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Over the past year, there have been three occasions where apparently operational spacecraft spontaneously pro-

duced debris. In each case, the first indication of a debris event was the release, via Space Track, of a number of 
TLEs associated with a particular launch–with no further information indicating the source or cause of the debris. It 
is then left to the analyst to determine the source of the debris, the time of the event, and to attempt to discern wheth-
er the debris was produced as the result of a collision or explosion. This paper will examine the three events–
involving IRIDIUM 47, IRIDIUM 91, and DMSP 5D-2 F13–to demonstrate how to glean the circumstances of the 
event from the data and examine the implications for mitigating future events.  

I. INTRODUCTION 
Three significant debris events occurred over the 

past year (since IAC 2014) involving operational satel-
lites in low-Earth orbit. In each case, very little infor-
mation was released to the public via Space Track, or 
from the satellite operators, to help others understand 
what had happened or when. With the increasing num-
ber of satellites in Earth orbit—now numbering over 
1,4001—it is imperative for satellite operators to under-
stand what happened in these events in order to apply 
any lessons learned to the safety of flight of their con-
stellations. 

This paper will specifically examine three events: 
IRIDIUM 47 (2014 Sep 26), IRIDIUM 91 (2014 Dec 
3), and DMSP 5D-2 F13 (2015 Feb 25). In each case, 
the circumstances of the event varied in terms of when 
the data was first released relative to the event, how 
many other satellites might have been involved in the 
event, and even whether all of the orbital data was 
available to the public. 

The goal of this paper is to highlight techniques for 
detecting the events, extracting the basic information 
regarding the likely source(s) of the event, and perform-
ing the initial forensic investigation to confirm the event 
source and timing. 

II. IRIDIUM 47 DEBRIS EVENT 
The first TLEs (NORAD Two-Line Element sets) 

for the IRIDIUM 47 debris event were released on 2014 
Sep 26, just as IAC 2014 was about to begin, and in-
cluded data for 10 new objects. As is common for TLE 
data released via Space Track, it is possible to perform a 
query revealing new TLE data without any associated 
identifying information being available in the Space 
Track online SATCAT. That leaves the identification of 
the source of debris to the interested analyst. The one 

                                                             
1 CelesTrak SATCAT Boxscore, 

http://celestrak.com/satcat/boxscore.asp, viewed 2015 
September 21. 

piece of identifying information that is usually included 
within the TLE, however, is the International Designa-
tor, which shows the year and number of the launch 
from that year: 

1 40248U 97082H   14261.40478706  .00020115  00000-0  70980-2 0    13 
2 40248  85.8794 309.1223 0091517  88.3200 272.8474 14.32278588    18 

 
In this case, for the first piece of debris associated 

with the IRIDIUM 47 event, 97082H is shorthand for 
International Designator 1997-082H, which means this 
object is the 8th piece (H) of the 82nd launch of 1997. 
For a debris event, this would suggest the piece came 
from one of the other objects already cataloged for that 
launch. 

A search of the SATCAT2 on CelesTrak for Interna-
tional Designator 1997-082 on 2014 Sep 26 revealed 7 
other objects cataloged from that launch, of which 3 had 
already decayed from orbit: 

 
Figure 1. Cataloged Objects for 1997-082 

 
That meant the 10 new pieces of debris had to have 

originated from either IRIDIUM 45, 24, 47, or 49 (as-
suming no misassociation by the Joint Space Operations 
Center, or JSpOC). Three of these four satellites were 
also still operational, suggesting potential mission im-
pacts for the affected satellite. 

In order to assess which of these 4 objects was the 
source of the debris requires some initial orbital foren-
sics to see how the new debris relates to these objects. 
This association will be complicated by the likelihood 

                                                             
2 CelesTrak SATCAT Search Form, 

http://celestrak.com/satcat/search.asp. 
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that all of these objects could be in the same orbital 
plane and that the time of the event is unknown. 

Loading the new TLE objects into Systems Tool Kit 
(STK) along with the TLEs for the existing objects for 
International Designator 1997-082 immediately begins 
to help sort things out. As seen in Figure 2, where the 
orbits for the existing objects are shown in blue and the 
orbits for the debris are shown in red, IRIDIUM 47 and 
49 are in the same plane and IRIDIUM 24 and 45 are 
each in different planes. The orbital planes for the debris 
do not line up cleanly, which means they have had time 
to drift apart due to differential nodal regression rates. 
The time of the event should occur at the point where 
these debris planes all line up. 

 
Figure 2. Debris Orbits at Time of First TLE Release 

 
Using STK to calculate the angle between the orbit 

momentum vectors for 40250 and 40251 (the debris 
objects with the largest separation in Figure 2) and 
plotting that angle over the previous 6 months shows a 
minimum around 2014 Jun 12, as shown in Figure 3. 

 
Figure 3. Angle Between Orbit Planes of 40250/40251 

 
The minimum of the separation angle is rather flat, 

so it is necessary to now look at the separation of these 
objects from the two satellites originally in that orbit to 
attempt to determine a more precise event time. But this 
event window is already 106 days prior to the first 
TLEs, so it is unlikely that propagating the data back 
that far will produce a clean alignment. That assumption 
is confirmed in the results shown in Figure 4. 

 
Figure 4. Range from IRIDIUM 47 

 
While most of the objects get close to IRIDIUM 47 

between Jun 11-14, only 40259 shows good agreement 
with the previous analysis and suggests an event time of 
Jun 12 around 1900 UTC. Looking at the same plot for 
IRIDIUM 49 shows that 40259 never comes within 
7,500 km over the same time period. 

Obviously, this is a weak association and had it not 
been for 40259, it might have been impossible to deter-
mine which of these two Iridium satellites produced the 
debris using the TLE data. And subsequent confirmation 
from JSpOC—using data they had available around the 
time of the event—suggested the event actually oc-
curred on 2014 Jun 7 around 0330 UTC. 

Using the association with IRIDIUM 47 and looking 
at the separation of orbital planes for each piece of de-
bris from that for IRIDIUM 47 shows no clear event 
time for either the initial result or that reported by the 
JSpOC, as seen in Figure 5. 

 
Figure 5. Orbital Plane Separation from IRIDIUM 47 

Further analysis to attempt to determine whether the 
debris resulted from a collision or explosion would 
seem futile given the small number of debris pieces and 
the quality of the TLE data. Certainly, it would be fruit-
less to perform any conjunction analysis to assess 
whether a close approach with a trackable object (an 
object large enough to be reliably tracked by the US 
Space Surveillance Network or SSN) might have caused 
the debris at the time determined using the TLE data. 
But a review using the JSpOC time ±1 hour shows 
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38516 (a piece of FENGYUN 1C debris) was predicted 
to come within 2.996 km at 0323 UTC in an almost 
head-on geometry. Without some idea of the uncertainty 
associated with the JSpOC estimate, however, it is diffi-
cult to infer causality. 

 
Figure 6. JSpOC-Reported Event Time 

A review of the TLE history for IRIDIUM 47 does 
show a noticeable change of ~20 m in mean semi-major 
axis with the TLE released 2014 Jun 14 at 0258 UTC, 
but without telemetry or a statement from Iridium, it is 
unlikely we could determine the cause of the debris 
event using only the TLE data. 

Why the first TLEs were not released for over 3 
months remains unclear, particularly since they posed 
an additional collision threat to an already congested 
orbital regime. It is also unclear how 10 pieces of debris 
large enough to be tracked by the SSN could be pro-
duced from this event and the parent satellite continued 
to be able to perform its mission. It is unfortunate that 
Iridium has not seen fit to share more information, since 
this event would seem to have the potential to better 
illuminate our understanding of the consequences of 
collisions in orbit (assuming this event was the result of 
a collision). 

III. IRIDIUM 91 DEBRIS EVENT 
The first TLEs for the IRIDIUM 91 debris event 

were released via Space Track on 2014 Dec 3. This time 
there were only 4 TLEs, which showed an origin from 
International Designator 2002-005. That launch de-
ployed IRIDIUM 91, 90, 94, 95, and 96 using a Delta 2 
rocket body that decayed just over seven months later. 
Since all of these satellites were still operational, this 
event suggested a repeat of the IRIDIUM 47 event and 
an opportunity to see what, if anything, might have 
changed in the intervening months. 

 
Figure 7. Cataloged Objects for 2002-005 

Loading all of the TLEs for objects from 2002-005 
into STK shows a significantly improved situation, with 
little planar separation of the debris, suggesting the TLE 
data is much more recent. All of the debris lines up with 
the orbital planes for IRIDIUM 91 and 95, as seen in 
Figure 8. 

 

Figure 8. Debris Orbits at Time of First TLE Release 

Looking at the range separation for the debris from 
both IRIDIUM 91 and 95 shows a clear alignment with 
IRIDIUM 91 around 1615 UTC on 2014 Nov 30 
(Figure 10). Interestingly enough, IRIDIUM 91 is the 
satellite moved into IRIDIUM 33’s slot after the colli-
sion with COSMOS 2251 back on 2009 Feb 10, so it 
would not be too surprising for this event to be linked to 
a collision with debris from that event. 

 
Figure 9. Range to IRIDIUM 91, Nov 26-Dec 3 
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Figure 10. Range to IRIDIUM 91, Nov 30 

Subsequent confirmation from JSpOC shows they 
determined the same event time. Conjunction analysis 
using the entire TLE catalog for ±1 hour of that time 
shows no close approaches within 10 km for any 
tracked object. Of course, that does not rule out a possi-
ble collision, but only means the collision would have 
had to be with an object too small to track or a natural 
object (meteor). It is interesting to note that the event 
time puts IRIDIUM 91 in a debris convergence zone 
near the South Pole, as seen in Figure 11, where density 
at that orbital regime is significantly higher. 

 
Figure 11. IRIDIUM 91 Debris Event Time 

The release of TLEs for the IRIDIUM 91 debris 
event was significantly improved over that of the 
IRIDIUM 47 debris event and showed the value of a 
timely release of the data in determining the circum-
stances of the event. However, without further release of 
information from the satellite operator, it is difficult to 
infer additional information regarding the cause of the 
event, even though again the satellite involved contin-
ued to operate afterwards. 

IV. DMSP 5D-2 F13 DEBRIS EVENT 
The debris event that garnered the most attention, 

however, was the one involving DMSP 5D-2 F13—
another operational satellite. The first public TLEs were 
released on 2015 Feb 25, with the release of TLEs for 
26 new pieces of debris. The total number of debris 
objects cataloged for this event would eventually grow 
to 160—marking it as a very serious event. But the 

initial TLE release was more than enough to develop a 
preliminary understanding of when and where the event 
occurred. 

At the time of the first TLE release, only 5 objects 
had been cataloged for 1995-015, as seen in Figure 12, 
and one of those had just decayed a month earlier. 
Again, the first step was to load the existing objects 
together with the new debris in order to attempt to de-
termine which object was the source of the new debris. 

 
Figure 12. Cataloged Objects for 1995-015 

This process immediately became complicated be-
cause no public TLEs existed for DMSP 5D-2 F13, 
since it was an operational US Department of Defense 
(DOD) satellite and US policy prevents the release of 
any orbital data to the public for operational DOD satel-
lites, with the exception of GPS. But public TLE data 
was available for the remaining 3 objects, which were 
believed to be various covers from the DMSP payload. 

Upon loading the first 26 debris TLEs and the previ-
ously cataloged objects from 1995-015, it was clear that 
the debris did not line up with any of the existing ob-
jects, as seen in Figure 13, suggesting that they must 
have come from the main payload. Analysis using TLEs 
obtained from amateur observers for DMSP 5D-2 F13 
seemed to confirm this deduction. An Orbital Data 
Request (ODR) was submitted to JSpOC on 2015 Mar 
10 to attempt to obtain official TLEs for the payload. 
Pre- and post-event TLEs were finally provided by 
JSpOC on 2015 Aug 26, which confirmed the earlier 
analysis. All subsequent results are based on the official 
TLEs provided by JSpOC. 

 
Figure 13. First TLEs for DMSP 5D-2 F13 Debris Event 

The spread of the debris orbit planes again suggested 
some delay in the release of the initial TLEs for this 
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event. Reviewing the highest and lowest debris orbits 
(since these would have the highest differential nodal 
precession) and plotting their planar separation, as seen 
in Figure 14, showed the event appeared to have oc-
curred around 2015 Feb 2. 

 
Figure 14. Angle Between Orbit Planes of 40394/40401 

A review of the range of each debris piece to the 
main payload between 2015 Jan 30 and Feb 5 shows a 
clear alignment around 1723 UTC on Feb 3, as seen in 
Figure 15 and Figure 16. 

 
Figure 15. Range to DMSP 5D-2 F13, Jan 30-Feb 5 

 
Figure 16. Range to DMSP 5D-2 F13, Feb 3 

Results of an Operations Review Board (ORB) con-
ducted by 50th Space Wing confirm this analysis: “Post 
event analysis indicated that a major kinetic event oc-

curred at ~1720z.”3 This report attributes the cause to 
“Battery 1 rupturing due to a short in the charge assem-
bly.” The report clearly indicates that significant power 
problems were detected on the support prior to the de-
bris event: 

“On 3 Feb 2015 during 1634z contact, the ops crew 
notified engineers that there were indications of nu-
merous out of limits telemetry points on Flight 13. 
Engineers determined a life threatening power sub 
system anomaly was ongoing and declared a space-
craft emergency. All solar array current was appar-
ently being diverted through Battery 1, the cause of 
which was unknown. Battery 1 temperature was off-
scale at 45.2°C (the maximum temperature reading 
that can be sent down in telemetry), so the actual 
temperature of the battery was at least that.” 

The report also states, “There were also no reporta-
ble predicted orbital conjunctions during this time peri-
od,” seemingly ruling out the likelihood that a trackable 
piece of debris might have triggered the eventual rup-
ture. It is interesting—and perhaps coincidental—that 
the debris event does appear to have occurred near the 
South Pole in the polar debris convergence zone, as seen 
in Figure 17. 

 
Figure 17. DMSP 5D-2 F13 Debris Event Time 

DMSP 5D-2 F13 remained partially operational fol-
lowing the debris event, which allowed 50 OG Det 1 to 
convene a Satellite Anomaly Resolution Team to devel-
op a safing strategy. That strategy was executed and the 
final command sent at 2134 UTC. 

A review of the aftermath of this event shows that a 
significant amount of energy was released, as seen in 
the Gabbard plot in Figure 18. Trackable debris was 
sent up as high as 1,200 km and down as far as 350 km 
from an initial orbital altitude of 850 km. To date, 160 
debris pieces have been cataloged and only 6 have de-

                                                             
3 Memorandum for 50 OG CC, “Subject: Operations 

Review Board (ORB) for DMSP Flight 13 Decommis-
sioning,” 2015 Mar 31. 
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cayed. And, of course, DMSP 5D-2 F13 remains in its 
original orbit since it was impossible to maneuver due 
to the loss of attitude control as a result of the battery 
rupture. 

 
Figure 18. Gabbard Plot of All Debris 

The final analysis of this event consisted of generat-
ing a 3D interactive image of the relative velocities of 
the debris referenced to the DMSP 5D-2 F13 pre-event 
orbit. The analysis pre-screens the debris to select only 
those objects ‘reasonably close’ to DMSP 5D-2 F13 at 
the time of the event (less than 100 km). This step is 
necessary since not all of the TLEs will propagate back 
to the event time, due to the delay in their release (some 
as late as 2015 Jul). This step reduced the TLEs consid-
ered from 160 down to 52. Figure 19 shows the distri-
bution of those 52 TLEs relative to the main payload. 
Figure 20 shows a close-up of the relative velocity 
vectors, which appears to suggest a preferential direc-
tion along the direction of flight. Note that while the 
relative velocity vectors are all scaled relative to each 
other, the size of the DMSP model and velocity vector 
were selected for illustration purposes only. 

 
Figure 19. Debris Used for Relative Velocity Analysis 

 
Figure 20. Debris Relative Velocity Distribution 

Anyone wishing to obtain a copy of the interactive 
STK Viewer file for further analysis should contact the 
author. 

The release of information following the DMSP 
5D-2 F13 debris event shows a mixture of positive and 
negative transparency. Again it took weeks before the 
first release of any TLE data to the public and no infor-
mation regarding the incident was provided by the US 
Air Force until press inquiries began following our 
initial analysis. Release of TLEs for the 160 debris 
objects cataloged to date took over 5 months, meaning 
that no screening for close approaches could be con-
ducted against these objects in the interim. But to their 
credit, the US Air Force did conduct and release the 
results of an investigation into the cause of the event—
although it is not clear why that wasn’t released until the 
middle of July. And the JSpOC did eventually release 
one TLE each before and after the event to support our 
analysis. We are still hopeful that the remaining TLEs 
for DMSP 5D-2 F13 will be released via Space Track, 
as has been done when previous DMSP satellites were 
decommissioned. 

V. CONCLUSIONS 
It is rare that we have an opportunity to perform de-

tailed analysis of debris events, particularly as a result 
of the continuing reluctance by the US government to 
release relevant orbital data to the scientific community. 
It is even rarer to be able to examine debris events af-
fecting operational satellites—particularly ones that 
remained operating (even if only briefly) following the 
debris events. However, these events require transpar-
ency by the satellite operators to share information that 
might illuminate the underlying cause of the event. 

It is imperative that orbit analysts be familiar with 
the basic techniques necessary to discern the circum-
stances of debris events like these and be willing to 
share their results and techniques with the wider com-
munity. By doing so, we can collectively develop an 
enhanced understanding of the likelihood of the occur-
rence of these events in the future, as well as the poten-
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tial consequences for the satellite operator and the rest 
of the orbital environment. 

While there is no clear evidence as a result of this 
analysis that these events were caused by a collision 
with natural or artificial objects, the fact that they oc-
curred in orbits where there is already a higher than 
normal density of debris due to the Chinese ASAT test 
and IRIDIUM 33-COSMOS 2251 collision—and all 
were in the polar debris convergence zones—suggestsπ 
we should be open to examining this possibility. It is not 
unexpected that we would see increasing numbers of 
small collisions affecting operational satellites in these 
orbits, but many were surprised that 10 pieces of debris 
large enough to be tracked by the SSN could be pro-
duced in a debris event that left the original satellite still 
working. Perhaps we do not yet fully understand the 
consequences of these events. 

 

 

 

 

 

 

 

 

 


