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ABSTRACT 

This quarterly report describes studies related to the use of ^JSpuOj in radioiso
tope power systems, carried out for the Office of Special Nuclear Projects of the 
US Department of Energy by Los Alamos National Laboratory. The studies dis
cussed are ongoing; the results and conclusions described may change as the work 
progresses. 

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

All safety tests to complement the original NASA 
Galileo and ESA Ulysses pre-Iaunch safety analyses were 
completed in 1985. The Space Transportation System 
(STS) "Challenger" accident prompted a significant re
configuring of both missions. Details of the new launch 
configurations, redefined potential accident probabilities, 
and possible changes in fueled clad characteristics (due to 
accumulated age before launch) require additional safety 
tests, a number of which are described below. 

A. Test Planning/Preparation (R. Zocher, T. Cull) 

In this quarter we continued to plan and prepare for 
tests that will determine the possible effects of revised 
launch configurations and resultant possible accident sce
narios. 

1. Gas-Gun Fragment Tests. Fabrication of four spe
cially designed catch tubes was completed, and the solid-
rocket-booster (SRB) plate segments (D6ac steel) that will 
be used as targets were cut to fit the modifted catch tubes. 
A preliminary analysis of the original test configuration, in 
which one live and one simulant-fueled clad would be con
tained in each graphite impact shell (CIS), has indicated 

that a temperature differential of at least 100°C would ex
ist between the two clads; therefore, the test series has 
been reconfigured. Two tests, using either completely live 
or simulant-fueled modules, will be conducted under iden
tical conditions; each pair of tests will replace one of the 
original "mixed" fuel tests. 

2. Large-Fragment Flyer Plate Tests. The decision 
lo use a section from an actual SRB, which has an ap
preciable radius of curvature, rather than a flat plate of 
the same material, prompted a reconfiguration of the test 
method and assembly. The tests will now be conducted at 
the Sandia National Laboratories (SNLA), Albuquerque, 
rocket sled facility instead of at the flyer plate test area. 
Consequently, the heat source support structure has been 
modified to accommodate the change in test method and 
the need for high-speed photographic documentation. 

Fabrication of mass-simulant bulk-graphite modules for 
the large-fragment flyer plate tests was also completed. 
Each module was machined from H-490 graphite and was 
then loaded with molybdenum clad simulants (Fig. 1). Al
though the assembled weight of each module averaged 
1.52 kg, which is approximately 9 g more than a flight-
quality module, we do not believe that this small weight 
difference will have any effect on the test results. 

3. Fragment/Fuselage Interaction Tests. Arrange
ments were made to transport a 2-m helicopter fuselage 
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fragment located on Kiitland AFB to Building 9927 at 
Sandia National Laboratories, Albuquerque. If fuselage 
sections from the STS orbiter cannot be obtained from 
NASA, the helicopter fuselage will be used as a taiiget in 
the proposed fragment/fuselage interacdon tests. 

B. Bare Ciad Impact Tests (D. Pavone) 

Five bare clad impact (BCI) tests using simulant-fueled 
(UO2 - ^^'U depleted) clads as test objects were conducted 
during the quarter. The first two tests, BCM8 and BCI-
19, were designed to provide information on how particle 
size distribution is affected by impact, by hot isostatic 
pressing (HTPing), and by the acceptance-level vibration 
testing performed at Mound Laboratory. The three subse
quent tests. BCI-20, 21, and 22, were designed to evaluate 
the effects of increased impact velocities. The test results 
are summarized in Table I, and brief descriptions of each 
test and subsequent postmortem examination are given be
low. 

1. BCI-18. In BCI-18, simulant-fueled (UO2 - "^U 
depleted) capsule M-6 was impacted against an 8.9-cm-
diam, 2.54-cm thick steel plate at a velocity of 56.9 m^s. 
Clad temperature at impact was 1090°C. The target plate 
was composed of A-6 structural steel, comparable to the 
steel used in sinictuies at the Kennedy Space Center 
(KSC) launch site, with a mill scale finish on the im
pact surface. Before the test was conducted, the simulant-
fueled capsule had been HIPed at 4000 psi and lOOOX 
for 1 hour. In addition, the HIPed capsule was subjected 
to acceptance-level vibration testing at Mound Laboratory. 
Radiographic examination of die vibrated capsule revealed 
a small number of randomly oriented cracks in the urania 
pellet. 

Postimpact examination of the steel target did not re
veal any detectable plastic deformation. The impact area 
on the steel plate did, however, have a burnished appear
ance. 

Macroscopic examination of the impacted clad revealed 
that it had been symmetrically deformed (Fig. 2); the di
ametral, height, and length strains are listed in Table I. 
A breaching crack was observed on the end of the blind 
cup (Fig. 3) opposite the impact face. Although the total 
ciack. length was approximately 20.0 mm, with a maxi
mum width of 0.3 mm, only the first 10 mm of the crack 
appeared to have penetrated the iridium. Extensive su
perficial cracking was also observed at approximately the 
same diameter over the remainder of the blind end. Simi
lar, though less severe, surface cracks occurred on the vent 
end. A small transverse breach also occuned on the im
pact face of the shield cup. The total area of all breaching 
cracks was estimated to be 3.4 nun'. 

Metallographic examination of sections removed from 
the iridium clad did not reveal any unusual features. Hie 
microstnicfures of both cups were typical, and the cup 
grain sizes averaged 28,4 grains/0.64C-mm wall thickness. 

A metallographic cross section containing the breach on 
the end of die shield cup was subjected to electron micro-
probe analysis. This analysts did not detect any unusual 
elements in the crack or in the crack extensions. How
ever, low levels of silicon were detected on the surface of 
the iridium capsule. 

Chemical and particle size analysis of the catch tube 
debris indicated that 0,0116 g of urania had been re
leased, and that the <10-/im fraction of the release totaled 
0.003 g. A size analysis of the urania retained in capsule 
M"6 is given in Tiible 11. 

As Table II indicates, the <10-/im weight fraction of 
the urania retained in capsule M-6 was approximately 
double that of the urania contained within a comparably 
treated clad (L-21, see T^ble H) that had not been im
pacted. Because HIPing causes the iridium clad to con
form to the pellet surface, and would thus be expected to 
minimize the fines generation resulting from transporta
tion and vibration testing, the particle size results suggest 
that impact is the major cause of fines generation. 

2. BCI-19. In this test, simulant-fueled (UO2 - '^^^U 
depleted) capsule M-16 was impacted against an 8.9-cm-
diam, 2.54-cm-thick steel plate at a velocity of 55.0 ra/s. 
Clad temperamre at impact was 1090*C. As in BCI-18, the 
target plate was composed of A-6 structural steel (com
parable to the steel used in structures at the KSC launch 
site) and had a mill scale finish on the impact surface. Be
fore the test was conducted, the simulant-fueled capsule 
had been subjected to acceptance-level vibration testing 
at Mound Laboratory. Radiographic inspection of the vi
brated capsule revealed a large transverse fracture in the 
urania pellet, as well as a small number of randomly ori
ented cracks. 

Postimpact cxaminarion of the target plate did not re
veal any evidence of plastic deformation. Although the 
impacted surface had a burnished appearance, more sig
nificant damage was not visible. 

Measurement of the impacted capsule revealed that it 
had undergone a significant amount of deformation, a por
tion of which was unsymmetrical (Fig. 4). In addition, all 
of the capsule strains, which are listed in Table I, were 
greater than those of capsule M-6, which was impacted 
in BCI-18 at a slightly higher velocity. The height strain 
of the vent cup was significantly greater than that of the 
shield cup. 

Examination of the capsule surface revealed a small 
transverse crack on the impact face of the vent end 
(Fig. 5). The breach appeared to be approximately 3.0 mm 
in length, with a maximum width of 0.1 mm. 
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Metallographic examination of sections removed from 
the Iridium clad did not reveal any unusual features. The 
microstructures of both cups were typical, and the cup 
grain sizes averaged 29.5 grainsA).640-mm wall thickness. 

Subsequent analyses of the catch tube debris indicated 
that 0.0025 g of uiania had been released, and that the 
<IO-/xm fraction of the release totaled 0,0012 grams. A 
size analysis of the urania retained within the capsule is 
given in Table 11. 

The results shown in Table II indicate that the weight 
fraction of <10-^m particles contained within capsule 
M-16 was approximately twice that of a comparably 
treated clad (M-I3, see Table II) that had not been im
pacted. In addition, the weight fraction of <lO-iim parti
cles in capsule M-16 was six times the < 10-/im fraction 
of particles in capsule M-6, which had been HIPed before 
impact. These results reinforce the hypothesis that im
pact and vibration are msyor sources of fines generation 
and also suggest that HTPing can significantly reduce fines 
generation. 

3. BCI-20. In BCI-20, smiulant-Jijeled (UO2 - ^̂ '̂ U 
depleted) capsule M-45 was impacted against an 8.9-cm-
diam, 2.54-cm-thdck steel plate at a velocity of 66.3 m/s. 
Clad temperature at impact was 1092''C. Pretest radio
graphic inspection of the capsule had revealed a large 
transverse fracture in the midsection of the urania pel
let and a number of smaller, axially oriented cracks near 
the cylinder surface. The target plate was composed of 
A-6 structural steel and had a lathe-turned finish on the 
impact surface. Although the target surface was machined 
to facilitate measurement of the plastic deformation result
ing from impact, posttest examination of the target did not 
reveal a detectable indentation. 

Postimpact examination and measurement of the im
pacted capsule revealed that although it had been sym
metrically defofined (Table I), numerous fractures had oc
curred (Fig. 6). The principal clad breach occurred as a 
weld centerline fracture, 90° to the impact face, and was 
approximately 27.0 mm in lengdi, with a maximum width 
of 0.8 mm. 'ITie appearance of the weld crack (Fig. 7), 
and its position relative to the impact face, suggest that 
the fracture may have originated in the weld overly. 

Transverse breaching cracks, approximately 7.0 mm in 
length with maximum widths of 0.1 mm, were also ob
served on both ends of the impact face. In addition, small, 
axially oriented fractures occurred near the sides of the 
impact face, primarily in the weld bead and shield cup 
(Fig. 8). The combined length of these smaller fractures 
was about 18.0 mm, with the maximum width on the or
der of 0.1 mm. Examination of the trailing face of the 
capsule revealed three small weld cracks. These cracks 
were oriented transverse to the closure weld and had a 
combined length of 7.0 mm; the maximum crack width 

was less than 0.05 mm. The total area of all breaching 
cracks was approximately 16.4 mm^. 

The results of chemical and particle size analyses of 
the catch tube debris indicated that 0.0056 g of fuel sim
ulant were released from the impacted clad. The <\0-fim 
fraction of this release totaled 0.0008 g. 

4. BCI-21. In this test, simulant-fiieled (UO3 - ^^By 
depleted) capsule M-49 was impacted against an 8.9-cm-
diam. 2.54-cm-thick, structural steel plate at a velocity 
of 75.9 m/s. Clad temperature at impact was 1092''C. 
Pretest radiographic inspection of capsule M-49 revealed 
a large transverse fracture in the midsection of the urania 
pellet and faint indications of additional randomly ori
ented cracks. The surface of the steel target plate had 
been ground to facilitate measurement of plastic deforma
tion resulting from impact, and posttest examination of 
the plate revealed a shallow, irregularly shaped indenta
tion. However, the extreme shallowness of the indentation 
prevented us from accurately determining its depth. 

Postimpact examination and measurement of the im
pacted clad revealed that it had been symmetrically de
formed (Fig. 9) and that the capsule strains were, on the 
average, 50% greater than those observed in BCI-20 (for 
direct comparison of specific capsule strains sec Table 1). 

The impact face of M-!l9 contained two large transverse 
breaches at the capsule ends (Fig. 10). These fractures, 
which were equivalent in size, each measured approxi
mately 13.0 mm in length x 0.5 ram maximum width. 
Secondary breaches, 4,0 and 2 mm in length with maxi
mum widths of O.I mm, were also present on the impact 
face. Examination of the remainder of the capsule re
vealed a number of axial fractures adjacent to the impact 
face in the weld bead and both cups. The largest of these 
fractures was approximately 10.0 mm in length and had a 
maximum width of 0.4 mm. The total area of all breach
ing cracks was estimated to be 15.5 mm''. 

The results of chemical and particle size analyses of the 
catch tube debris indicated that 0.0129 g of fuel simulant 
were released from the impacted clad and that the < 10-pm 
fraction of this release totaled 0.0017 g. 

5. BCI-22. In this test, simulant-fueled (depleted 
^*U02), capsule M-43 was impacted against an 8.9-cm-
diam. 2.54-cm-thick, structural steel plate at a velocity of 
85.6 m/s. Clad temperature at impact was 1091°C. Pretest 
radiographic inspection of capsule M-43 revealed a large 
transverse fracture through the midsection of the urania 
pellet and a faint indication of an axial crack through the 
pellet center. The surface of the steel target plate had been 
ground to facilitate measurement of the plastic deforma
tion resulting from impact, and posttest examination of the 
plate revealed a shallow, generally symmetrical indenta
tion on the target surface. However, the shallowness of 
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the indentation prevented us from accurately determining 
its depth. 

Macroscopic examination of the impacted clad revealed 
that a major breach had occurred on the trailing face, 
in the cylinder-to-vent-cnd transition radius (Figure 11). 
The maximum width of the breach was approximately 
10.0 mm, and it extended nearly 25.0 mm. A shallow, 
U-shaped depression on the trailing face of the vent cup 
suggested that the failure was caused by the differential 
displacement of a large urania fragment. The breach size 
resulted in unusually large capsule strains and a significant 
amount of asymmetric deformation; the capsule strains are 
listed in Table I. 

The impact face of capsule M-43 contained several 
transverse breaches at both cup ends and a number of 
smaller axial firactures (Fig. 12). In addition, a weld cen
terline failure occurred 90° to the impact face (Fig. 13). 
The centerline fracture appeared to be located entirely 
within the s'mgle-pass region of the weld. 

The total area of the M-43 clad failures was calcuJated 
to be approximately 278.0 mm .̂ The results of chemical 
and particle size analyses of the catch tube debris indicated 
that 43.7443 g of fuel simulant were released from the 
impacted clad; the KlO-fim fraction of this release totaled 
0.6868 g. 

U. LIGHT-WEIGHT RADIOISOTOPE HEATER 
UNIT (LWRHU) SAFETY VERIFICATION PRO
GRAM: ANALYSIS OF SPECIES OUTGASSED 
FROM LWRHU COMPONENTS 
(P. KLEINSCHMIDT) 

To identify and determine the possible effects of 
volaiile species outgassed from the LWKHU components, 
a sample of Pt-30 wt% Rh was heated at 400'C for two 
weeks in the presence of graphite and a sample of the 
two-component cement (UCAR cement grade C-34) used 
to seal the closure end of the LWRHU aeroshell. After 
heating, the Pt-30 wt% Rh sample was submitted for ion-
microprobe and x-ray fluoresence analyses. The results 
of these analyses revealed a number of thin carbon de
posits scattered across the metal surface and low levels 
of silicon and oxygen. Although silicon is known to de
grade the mechanical properties of platinum alloys, the 
quantities observed on the metal surface did not appear to 
be significant. We believe the silicon originated from the 
pyiex ampoule in which the components were heated. 

n i . SAFETY TECHNOLOGY PROGRAM 

A. Qualification Of New Iridium Production Process 
(T. George) 

Phase I Tasks. Biaxial testing and postmortem analysis 
of all test specimens were completed in previous quarters. 

Results are reported in Los Alamos report LA-11065, 
issued in May 1988. 

Phase II Tasks. Although 24 (̂ '̂ UOa depleted) pel
lets were shipped to the Savannah River Laboratory, these 
pellets will be used for the additional Galileo safety tests. 
Fabrication of urania pellets for Phase II impact tests has 
been delayed until January 1988. 

Phase III Tasks. Eight additional gridded cup blanks 
were shipped to Mound Laboratory in August 1987. These 
blank?, along with the 22 blanks shipped previously, will 
be formed into GPHS cups, returned to Los Alamos for 
strain measurement, shipped to Savannah River for encap
sulation welding over urania or plutonia, and returned to 
Los Alamos for impact testing. 

B. Verification of BRINKMAN Size Analyses 
(T. George) 

In this quarter we ran a series of tests to determine 
the accuracy of the BRINKMAN particle size analyzer 
and began developing a set of procedures for use of the 
instrument. 

1. Analysis of Polysciences Size Standards. To de
termine the accuracy of the BRINKMAN analyzer, we 
used the instrument to evaluate samples drawn from four 
particle size standards, 5,87 mm, 8.72 mm, 21.10 mm, and 
25.70 mm, marketed by Polysciences, Inc., of Warrington, 
PA. The Polysciences literature described the size stan
dards as monosized polystyrene microspheres suspended 
in H2O. The results of BRINKMAN analyses of the four 
size standards are presented in Tkble III. 

The results of the BRINKMAN analyses indicated diat 
the Polysciences standards were not monosized and that 
the 21.10- and 25.70-mm standards were appreciably dif
ferent from the Polysciences descriptions. Because of the 
significant differences between the BRINKMAN results 
and the Polysciences descriptions, we used the real-time 
viewing capability of the BRINKMAN to manually size a 
small number of panicles from each standard. These re
sults, while not statistically significant, did verify that the 
standards contained a wide distribution of particle sizes. 

Because of the significant differences between the 
BRINKMAN results and the Polysciences descriptions of 
the particle size standards, we asked Polysciences for clar-
ificatton. They indicated that such a discrepancy was 
somewhat unusual, but not impossible. Polysciences de
termines the panicle size statistics (mean, standard devi' 
ation, etc.) for an entire production lot of a given size 
standard from TEM measurements of a few hundred par
ticles. In addition, the people at Polysciences expressed 
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surprise that we were concerned with such small (abso
lute) differences in the actual and described particle sizes. 
Apparently, Polysciences sells most of its standards to 
customers in the fields of biology and pharmacology, and 
these customers are concerned only with the (approximate) 
average particle size. 

Experience with the Polysciences standards prompted 
us to research the other particle size standards that exist. 
To date, we have not been able to identify any standards 
(even those available from NBS) that guarantee a narrow 
distribution around an average particle size. However, 
our local BRINKMAN representative has suggested that 
we obtain a set of standards from SERADYN, as these 
standards are composed of nearly monosized polystyrene 
or latex spheres (some of which were manufactured on the 
Space Shuttle) and are used by BRINKMAN to calibrate 
their particle size analyzers. 

2. Comparison of BRINKMAN Analyses with Cur
rent Sizing Technique. To determine the effects of 
replacing the current (TEM) submicron sizing technique 
with the BRINKMAN analyzer, we ran a series of tests 
in which samples of the <I0-/xm fuel fractions from two 
bare clad impacts (BCI-18 and BCI-I9) were analyzed 
using the BRINKMAN. The results of the two analyses, 
along with the results of the current sizing technique, arc 
presented in Table IV. The results obtained by the two 
sizing techniques are graphically compared in Figs. 14 
and 15. 

The sizing results indicate that there are differences in 
the size fractions determined by the two analytical tech
niques. However, the signifiicance of these differences is 
unclear, In the next quarter, we plan to run a more exten
sive series of comparative tests. 

C. Investigation of Materials to Replace DOP-'26 
Iridium (T. George) 

In this quarter, we continued to investigate refractory 
materials that might be used to replace DOP-26 iridium 
in DIPS (dynamic isotope power systems) and other low-
operating-temperature radioisotope power systems. Be
cause previous work had identified Pt-I5 wt% Mo as a 
potential replacement material, we produced small sam
ples of the alloy (which is not commercially available) 
for mechanical and thermodynamic testing. 

In mid-July 1987, we arc-melted a mixture of platinum 
and molybdenum chips in an argon atmosphere to form 
a 30-g button. After meUing, the button was sectioned 
to provide specimens for metallogr^hy and for rolling. 
Although the exterior of the button appeared to be free of 
blowholes and gross porosity, subsequent examination of 

the metallographic sample revealed that the casting con
tained a large number of interdendritic shrinkage cavi
ties (Fig. 16). The cavities undoubtedly resulted from the 
pcritcctic reaction that occurs in Pt/Mo aUoys containing 
between 24 aaid 10 wt% molybdenum (Fig. 17). 

We attempted to modify the as-cast microstructure of 
the metallographic sample by means of the following vac
uum heat treatment: 15.0 h at 1690°C, 1.5 h at 1735°C, 
and 2.0 h at 1800"*C. After the sample had been held at 
ISOO^C for 2.0 h, it was argon-quenched to room tempera
ture. Microscopic examination of the sample cross section 
revealed that while the heat treatment did produce a uni
form grain size (Fig. 18), a significant percentage of the 
interdendritic shrinkage voids were pushed out of the re-
ciystallized grains and into the grain boundaries. This in-
tergranular void concentration would undoubtedly reduce 
alloy ductility to an unacceptable level. 

Inlerestmgly, the as-cast button section selected for 
rolling demonstrated significant ductility. The sample was 
placed in a four-high mill and was rolled at room tempera
ture until extensive edge cracking prevented further defor
mation. In three passes, specimen thickness was reduced 
from 0.051 in. to 0.043 in.—a total reduction of appiox-
imately 28%. Subsequent metallographic examination of 
the sample cross section revealed evidence of extensive 
cross-slip (Fig. 19). 

In the next quarter we plan to arc-cast a larger Pi-15 
wt% Mo ingot. This ingot will be used to determine if 
hot isostatic pressing (HIPing) can be used to simultane
ously recrystallize the as-cast microstructure and remove 
the shrinkage porosity. 

D. Phase Studies (K. Axler) 

In this quarter, we continued to investigate the binary 
and ternary compounds that can be formed from vari
ous combinations of aluminum, iridium, and plutonium. 
Because the Safety Verification Tbst series indicated that 
molten aluminum reacts with iridium to form a series of 
intermetallic compounds, and because mohen aluminum 
could be formed in a fuel fire resulting from an STS acci
dent, it is important that we understand and document the 
chemical and mechanical properties of these compounds. 

1. Characterization of the Al/Ir System. An arc-
melted sample with a composition of 79.0 at. % Al: 21 % 
Ir was prepared and submitted for electron microprobe 
analysis. The results of the analysis indicated that the 
sample was single phase. Subsequent heat treatment and 
reanalysis indicated that the 79% Al: 21% fr phase is 
stable to 830'C. 
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2. Pu/AI/Ir Compounds. A database was completed 
of free energies of formation for phases in the Pu-O system 
with 0:Pu ratios between 1.5 and 2 and at temperatures 
between 1200 K and 2400 K. These data will be used 
in the SOLGASMIX-PV computer program to model the 
formation of various Pu/Al/Ir compounds. 

E. Iridium Scrap Recovery (P. Kleinschmidt) 

In this quarter wc continued to investigate the use of 
halogens as a mechanism for transporting iridium out of 
contaminated scrap, and we expanded the investigation to 
include methods by which contaminated material might 
be removed from the iridium instead. 

I. Investigation of iridium transport methods. Dur
ing this quarter, we attempted to measure the vapor pres
sure of IiCl3(s) so that reaction conditions for iridium 
transport in the Ir(s) - IrCl3(s) system could be accurately 
determined. A sample of IrCIs was sublimed in a graphite 
cell at temperatures up to 912®C in a Knudsen effusion 
mass spectrometer. Analysis of the resulting mass spec-
Urum did not reveal any IrCln "*" or Cln •*", and examina
tion of the IrCls sample revealed that it had changed color 
from a bright green to a dark grey. Although IrClj can 
be readily transported in a quartz tube at temperatures up 
to 9S0°C, the change in sample appearance and the lack 

of any IrCI„ + or Cl„ "*• peaks indicate that the sample 
reacted with the graphite cell. In the next quarter, we plan 
to repeat the experiment in a platinum cell. 

2, Investigation of plutonia transport methods. We 
had only limited success with methods of removing irid
ium from the plutonia contamination, so we expanded 
the investigation to include methods by which the plu
tonia might be transported away from the iridium. Our 
initial approach was to use molten ammonium bifluoride 
(NH4HFa) to remove the plutonia from the iridium sur
face. During this quarter, an apparatus was constructed 
to contain and heat the '-"Pu-contaminated iridium and 
ammonium bifluoride (Fig. 20). In addition to heating the 
iridium/salt mixture, the apparatus was designed so that a 
flow of fluorine gas (Fa) could be passed over the molten 
salt. To prevent the release of HP or Fj gas while the 
apparatus is operating, a soda-lime trap was incorporated 
into the reaction vessel. In the next quarter, an iridium 
sample contaminated widi urania (*'^U depleted) will be 
processed in the test apparatus to determine the effective
ness of this technique. 

We also investigated the use of aqueous solutions of 
SbPg ("super acid") or HNO3-HF to remove plutonia con
tamination. Both of these solutions are known to dissolve 
PuOj, and In the next quarter we plan to conduct a series 
of experiments designed to evaluate their effectiveness in 
removing plutonia from the iridium surface. 

Thble I. Summaries of Bare Clad Impacts, Third Quarter 1987. 

Impact Fuel Release 

Test 

BCI-18 
BCH9 
BCI-20 
BCI-21 
BCI-22 

Velocity 
(m/s) 

56.89 
55.04 
66.28 
75.89 
85,59 

Clad 

M-6 
M-16 
M-45 
M^9 
M-43 

Capsule Strain (%) 
,Diam. 

+ 7.5« 
+ 8.2 
-hll.l 
+16.2 
-1-24.8'= 

Height 

- 5.7« 
-10.9 ' 
-10.6 
-18.8 
-22.1 

Length 

-flO.S" 
+14.8 
+16.4 
+21.0 
+25.3 

Total 
(g) 
0.0116 
0.0025 
0.0056 
0.0129 

43.744 

<10 (jm 
fraction 

0.2586 
0.4800 
0.1429 
0.1318 
0.0157 

"Figures determined on the basis of as-HIPed clad dimensions; diametral, height, 
and length strains based on as-fabricated capsule dimensions are +4.9%, -8.0%, 
and +7.7%, respectively. 
'Figure represents an average value; the respective height strains of the vent and 
weld-shield cups were —12.7% and —9.1%. 
''Figure represents an average value; the respective diametral strains of the vent 
and weld-shield cups were 27.5% and 22.0%. 



Table n. Sieve Analyses of Simulant Fuel in Capsules M-6 and M-16* 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Particle 
Size Range(Mm) 

6000 
2000 

841 
420 
177 
125 
74 
44 
30 
20 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 

6000 
2000 
841 
420 
177 
125 
74 
44 
30 
20 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Weight Fraction < I 0 ^m: 

"All values are expressed 

M-6 
(BCI-18) 

0.70000 
0.17550 
0.07860 
0.02240 
0.01190 
0.00270 
0.00310 
0.00160 
0.00120 
0.00070 
0.00090 
0.00021 
0.00023 
0.00005 
0.00007 
0.00007 
0.00014 
0.00011 
0.00016 
0.00016 
0.00026 
0.00150 

M-16 
(BCI-19) 

0.54650 
0.20370 
0.14040 
0.04530 
0.02790 
0.00550 
0.00690 
0.00420 
0.00410 
0.00190 
0.00371 
0.00333 
0.00017 
0.00061 
0.00033 
0.00072 
O.OOUO 
0.0O122 
0.00147 
0.00057 
0.00030 
0.00980 

Nonimpactcd, 
Vibrarion-Conditioned Clads 

L-21 (HIPed) 

0.94740 
0.02790 
0.01420 
0.00380 
0.00290 
0.00080 
0.00100 
0.00050 
0.00020 
0.00020 
0.00030 
0.00022 
0.00006 
0.00002 
0.00002 
0.00002 
0.00005 
0.00005 
0.00008 
0.00016 
0.00009 
0.00077 

M-13 (untreated) 

0.91010 
0.05330 
0.01000 
0.00340 
0,00360 
0,00230 
0.00390 
0,00290 
0.00260 
0.00130 
0.00180 
0.00108 
0.00047 
0,00011 
0.00007 
0,00014 
0.00019 
0.00047 
0.00091 
0.00102 
0.00029 
0,00475 

as a fraction of the fuel simulant retained within the capsule. 

TSiblein. 

Trial No. 

1 
2 
3 
4 
5 
6 
7 
8 

BRINKMAN Analysis of Polysciences Standards 

Polysciences 
Sizing Data (pm) 

Standard 
Mean 

5.87 
5.87 
8.72 
8.72 

21.10 
21.10 
25.70 
25.70 

Deviation 

0.11 
O.Il 
0.35 
0.35 
4.09 
4.09 
5.81 
5.81 

BRINKMAN 
Analysis (fjim)°-

Mean 

5.70 
5.80 
8.30 
7.9 

17.90 
17.80 
18.50 
19.20 

Standard 
Deviation 

0.90 
0.90 
2.20 
2.00 
5.60 
5.60 
9.20 
8.80 

"All of the BRINKMAN results are based on the measure
ment of 10,000 particles. Mean and standard deviation values 
are calculated on the basis of the number of particles within 
specific size ranges. 



Tjibk iV, Piirliclf Si-« Analyses of <lO-^im Fuel Fractions 
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Fig. 8. .Srmn cmH unviLKd nrjr ;hi; Mile* ,j{ ihe impaci fzKC .11 csfiMj-V M-45 

•4 

Fig. 9. CafKuif M-49 WIS i>Tiini£ine«l|> (Ji-roimed by imjfiar in BCt-21. 
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Fig. 14. A coniparuon of the present TEM method of particle sizing with the BRINKMAN analyzer 
results for the <IO-/Xm fractions from MCI-18. 
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