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ABSTRACT 

This technical monthly report covers studies related to the use of "'PuOj in 
radioisotope power systems carried out for the Office of Special Nuclear Projects of the 
US Department of Energy by Los Alamos National Laboratory. Most of the studies 
discussed here are ongoing. Results and conclusions described may change as the work 
continues. 

L GENERAL PURPOSE HEAT SOURCES (GPHS) 

A. Solid Propellant Fire Test (D. Pavone and C. Sea 
bourn) 

Two GPHS samples were exposed to a 10 5 mm fire 
from a 0 91 m cube of UTP 3001 solid propellant and 
both survived the fire with no release of the fuel simulant 

1. Bare clad A bare GPHS fueled clad (IRG 114) 
containing a UOj pellet in place of the ^"PuOj fuel pellet 
was preheated to 1091°C, the expected launch tempera 
ture, and dropped next to the solid propellant im 
mediately before its ignition The tested capsule is shown 
in Fig 1. A mass of sintered soil adhered to about one 
half of the vented end and a thin glassy deposit appeared 
on the capsule wall diagonally opposite the sintered soil 
A black deposit was present on the end of the shield cup 
The distribution of the exterior deposits indicates that the 
capsule was oriented with the diagonal plane nearly 
vertical The indium clad, sectioned axially to remove the 
UOj pellet and expose the interior surface, showed no 
damage to the interior (Fig 2) 

Metallographic examination of a complete axial cross 
section of IRG 114 revealed that the indium did not 
interact with the sintered soil or the black deposit on the 

end of the capsule, as shown in Figs 3 and 4 Electron 
microprobe analysis of the sintered soil adhering to the 
capsule indicated that the matrix material contained 
primarily silicon with aluminum, potassium, calcium, 
iron, and oxygen Islands of silicon oxygen compound 
contained within a filamentary phase of silicon oxygen 
carbon were dispersed within the matrix phase The 
black deposit contained crystals of aluminum oxygen in 
a matrix of aluminum, potassium, calcium, iron, and 
oxygen 

The exterior surfaces of the indium clad that were 
coated with the glassy deposit appeared to have been 
eroded Figure 5 illustrates the effect, which was most 
severe on the corner of the capsule The maximum 
reduction of thickness observed was approximately 15% 
Lightly etched photomicrographs, shown in Fig 6, 
demonstrate that the erosion mechanism involved the 
formation of a grey intermetallic compound (liquid at the 
test temperatures) that penetrated along grain bound 
anes, allowing individual grains to be lifted from the 
surface and blown away by the action of propellant 
combustion gases and entrained soil materials The 
intermetallic compound in the boundaries consisted of 
indium and silicon 

Figure 7 illustrates the coarsest grained microstructure 
observed (near the eroded corner) and may be contrasted 
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with the microstructure on the vent end shown in Fig. 8. 
The average intercept grain size in the coarse-grained 
microstructure was 94 iim and that of the fine-grained 
microstructure was 24 îm. Assuming a propellant burn 
time of 10.5 min and extrapolating Oak Ridge's grain-
growth data* to high temperatures, one calculates that 
the eroded corner had been at 1900°C. The iridium 
would not have remained at this temperature throughout 
the fire because of the receding flame front, so it must 
have been somewhat hotter for a shorter time. Ob
viously, the vent face (Fig. 8) was significantly cooler. 

2. Impact assembly. A GPHS impact assembly con
sisting of two simulant fueled clads (IRG-135 and 
IRG-136) in a standard graphite impact shell (GIS) was 
preheated to 1091°C (iridium temperature) and exposed 
to the same fire as the fueled clad. 

As recovered from the test site, the impact assembly 
had a dark grey deposit of very hard material adhering to 
the surface that faced the burning propellant and a 6-mm 
layer of sintered soil adhering to the surface that rested 
on the ground. A thin, glassy coating that covered parts 
of the top surface is not discernible in the photograph 
(Fig. 9), which illustrates the condition of the test object. 
The GIS was dissected with a longitudinal cut and 
opened to expose the sides of the capsules oriented 
toward the burning propellant. No apparent damage 
occurred to either iridium clad (Fig. 10). A superficial, 
grey deposit was present on about one-third of the 
surface of the nonvented end of the capsule in the closure 
end of the GIS (the capsule at the left in Fig. II). 
Electron microprobe analysis indicated that the deposit 
contained more carbon and aluminum than the adjacent 
uncoated iridium. The source of these elements was most 
likely the combustion products of the propellant. In view 
of the superficial nature of the deposit, no further 
analytical examination of the capsules was performed. 

Figure 12 is a photomacrograph of a cross section 
through the front half of the GIS. The wall thickness that 
faced the fire (to the left in the figure) was reduced by 
about 20%. The region in contact with the soil (bottom) 

*A. C. Schaffhauser, "Technical Highlights of Isotopic Power 
Materials Development at Oak Ridge National Laboratory for 
May 1979," Oak Ridge National Laboratory report 
CF-79/234 (June 1979). 

was not eroded by the fire. The z-axis rods were 
somewhat more resistant to erosion. 

Microscopic examination of the nonmetallic deposits 
showed them to consist of several nonmetallic phases 
with metallic inclusions of varying sizes (Fig. 13). 
Electron microprobe analysis indicated that metallic 
inclusions seen in Fig. 13a consisted of silicon, and those 
in Fig. 13b contained primarily iron with silicon and 
lesser amounts of manganese and copper. The grey 
intermetallic phase associated with the iron-rich globule 
in Fig. 13b was principally silicon. 

The nonmetallic phases varied widely in composition. 
The most frequently observed phase consisted of 
aluminum and oxygen, but others contained silicon, 
potassium, calcium, with minor amounts of sodium, 
magnesium, titanium, and iron, in addition. Obviously, 
the aluminium, iron, and oxygen were derived from the 
propellant, and other elements, principally silicon, came 
from the soil. The conditions of deposition were suffi
ciently chemically reducing to form small amounts of 
metallic silicon and iron alloys. 

The results of this test indicate that the exposure of 
intact GPHS fueled clads to a long-duration, single-
proximity, solid-propellant fire would probably not lead 
to an appreciable release of "*Pu to the environment. 
The test exposure resulted in a 15% thickness reduction 
in a non-self-heating capsule. In the real case, a ^̂ *Pu 
pellet would raise the temperature somewhat, which 
would result in marginally greater thinning. 

The environment in the GIS was relatively benign. It is 
unlikely that real fuel pellets would have changed the 
response of the impact assembly to the fire. 

B. DIRECT COURSE (C. Seaboum) 

The neutron activation of four GPHS indium capsules 
containing UO2 fuel simulant was completed. The loaded 
capsules, IRG-91, -92, -93, and -94 were irradiated in the 
Los Alamos Omega West reactor with a neutron dose 
sufficient to produce an "^Ir gamma level of 20 mr/h at 
10 cm. This level will decay to 10 mr/h at 10 cm by the 
time of the DIRECT COURSE event. The capsules were 
shipped to Monsanto's Mound Facility, where they will 
be assembled with the graphite components to make the 
GPHS module for the test. 
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II. LIGHT WEIGHT RADIOISOTOPE HEATER 
UNIT (LWRHU) 

A. Solid-Propellant Fire Test (C. Land and C. Seaboum) 

A complete LWRHU assembly (LRF-017) was ex
posed to the same solid-propellant fire in which the 
GPHS samples were tested. The assembly was placed on 
the sand 50 mm from the face of the propellant. It was 
not preheated because its operating temperature is low. 

After the 10.5-min fire, the surface that faced the fire 
was eroded and encrusted with propellant burning 
products (Fig. 14a) and the surface on the sand bed was 
partially covered with a layer of fused sand (Fig. 14b). 
No alpha activity was detected on the exterior of the 
assembly. 

B. Impact Test (C. Land and C. Seaboum) 

The post-mortem examinations of two fueled 
LWRHUs that had been impacted at ambient tempera
ture at 48 mps were completed. Neither capsule failed. 

I. LWRHU RU-9-04. This assembly, containing 
fueled capsule 138, was oriented so that it hit the flat 
steel target on the vent corner while the capsule axis was 
at 45° to the target face. The impact crushed the corner 
of the aeroshell and split off a longitudinal segment (Fig. 
15). The aeroshell cap was displaced but was retained by 
the threads. The pyrolytic graphite sleeves were cracked 
but in place. 

The fueled clad was damaged only slightly by the 
impact: the corner was flattened slightly (Fig. 16), but it 
was otherwise undamaged. The capsule was notched 
circumferentially and pried open under water to obtain 
the fuel for a particle-size analysis. The two halves were 
then sectioned longitudinally and prepared metallo-
graphically. 

The longitudinal sections are shown in Fig. 17. The 
bends in the side walls occurred during the fuel recovery; 
they were not caused by the impact. Impact conditions 
were well below those required to damage the capsule 
seriously. Only a \>ery small departure from planarity 
occurred at the vent end (Fig. 17a) and none at the 
closure end (Fig. 17b). 

The four sections of the weld joints exposed in the 
examination showed complete weld penetration. The 
microstructure of the closure weld was satisfactory, as 
shown in Fig. 18. 

2. LWRHU RU-9-06. This assembly, containing 
fueled capsule 142, was impacted on the closure end of 
the aeroshell (the nonvented end of the capsule). The 
aeroshell was only very slightly damaged. A small 
amount of powdering occurred over the impacted end 
and a small region of the corner was crushed, 
presumably by a secondary impact (Fig. 19). After a slot 
was cut in the cap, it was unscrewed and the apparently 
undamaged capsule was retrieved (Fig. 20). 

The capsule was cut circumferentially, the fuel was 
removed under water, and the capsule halves were 
sectioned longitudinally and prepared for examination. 
The weld penetration was complete in the four sections 
exposed, but the weld shield was incorporated in the 
closure weld (Fig. 21). The microstructure of the closure 
weld was satisfactory (Fig. 22). 

C. Welding (C. Land) 

In preparation for resuming the fueling of the remain
ing LWRHU production capsules, seven capsules were 
welded and examined. Three capsules were test welds to 
prove that the equipment still functioned properly, three 
were for operator qualification, and one was an example 
weld for the planned production run. 

The three test welds were satisfactory. Penetration 
was complete and the porosity was well within specifi
cation. In one case, the weld shield was tacked lightly to 
the closure weld. 

The three qualification welds showed full penetration, 
even less porosity than the test welds, and no incorpora
tion of the weld shield in the closure weld. On the basis of 
these results, permission to resume welding was given. 

The example weld (RHU-60) was made and sectioned. 
The normal field examination revealed no abnormalities 
and a welding production run was made. During a 
subsequent in-depth post-mortem examination, the 
capsule showed a fully penetrated weld that partially 
incorporated the weld shield. The molten pool did not go 
through the shield. In addition, a crack originating on the 
inner surface and through about a fourth of the closure 
weld was found in one section (Fig. 23). The crack 
followed the boundaries of columnar grains in the weld. 

The crack region was analyzed with an electron 
microprobe and the section shown in Fig. 23 was 
autoradiographed. No positive identification of a grain 
boundary contaminant was obtained. No other crack 
comparable with this has been seen in any other fueled 
LWRHU capsule. 
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During scanning electron microscope examinations of 
RHU-60 and other capsules in the search for the cause 
of the crack, the inner surfaces of the capsule cylinders 
were found to contain shallow (4-|im) longitudinal cracks 
(Fig. 24). A review of the records showed that all the 
Pt-30Rh alloy cylinders have had these superficial 
cracks, but in no case has their presence affected the 
performance of the LWRHU. They are harmless and 
can be ignored. 

The four radiographs of each of 66 production 
LWRHUs were examined for evidence of cracks. One 
view (the 90° radiograph of RHU-78) showed an 
apparent defect in the weld. It was not visible in any of 
the other three views of this capsule. The small diameter 
of the LWRHU capsule coupled with its relatively thick 
wall makes it difficult to imagine that the defect is a weld 
crack. Nevertheless, the capsule will be reserved and not 
used as a flight unit without additional intensive ex
amination. 

As a by-product of the search for weld crack indica
tions of the LWRHU radiographs, we were able to 
determine that most of the pellets were cracked (only two 
or three appeared intact from the four angles at which 

they were radiographed) and that 61% of the weld 
shields were incorporated into the closure weld at some 
point. 

The cracking of the fuel pellet is caused by heat from 
the closure weld. The UO2 simulant pellets were also 
cracked by the welding. The fragmented pellets will have 
no efl"ect on either the performance or the safety of the 
LWRHU. 

The weld shield was put in the LWRHU capsule to 
prevent the molten metal from touching the fuel pellet 
during closure welding. Contact would result in some 
incorporation of the fuel in the weld, leading to porous, 
difficult-to-decontaminate welds. In none of the cases 
examined, either directly or by radiography, did the weld 
puddle penentrate through the weld shield and juxtapose 
liquid Pt-30Rh and fuel. In all cases, we could see sharp 
original corners on the fuel pellet. These facts make it 
extremely unlikely that incorporation of parts of the weld 
shield in the LWRHU closure weld would jeopordize the 
safety of deploying such units. It can be argued that 
those areas of weld shield incorporation are reinforced 
and more resistant to impact than the areas with no 
shield incorporation. 
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LOS ALAMOS 

J - 3CM - I 

LOS ALAMOS 
(a) (b) 

I - 3CM - I 

LOS ALAMOS 

- 3CM - I 

LOS ALAMOS 
(c) (d) 

Fig. 1. Bare simulant fueled clad lRG-114 after etfiosure to burning solid propellant: (a) and (b) side views witil vent end 
up, (c) nonvented end. (d) vent end (1.5X). 
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Fig. 2. The interior of the clad of capsule IRG-114 was unaffected by exposure to 
burning solid propellant (1 5X). 

Fig. 3. Photomicrograph of the interface between the sintered soil deposit and the 
iridium clad of IRG-114 (SOX). 
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FJg^a. n ieSMua^aph of the interface between the black deposit 
and the itMum clad df IRG 114 (lOOX) 

Fig 5 The corner of IRG 114 was eroded during exposure to 
burning propellant (SOX). 



(a) 

(b) 

Fig. 6. Lightly etched photomicrographs of the eroded surface of lRG-114 following 
exposure to burning solid propellant show grain boundary penetration by a grey 
intermetallic compound containing iridium and silicon (250X). 



Fig. 7. The microstructure of iridium capsule lRG-114 in the 
eroded region had the maximum grain size, indicating that it 
had been the hottest (IOOX). 

Fig. 8. The microstructure of iridium capsule IRG-114 in the 
vent face was fine grained, indicating that this part of the clad 
stayed relatively cool (lOOX). 

I - 3CM - I 
ALAM 

Fig. 9. GPHS impact assembly following exposure to burning 
solid propellant. The deposit on the front surface is from the 
propellant. The sintered soil is on the bottom. 
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Fig. 10. There was no visible change of capsules IRG 135 and 
-136 or of the interior of the graphite impact shell following 
exposure to burning solid propellant. 

, MM - I 
LOS ALAMOS 

I - 3CM - I 

LOS ALAMOS 
Fig. 11. Ends of the shield cups of dads IRG-135 and -136 following exposure to burning 
solid propellant. The capsule on the left was in the closure end of the impact shell. 
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Fig. 12. Wall thickness of the graphite impact shell directly 
exposed to the burning solid propellant was reduced by 20% 
(4X) 

11 



(a) (b) 

Fig 13 The deposit on the front of the GIS contained metallic globules (white) in nonmetalhc matrices (a) Silicon rich 
(40X) (b) Iron rich (250X) 

(a) (b) 

Fig 14. After exposure to the goBd-propdtant fire, LWRHU LRF-017 was partly covered with debris (2X). (a) the side 
facing the fke was eroded and eovored with propdlant fire |»'oducts. (b) The bottom surface was partly covered with fused 
sand 
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Fig. 15. The impact of RU 9 04 removed part of the aeroshell 
The impacted corner is at the bottom (2X) 

Fig. 16. Except for the flattened area on the lower comer, jr 
capsule 138 appeared undamaged by the impact (2X). ' J 

(b) 

Fig. 17. The ends of capsule 138 were undamaged by the impact The walls were bent during fuel recovery (8X). 
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Fig. 19. The impact powdered a superficial layer of the end of 
the RU 9 06 aeroshell The slot was cut so that a screwdriver 
could be used to remove the cap (2X) 

Fig. 18. The microstructBTO of the closure weld in capsule 138 
was satisfactory (lOOX). 

Fig. 20. The end on impact did no damage to RU 9-06 (2X) 
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Fig. 21. The welds were fully penetrated, but the weld shield 
was incorporated in the closure weld (8X). 
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Fig. 22. The microstructure of the closure weld of RU-9-06 
was satisfactory (lOOX). 

Fig. 23. A narrow crack, one-fourth of the way through the capsule, was found in 
the closure weld of RHU-60 (SOX). 
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Fig. 24. All the LWRHU cylinders have shallow longitudinal 
cracks on the inner surfaces (SOX). 
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