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DEBRIS REMEDIATION EXAMINED VIA AN OPERATIONAL SUCCESS 
FRAMEWORK

Darren McKnight, PhD

Integrity Applications, Inc., Chantilly, VA, USA, dmcknight@integrity-apps.com

ABSTRACT

The activity of debris remediation is essential to assure 
future safe access to space. By preventing the existing on-
orbit debris population from proliferating via collision of 
objects the collision risk to future space systems can be 
moderated to permit everyone to operate reliably in space 
without the disruption of debris impacts. Debris remedia-
tion, in most discussions, is considered synonymous with 
active debris removal (ADR); ADR has been studied by 
many and determined to provide positive ramifications. 

However, by examining debris risk management within 
an operational success framework, other response op-
tions are identified and characterized. The “operational 
success” framework is reviewed and is organized around 
the temporal taxonomy of four phases of activities:

(1) PREPARE: identify, characterize, and predict; 
(2) PLAN: dissuade, deny, and deter; 
(3) ACT (During): interdict, suppress, and mitigate; 

and 
(4) ACT (After): remediate, recover, and reconstitute. 

An alternative definition of debris remediation as derelict 
collision prevention is reviewed and a complete list of 
debris remediation options are presented. Key linkages 
within the newly formulated operational success frame-
work highlight the benefits and limitations of threat 
warning, situational awareness, and asset reconstitution. 
Lastly, the concept of risk transfer is also addressed; 
enhancing success in one area may simply result in the 
transfer of the risk to a different domain. 

1. INTRODUCTION

Modeling has shown that debris mitigation will likely be 
insufficient to control the debris environment long-term; 
debris remediation will also be necessary to assure future 
safe access to space. [1] By preventing the existing on-
orbit debris population from proliferating via collision of 
massive objects, the collision risk to future space systems 
can be moderated to permit everyone to operate reliably 
in space without the disruption of debris impacts. 

Debris remediation, in most discussions, is considered 
synonymous with active debris removal (ADR). While 
ADR has been studied by many and determined to pro-
vide positive ramifications, this paper strives to identify 
other remediation options to complement ADR. First, an 
operational success framework is developed as a way to 
motivate new debris remediation options and to better 
describe how the entire spectrum of modeling, risk com-
munication, warning/monitoring, and operational activi-
ties work together to enhance the two high-level global 
objectives of (1) space flight safety and (2) space sustain-
ability.

2. OPERATIONAL SUCCESS FRAMEWORK

Risk management is often represented as a cyclical spiral 
of action items seemingly focused more on bookkeeping 
than keeping a system or domain safe. [2,3] Embedded in 
this approach are often generic management terms rather 
than mission-specific, people-oriented action words. 

Prescriptive feedback on which techniques are the best 
to enhance success is limited and the circular process 
does not naturally integrate with a domain’s safety which 
evolves over time but focuses on operational deployment. 

Figure 1. Risk management is often represented in a 
continuous circular process. [2]
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Applying positive (i.e., talk about success rather than 
failure) terminology in a linear spectrum may provide 
some benefits. The positive linear construct proposed is 
the operational success framework.

Early in the pursuit of operational success, as we PRE-
PARE, we have many options available and their costs 
are very reasonable. However, as we progress through 
PLANNING for operational success, the options dwindle 
and the costs increase. Further, once the operations begin 
and barriers are introduced (e.g., threats activated) the 
options for how we ACT (During) are even more limited 
and the costs even higher. After the threats have acted on 
our operations and their full effects felt (i.e., ACT (Af-
ter)), there are even fewer options and they will likely be 
increasingly more expensive. 

If we use this construct, the activities earlier in the process 
(e.g., PREPARE and PLAN) are emphasized since they 
are generally more efficient and effective at assuring oper-
ational success. This framework reinforces a very impor-
tant concept of any solution development: without a thor-
ough problem statement any resulting solution will likely 
be unsatisfying. It is the upfront work (i.e., PREPARE and 
PLAN) that enhances operational success with a minimum 
of cost by greatly reducing the need to deploy implementa-
tion countermeasures once the threat (i.e., barrier to suc-
cess) has actually been manifest (i.e., ACT (During) and 
ACT (After)). The best preparation and planning will pre-
vent many barriers from ever being realized as threats.

The PREPARE phase includes three levels of analysis: 
identify, characterize, and predict (in that order).

We must first identify both the barriers to success (i.e., 
threats which may manifest as risks) and enablers for 
success. There are four families of barriers and enablers 
to success: cognitive, mechanical, natural phenomena, 
and manmade threats.

1. Cognitive features include requirements defi-
nition, design, relevancy of testing conditions, 
operator error, deception (by an adversary), de-
cisionmaking/analysis, and concept of opera-
tions (e.g., a decision to operate a satellite until 
the propellant is exhausted will negate the pos-
sibility of an end-of-life maneuver to a graveyard  
orbit).

2. Mechanical features contain material & compo-
nent reliability & availability plus manufacturing 
& integration quality (e.g., a solar array fixture 
may fail on deployment releasing an array as a 
piece of orbital debris).

3. Natural phenomena comprise conditions imposed 
by the natural (i.e., non-manmade) environment 
that might affect the chance of a system’s opera-
tional success (e.g., sensors used to detect nearby 
spacecraft may be degraded due to ultraviolet ra-
diation). 

4. Manmade threats are those activities created by 
an adversary with the sole purpose of preventing 
your operational success. For orbital debris, this 
might include an accidental release of debris due 
to an overcharging of a poorly designed battery 
system.

Taking the time to identify each of these barriers and en-
ablers at this early stage provides an opportunity to com-
pare and contrast these aspects. The comprehensive list 
permits this framework to be used for everything from 
physical systems in harsh environments to organizations 
in complex business ecosystems. This will be important 
as techniques to enhance operational success later are 
considered and prioritized; it allows “racking and stack-
ing” (i.e., prioritizing) of options later. 

Each barrier (and enabler) to success has the following 
dimensions that must be characterized:

Figure 2. The operational success framework follows a linear process. 
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- Effects: type, persistence, and rate (e.g., instan-
taneous, temporary, electronic system upset due 
to electrostatic discharge or permanent, delayed, 
software failure due to ingestion of malware).

- Uncertainty: variability in space and effect due 
to inherent behavior, lack of awareness, or lim-
ited understanding (e.g., average collision risk for 
geostationary spacecraft peaks twice a day but the 
level of risk depends on longitudinal location and 
time of year).

- Predictability: ability to project effects and un-
certainty into the future (e.g., solar activity levels 
are fairly predictable to oscillate in 11-year cycles 
drastically driving the orbital debris collision risk 
in 600-750km altitude regime).

It is important to examine each of these barriers in this 
order: effects, uncertainty, and predictability. It should be 
noted that uncertainty/variability may not be known so an 
average effect may be used. It is also optimal to consider 
how well we can predict effects and uncertainty in the 
future. These are problematic for collisional dynamics in 
LEO as we really have no way of identifying potential col-
lisions more than a few days in advance and so we use the 
average (or statistical) value for most modeling scenarios. 

Enablers are aspects of our efforts that enhance chances 
for operational success often in direct response to identi-
fied barriers. Enablers of success scrutinized during the 
PREPARE step include, but are not limited to: 

(1) mirror the four families of barriers (i.e., cognitive, 
mechanical, natural, and manmade);

(2) a clear definition of success (or failure which is 
simply “1 minus success”); 

(3) requirements that are traceable to the definition of 
success; and

(4) all enabling features are done well or such that 
they increase likelihood of operational success 
(e.g., design and manufacturing standards).

Enablers are quality measures, modeling tools, and warn-
ing systems applied or developed during the PREPARE 
and PLAN phases but become countermeasures and re-
sponse options in the last two ACT (During and After) 
stages.

By including how each of these features interact in the 
PREPARE and PLAN stages, the possible synergistic ef-
fects can be caught early (e.g., if the aspects of the failure 
risk from orbital debris to propellant tanks is shown in 
modeling before launch they may be moved to a trail-
ing edge location or have multi-layer insulation included 
to reduce failure probability). This helps to identify high 
priority components, subsystems, and systems.

While it is important to acknowledge a fairly complete 
suite of barriers, it is not necessary to consider all pos-
sible barriers to operational success. Planning for a di-
verse (though maybe not 100% complete) set of barriers 
will likely be sufficient to posit an effective range of 
planning options to enable operational success against 
a wide range of scenarios. The key is to consider a di-
verse (i.e., coming from different experts, using differ-
ent physical modes, and different rates of execution) set 
of barriers.

It should be noted that the PREPARE and PLAN phases 
are very much related; there is a seamless transition be-
tween the two. The PREPARE stage is more about data 
collection and the PLAN phase is more about data re-
duction and data aggregation. The PREPARE and PLAN 
phases are difficult to separate in reality.

Cognitive Biases
Many of the cognitive barriers to operational success 
addressed during PREPARE activities depend on the 
basic way in which we make decisions on our own and 
as teams. As a result, it is worthy of attention before 
proceeding to the next steps of the operational success 
framework to examine cognitive biases that can lead to 

Figure 3. The PREPARE stage is the most important one in the operational success framework; do not 
try to develop a solution until you understand the problem.
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poor decisionmaking. This is also true in later stages of 
the operational success framework when barriers to suc-
cess start acting on our assets; decisionmaking is even 
more important when under time and operational pres-
sures (i.e., in the “heat of battle”).

My observation is that there are four families of cogni-
tive biases that are neatly divided into two analytical and 
two emotional, as depicted in the upper panel of the fig-
ure on the next page. These four families were developed 
and validated by examining over 60 individual cognitive 
biases: [4]

- Inertia: There is a tendency for people to “move” in 
the same direction (i.e., time, space, and topics);

- Wishful Thinking: Unfounded optimism or pes-
simism drives some people to the wrong decisions 
and assessments;

- Signal-to-Noise Ratio: Often, we cannot see the 
real trends due to distracting data; and 

- Correlation: We sometimes see trends that do not 
exist.

The lower panel of the figure 4 provides a review of 
the families of cognitive biases and five ways to protect 
against these intellectual parasites. 

The defenses range from simple advice such as aware-
ness and keeping fresh, all the way to specific calls for 
including more people (i.e., embrace cognitive diversity) 
and multiple reviews or even using documented rules and 
checklists. In summary, these defenses provide means to 
reduce the chances of being steered astray by faulty logic 
and mis-directed insight.

PLAN and Beyond
The next three phases provide a tiered response to bar-
riers to operational success that depend on a complete, 
coherent, and compelling representation of the factors 
identified in the PREPARE stage.

PLAN: Before barriers to success (i.e., threats) become 
realized as risks, there are opportunities to increase op-
erational success by combating them by:

Dissuade/Defend: create your asset to be able to absorb 
the effects of the barriers to success (e.g., have redundant 
subsystems/components for your system to minimize the 
effects of orbital debris). Do not try to avoid the threat 
(i.e., change the altitude of your mission), just build your 
system to deal with it. We dissuade with defense. [5]

Deny: change the operations of the system to avoid the 
threat (e.g., move your satellite to a higher altitude to 
avoid higher debris flux, as OneWeb did in their selection 

of their 1200km altitude) or even move a subsystem to a 
different location on a space platform to avoid a threat 
(e.g., move a processor for attitude and control system to 
behind a battery pack to use battery’s mass as expedient 
shielding from potentially disruptive debris impact).

Deter: This dimension usually implies the involvement 
of a human who you can convince to not mobilize their 
threat against you if they feel that they will not be able to 
achieve their desired results because of your preparation 
and planning; deter by fear of reprisal and response (i.e., 
offense). [6] In a military sense, the effectiveness of de-
terrence is based on perceived response being (1) certain, 
(2) timely, and (3) overwhelming. [7]

ACT (During): There are three key activities that en-
compass means to respond to barriers to operational suc-
cess that are realized (i.e., threats become risks). These 
opportunities to ensure operational success at this stage 
include:

Interdict: Once the potential barrier to success has been 
put into play you can actively try to thwart the effect of the 
threat (e.g., once a solar array has been struck once by de-
bris you may orient the spacecraft to minimize debris im-
pacts for the remaining array). In a classical force protec-
tion situation, this includes your security forces attempting 
to repel or kill individuals that are attacking your site.  

Figure 4. Identifying and combating cognitive biases is 
critical to the process of enhancing operational success.
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Just mobilizing forces may be sufficient to equalize the 
barrier to your operational success (e.g., while debris can-
not react to our actions, the act of making satellites more 
resilient to space debris, and all kinetic threats, may make 
an adversary less likely to target our satellites). Consider-
ation of the speed of interdiction relative to the speed of 
threat execution (i.e., “response physics”) is paramount; 
the faster the threat executes relative to your response op-
tions, the more important warning is to the overall calcu-
lus of efficient operational success.

Suppress/Mitigate: However, you may only be able to 
minimize the effects of the event (e.g., shielding does 
not prevent debris from striking your satellite but it does 
reduce the potential that your mission will be adversely 
affected). The result from this option may be instanta-
neous or take hours to days to act. Suppress and mitigate 
are included in the same activity as they have similar 
effects but are traditionally used in specific domains 
(e.g., mitigation for orbital debris and suppression for 
firefighting). 

The enablers to operational success (i.e., countermea-
sures to barriers or threats) may transition from mitiga-
tion/suppression into remediation-type activities once the 
barrier or threat has executed and is not being continually 
fueled or powered in any way (e.g., once a debris strike 
has occurred you transition into ACT (After) activities 
such as remediation, recovery, and reconstitution).

ACT (After): Again, the three terms for potential ACT 
(After) activities may not represent three distinct re-
sponses; it is more about terminology that spans many 
domains or scenarios comprehensively.

Remediate: When you prevent the deployed threat from 
affecting your mission by acting on it (i.e., the threat) is 
considered remediation. Remediation activities are insti-
tuted which may include encapsulation, prevention, or 

removal. This is any activity to alleviate the effects from 
an already executed barrier to success (i.e., a threat); de-
bris remediation via active debris removal is reacting to 
the abandonment of massive spacecraft in orbit by deor-
biting them.

Recover: If the barrier to success (e.g., a solar flare has 
destroyed a redundant path for your attitude and control 
system) has made you susceptible to future incursions or 
unable to safely operate then making your home secure 
again is recovery (e.g., reconfiguring your power distri-
bution to reduce the importance of that lost redundant 
path in case your attitude and control system is struck 
by debris).

Reconstitution: In this last analogy, replacing your failed 
redundant path is considered reconstitution (i.e., you 
have put your asset back to its original state). For or-
bital concerns this issue is much more problematic. The 
reconstitution of a redundant path may be impossible 
or the reconstitution of a constellation of satellites may 
take a long time due to launch delays and lack of inven-
tory of satellites to replace destroyed ones. Alternatively, 
on-orbit spares provide a potentially responsive, though 
possibly expensive, means to reconstitute. Lastly, you 
may just reconstitute the capability in a consistent way 
but not exactly. For example, if a solar array is lost due 
to a debris impact, in addition to changing the orienta-
tion of the array (as mentioned earlier), we may also op-
erate only half of the payload instruments to avoid the 
potential of depleting the battery packs too much during 
operations.

Monitoring and Warning
During the linear operational success timeline there are 
two overarching, and inter-related, activities that provide 
valuable contributions: (1) success monitoring/predict-
ing & risk/response interactions; and (2) interplay be-
tween warning systems & “response physics.” 

Figure 5. The full operational success framework has four phases with clear options in each.
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First, there is a need to continually monitor and predict 
operational success as a measure of effectiveness of 
the team’s/industry’s efforts (from PLAN through ACT 
phases). This is facilitated by an ongoing set of inter-
actions which include communications (e.g., sharing 
information on precursors and indicators of barriers to 
operational success becoming realized and messaging to 
adversaries and stakeholders about countermeasures in 
place) and transfer of assets from one activity to the next 
(i.e., resources that transition from planning to interdic-
tion or remediation). In the mission assurance capacity 
this is represented by a series of reviews and audits. Risk 
communications is an art of its own, with the U.S. En-
vironmental Protection Agency (EPA) having developed 
best practices that can be leveraged. [11]

Second, the relationship between warning systems and 
response physics is important to consider. The rate at 
which barriers/enablers to success act and react relative 
to each other (e.g., such as how quickly can a satellite 
operator assess the cause of subsystem failure in order to 
determine the next best action) will drive the relative in-
vestments between PREPARE, PLAN, and ACT phases. 

This interplay is important to understand and track. 
Warning systems defined and established during the 

PREPARE and PLAN phases may improve the responses 
to enhance operational success once the risk has been 
manifested (e.g., ACT (During and After)) by providing 
information on the existence, location, movement, and 
extent of the risk. 

The ability to leverage warning depends on “response 
physics”: how quickly do cognitive, natural, mechani-
cal, and manmade threats act relative to warning system 
capabilities and response options (i.e., countermeasures 
or enablers you have available). For example, once de-
bris flux has reached a certain intensity for a given alti-
tude, only certain countermeasures will be effective or 
efficient. Proper warning will not only provide insight 
into how or who generated the debris but also what sort 
of response is required (e.g., do not want to move your 
satellite to a higher orbit if the debris is being generated 
from that higher altitude.) 

Some catastrophes are easily handled if caught early – 
forest fires and anthrax. Other events, exemplified by in-
fluenza, are more cost-effective to respond to after they 
have been realized with simple response options (e.g., 
flu shots and hand washing) rather than costly warning 
capabilities. 

Figure 7. The operational success framework leverages success monitoring & predicting and risk & response interac-
tions plus the interplay between warning systems and response physics.
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Historically, orbital debris risk management generally 
has focused more on enhanced response than enhanced 
warning. However, current active collision avoidance 
warnings/maneuvers and the proposed massive collision 
warning monitoring activity (proposed later in this paper) 
lean more towards the warning end of the spectrum.

The operational success framework has similar charac-
teristics to the SCRUM or Agile software product devel-
opment methodology to include cross-functional teams 
working in overlapping phases to enhance flexibility and 
effectiveness of final solution with a focus on monitoring 
and communications with stakeholders to produce the 
desired results efficiently and effectively. [12]

3. OPERATIONAL SUCCESS FRAMEWORK  
 APPLIED TO ORBITAL DEBRIS

Now that we have established a new framework for en-
suring operational success, let’s apply it to the orbital de-
bris problem. 

PREPARATION started in the 1970’s as Don Kessler and 
Burton Cour-Palais first identified the fact that Delta sec-
ond stages were exploding in space. Debris can be con-
sidered an unintentional manmade barrier to operational 
success. 

As shown in the table below, two separate but related 
success domains are considered: space flight safety and 
space sustainability. The identification, characterization, 

and prediction activities have been gaining momentum 
ever since orbital debris was “discovered” in the 1970’s. 
However, predictability is still problematic. There are 
sound statistical algorithms for calculating average col-
lision probability (for an individual object) and collision 
rates (between sets of objects), however, there have not 
been sufficient events to be able to accurately describe 
the distribution of collision events about the likely mean 
values. 

More specifically, on average, there is a one in five chance 
each year that any two cataloged objects will collide but 
we do not know which ones. This ambiguity makes it 
impossible to discern the consequence of such a collision 
and assuming an “average” event is even more distress-
ing and limiting as we have had only one catastrophic 
collision in space between two cataloged objects; what 
is average? 

In our analysis, we propose that it is best to examine the 
collision events that are the most impactful (i.e., have 
the greatest consequence) and then try to determine their 
likelihood more accurately (i.e., enhance predictability) 
to better combat deterioration of our operational success 
domains. The table below provides a high level examina-
tion of the barriers to success for both space flight safety 
and space sustainability.

Debris mitigation guidelines developed in the 1990’s and 
refined/applied since represent the PREPARE and PLAN 
phases. However, when we turn our efforts to dealing 
with derelict hardware already left in orbit (i.e., debris 

Table 1. Classes of problems to handle with debris remediation have significant overlap.
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remediation) it involves the ACT phases. ACT (During) 
is for intact derelicts removed via active debris removal 
while ACT (After) represents options available to man-
age the collision risk once the derelict has fragmented. 

As stated in the operational success framework, as we 
move further along the continuum, the options are usual-
ly less appealing (i.e., expensive, inconvenient, etc.) and 
less effective. This is indeed true in the case of orbital 
debris as the concept of sweeping up hundreds or thou-
sands of lethal nontrackable (LNT) fragments has proven 
very difficult to even conceptualize an effective method. 
Sweeping up many LNT fragments has been shown to 
be much more difficult than dealing with the intact der-
elict such as through active debris removal. Indeed, the 
prevention of massive-on-massive collisions is the most 
important single type of event to prevent.

The common theme up to this point in dealing with pre-
venting future collisions as an enabler to space sustain-
ability (i.e., prevent a cascading of collisions in Earth 
orbit) has been to mainly consider only active debris re-
moval. However, further investigation has identified the 
potential for a variety of other remediation approaches 
to include:

- Just-in-Time Collision Avoidance (JCA): nudge 
one of two derelicts out of harm’s way just before 
(hours to days) a collision is predicted to occur 
providing a potentially cost-effective, responsive 
means to prevent massive derelicts from collid-
ing. [13,14] JCA will require enhanced positional 
awareness of derelict objects than we do now and 
to establish go/no-go criteria similar as to currently 
exercised with Conjunction Data Messages for op-
erational spacecraft.

- Salvage: collect derelict and repurpose them as an 
alternative spacecraft or as spare parts. [15,16]

- Consume: convert derelict hardware into fuel by a 
device that in turn powers the move of the device 
to the next derelict object (and so on). [17]

- Disintegrate: apply some external chemical/phys-
ical catalyst to derelict hardware to disintegrate it 
quickly into sizes smaller than will pose a hazard 
to other spacecraft. This new concept was inspired 
by the intellectual exercise provided by the opera-
tional success framework and dialogue with a di-
verse set of people.

These remediation options along with debris mitigation 
and active collision avoidance, are included in Figure 9 
to summarize all debris management options to enhance 
the operational success for both space flight safety and 
space sustainability. The lower half of the figure repre-
sents debris remediation options which are most accu-
rately depicted as derelict collision prevention. The new 
options to eliminate derelicts in situ clearly are just con-
cepts at this point but as a community we must continue 
to examine new ways to improve the likelihood that we 
can assure space flight safety and space sustainability.

Risk Transfer
It should be noted that while we are striving to enhance 
operational success in space (i.e., space flight safety and 
space sustainability) some of our options may actually 
transfer the hazard to another domain. For example, ADR 
will permanently eliminate the potential of a derelict 
from colliding with another object in space but its reen-
try poses a hazard to assets on the ground. In essence, 
by enhancing the operational success of space systems 
we may transfer the barrier to operational success (i.e., 
threat) to ground assets.

Figure 8. Orbital debris management is fairly mature with a variety of activities in debris mitigation and remediation 
spanning the entire operational success continuum.
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4. CONCLUSIONS

In closing, this paper introduced three concepts: (1) ex-
amine debris management options through development 
of the operational success framework; and (2) consider 
debris remediation as derelict collision prevention, not 
just ADR, and (3) contribute new potential remediation 
options. 

The operational success framework is linear, reinforcing, 
action-oriented, and traceable to the key objectives (e.g., 
space flight safety and space sustainability). Looking at 
the area of debris remediation in a more inclusive way 
reinforced the concept of JCA that has the potential of 
assuring space flight safety and space sustainability as an 
adjunct to ADR. This observation is not new but may be 
more coherent from the basis of our operational success 
framework. In addition, some new ideas have been added 
to the overall suite of derelict collision prevention op-
tions as ACT (During) activities that should be examined 
more closely.

Similarly, Swiss Re (a worldwide reinsurer) summarizes 
approaches to maintain safety in any domain as (1) avoid, 
(2) manage, and (3) embrace (i.e., operate-through). [18] 

Further, this treatise summarizes means to create resil-
iency through the following activities:

- Learn better and more;
- Refine ability to judge difficulty of a task; 
- Leverage experience; and
- Garner relevant knowledge to apply to extreme 

situations.

This source and perspective provide a complimentary 
call to arms to the operational success framework.

Lastly, key linkages within the operational success pro-
cess highlight the benefits and limitations of threat warn-
ing, situational awareness, and asset reconstitution. The 
difference between JCA and ADR is largely a realization 
of (1) our inability to predict the most likely “next colli-
sion” between all cataloged objects and (2) the hypoth-
esis that the most impactful collision events may actu-
ally be more likely and more predictable (i.e., derelicts 
in clusters). 

Further Research
As a result, a major area of research being pursued is 
to develop a more deterministic and predictive model 

Figure 9. Derelict collision prevention as a remediation framework contains many more options than just active  
debris removal. [Note: If collisions of massive derelicts are not prevented then the sweeping up of thousands of  

mm-to-cm fragments may have to be considered as yet another “last ditch” debris remediation option,  
a very difficult and expensive recovery option.]
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for collisions within clusters of massive derelicts. This 
has been partially motivated by awareness during the 
PREPARE phase of the operational success framework 
of the current inability to reliably predict future colli-
sions, especially the ones of the greatest consequence. 
A Massive Collision Monitoring Activity (MCMA), 
where large groups of massive objects in very similar 
orbits have their encounter behavior with each other 
monitored constantly, is an important enabler to gain 
this enhanced awareness of cluster dynamics. This ex-
perimental tasking will serve to support/refute hypoth-
eses about these potentially more likely (i.e., greater 
probability than predicted by the kinetic theory of 
gases-inspired algorithm) and more consequential (i.e., 
many more fragments produced) events. The MCMA 
results will be detailed in an upcoming paper. It should 
be noted that another benefit of MCMA will be the op-
portunity to establish and refine go/no-go thresholds for 
JCA operations.
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