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Abstract. Collisions between existing Low Earth Orbit (LEO) debris are now a main source of new debris, threatening 

future use of LEO space. As solutions, flying up and interacting with each object is inefficient due to the energy cost of 

orbit plane changes, while debris removal systems using blocks of aerogel or gas-filled balloons are prohibitively 

expensive. Furthermore, these solutions to the debris problem address only large debris, but it is also imperative to 

remove 10-cm-class debris. In Laser-Orbital-Debris-Removal (LODR), a ground-based pulsed laser makes plasma jets 

on LEO debris objects, slowing them slightly, and causing them to re-enter the atmosphere and burn up.  LODR takes 
advantage of recent advances in pulsed lasers, large mirrors, nonlinear optics and acquisition systems. LODR is the only 

solution that can address both large and small debris. International cooperation is essential for building and operating 

such a system. We also briefly discuss the orbiting laser debris removal alternative. 

 
*This work was performed in part under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory 
under Contract DE-AC52-07NA27344. 
** Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States 
Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000. 

 
1 MOTIVATION 

Debris Events are increasingly frequent. Early this 

year, a piece of the Chinese Fengyun-C satellite 

collided with the Russian BLITS nanosat, rendering it 

inoperative. On October 16, 2012, a Russian “Breeze 

M” rocket spontaneously exploded in orbit, threatening 

the Space Station and other assets. In 2007, the 

Iridium/Kosmos collision and the Fengyun 1C anti-
satellite test nearly doubled the LEO debris load, 

prompting concerns about the safety of the final 

Hubble servicing mission. The instability predicted by 

Kessler and Cour-Palais [1] has now reached the point 

where collisions are on track to become the most 

dominant debris-generating mechanism. While 

improved debris tracking and orbit prediction can 

temporarily improve threat avoidance via maneuvering 
[2,3], effective debris-clearing strategies will be 

necessary. 

Four catalogued events have now occurred in which a 

debris collision terminated an active satellite. Thirty-

five catalogued satellite breakups are of unknown 

cause, and many of these are surely due to collisions 

with untracked debris. However, the main urgency is to 

mitigate future risks. More than one hundred 1360-kg 

“Tsyklon” third stages with up to 300kg of residual  

propellant are still in LEO and MEO orbits, waiting to 

spontaneously explode, as they have five times. The 
most important ticking time bomb is ENVISAT. Based 

on [4], we estimate the cumulative probability of its 

debris-induced failure is 8%/decade. ENVISAT’s 

catastrophic failure would jeopardize use of sun-sync 

orbits, and threaten the region below 766 km in the 

long term. It will require a decade to take action on the 

debris threat, at which time the problem will be much 

worse. 

2 PROBLEM: BOTH LARGE AND SMALL 

DEBRIS  
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than that of 1 – 10 cm debris because the larger debris 

are much fewer, are tracked and can so far be avoided 

by maneuvering. Large debris do need to be removed, 

because they are a major source of additional debris 

when hit. But this is not enough. Small debris must 
also be removed: the chance that small debris will 
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economically practical. However, given many 

overhead passes, Table 1 shows calculated 

performance of a 5 Hz, 125 kJ, 1 µm laser re-entering a 

1000 kg target in an orbit similar to ENVISAT’s. 

Calculations are described in detail in [5]. A 4-minute 

interaction period combines with opportunities 
averaging once per ten days to give 3.7 years for re-

entering each target. With less effort, lasers can be used 

to lower or raise orbits to avoid high risk regions 

without re-entry. Even for the 8 ton ENVISAT, a 20 

month effort with the parameters listed in the lower 

half of each cell in Table 1 will lower its orbit 40km, 

reducing the risk of catastrophic destruction by a factor 

of four. The larger mirror is necessary to avoid 

nonlinear optical effects in the atmosphere. It is 

possible to address at least 100 different targets each 

day. Therefore, 2,000 such one-ton targets can also be 

re-entered in about four years.  

4.5 Stabilizing the LEO Debris Environment 

More importantly, it is only necessary to re-enter 15 of 

these large objects annually to stabilize the debris 

environment [16]. From this standpoint alone, the 
pulsed LODR system is a good investment.

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6 Acquisition and Tracking 

A crucial ingredient of LODR is an acquisition and 

tracking system capable of reducing the position 

uncertainty of a debris object from the present level to 

a value on the order of meters. In [5], we describe a 
system that can achieve this. For atmospheric 

turbulence correction, this system will probably use a 

combination of classic adaptive optics and Brillouin-

enhanced Fourwave Mixing (BEFWM) [18], which 

can provide automatic compensation of atmospheric 

phase distortions. 

4.7 Lasers and Large Optics 

There is a lot of synergy between the system required 

for LODR and a laser driver for Laser Inertial Fusion 

Energy (LIFE) now being designed at Lawrence 

Livermore National Laboratory (LLNL) and with 
lasers being built at several European Laboratories. 

The high-repetition rate (10-20 Hz), high-efficiency 

(~12-18%) diode-pumped LIFE system will produce 

~10 kJ in a single beam at 1053 nm [19].  The laser 

output has linear polarization, so it is easy to combine 

two beams into a 20 kJ per pulse laser system [20]. 

Techniques for making light-weight segmented mirrors 

have already produced the large, lightweight mirrors 

we require, and 39-m primaries are planned [21]. 

4.8 Cost 

By applying an approximate cost model outlined in [5], 

we estimate cost per small debris object re-entered at a 

few k$, and that for large objects at about 1 M$ each, 
roughly 20 times less than the cost of using other 

techniques.  

5 SYSTEM LOCATION 

It is worth noting that a polar location, for example, at 

the Alert Station, Nunavut, Canada, 817 km (8°) from 

the North Pole would be ideal for increasing the 

interaction frequency for polar-orbiting, multi-ton 

debris. A majority of these types of orbits lie within  

8° of the pole. The concentration factor for the 

overhead areal density of observed debris objects 

Table 1. LODR System Parameters for Large Targets (Case A = re-entry/CaseB = 40km lowering) 

Target Parameters  Optical System Parameters  

Mass [nonspecific target]/ 

 ENVISAT (kg) 

1,000/ 

8,000 
Wavelength # (µm) 1.06 

Perigee (km) 770 Pulse Length $ (ns) 8.0 

Apogee (km) 770 Target Spot Size [deliberately defocused] (m) 
1.25/ 

1.33 

Repeat Period [nonspecific orbit] / 

 [ENVISAT] (days) 

10/ 

35 
Pulse Energy (kJ) 

125/ 

140 

Number of Interactions for Re-entry/ 

or 40km Lowering 

68/ 

19 
Repetition Frequency (Hz) 

5/ 

10 

Time to Re-enter one Target / 

or to Lower ENVISAT 40km  (yrs) 
3.7 Push Efficiency %c 0.30 

Primary Mirror Diameter (m) 25 Fluence on Target (kJ/m2) 75 

Average Interaction Duration (s) 250 Beam Quality Factor 2.0 
 



would be 8 times that for an equatorial location, and 

would lead to a proportional decrease in re-entry time. 

Wind speeds at Alert rarely exceed 25m/s. 

6 SPACEBASED ALTERNATIVE SYSTEM 

In 1991, Schall proposed a space based pulsed laser 

debris removal system based on the same principles as 

LODR [22]. There are distinct advantages. Because the 

station is physically sweeping out space at 7 km/s, the 

laser range required to attain the same target interaction 

rate as LODR is much smaller, perhaps only 100km. 
Over time, the station in an eccentric equatorial orbit 

can access all debris orbits. Also, the interaction 

geometry and target access are much more favorable. 

However, in contrast with LODR, the cost of this 

approach has never been studied. Even a much smaller 

system may cost more because of the current 10 k$/kg 

cost of placing mass in LEO [23]. 

7 INTERNATIONAL COOPERATION 

The most salient argument against LODR is not 

technical, but political. Building and operating a 

LODR system will require international cooperation to 
avoid concerns that it is actually a weapon system. 

Also, cooperation in its operation will be needed to get 

permission for its use to remove specific debris objects. 

8 CONCLUSIONS 

We have shown that ground based, pulsed Laser 

Orbital Debris Removal (LODR) is a more effective 

alternative than other techniques. It can handle 

tumbling objects, difficult for mechanical systems. It is 

the only approach that can deal with both small and 

large debris objects, and it will work on multi-ton 

objects. We believe it is less costly per object removed. 
A space based laser alternative deserves further study. 
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