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AN INTACT ITEM OF SPACE DEBRIS WITH AN EXPOSURE AGE
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We document an artifact found on an Australian beach that appears to be a gas tank from a Soviet spacecraft. Comparison

of its microcrater size distribution with those from surfaces on the Long Duration Exposure Facility (LDEF) suggests the

object spent around a decade in space, consistent with lifetimes of Molniya satellites that entered around 1990, although this

is not an ironclad identification of the source spacecraft type. Entry simulations of objects with similarly low mass/area ratio

indicates that temperatures of no more than 1800K are likely: the Titanium alloy from which the object is made would have

undergone minimal melting, consistent with the slight fusion observed-

I. INTRODUCTION : ARTIFACT
CHARACTERISTICS

The artifact, a hollow sphere, was sent to one of us (WZ), a
meteorite dealer and collector, by friends in Australia [ 1] . It
was recovered from a junk yard, where it had sat for almost
eight years after it was discovered on a beach near Albany in
South Australia (35.0"5, I 18.0"E).

The object (fig.1) carries no identifying markings. It is 90
cm in circumference, with a thickened polar cap on one side,
and a screw fitting with a metric thread on the other. The
threaded section is 42 mm in diameter, and bears a hole 8mm
in diameter. The whole thing weighs 6 kg.

The sphere is somewhat corroded, as might be expected
from its immersion. Its weight and size are consistent with
an average wall thickness of only one or two millimetres.
Tapping the object makes a noise of higher pitch than a bell
or gong, suggesting a stiff material.

Around the apex (i.e. opposite the threaded fitting) there
is some evidence of melting, with blobs of melt creeping
away from the apex (fig.2). Additionally, there are several

Fig. 2 Close-up of apex of sphere, showing melting and migration of
melt away from apex - consistent with the object entering apex-first.

small craters visible, see fig. 3a and 3b.

An early suggestion, largely on the basis of the metric
thread [1] was that the sphere is a gas tank from a Russian/
Soviet spacecraft, possibly a Molniya satellite (fig. 4). In

this paper, we present a more detailed analysis of the crater
population and composition, which appear to corroborate

th is  suggest ion.  We fur thermore conduct  numer ical

simulations to establish the likely thermal conditions during
entry.

2. COMPOSITION

A small sample of the fused area near the apex was analyzed
in an electron microprobe using energy-dispersive X-ray

spectroscopy. The count rates (Table 1) suggest an elemen-
tal composition typical of modern titanium alloys, e.g. Ti-

6Al-4V.

This composition is consistent with the stiff material as

indicated acoustically by the structure's impulse response. ItFig. 1 Picture of sphere
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typically performed to determine the population of meteor-
oids and space debris. Here, we apply the converse of
assuming a typical population and infer the exposure age of
the artifact, just as counts of (usually kilometer-s-ale)
planetary surfaces are often used to estimate their age.

Of course, comparisons of this sort are fraught with
uncertainties. In a highly elliptical orbit, the impactor flux
would be somewhat different from an object in LEO. First,
since most of the time is spent at high altitudes, the debris
flux is lower, since catalogued objects of space debris at
least have a maxiumum density below 1000 km altitude.
Furthermore, the meteoritic flux would be slightly reduced
(since gravitational focussing is lower at high altitude),
although this effect is offset by the lower Earth shielding.

During perigee passes, the object would encounter higher
debris fluxes than in LEO, since the relative velocity is
much higher. However, this period is only a small fraction of
each orbit. Another issue to bear in mind for serious quan-
titative assessment is that a substantial secondary crater
population may exist, created by the impacts of ejecta from
impacts elsewhere on the satellite.

It would be possible in principle to compute these various
factors using sophisticated debris models. However, given
the additional uncertainties of crater obliteration by melting
and corrosion which are not well-constrained, it is probably
not worthwhile to do so.

Accordingly we compare with the observed crater popu-
lation on surfaces of the LDEF (Long Duration Expbsure
Facility). This large passive satellite was left in LEO for 6.2
years and then recovered. Higher fluxes were observed on
the leading faces of the satellite (the attitude was maintained
by the different moments of inertia, producing gravity-
gradient stabilization). Accordingly, we compare (fig.6) the
crater count determined for the sphere with the 4n average
LDEF crater count [3], taken as 2.4 times smaller than tlrat
for the most heavily-impacted (ram) direction

Broadly speaking, the counts are similar, suggesting a
broadly similar age. In fact, for most of the size range, there

An Intact ltem of Space Debris with an Exposure Age of about l0 years

are about 20Vo morc craters on the sphere than on LDEF.
Furthermore, the LDEF craters were formed in aluminium:
a given impactor will produce a smaller crater in denser,
harder titanium. Typically, a (density)05 dependence is ob-
served, so the material effects introduce a 20Vo or so bias
against the sphere. Thus the crater count, and hence the age,
is in round numbers about 50Vo higher than for LDEF,
suggesting the object was in space for about a decade.

Note that the count for the smallest craters on the sohere
is actually lower than that for the LDEF surfaces: titis is
consistent with the smallest craters being most easily oblit-
erated by fusion and corrosion.

5. A MOLNIYA ORIGIN ?

As suggested in [1], the sphere may belong to a Molniya-class
communications satellite: these relatively numerous satellites
carry spherical gas tanks apparently similar to that described
here. Although many other Soviet satellite types use these
tanks, most, like the Progress space station resupply craft and
Vostok-derived photoreconnaissance vehicles, are in orbit for
only a few months. According to King-Hele et al. l3l, there
were 132 Molniya satellites launched in the 1965-1990 period.
Of these 132, the median orbital lifetime was 9 years.

In fig. 7, we plot the lifetime of Molniya satellites against
their re-entry date (as computed from the observations and/
or predictions in [3]). It is seen that several Molniya satel-
lites re-entered in the years prior to 7991, and they all had
orbital lifetimes of 9-14 years.
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Fig. 7. Orbital lifetime (crosses) of Molniya satellites as a function
of estimated entry date : typical lifetime for those satellites entering
around 1990 is about 10 years.

While not proof, these data are consistent with the inferred
crater age. Zeitschel [1] suggests that the sphere may have been
released in a launch accident. An interesting discussion of
Soviet launch debris is found in Clark [4]: generally launch
debris has a far shorter lifetime than that deternined here.
Furthermore, the depletion of craters on the lower (thread) half
of the sphere suggests that the sphere was attached to the
spacecraft for most, if not all, of its space exposure.

The location of the find, at 35'S is certainly consistent with
a satellite in a high inclination orbit (as the Molniya satellites),
but since ocean cunents would allow the artifact to be"washed
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Fig. 6. Microcrater size-frequency distribution on the sphere (solid
line) with l-o counting uncertainties shown as error bars, compared
with LDEF spherical average (dashed lines).


