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RE-ENTRY SIGHTINGS AND DEBRIS RECOVERY OF 2008-010B
SPAIN - 2015 NOVEMBER 03 UTC

Ted Molczan

2302-40 Pleasant Blvd., Toronto, Ontario, Canada, M4T 1J9
Email: ssl3molcz@rogers.com

ABSTRACT

Pre-dawn sightings of a fireball over Spain on November 
3, 2015, and the subsequent discovery of three compos-
ite overwrap pressure vessel (COPV) spheres and other 
suspected space debris, pointed to a re-entry as the cause. 
The resource of record for re-entries is the USSTRAT-
COM (U.S. Strategic Command); however, its Space 
Track web site reported neither predictions nor historical 
data that correlated with the events in Spain. The mystery 
was solved by estimating the orbital elements from the 
fireball sightings and positions of the debris, and find-
ing a matching object in the orbital data of independent 
sources. The re-entering object was the Centaur upper 
stage with the international designation 2008-010B, and 
the USSTRATCOM catalogue number 32707. 

1. INTRODUCTION 

Verifying that a fireball sighting was due to a re-entry 
from orbit, and identifying the object, normally is a 
simple matter of visiting USSTRATCOM’s Space Track 
website and running a query. With a sufficient number 
of reliable sighting reports, a preliminary identification 
takes about ten minutes. Identifying the source of sus-
pected debris is almost as easy, provided the date of im-
pact can be narrowed sufficiently.

News of the Spanish re-entry of November 3, 2015 reached 
the author two days later. About all that was known was 
that a COPV sphere had been found between Mula and 
Calasparra (Murcia). The date of impact was not initially 
clear, but it seemed to have been recent. There were no 
obvious candidates in the Space Track database, but there 
was too little data from the field to draw conclusions.

On November 9, came news of the discovery of another 
sphere in the same area as the first. A reasonably detailed 
news report on the sighting of a fireball on the day the 
first sphere was discovered, appeared on November 10. 
The discovery of a metal strip near Elda (Alicante) was 
reported on November 11. The following day brought 
news of a large object found near Pozorrubio de Santiago 
(Cuenca). Word of the discovery of the third sphere came 
on November 15.

By then it was clear that a re-entry occurred just before 
dawn on November 3, that some debris had survived, and 
that Space Track had neither predicted nor acknowledged 
a re-entry that could explain these events. News reports 
quickly converged on the space debris hypothesis, but 
the identity of the object that re-entered was a mystery. 
Fortunately, there were sufficient pieces of the puzzle to 
enable an independent solution.

Section 2 documents existing reports on the fireball sight-
ings and the recovered debris, which form much of the 
evidence of the case. Section 3 explains how the descrip-
tion of the fireball sightings, and especially the locations 
of the suspected debris, led to the 2008-010B re-entry 
hypothesis. The independent sources of orbital data, es-
sential to solving the case are described. The agreement 
in number, size and type of the discovered spheres with 
those aboard 2008-010B is documented. 

Section 4 reports the orbital decay analyses that demon-
strated the spatial and temporal correlation between the 
re-entry of 2008-010B and the fireball sightings and de-
bris locations. The resulting trajectory is compared with 
the debris locations and one of the fireball sightings. Sec-
tion 5 states the conclusions. Section 6 acknowledges 
those who assisted this study.

2. FIREBALL SIGHTINGS AND DEBRIS 

The fireball sightings and recovered debris formed much 
of the evidence of the case.

2.1 Fireball sightings

Re-entry fireballs look similar to meteoritic ones. Their 
key distinguishing characteristics are their much slower 
speed, and nearly horizontal flight. Meteors seldom are 
observed to break up, but this is almost always a feature 
of re-entries. Observers see a swarm of bright lights, each 
with a meteor-like tail, moving along the same path. The 
key information for analysis is the time of the sighting 
and the direction of travel. 

The fireball suspected to have been the source of the de-
bris occurred in bright morning twilight, so it was not 
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as prominent as it would have been in a dark sky, which 
probably explains the scarcity of reports.

2.1.1 Las Cumbres (Murcia)

The earliest reports of fireball sightings came from the 
vicinity of Calasparra, where three COPV spheres sub-
sequently were found. Several newspaper articles men-
tioned the sighting of 7-8 fireballs early on the morning 
of Tuesday, November 3 - the same day that the first 
sphere was discovered.

The sighting was at about 7 AM CET (6 UTC), from Las 
Cumbres. The witnesses reported that the fireball headed 
toward Los Llanos del Cagitán, less than 10 km to their 
southeast, where the first sphere was discovered. After 
they lost sight of it, they heard a “roar like thunder” (“es-
truendo”) [1], consistent with a known phenomenon of 
re-entries, resulting from sonic booms of fragments be-
low about 50 km altitude. Knowing the duration of the 
delay before this sound was heard, would help to decide 
whether it was a sonic boom. [2]

2.1.2 Almería

In Almería, amateur astronomer José Luis Ruiz Gomez 
had just completed an observing session. As he prepared 
to return indoors, at about 7:03 AM CET (6:03 UTC), he 
spotted a fireball. He watched it for about 30 s, during 
which it fragmented three times. He spotted it low in the 
north, traveling "somewhat approximate northwest-west 
to southeast-east." [3]

Ruiz Gomez attempted to photograph the fireball, but it 
faded from view before he could steady his camera. He 
took several photographs, the first of which is of special 
significance because it defines the latest possible time 
that he observed the fireball. Ruiz Gomez calibrated his 
camera’s clock after the fact, by comparing it with an ac-
curate time source. He measured the clock error every 
day or so, during the period Nov 20-Dec 9. The author 
correlated the resulting 18 measurements with the clock 
time, by means of a linear regression analysis, and used 
the regression line to correct the time of the first photo-
graph. The result was 06:03:40 UTC, accurate to +/-5 s, 
to 95 percent confidence. 

2.1.3 Almansa (Alicante)

Ximo Alvarez made a cell phone video from a highway 
in Almansa (Alicante). The reported time of the sighting 
was 2015 Nov 03 at 7 AM CET (6 UTC). It is a bit dark, 
but adjusting the brightness reveals a string of several 
lights moving from right to left, seen between clouds in 
the morning twilight. [4]

2.2 Suspected debris

Tab. 1 lists the locations of the five suspected pieces of 
debris that have been reported to-date.

Table 1. Approximate Location of Suspected Debris
Object Location Co-ordinates

Sphere 1 Los Llanos del 
Cagitán (Murcia) 38.17 N, 1.59 W

Pipe or duct elbow
near Pozorrubio 
de Santiago 
(Cuenca)

39.81 N, 2.90 W

Sphere 2 Villa Vieja 
(Murcia) 38.25 N, 1.69 W

Metal strip Las Barrancadas 
(Alicante) 38.47 N, 0.85 W

Sphere 3 near Sierra del 
Molino (Murcia) 38.23 N, 1.64 W

The co-ordinates are of places reported by the news me-
dia to have been proximate to the debris, probably accu-
rate to within a few kilometres.

The three spheres found in Murcia (Fig. 1), weigh about 
23 kg, and are about 65 cm in diameter. [5]

Figure 1: Three spheres in laboratory. Source: Centro 
de Referencia Nacional de Formación Profesional de 

Cartagena/SEFCARM

On November 7, 2015, a large object was found by a 
farmer in Monte Bajo, about 3.5 km from Pozorrubio de 
Santiago (Cuenca). Fig. 2 is one of several photographs 
that depict what appears to be a pipe or duct elbow, with 
an irregular break on one end, and a flange on the other. 
The news media reported mass 20 kg and size 3 m [6], 
but scaling from the cigarette pack in a different photo 
reveals a pipe diameter of 40 cm. The largest dimension 
appears to be less than 1 m.

Journal of Space Safety Engineering – Vol. 2  No. 2 - December 2015

84

International Association for the Advancement of Space Safety



Figure 2: Pipe or duct elbow with flange. Source:  
La Tribuna de Cuenca

The metal strip found in Alicante (Fig. 3) reportedly had 
been deformed by heating and was 4 m long and 0.2 m 
wide. [7] No other physical data was available.

Figure 3: Metal strip. Source: La Opinión de Murcia

The fireball and debris evidence proved essential to iden-
tifying the prime re-entry suspect.

3. PRIME SUSPECT IS 2008-010B

None of the objects reported by USSTRATCOM to have 
decayed on or near November 3 were in orbits that could 
have matched the time of the fireball sightings and the lo-
cations of the debris. They were also too small to account 
for the size and mass of the debris. It quickly became 
clear that the debris and fireball sightings would be key 
to solving the case.

3.1 Debris locations reveal orbital inclination

Debris footprints commonly are hundreds of kilometres 
long, but only about 30 km wide. Their narrowness is a 
useful property, that enables the trajectory of objects that 
have re-entered to be deduced from the locations of their 
debris on the ground.

Fig. 4 shows the approximate locations where debris was 
discovered, and the implied re-entry ground tracks.

Figure 4: Debris locations reveal possible re-entry 
tracks

The red line passes within a few kilometres of four of 
the five pieces of debris. Its orientation is consistent with 
re-entry from an orbit inclined approximately 64 deg, 
travelling from northwest to southeast. The metal strip 
was found about 70 km from this line, which probably 
is too far for it to have been carried there by the upper 
atmosphere wind.

The blue line connects a different subset of four pieces of 
debris, that includes the metal strip. Its orientation is con-
sistent with re-entry from an orbit inclined approximately 
44 deg, travelling from west-southwest to east-northeast. 
The large metal object found near Pozorrubio de Santia-
go was about 200 km from this line, which is too far for it 
to have been carried there by the upper atmosphere wind.

Since the fireball was observed to be travelling substan-
tially southward - "southeast-east," according to Ruiz 
Gomez in Almería, the red line seemed the more likely 
of the two. Therefore, the object that re-entered, probably 
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was in approximately a 64 deg inclination, that would 
have been coplanar with the debris locations on 2015 
Nov 03 at about 06:00 UTC, heading southeast. That is a 
very well constrained search orbit.

3.2 Search for decaying objects in matching orbits

The most likely possible explanations for the lack of any 
warning of the re-entry by USSTRATCOM, or acknowl-
edgment after the fact, are as follows:

1. The object had been lost, perhaps never catalogued.

2. Orbital and re-entry data had been withheld, because the 
object was a military payload or related rocket body.

A thorough check for large objects recently lost by 
USSTRATCOM, revealed no likely candidates for the re-
entry in question. That left only the military satellite hy-
pothesis. The approximately 64 deg inclination implied 
by the debris locations and fireball sightings, suggested 
an object in a Molniya orbit, which is highly elliptical, 
typically inclined between 62 and 64 deg. Independent 
sources were consulted to check this possibility.

The author is a member of a small, informal group of 
amateur astronomers, who specialize in finding, track-
ing and identifying satellites in unpublished orbits. They 
share their observations and analyses of several hundred 
such objects via the SeeSat-L mailing list. On October 
15, Scott Tilley observed a satellite that he could not im-
mediately identify. Mike McCants identified it as a Cen-
taur upper stage, which had the international designation 
2008-010B, and the USSTRATCOM catalogue number 
32707. It had last been knowingly observed by Kevin 
Fetter,  on March 3 [8], in a 237 X 38111 km, 63.3 deg 
orbit [9]. McCants fit an approximate orbit to Tilley’s 
new observations, which revealed that it had lost more 
than half of its altitude since it was last observed, and was 
decaying rapidly. [10]

This Centaur had flown on Atlas-V number AV-006, on 
March 13, 2008, from Vandenberg AFB, carrying the 
NROL-28 payload for the National Reconnaissance Of-
fice. The Centaur had been discarded in a Molniya orbit. 
Its rapidly decaying, 63 deg inclination orbit, matched 
the general description of the suspect sought in the inves-
tigation of the re-entry over Spain. The hobbyists did not 
observe 2008-010B after October 15. To learn its fate, 
the investigation turned to another independent source of 
orbital data.

Russia's International Space Observation Network 
(ISON) conducts scientific research into high altitude 
orbital debris. Its global network of telescopes has de-

tected thousands of small debris fragments that are po-
tentially hazardous to spacecraft. Cameras that can see 
faint debris, inevitably detect satellites and rocket bod-
ies. ISON's data analysis partner, JSC Vimpel, distributes 
orbital data on 1,700 newly detected objects, via its web-
based portal. 

The majority of those orbits are not found in USSTRAT-
COM's public database. The data had not been corre-
lated with known objects; however, the author and his 
colleagues had previously identified a number of U.S. 
military objects of interest to them. One of them was a 
large object that ISON discovered in August 2013, and 
assigned the identifier 68101. The author identified it as 
2008-010B in October 2014, by propagating its current 
orbital elements back to a time shortly after launch. This 
was accomplished using McCants’ int2 program, which 
includes the luni-solar perturbations that strongly af-
fect highly elliptical orbits. The results were compared 
against the elements of 2008-010B’s payload, which 
had been tracked by the group. Their orbital planes were 
within 2.5 deg. Argument of perigee agreed to within 1 
deg. The eccentricity agreed to within 0.15 percent; mean 
motion within 0.6 percent. These small differences are 
believed to have been due mostly to the evasive manoeu-
vre performed by 2008-010B immediately after payload 
separation. There was also close agreement with the par-
tial orbital elements of 2008-010B registered by the U.S. 
with the United Nations. Inclination agreed to within 0.1 
deg, orbital period to within 0.03 percent, and eccentric-
ity to within 1.5 X 10-5 percent. ISON observed  2008-
010B frequently during 2015, and its data confirmed that 
by October it had been rapidly approaching decay.

At the start of 2015, 2008-010B was in a 63.4 deg orbit, 
with perigee of 276 km and apogee of 38211 km. Due to 
the high apogee, which extended one tenth the distance to 
the moon, the orbit was strongly perturbed by lunar, and 
to a lesser degree, solar gravity. As a result of these luni-
solar perturbations, the eccentricity slowly oscillated, 
causing the apogee and perigee to rise and fall. Eventu-
ally, the perturbations forced the perigee into the dense 
layers of the upper atmosphere, which greatly increased 
the rate of decay.

The onset of rapid decay in early June, coincided with the 
descent of the perigee below 150 km. The rate of decay 
was fairly constant from June through September, during 
which the apogee was reduced by about 15,000 km. The 
perigee had remained fairly constant during this period. 
In late September, luni-solar perturbations forced it to de-
scend further into the upper atmosphere, greatly increas-
ing drag, which completed the destruction of the orbit 
in five weeks. As this is written, the latest known ISON 
observation was about November 1.
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On November 14, the author alerted his colleagues via 
SeeSat-L to the results of a quick analysis that showed a 
possible correlation between the re-entry of 2008-010B 
and the recent events in Spain.

Before proceeding with a detailed decay analysis, re-
search was undertaken to determine whether any of the 
recovered debris matched known components of the 
Centaur in question.

3.3 Recovered spheres consistent with those of At-
las-V Centaur stage

The Centaur stage of Atlas-V has undergone design 
changes since its first launch in 2002. The original ver-
sion, called the Common Centaur, was used on Atlas 
IIIB, as well as on Atlas-V. Jonathan McDowell's satellite 
catalogue lists the Atlas V in question as AV-006, which 
means that it was the sixth one built; therefore, it prob-
ably was the Common Centaur version. 

For short-coast missions (25 min.), the helium supply 
system employed three 66.0 cm helium storage spheres 
(Fig. 5), which consisted of a graphite overwrapped 301 
CRES (Corrosion Resistant Steel) metallic liner. For lon-
ger coast duration missions, an additional helium bottle 
could be installed. [11]

Figure 5: The first Common Centaur (AVC-001) in final 
assembly in the clean room in Denver. Source: ULA.

A fourth helium tank could be added for missions that re-
quired the Centaur to make manoeuvres later than about 
two hours after launch. Jonathan McDowell expressed 
confidence that this Centaur made only two burns; there-
fore, was the 3-tank version. The author's pre-launch 
analysis estimated that the second Centaur burn was ex-
pected about 43 min. after launch, well within the known 
capability of the standard 3-tank configuration. [12]

The discovery in Spain of COPV spheres identical in 
number, size and construction to those of 2008-010B, 
strongly supported the circumstantial case that it was their 
source. The final test of this hypothesis was to verify its 
temporal and spatial correlation with the fireball sightings 
and the locations where the suspected debris was found.

4. ORBITAL DECAY ANALYSIS OF 2008-010B

4.1 Satevo decay propagation analysis

An object decaying over the region where the fireball 
was seen and the spheres fell, on Nov 3 at 06 UTC, from 
a 63 deg orbit, southeast-bound, would have had an ap-
proximate theoretical RAAN (right-ascension of ascend-
ing node) of 334 deg.
For 2008-010B to correlate with the re-entry, its orbit 
must have been expected to decay near Nov 3 at 06 UTC, 
and its RAAN at the time of decay, must have been close 
to that of the above theoretical orbit.

Cees Bassa de-osculated the final three ISON orbital ele-
ment sets to produce mean elements compliant with SGP4 
(Simplified General Perturbations), shown in Tab. 2 in the 
standard units of TLEs (2-line orbital element sets).

Table 2. Final ISON Elements
Date 2015 Oct 19 2015 Oct 26 2015 Nov 02
Epoch 15292.947094 15299.967639 15306.963703
ndot/2 0.11235444 0.27393067 4.32729864
B* 0.00063774 0.00078608 0.0018346
i 63.0275 63.0189 62.9812
RAAN 352.1149 347.0289 335.8047
e 0.5452252 0.4132690 0.0662118
ω 252.9231 253.2099 262.1632
M 55.6585 86.7297 109.2725
n0 5.13054259 7.51978834 15.11730730

The elements were propagated to decay using Alan 
Pickup's Satevo program. It is based on the published re-
search of Dr. Desmond King-Hele, who was among the 
leading investigators into the mathematics and physics of 
Earth satellite orbits during the first three decades of the 
space age. Satevo estimates the date and time of decay of 
a TLE, and generates propagated TLEs for each revolu-
tion up to the final ascending node prior to decay.

The propagated date of decay ranged between Nov 2 and 
Nov 4 UTC, close to the actual date of Nov 3 UTC. The 
absolute error ranged between approximately 6 and 18 
percent of the time remaining to decay, which was within 
the typical re-entry prediction uncertainty of 20 percent. 
[13]
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The RAAN at decay was estimated by adjusting the rate 
of decay to cause the time of decay to match the reported 
time of the fireball. In each case, the resulting RAAN 
was 334.7 deg, close to the theoretical value of 334 deg. 
The difference can be explained at least in part, by the 
imprecision with which the time of the fireball sightings 
and locations of the debris are known.

4.2 GMAT propagation

The re-entry trajectory has been estimated using GMAT 
R2014a (General Mission Analysis Tool), developed by 
a team of NASA, private industry, public, and private 
contributors.

The analysis was performed using GMAT's Dormand-
Prince 78 numerical integrator, with a 90 degree, 90 or-
der gravity field, MSISE90 atmosphere model, and space 
weather data entered manually. Orbital elements in TLE 
format were converted for GMAT propagation using 
TLE Analyzer 2.12.

The rate of decay is determined by the co-efficient of 
drag (Cd) and the area to mass ratio (A/m). The former 
was taken to be 2.2. A/m was estimated from the known 
physical properties of the Common Centaur, which was 
more than 12 m long overall, including the engine bell. 
Its main body was 3.05 m in diameter and about 9 m 
long. The combustion chamber and engine bell were sig-
nificantly narrower. Its inert mass was 2,086 kg. The es-
timated average A/m is about 0.012 m2/kg.

Of the three ISON orbital element sets available, the one 
from Oct 19 (Tab. 2) has so far proven best to work with, 
probably because it had been extrapolated only one day 
beyond the latest observation to that point. The Oct 26 
elements were based on 6 day old observations; there-
fore, they probably had some error due to the inevitable 
difference between the actual rate of decay and that of the 
elements. The Nov 2 elements were extrapolated one day 
beyond the latest observation, but since the object was 
close to decay, it is probable that there was considerable 
error due to the difference between actual and propagated 
rate of decay.

The results of propagating the Oct 19 elements over 14 
days proved  extremely sensitive to the accuracy of the 
initial orbit, and the atmospheric model. For example, 
due to the ultra-low perigee height, the rate of decay was 
highly sensitive to small errors in the eccentricity, which 
are unavoidable. The approach taken was to make small 
adjustments in the eccentricity, by trial and error, that en-
abled propagation to decay close to the observed time of 
the fireball, using a reasonable value of A/m.

The analysis began with Cd = 2.2 and A/m = 0.012 m2/kg, 
which caused GMAT to propagate the orbit to decay far 
too early. Using an unrealistically low A/m yielded decay 
on Nov 3, but about one rev too early. 

Of the many combinations of A/m and eccentricity tried, 
the best result was obtained with A/m about 0.006288 m2/
kg, and an SGP4 mean eccentricity of 0.05450405, that 
raised the perigee about 2 km over that of the reference 
orbit. GMAT propagated the orbit to decay over Spain 
within about 5 min. of the fireball sightings. The RAAN 
of a TLE computed from the GMAT state vector at 100 
km altitude was 0.4 deg east of the theoretical orbit. The 
trajectory passes the region of the fireball sightings and 
debris about 5 min. early and somewhat to the east.
 
The high altitude wind on the morning of the re-entry 
was predominantly from the SW; therefore, the debris 
probably fell on the east side of the ground track. Delay-
ing the time of passage 340 s, and taking into account 
Earth's rotation, was sufficient to place the trajectory just 
west of the debris zone at about 06:01:45 UTC. News 
media reports put the time of the fireball sighting at 06:00 
UTC. The best available estimate of the latest possible 
time of the fireball, is that of the Ruiz Gomez photograph 
taken at 06:03:40 +/-5 s UTC, which was a failed attempt 
to image it. He concluded that it had faded by the time he 
steadied the camera sufficiently to attempt the photo. He 
believes that he had spotted the fireball by 06:03 UTC. 
(Section 2.1.2). The 1.25 min. difference between the tra-
jectory analysis and Ruiz Gomez is excellent agreement, 
considering the uncertainties affecting both.

4.3 2008-010B correlates with debris locations

The estimated 2008-010B re-entry trajectory would have 
passed close to the locations where the suspected debris 
fell, and within visual range of all three places where 
fireball sightings were reported, shortly after 06:01 UTC 
(7:01 AM CET), moving from NW to SE, depicted by 
the line in Fig. 6. The alternating red and white segments 
span 5 seconds of flight.

Figure 6: Approximate re-entry track of 2008-010B 
relative debris locations.
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The estimated ground track is about 12 km SW of the large 
object found in Cuenca, and between 4 km and 7 km SW of 
the three spheres that fell in Murcia. It passed 80 km SW of 
the 4 m long metal strip found in Alicante (Fig. 3), which 
seems to be near the empirical limit of cross-track disper-
sion of re-entry debris. About 97 percent of the recovered 
debris of space shuttle Columbia was found within 5 NM 
(9 km) of its re-entry ground track. This consisted primar-
ily of the lowest A/m objects. The remaining 3 percent was 
dispersed up to about 80 km from the ground track.  [14]  
A study into the risk posed by re-entry debris to aircraft, 
assumed that the width of the airspace potentially includ-
ing re-entry debris is 35 km on either side of the ground 
track. [15] These facts call into question the relationship 
between the metal strip and the re-entry of 2008-010B. 
Expert analysis based on the object’s ballistic and aero-
dynamic properties, and local wind velocity would help 
resolve the question. Determining whether the object was 
a unique component of 2008-010B would be decisive. 
The ground track is remarkably similar to the hand-drawn 
theoretical one, depicted by the red line in Fig. 4, that in-
formed the investigation that lead to the identification of 
2008-010B as the prime suspect.

4.4 2008-010B correlates with fireball sighting

From Almería, Ruiz Gomez briefly observed what he lat-
er realized must have been the re-entry fireball. He used 
the author’s kml file of the trajectory to help reconstruct 
from memory the events of his sighting.

Seeing the trajectory in Google Earth, immediately re-
minded him of the beginning of his sighting, and con-
firmed for him that this was the event he had seen. 

He spotted the fireball at a very low elevation, west of 
north, just above the Sierra de Gádor mountains. Its color 
was dark orange, easily distinguished against the lighter 
sky. The color slowly lightened as it rose and moved to-
ward the east. He noted at least two breakup events, be-
fore it faded in the bright morning twilight. He originally 
reported the sighting duration as 30 s, but it may have 
been as long as 45 s. [16]
 

5. CONCLUSIONS

Virtually all identifications of suspected sightings of re-
entry fireballs and debris recoveries are circumstantial. 
Authoritative records of known re- entries are consulted to 
identify potential suspects. Their final orbital elements be-
fore re-entry reveal whether they happened to be passing 
within range of the sightings or close to the location of any 
debris at the relevant time, and whether they might have 
descended low enough to have been burning and breaking 

up. Even with accurate orbital data, it is seldom possible 
to precisely estimate the time and place of the final de-
scent. Confidence in the circumstantial case depends on 
the quantity and quality of the sighting and debris reports, 
and the strength of correlation with the trajectory.

Bright twilight reduced the Spanish fireball of November 
3, 2015 to a fraction of its normal brilliance. Had it oc-
curred half an hour earlier, there would have been hun-
dreds of sightings and numerous cell phone videos on 
YouTube. Fortunately, the known sightings agreed close-
ly on what appears to be the correct approximate time 
of the event, and the substantially southbound trajectory.

The locations of the recovered debris provided by far the 
strongest evidence of the orbital inclination. 

The time, place, inclination and direction of travel of the 
re-entry fireball defined a very well constrained search 
orbit, that enabled easy detection of the 2008-010B Cen-
taur as the prime suspect, among the respective orbital 
data of the hobbyists and ISON.

The three spheres found near Calasparra matched the 
number, size and construction of the helium pressurant 
spheres carried by the Centaur stage.

Additional information is sought, that could further test 
the circumstantial case, including:

• authoritative physical data on each piece of suspected 
debris

• the precise location of discovery of each piece of sus-
pected debris

• additional fireball sighting reports

Section 3.3 reported that the Centaur's helium spheres 
had a metal liner made of 301 CRES. Metallurgical tests 
to confirm this would further test the 2008-010B hypoth-
esis. If the large object found near Pozorrubio de San-
tiago is confirmed to have come from 2008-010B, then 
it will help to better define the actual debris footprint, 
and may help experts to verify existing re-entry debris 
survival analyses of the Common Centaur.

5.1 What's next for the debris?

If history repeats, then despite the air of secrecy, the U.S. 
will eventually repatriate its debris.

On 2010 Feb 19, near 03:32 UTC, pieces of the second 
stage of the Delta II rocket that launched the USAF's STSS 
Demo 1 and 2 satellites (2009-052C / 35939), landed  
in Mongolia. This object was from a military mission, so 
its orbit was secret, but Russell Eberst discovered it on 
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2009 Nov 23 UTC, a couple of months after launch. Hob-
byists successfully tracked it to within hours of re-entry, 
resulting in the sole public history of precise orbital infor-
mation on this object.

USSTRATCOM had not issued any decay predictions, 
but it took less than a week for the source of the recov-
ered debris to be reported by the Mongol News. How this 
came to be known in Mongolia is unknown.

In August 2011, the USAF sent a 15 person crew to Mon-
golia to retrieve its debris, and openly published an article 
about the operation [17]. The precise source of the debris 
was not stated, but a photo gallery includes a photo that 
clearly identifies the actual launch and payload [18]. Yet, 
to this day USSTRATCOM has not acknowledged that 
this object has decayed from orbit.
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