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•?r uiclulncss-orBny inf<-«-m:ii«eA.JH»5^rat«v firod-ici, or jwccwdiKloMd. o r J n p r v n m l i « ,•>, mr i*niii.i 
riDi jnfrinic privjMrly ij«nriJ ri^hw Rtftfsnc* hciein » »n\' $ji«ifK o&tnmrrotjl jninluvi, ptinns, c« ser-.C'? 
t>> trade mmt. sraUtwfeitl.. manufkusimr, «-oihtn^i*<;,<j«s J»I w!«»»inl?tr>«1iiwJt<wir(((sly i « 
tndurxmcM.r«:tti«mnr^ii«&ft,flf(i>\"onnji!¥ihtUnil^StaicsCtowrnmejft!ij^ :h: 
vif*!nnd cjBnioiKi Of-ittiliof*e>.fiK»sil herein ic not ftOTsMrif^Hirwt«:nf*i ttxjw a l M J i i d f c i i.-.jv 

file:///tfil


LA-10S57-PR 
Progress Report 

L( 

UC-33A 
Issued: November 1985 

LA—10557-PR 

DE86 007197 

Space Nuclear Safety Program 
June 1984 

Compiled by 
T. G. George 

DKCXAIMER 
H»S® 

Thia report waa prepared as an accouot of worlc tpoosored by an ageiKy of the United States 
Government Nnther the United States Govertunent nor any agency tliereof, nor any of tbeir 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi­
bility for tbe accuracy, oompleteoeas, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence herein to any spedfk; commercial product, process, or sernoe by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

DISTniEUTICN CF THIS DOCUMEciT IS U B i m r a 
J.lh 

Los Alamos National Laboratory 
Los Alamos,New Mexico 87545 



SPACE NUCLEAR SAFETY PROGRAM 
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T. G. George 

ABSTRACT 

This technical monthly report covers studies related to the use of '̂ 'PnOi in 
radioisotope power systems carried out for the Oflice of Special Nuclear Projects of the 
US Department of Energy by Los Alamos 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 
(GPHSVSAFETY VERinCATION 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 property 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 neariy 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<up 
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 

1 



TABLE I. Spectrographic Analyses of SVT-6 Primary Clads (ppm) 

Element* 

Fe 
Al 
Ca 
Ni 
Si 
Cr 
Cn 
Pt 
Rn 
W 

'Elements an 
one sample. 

HF-361 

Vent Cup 

150 
60 
<3 
40 
10 
30 
15 
30 

<30 
0.1-1.0% 

Blind Cup 

200 
50 
<3 
30 

<10 
15 
5 

<30 
30 

0.1-1.0% 

HF-373 

Vent Cup 

200 
50 
<3 
40 

<10 
40 

3 
<30 
<30 

0.1-1.0% 

i Ibted only if they exceed detectabflity Umlts in at least 

Blind Cup 

200 
50 
3 

40 
30 
30 

3 
<30 
<30 

0.1-1.0% 

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

Vent cup 

Adjacent to fracture 

inside 
center 
outside 

180° from fracture 

inside 
center 
outside 

Weld-shield cup 

Adjacent to fracture 

inside 
center 
outside 

180" from fracture 

inside 
center 
outside 

Th«/Iri29 

0.326 
0.516 
0.629 

0.194 
0.440 
0.533 

0J79 
0.490 
0.556 

0.140 
0.417 
0.305 

C270/"2» 

6.140 
0.036 
0.112 

0.097 
0.120 
0.100 

0.035 
0.061 
0.167 

1.590 
0.083 
0.678 

Osio/Irn, 

0.62S 
0.309 
0.629 

0.726 
1.100 
1.125 

0.690 
0.449 
0.907 

0.947 
0.917 
0.712 

S«o/Ir,» 

» 
— 
— 

0.097 
— 

0.167 

— 
— 
— 

strong* 
— 

0.169 

CI,«,/Ir,„ 

« 
_ 
— 

— 
— 

— 
— 
— 

0.193 
_ 

0.136 

'Results indicated a strong snlfur line that overlapped onto adjacent peaks. 



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

Th«5/Ir22» Ci7o/Ir2i9 Oiio/Iri» Siso/Ira» Ciito/^^m 

Vent cop 

Impact face 

inside 
center 
outside 

180° from impact face 

inside 
center 
outside 

Weld-shield cup 

Impact face 

biside 
center 
outside 

180° from impact face 

inside 
center 
outside 

0.068 
0.778 
0.541 

0.023 
0.542 
0.578 

0.154 
0.640 
0.364 

0.400 
0.417 
0.400 

0.091 
0.028 
0.432 

0.140 
0.083 
0.133 

0.135 
0.100 
0.455 

1.870 
0.896 
1.000 

0386 
0.556 
0.730 

0.512 
0.583 
0.622 

0.538 
0.680 
0.682 

0345 
0.667 
0.600 

0.109 

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 Siae 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 
finagments) 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 VI. 

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 VII. 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 
0.0149 g. 

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 in the a = 15°, p = 0°, 
7 = 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 to 
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* 

Ag 
Fe 
Mg 
Al 
Ti 
Na 
Si 
Ca 
Cu 
Mn 
Cr 

HF-189 

2 
20 
3 

65 
20 
8 

25 
<3 
<1 
<1 
<5 

HF-225 

1 
15 
10 
45 
10 
10 
30 
60 
<1 
<1 
<5 

HF-361 

20 
10 
20 
30 
20 
<2 
35 

ISO 
<1 

4 
15 

HF-373 

15 
20 
4 

15 
20 
IS 
45 

130 
8 

<1 
<S 

'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 

rticle Size 
(jim) 

+6000 
+2000 
+ 841 
+ 420 
+ 177 
+ 125 
+ 74 
+ 44 
+ 30 
+ 20 
+ 10 
- 10 

Weight Fraction 

0.0464 
0.1901 
0.3146 
0.2193 
0.1296 
0.0212 
0.0242 
0.0174 
0.0104 
0.0122 
0.0048 
0.0098 

Accumulated 
Weight Fraction 

0.0464 
0.2365 
0.5511 
0.7704 
0.9000 
0.9212 
0.9454 
0.%28 
0.9732 
0.9854 
0.9902 
1.0000 
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TABLE VI. Sobsieve Particle Distribution of Fuel in 
Capsule HF-361 

Particle Size 
Range (pm) Weight Fraction 

Accumulated 
Weight Fraction 

Otol 
l to2 
2to3 
3to4 
4to5 
5to6 
6to7 
7to8 
8to9 
9 to 10 

0.000846 
0.000492 
0.000635 
0.000800 
0.001000 
0.000972 
0.000172 
0.000768 
0.001094 
0.003001 

0.000846 
0.001338 
0.001973 
0.002773 
0.003773 
0.004746 
0.004917 
0.005685 
0.006779 
0.009780 

TABLE VII. Plutonium Content of the 
SVT-6 Graphitics 

TABLE VIII. Size and Quantity of Plutonium 
Released into SVT-6 Catch Tube' 

Components Pu Content (g) 

GISA(PGT-1023) 0.0085 
GISC(PGT-1026) 0.0001 
Aeroshell (PAT-1009) 0.0002 

Particle Size 

0 - 1 0 
10 - 20 
20 - 420 

Weight 
(8) 

0.0003 
0.0010 
0.0048 

'Incloded are particles recovered from the aeroshell 
and GIS ultrasonic cleaning solution. 

TABLE IX. SVT-7 Components 
Component Number 

Aeroshell 

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

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

PAT-1010 

PGT-1020 
FC-364 and FC 368 
HF-364andHF-368 
C-40-9 
P-ll-l-32,P-l2-l-4 

PGT-1021 
FC-i6SandFC-il2 
HF-165andHF-112 
C-38-3 
P-12-1-3,P-11-2-34 
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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 fiieled clads and the estimated fracture areas. 
The clad deformations were similar to those observed in 
assemblies impacted in the 0 = 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 

Test No, 
Rentry 
Mode Clad No. 

NErr 
Valne 

Gross Deformation Failures 
Diam(%) HeiKlit(%) Axial (%) Number Area(mm)̂  

SVT-1 

SVT-2 

SVT-3 

SVT-4 

SVT-S 

svr-6 

svr-7 

Min-A 
Face-on 

Min-A 
Face-on 

Orbital 
decay*. 
Face-on 

Orbital 
decay. 
Face-on 

Orbital 
decay. 
SideHMi 

Orbital 
decay, 
Side-on 

OMtai 
decay, 
a-15° 

FC-232 
FC-238 
FC-261 
FC-410 

FC-355 
FC-369 
FC-449 
FC-273 

FC-343 
FC-350 
PC-457 
FC-454 

FC-348 
FC-354 
FC-449 
FC-273 

FC-267 
FC-260 
FC-515 
FC-426 

FC-373 
FC-361 
FC-225 
FC-189 
FC-364 
FC-368 
FC-165 
FC-112 

3.0 
5.0 
8.7 

12.6 

6.8 
6.0 

13.7 
10.7 

2.9 
1.1 
9.8 

12.8 

1.0 
3.2 

13.7 
10.7 

3.0 
4.0 
9.4 
9.6 

4.1 
4.4 

13.2 
13J 
2.0 
1.6 

13.0 
11.0 

+13.5 
+ 9.6 
+11.7 
+ 9.8 

+10.0 
+ 9.1 
+123 
+10J 

+12.3 
+10.0 
+10J 
+ 9J 

+11.5 
- 8 . 5 
+12.5 
+10.3 

+10.4 
+10.9 
+ 53 
+ 5.0 

+11.2 
+12J 
+ 7.8 
+ 6.4 
+ 9J> 
+ 9.5 
+10.7 
+ 8.0 

-11.1 
- 73 
-11.1 
- 9.6 

-10.4 
- 9.3 
-lOJ 
-103 

- 9 . 0 
- 8 . 5 
- 7.2 
- 6 . 4 

- I I J 
+ 8.2 
- 83 
- 9 J 

- 9 . 1 
-13.7 
- 43 
- 6 . 9 

-14.9 
-17.6 
- 8 J 
- 7.2 

-133 
- 9 . 9 
-10,0 
- 93 

+5.8 
+3J 
+5.6 
+1.4 

+4.1 
+4.1 
-h5.6 
+4.4 

+5.7 
+2.6 
+5.6 
+2.9 

+6.4 
+4.0 
+5.1 
+3.4 

+5.5 
+4.1 
+1.2 
nil 

+ 6.2 
+ 8.8 
+ 3.7 
+ 2.9 
+ 53 
+ 5.4 
+ 5.7 
+ 4.0 

0 
0 
2 
1 

0 
0 
3 
0 

0 
0 
0 
1 

1 
0 
0 
0 

0 
0 
0 
0 

2 
0 
0 
0 

1 
0 
2 
2 

25.4 

8.4 

1.8 

24.1 

53.0 

•Nondestracdve testii^ 
^Aged 200 b at l28rC (clad); hnpact at 919°C and 54 m/s. 
'Aged 90 days at 128rc (clad); impact at 975*C and 54 m/s. 
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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°, p = 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/cm^. 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 CO2. 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 XIII and 

xrv. 
Macroscopic examination revealed that the prime 

clads (FC-436 and FC-437) experienced only moderate 

TABLE XI. Encapsulation Details for SVT-8 Fueled Clads 

Capsule No. 

FC-391 
FC-436 
FC-437 
FC-441 

SRP/NDT* 
Crack 

Indication 

9.8 
1.0 
1.0 
9.6 

Iridium Cups 
Vent 

RR925-3 
R9I9-4 

MER41-1 
MER21-6 

Weld Shield 

RR920-5 
R901-2 

MER41-2 
MER21-1 

Fuel Pellet 

8205HF391 
8207HF436 
8207HF437 
8207HF441 

*Savannah River PUnt nondestructive testing. 

TABLE XII. Data for SVT-8 Fuel Pellets 

Capsule No. 

FC-391 
FC-436 
FC-437 
FC-441 

Fuel Form 

8205HF391 
8207HF436 
8207HF437 
8207HF441 

Diameter 
(mm) 

27.7 
27.7 
ni 

27.6 

Ungth 
(mm) 

nP 
27.7 
ni 

27.9 

Weight 
(K) 

150.3 
150.1 
149 Jl 
150.6 

Fuel Pellet 
Process Atmosphere 

Argon 
Argon 
Argon 
Argon 

'Nonfaitegral at loading. 



TABLE XIII. Dfanensions of the SVT-8 Fueled Clads 

Prehnpact dimensions (mm) 

Diameter 
Length 

Postlmpact dimensions (mm) 

Diameter 
Vent Cup 

Weld 

Blind Cup 

Length 

min 
max 

min 
max 

min 
max 

min 
max 

FC-391 

29.77 
29.97 

26.80 
32.40 

26.86 
33.80 

26.71 
32.44 

31.18 
32.40 

FC-436 

29.77 
29.97 

28.46 
31.34 

28.82 
31.94 

27.42 
31.58 

30.48 
31.38 

FC-437 

29.79 
29.97 

27.83 
32.47 

27.42 
32.64 

27.07 
32.10 

30.45 
32.52 

FC-441 

29.77 
29.97 

27.44 
32.03 

27.85 
32.96 

26.79 
32.33 

31.14 
31.78 

TABLE XIV. Postlmpact Strains in the SVT-8 Fueled Clads 

Diameter 
Vent cop 

Weld 

Blind cup 

Lei^h 

min 
max 

min 
max 

min 
max 

min 
max 

FC-391 

- 9.98% 
+ 8.83 

- 9.77 
+13.54 

-10.28 
+ 8.97 

+ 4.03 
+ 8.10 

FC-436 

- 4.40% 
+ 5.27 

- 3.19 
+ 7.29 

- 7.89 
+ 6.08 

+ 1.70 
+ 4.70 

FC-437 

- 6.58% 
+ 9.00 

- 7.96 
+ 9.56 

- 9.13 
+ 7.75 

+ 1.60 
+ 8.51 

FC-441 

- 7.83% 
+ 7.59 

- 6.45 
+10.71 

-10.00 
+ 8.60 

+ 3.90 
+ 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 
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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. UGHT-WEIGHT RADIOISOTOPE HEATER 
UNIT (LWRHU) (C. Land) 

A. Bullet Test 

A LWRHU capsule (RS-3 or 18480) fueled with UO2 
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-|im material (0.0576) was double that observed in 
RHU-09-02 (0.0252). The weight fraction of <20-pm 
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 pm, whereas in the comer-on im­
pact (RHU-10-12), approximately 90% of the material 
was +420 pm. The distribution of the <10-pm size 
fraction (RHU-09-09) is listed in Table XVI. 

TABLE XV. Fines Analysis 

Particle Size 
dim) 

+420 
+125 
+ 20 
+ 10 
- 10 

RHU-09-09 
(wt. fraction) 

0.5886 
0.2435 
0.1103 
0.0183 
0.0393 

RHU-10-12 
(wt fraction) 

0.9147 
0.0425 
0.0268 
0.0054 
0.0106 

TABLE XVI. Subsleve Fines Analysis (<10 pm) 

Particle Size 
(pm) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

RHU-09-09 
(wt. fraction) 

0.005 
0.006 
0.007 
0.004 
0.005 
0.004 
0.001 
0.005 
0.002 
0.000 

RHU-10-12 
(wt. fraction) 

0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.000 
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 XVn. Summary of Biaxial Testfaig Completed in June 1984 

Disk No. 
Nominal 

Grains/Thickness 
Test 

Temperature ("C) Velocity (m/s) 
Strain 
State 

VR235-2 
Z563-5 
Z561-« 
Z563-2 

5.0 
25.0 
25.0 
2S.0 

1440 
1000 
800 
600 

45.00 
44.75 
45.39 
43.87 

+,0 
+,0 
+,0 
+,0 



B. IridlMin Chemistry (K, Axlcr} 

The foTinalian o f P/Tli,.'lr coiupouwis aloisg DOP^ft 
ir idium grsin houndfturv could advcrseiv affect the 
imjsaci behavior yfmdiym-encapsulatcd heat sources. 
In this month we coaiiintad with omr !nv!"«iij5uucisi of 
P/Tli/Jf tetstnty compounds. Thorium, ir idium, and 
phosphoms •^fnc mixed in a molar proiMiriinji of 1!:J 
aitd prcssed at 3000 psi. I l i ^ pi- lkl wn* scaled in an 
v;v:act«it«d qiiiirlz tube and heat«d for 24 h &i t200T. 
The prwiiists wctc Tli jP* l9(y5h) «ui hIN (10^). A 
^ampli? of ihss jnixiurv W4is placed in an ev^aated 
l«iiiu,l«m cell snd heated for I ha t 14C«Tr;s«bse«|Metil 
x-ray dilTraatoni revejiitxl \kt preScme o f m Th/ lr /P 
icrt^ary, 

C. FlatoniumiifHe&aetttiy Metal C«I»1|N»IIIII|S ( R , M\m 
and Iv. A i lu r ) 

W« pn-psiTfd i\ sample of PuRc; by anc-mclting the 
contponeists and anmcallng ihcm in an evacwiHi'dtitJiirt^ 

Fig, I. No <)cf«H ««tt tfjiCrvvd in Jhc i-̂ nt an cap'iiite IIF-.Ml; Ftg. 2.T^̂ ^ vi'nsflncip^ult HF-Jt5 «*S frecof flWChSinx^ldcfects; 
7X. 7X. 

iimpule lor I week. A fraction o f the rciitiltii^g inier" 
metallic v»-as placed in a tungsiieft lefTusioit ti^ll and 
the subli«i4Uion smdk-d QWT the range 15I>0-2GOO"X:. 
A •'^'Po' species was observed and then aî alysscd wnh 
the mass spectfoiwewe 10 di'iermuii'e the vapor pressure. 
Tlie lempi'ralure dependence o f the plutosiiiim ton i«-
lcas.ity yielded an S2,S«kcrjl h&il <5f suMiti»aiioii, whkh 
h thai (̂ f «fcjm'ntal plutonium. T h i i indicatss that the 
sample decomposes when heated above i 500°C, We an* 
lakiAgMdiJional in^asuri'meists to tJetenninc the an^i 
ofden'omposjlion. 

Eftmla 

The tncijiihiy pno^ss reports lor Miircts and May 19S4 
ponlasncd the foilowitig typographical enrofs: 

In March, the impact oi'icmation for itte SVT-6 mo4-
Mlew.is»Of', noiSO'Clp. 1}. 

In May. Table IE should read Velocity 4tn/sK "Oi 
Velocity (m/c) (p. 4), 
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