs. 7 and 8).

3. Chemical Analyses. Specimens for spectrographic
analysis were removed from each of the prime clads.
Two additional samples for Auger electron spectroscopy
(AES) were also obtained from each cup. Results of the
spectrographic analyses are given in Table I, the AES
results are listed in Tables II and III.

Results of the spectrographic analyses indicate that all
of the iridium cups had similar chemistries; cup-to-cup
variations were not significant. The Auger results sug-
gest that all of the interior cup surfaces were thorium
depleted. Thorium content on the interior of the
HF-373 vent cup was extremely low. Electron images of
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TABLE L. Spectrographic Analyses of SVT-6 Primary Clads (ppm)
HF-361 HF-373
Element* Vent Cup Blind Cup Vent Cup Blind Cup

Fe 150 200 200 200
Al 60 50 50 50
Ca <3 <3 <3 3
Ni 40 30 40 40
Si 10 <10 <10 30
Cr 30 1§ 40 30
Cu 15 5 3 3
Pt 30 <30 <30 <30
Ru <30 30 <30 <30
w 0.1-1.0% 0.1-1.0% 0.1-1.0% 0.1-1.0%

*Elements are listed only if they exceed detectability limits in at least

one sample.

TABLE II. AES Results for Sections Removed from Capsule HF-361

Thes/Itzy  Coro/Irae Cis10/Iray Sisof/Iraze  Clyge/Ita2e

Vent cup
Adjacent to fracture
inside 0.326 0.140 0.628 - -
center 0.516 0.036 0.309 —_ —
outside 0.629 0.112 0.629 —_ —
180° from fracture
inside 0.194 6.097 0.726 0.097 —
center 0.440 0.120 1.100 —_ —_
outside 0.533 9.100 1.128 0.167 —
Weld-shield cup
Adjacent to fracture
inside 0379 0.035 0.690 -— —
center 0.490 0.061 0.449 —_ —_
outside 0.556 0.167 0.907 — —
180° from fracture
inside 0.140 1.590 0.947 strong® 0.193
center 0.417 0.083 0917 — -
outside 0.305 0.678 0.712 0.169 0.136

*Results indicated a strong sulfur line that overlapped onto adjacent peaks.




TABLE III. AES Results for Sections Removed from Capsule HF-373

Thes/Irzzy  Cao/Irayg Osy0/Ir29 Siso/Irzze  Clygo/Irazg
Vent cup.
Impact face
inside 0.068 0.091 0.386 -— -—
center 0.778 0.028 0.556 -— -
outside 0.541 0.432 0.730 - —
180° from impact face
inside 0.023 0.140 0.512 — —
center 0.542 0.083 0.583 — —
outside 0.578 0.133 0.622 — —
Weld-shield cup
Impact face
inside 0.154 0.135 0.538 - .
center 0.640 0.100 0.680 —_ -
outside 0.364 0.455 0.682 — —
180° from impact face
inside 0.400 1.870 0.545 0.109 —
center 0.417 0.896 0.667 - —
outside 0.400 1.000 0.600 — -

the thorium-depleted cup sections did not reveal ab-
normal grain growth.

Samples for chemical analysis were removed from
each of the SVT-6 fuel pellets. Results of spectrographic
analyses are listed in Table IV. Significant differences in
chemistry were not apparent. The SVT-6 fuel pellets
were similar to one another and to fuel pellets used in
previous SVT tests.

4. Particle Size Analyses. To quantify the impact
response of the fuel, we selected capsule HF-361 (un-
breached) for a particle size analysis. The capsule was
opened underwater (to prevent the loss of small fuel
fragments) and defueled. The fuel fragments were sized
by passing them through a series of screens. Results of
the particle size analysis are given in Tables V and V1.

As part of the ongoing effort to determine the amount
and size of fines released by a breached clad, the graphite
impact shells (GISs) and the aeroshell used in SVT-6
were ultrasonically cleaned and burned, and the remains
were analyzed for plutonium. The results are listed in
Table VIIL. The ultrasonic cleaning solution and finely
divided catch-tube debris were dried and placed in a
low-temperature ashing furnace, and the remains were
sized and analyzed for plutonium. These results are

given in Table VIII. We combined the plutonium con-
tent of the SVT-6 graphitics with the plutonium con-
tained in the catch tube to give a total release figure of
0.0149g.

B. SVT-7 Postmortem Examination (D. Pavone)

This test assembly was aged 90 days at 1287°C, sub-
jected to a 1375°C pulse to simulate orbital-decay reen-
try temperature, and impacted inthea = 15°, 8 = 0°,
v = 0° orientation against a steel target at 975°C and
53.5 m/s. The test components are listed in Table IX.

Figure 9 illustrates the condition of the module as
recovered from the catch tube. The aeroshell fractured
along the axial contact lines of the leading GIS, and a
partial fracture on the impact face occurred parallel 1o
the axis of the trailing GIS. A dent, with associated
fractures, was also present on the back side of the
aeroshell. Damage to both impact shells was similar,
with irregular cracks on the impact face traversing about
80% of the length and a transverse crack on the back side
near the closure (Figs. 10 and 11). Damage to the
secondary GIS was most severe; the cap was ejected and
a piece of the impact-shell back was torn from the body.
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TABLE IV, Spectrographic Analyses of the SVT-6 Fuel Pellets
{ppm)

Elements® HF-189 HF-225 HF-361 HF-373

Ag 2 1 20 15
Fe 20 15 10 20
Mg 3 10 20 4
Al 65 45 30 15
Ti 20 10 20 20
Na 8 10 <2 15
Si 25 30 35 45
Ca <3 60 150 130
Cu <1 <1 <1 8
Mn <1 <1 4 <1
Cr <5 <5 15 <3

*Elements are listed only if they exceed detectability limits in at
least one sample,

TABLE V. Sieve Analysis of the Fuel in Capsule HF-361

Particle Size Accumulated
(um) Weight Fraction Weight Fraction
+6000 0.0464 0.0464
+2000 0.1901 0.2365
+ 841 0.3146 0.5511
+ 420 0.2193 0.7704
+ 177 0.1296 0.9000
+ 125 0.0212 0.9212
+ 74 0.0242 0.9454
+ 44 0.0174 0.9628
+ 30 0.0104 0.9732
+ 20 0.0122 0.9854
+ 10 0.0048 0.9902

10 0.0098 1.0000




TABLE V1. Subsieve Particle Distribution of Fuel in

Capsule HF-361

Particle Size Accumulated

Range (nm) Weight Fraction Weight Fraction
Otol 0.000846 0.000846
1to2 0.000492 0.001338
2t03 0.000635 0.001973
3to 4 0.000800 0.002773
4105 0.001000 0.003773
5t06 0.000972 0.004746
6to7 0.000172 0.004917
Tto8 0.000768 0.005685
8to9 0.001094 0.006779
9t 10 0.003001 0.009780

TABLE VII. Plutonium Content of the
SVT-6 Graphitics

Components Pu Content (g)
GIS A (PGT-1023) 0.0085
GIS C (PGT-1026) 0.0001
Aeroshell (PAT-1009) 0.0002

TABLE VIIIL. Size and Quantity of Plutonium
Released into SVT-6 Catch Tube*

Particle Size Weight
(um) (2)
0- 10 0.0003
10 — 20 0.0010
20 — 420 0.0048

“Included are particles recovered from the agrashell
and GIS ultrasonic cleaning solution.

TABLE IX. SVT-7 Components

Component Number

Aeroshell PAT-1010

Prime impact assembly
Impact shell PGT-1020
Fueled clads FC-364 and FC 368
Fuel pellets HF-364 and HF-368
Insulation sleeve C-409
Insulation disks P-11-1-32, P-12-1-4

Secondary impact assembly
Impact shell
Fueled clads
Fuel pellets
Insulation sleeve
Insulation disks

PGT-1021

FC-165 and FC-112
HF-165 and HF-112
C-38-3

P-12-1-3, P-11-2-34




The impacted fueled clads are shown in Figs. 12 and
13. Major failures attributable to fuel-fragment push-
through occurred on the FC-364 (primary clad) impact
face and on the back side of FC-165 (secondary clad).
On FC-165, a fracture about 1 cm long X 0.5 cm wide
occurred along the weld-bead centerline near the impact
face. Minor fractures were present on the vent cup side
of the FC-112 weld bead and on the vent cup radius of
the FC-368 trailing face. Table X lists the gross deforma-
tion of the fueled clads and the estimated fracture areas.
The clad deformations were similar to those observed in
assemnblies impacted in the a = 0° orientation.

Fracture patterns of the plutonia pellets are shown in
Fig. 14. The fracture pattern of pellet HF-368 consisted
of small, radially oriented columnar fragments. In con-

trast, the fracture patterns of pellets HF-364, HF-165,
and HF-112 showed relatively large, randomly oriented
fragments.

A fracture on the FC-368 vent cup radius is shown in
Fig. 15. Visual examination of the interior surface did.
not indicate any penetration of the capsule wall, al-
though metallographic examination indicated that the
fracture had penetrated 50% of the wall thickness.
Though the fracture mode was intergranular, a small
reduction of thickness at the side of the fracture, about
2%, indicated limited ductility.

Figure 16 shows the interior of the failures on the
back side of FC-112, The failures occurred in the vent-
cup side of the weld bead, just beyond the tip of the weld
overlap “spear point.” The vent cup failure sites are

TABLE X. Impact Test Summary, GPHS SVT Series

Rentry NDT* Gross Deformation Failures
Test No. Mode Clad No. Value Diam (%) Helght (%) Axial (%) Number Ares (mm)?
SVT-1 Min-y", FC-232 30 +13.8 -11.1 +58 0 254
Face-on FC-238 5.0 + 96 -173 +3.8 0
FC-261 8.7 +11.7 -11.1 +5.6 2
FC-410 12.6 +98 - 96 +14 1
SVT-2 Min-v%, FC-355 6.8 +10.0 -104 +4.1 0 84
Face-on FC-369 60 + 9.1 - 93 +4.1 0
FC-449 13.7 +12.5 -10.3 +5.6 3
FC-273 107 +10.3 -10.5 +4.4 0
SVT-3 Orbital FC-343 29 +12.3 - 90 +5.7 0
decay®, FC-350 1.1 +10.0 — 85 +2.6 0
Face-on FC-457 98 +10.8 -72 +5.6 0
FC454 128 + 95 - 64 +2.9 1
SVT-4 Orbital FC-348 10 +115 -11.3 +64 1 18
decay, FC-354 32 - 85 + 8.2 +4.0 0
Face-on FC-449 13.7 +12.5 - 85 +5.1 0
FC-273 10.7 +10.3 -93 +3.4 0
SVT-§ Orbital FC-267 kX)] +10.4 -9.1 +55 0
decay, FC-260 4.0 +10.9 -13.7 +4.1 0
Side-on FC-515 94 + 55 — 45 +1.2 0
FC-426 9.6 + 50 - 6.9 nil 0
SVT-6 Orbitat FC-373 4.1 +11.2 -14.9 + 6.2 2 24.1
decay, FC-361 4.4 +123 -17.6 + 88 0
Side-on FC-228 132 + 78 — 88 + 3.7 (1]
FC-189 133 + 64 - 72 + 29 0
SVT-7 Orbital FC-364 2.0 + 99 -13.8 + 53 1 £3.0
decay, FC-368 1.6 + 95 - 99 + 54 0
a=15° FC-165 130 +10.7 -10.0 + 57 2
FC-112 110 + 8.0 - 95 + 4.0 2
*Nondestructive testing.

SAged 200 h at 1287°C (clad); impact at 919°C and $4 m/s.
“Aged 90 days at 1287°C (clad); impact at 975°C and 54 m/s.




shown in Fig. 17. One of the fractures exhibited a
reduction in thickness of about 9%. The microstructure
of the weld-bead was relatively large grained and nearly
equiaxed at the fracture sites (Fig. 18). The fractures
followed the grain boundaries across the weld bead
thickness. It was not clear whether the fractures resulted
solely from mechanical deformation, or from enlarge-
ment of preexisting cracks. The fact that the fractures
occurred only on the vent cup side of the weld bead
supports the latter.

C. SVT-8 Postmortem Examination (T. George)

A fully loaded GPHS module was impacted at
54.6 m/s and 975°C. The module orientation was
a = 15,8 = 0°, y = 0° (Fig. 19). Before impact, the
test assembly was subjected to a simulated reentry tem-
perature of 1375°C, and the fueled clads had been aged
for 90 days at 1287°C. Encapsulation details for the
SVT-8 clads are given in Table XI; data describing the
fuel pellets are presented in Table XII. After the test, a
sealed catch tube containing the impacted module was
transferred to Wing 2 of the CMR building. Postmortem
examination of the module began immediately.

The catch tube was placed in an open-fronted hood
and the pump-out plug was removed. A swab inserted

into the pump-out hole registered >20,000
counts/min/cm2. The end of the catch tube was re-
moved, and the inner nickel can (a radiation shield) was
extracted with tongs. The impact assembly was then
extracted and placed on a bed of solid CO,. As in
previous SVTs, even after extraction of the radiation
shield and impact assembly, the catch tube contained a
significant amount of debris (Fig. 20). The largest pieces
of graphite were removed from the catch tube, and the
remaining contents were washed and packaged for low-
temperature ashing.

Aeroshell damage was significant (Fig. 21). Both
closure caps were removed, and the aeroshell body was
partially fractured along the axial contact lines of the
leading GIS. Although both GISs were unrestrained,
neither left the aeroshell.

Damage to the GISs was significant (Figs. 22 and 23)
but not unusual. The caps on both GISs had been
removed, and FC-437 (prime GIS) was released into the
aeroshell.

The fuel capsules were extracted from the GISs,
photographed, and measured. Side and end views of
each capsules are shown in Fig. 24. Capsule dimensions
and calculated gross strains are listed in Tables X111 and
X1V,

Macroscopic examination revealed that the prime
clads (FC-436 and FC-437) experienced only moderate

TABLE XI. Encapsulation Details for SVT-8 Fueled Clads

SRP/NDT*
Cr/:k Iridium Cups
Capsule No. Indication Vent Weld Shield Fuel Pellet
FC-391 98 RR925-3 RR920-5 8205HF391
FC-436 1.0 R919-4 R901-2 8207HF436
FC-437 1.0 MER41-1 MER41-2 8207HF437
FC-441 9.6 MER21-6 MER21-1 8207HF441
*Savannah River Plant nondestructive testing.
TABLE XII. Data for SVT-8 Fuel Pellets
Diameter Length Weight Fuel Pellet
Capsule No. Fuel Form {mm) (mm) ® Process Atmosphere
FC-391 8205HF 391 21.7 nf* 150.3 Argon
FC-436 8207HF436 27.7 277 150.1 Argon
FC-437 8207HF437 ni ni 149.8 Argon
FC-441 8207HF441 27.6 279 150.6 Argon
*Nonintegral at loading.




TABLE XIII. Dimensions of the SVT-8 Fueled Clads

FC-391 FC-436 FC-437 FC-441
Preimpact dimensions (mm)
Diameter 29.77 29.77 29.79 29.77
Length 29.97 29.97 29.97 29.97
Postimpact dimensions (mm)
Diameter
Vent Cup min 26.80 28.46 27.83 27.44
max 32.40 31.34 247 32.03
Weld min 26.86 28.82 27.42 27.85
max 33.80 31.94 32.64 3296
BlindCup min 26.71 2742 27.07 26.79
max 32,44 31.58 32.10 32.33
Length min 31.18 30.48 3045 31.14
max 32.40 31.38 32.52 31.78
TABLE XIV. Postimpact Strains in the SVT-8 Fueled Clads
FC-391 FC-436 FC-437 FC-441
Diameter
Vent cup min —998% —440% — 658% — 7.83%
max + 8.83 + 5.27 + 9.00 + 7.59
Weld min - 977 - 319 — 796 ~ 6.45
max +13.54 + 7.29 + 9.56 +10.71
Blind cup min —10.28 - 7.89 - 9.13 —10.00
max + 8.97 + 6.08 + 7.75 + 8.60
Length min + 4,03 + 1.70 + 1.60 + 390
max + 8.10 + 470 + 8.51 + 6.04

deformation. Although capsule FC-437 had been re-
leased from the GIS, it did not appear to be significantly
more deformed than capsule FC-436, which remained
in the GIS,

Examination of clads removed from the trailing GIS
(FC-391 and FC-441) revealed that capsule FC-391 had
breached. The closure weld on capsule FC-391 opened
over a 120° arc (Fig. 25), with the crack center 90° to the
impact face; the weld-shield band remained in place and
limited fuel release. The crack was approximately
30.0 mm X 1.8 mm and had an area of 39.7 mm?. The
crack width permitted excessive clad deformation and

generated secondary cracks in the vent and weld-shield
cups (Fig. 26). Capsule FC-441 experienced moderate
deformation and contained no visible defects.

An abrasive cutting wheel was used to make a narrow
circumferential slit 8-10 mm above the weld (blind cup)
on capsules FC-436, FC-441, and FC-391. The capsules
were pried open with a small screw driver, and the
patterns of fuel fracture were photographed (Fig. 27-29).
The capsules were then defueled.

To determine the quantity of respirable fuel particles
produced by the impact, we selected capsule FC-437 for
a particle size analysis. The capsule was transferred to a



glove-box train used for fines analysis and was opened
underwater to prevent the loss of small fuel fragments.
The fuel breakup in FC-437 (Fig. 30) was similar to that
observed in the other capsules.

II. LIGHT-WEIGHT RADIOISOTOPE HEATER
UNIT (LWRHU) (C. Land)

A. Bullet Test

A LWRHU capsule (RS-3 or 18480) fueled with UO,
was impacted with a .50-caliber, 18-g aluminum-alloy
(2219/T87) bullet at 2979 ft/s (908 m/s). The capsule
was set in an aluminum cup (see Fig. 31) held in position
by an aluminum ring and was impacted 90° to the
closure end (Fig. 32). The capsule deformed in the
closure weld area but did not breach.

A longitudinal section of the fueled capsule showed
that the fuel was crushed at the impacted end (Fig. 33).
Both halves of the capsule were mounted and polished
(Fig. 34); no vent hole was found. The closure weld was
quite porous (Fig. 35), and the RS-3 vent-end weld was
somewhat heavy but otherwise acceptable (Fig. 36).
This was not a particularly severe test for this unit.

B. Fines Analysis

Fines analysis for the aged and impacted units
(RHU-09-09 or 17870 and RHU-10-12 or 17869) are
listed in Table XV. In the aged unit (RHU-09-09) that
was impacted side-on, the total weight fractions of the
<20-pm material (0.0576) was double that observed in
RHU-09-02 (0.0252). The weight fraction of <20-um
material (0.016) in the aged unit was similar to the 0.013
weight fraction observed in RHU-09-03; both units
were impacted 45° to the closure weld, Note that in the
side-on impact (RHU-09-09), 60% of the material was
approximately +420 um, whereas in the corner-on im-
pact (RHU-10-12), approximately 90% of the material
was +420 pym. The distribution of the <10-pm size
fraction (RHU-09-09) is listed in Table XVI.

TABLE XV. Fines Analysis

Particle Size RHU-09-09 RHU-10-12
(um) (wt. fraction) (wt. fraction)
+420 0.5886 0.9147
+125 0.2435 0.0425
+ 20 0.1103 0.0268
+ 10 0.0183 0.0054
- 10 0.0393 0.0106

TABLE XVL Subsieve Fines Analysis (<10 um)

Particle Size RHU-09-09 RHU-10-12
(um) (wt. fraction) (wt. fraction)
1 0.005 0.001
2 0.006 0.001
3 0.007 0.001
4 0.004 0.001
5 0.005 0.001
6 0.004 0.001
7 0.001 0.001
8 0.005 0.000
9 0.002 0.000
10 0.000 0.003

III. SAFETY TECHNOLOGY
A, Iridium Biaxial Testing (T. George)

Four iridium disks were impacted; numbers and test
conditions are given in Table XVII. All four tests
duplicated previous impacts and were designed to rein-
force our data base. The results will be analyzed in the
future.

Twelve 2.50-in. X 0.375-in. tensile specimens were
returned from the machine shop and were immediately
forwarded for photoresist gridding. If the tensile speci-
mens are gridded soon, we will begin testing in August.

TABLE XVII. Summary of Biaxial Testing Completed in June 1984

Nominal Test Strain
Disk No. Grains/Thickness Temperature (°C) Velocity (m/s) State
VR235-2 5.0 1440 45.00 +.0
7563-5 25.0 1000 44.78 +,0
75616 25.0 800 45.39 +,0
7563-2 250 600 43.87 +,0

——— —



B. Eridiaem Chemistey (K, Axler)

The formation of BYThIr compounds alonsg DOP-3
iridium grain houndaries could adversely sffect the
ipaicl Belsvior of indmme-cncapsuiated heat sowrees.
In this month we continued witl oar mvestigatlion of
PiTasle wranry compounds. Thorium, sridium, and
phosphoras were mixed in a molar proportina of 1862
and pressed a1 3000 psi, The peilet was scaled in an
evacualed quarte wobe and heated for 24 h ar 1200°C,
The products were ThPy (90%) and Inl% (10%), A
sample of 1l muxlure was placed in an evaguated
amtalum cell and heated for | kat 140PC: subsequent
x-ray diffeaction revealed the presence of a ThirP
WY,

C. Plutoninm/ Refractory Metal Componnds (R, Rhoe
and K. Axler}

We prepared a sample of PuRe; by arc-melting the
components and anncaling them i an gvacealed guarte

ampule for | week. A Iraction of the sesulting inter-
metaliic was placed in a twegsen effusion coll and
the sublimation studied over the range 1300-2000°.
APy species was observed and then analyzed with
the mass spectromeler W determing Lthe vapor pressure,
The temperature dependence of the plutoniem ion in-
lensity vielded an 82, 3keal hem of sublimatlion, which
i5 that of elemental plutonivm. This indicates that 1he
sample decomposes when heated shove 1530050, We are
taking addimonal measurements o determine the onset
of decomposition.

Errata
The monthiy progress eports for March and May 1984
vontained the following typographical creors:
In March, the impact orienmiation for the SYT-6 mod-
ule was %07, net 9 ip. 1L

In May, Table I should read Velocity {mjgh ngl
Velacity (mpeld (p, 4.

Fig. 1. No defects wene ehserved in the vent an capsulz 1HF. 381,
X,

S

wnvens ancapsele HF-375 was free of mechanscal defects;




Fig. 3. An unusual amount of grain growth was chserved near the cover weld an
Shoe cmpsiel-face side of the HE381 vent seonen; 30X,

Fig. 4, Unusually large grins were observed adjacent 1 the vent cover ansd
assenly welds on bath sides of the FIT-273 vent seotian; 0%,

L
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Fig. 5 Deep cracks wore sbserved o0 the HESSBD vend cup rdics, TR 1o the
et fact; ) wanctehed, S0X &l (k) eched, 100X
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ig. ‘raciks arcthe HF-373 venl cup sadius peastraed more thae $5% ol the
wiall thickness: (a) ungichad, SOX, and Siesched, 100X,
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Fig. 7. The fuel in capscle HE361 had a dypical microstiuctusne: (3)
macrograph, 10X, (has eicked, LOOX.
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Fig. 9, Test modile SVT-7 after impacy, The kading aurrow fce of the aemoshell way
separaed rom the body

PGT—{OQO‘
R T e A R e R

(h)

Fig, L The leading Impact sssembly frimm SVT-7. The damage and deformataan ssensbied that of
ipact wests cenducted ina “foean’ orientuhon, G Tmpact fice and (b3 prodile,
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SVT-7 P.LA.

FC-368

Fig. 2. The impacied fueled clads of he primary snpact wssemnbly of SVT-7. A major feel-fragment pusk-thravgh fitluse securned in FC-384, arsd
& minor fracture in FU-388 (arrow] was observed. Lefl 1o nights uspact e, side profile, back side, and vent-end profile.
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SVT-7 S.LA.

RC=0:12

FC-165

Fig. 13. Tarimpactad fucled clads of the VT3 secondary impact assembly. FO- 185 sustained 2 major fracture on the back side. Arraws indieate
the location af weld-bead figctures on the back side of FC-112 2nd on e swle of FC-165. Lefl ta nghe impact face, sade pradile, hack sice, il
wenlend profile,



Flp. 14, The impecied platania pellers of
SVTL fa) HIF364, (b HF-38K 10
HF65, {di FIF- 132, AlL - 13X,




ig. ES Photwanicrograph of the frcture in the FO368 vent cup
vadius, SUX.

Fig. 16. The tnzerior of the weld bead of the FO-112 clad, ~$X. The eracks ooeus
171 Lhe wend cup side af the weld bead,




Fig. 17. Fraciuresin the FO-LI2 vent cup, above
the weld; {a] and (B, 30X.

Fig. 18, The miciesizuctore of e sweld besd
wis redatveely lange graaned &nd veardy equigsed
& he fraciars sites; (R and (), @iched, 50X,
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Fig. 19. SVT-8 module orientation.
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Fig, 20 A larpe amoant of debris semangd an the catels tube shicr
exbraction of the SVT-8 1est assembly,

O

Fig. 21. The SVI-8 aerochell fraciuesdd an several places, The
impact face is on the Jeft side of the photograph
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Fig. 22, Cammage 5o e prome G8% (PO LAOS) was signifiean? Tyl
ot unseal 43 bwpagt faceand 03 predile: bedsnn 1X
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{a) (k)

Fig. 25, The trailing GIS (PGLAA0 was extensively fractemnxd on the impact face.
{23 Impacs face znd k] peofile; both at 1X,

FC-436&

FC-437

FC-a441

FC~a9o1

TEST SWT-8

Fig. 24. The S¥T.E clads were anly uodentely delornmed.



(k) )

Fig, 25, The clesune weld an capsule FO-361 apensd over s 1307 anc (8) Impsst e,
{hyrned 1807, and de) tarned 270% all a1 1.5%

[ ]
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Fig. 26, The wulth ol the mase coack generated secondany Cracksin
thie vert arsd weld-sheekd cups, (a0 Linpacs Boe and (b easling o
koth al ZX.




Fig, 27, The fuel ins capsule FO29( was broken inte pravel-sized fragments, § 5%

Fig. 38 The fuel in capsale FO-$36 rctured ira prasseeed lragments; 18X,

2%



Fig. 29. The Gael iy capsile FO-d41 factuned in much the same manaer x5 the el
in capsules FC-354 and FC-436: 15X,

Fig. 30. The pattern of Juc] rcakup m capsule FO-237 was similar 10 that ohserved
inn the ¢ther capsules; 15X,



*oiys o Say 3R T84

Fig. 11. Fixture for holding LWRHL capsules in bublef tests, Fig. 32, Impact fae of BS3 after ballet

tmpact a3
BOE my's (2579 115, 2N,

Fig. 33. Longztudinal scetivn of RS.3 with fuel intacs, ~8X,




{al

(1)

Fig. M4, Longriudhal sections of REL 4a) e (b as pedished, ~ 7%,




Fig. 35, Closure weld section of RS-3, a8 erched, $0N
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{a}

(b}

Fig. 36. The R8-3 vent-end weld was snmeahatl hravy but aceeptalle. Opposie
coeners, (a) and (), as eiched, 50X,
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