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Deep space architectures present several challenges for mission planners that range from 
orbital trajectories, to logistics resupply.  Given the maturity and knowledge gained in the 
development of space systems up to the present, mission planning for nominal scenarios is 
almost a given.  However, planning for contingencies allows mission designers, and programs 
to assess stress in system design early.   With Deep Space Gateway (DSG) having undergone 
requirement definition - the environmental control and life support systems (ECLSS) have 
been drawn into the spotlight via assessment of these contingency scenarios.  While pursuing 
nominal mission design, the Artemis ECLSS team identified several contingency scenarios 
where limits on system architecture, and cross platform design and integration have been 
discovered.   DSG’s architecture for the 2024 boots on the moon mission (BOTM) utilizes 
Orion’s ECLSS as a means to implement Gateway’s BOTM functions.  After evaluation of the 
contingency Concept of Operations (ConOps) for this architecture, gaps in functionality for 
removing trace gases, controlling CO2, and heat exchange were discovered.  Additional 
analysis of contingency scenarios for a fully assembled DSG also reveals stresses in the design, 
and provides the design architects with more tools for developing a robust design.  This paper 
will focus on the analysis techniques used to reveal gaps in contingencies and discussion on a 
few key cases that may lead to a change in system design, and benefits acquired from early 
evaluation of contingency scenarios. 

Nomenclature 
BOTM = Boots on the Moon 
CBA = Contingency Breathing Apparatus 
ConOps = Concept of Operations 
DSG = Deep Space Gateway 
ECLSS = Environmental Control and Life Support System 
FA = Functional Analysis 
GLS = Gateway Logistics Services 
HALO = Habitation and Logistics Outpost 
HLS = Human Lander System 
IVR = Intravehicular Robotics 
MBSE = Model Based Systems Engineering 
NRD = Near Rectilinear Orbit Departure 
NRHO = Near Rectilinear Halo Orbit 
OSEF = Orion Smoke Eater Filter 
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PFE = Portable Fire Extinguisher 
PPE = Power and Propulsion Element 
PPEq = Personal Protective Equipment 
TBD = To Be Determined 
 

I. Introduction 
ational Aeronautics and Space Administration (NASA) is faced with many challenges associated with building 
a sustainable presence beyond low Earth orbit.  In order to meet some of these challenges, NASA is developing 

and will be operating a Gateway in lunar orbit, evolve lander capabilities to deliver payloads, and provide a means for 
humans to land on the lunar surface.  The Gateway will be placed in cislunar Near Rectilinear Halo Orbit (NRHO) to: 
provide a lunar outpost, a means to allow staging for lunar surface visits to territories on the moon that have not been 
visited by humans, and to assess opportunities for discovery and quantification of space resources such as lunar ice.  
Missions to Gateway, landing system missions to the lunar surface, and surface mobility capabilities are part of a 
larger NASA vision, Artemis, a program that promises to establish sustainable exploration, and a firm foundation for 
building infrastructure for an eventual Mars mission.  Artemis missions I – III will consist of landing astronauts on 
the moon, and establishing the capability to support life for short duration missions.  In doing so, the environmental 
control and life support systems (ECLSS) and planning how we design them, will play a critical role in ensuring 
Gateway, and future generations of spacecraft have the capability to explore reliably, and efficiently.  If future Artemis 
or deep space missions are planned, they will be used to increase operational knowledge for Gateway, and Artemis 
capabilities, i.e. a transportation system (Orion), a landing system, surface transport, and possibly surface habitation. 
 

II. Background 
 

The Gateway program evolved rapidly during 2019 as it faced compressed deadlines, budget constraints, and 
changing mission needs.  Prior to 2019, functional allocations had been established through the concept development 
phase and prior to Gateway’s formulation sync review, a review comparable to system requirements review.  Because 
of the evolving constraints, a decision was made to revisit ECLSS functional allocations to ensure ECLSS was able 
to maintain functionality as the Gateway mission shifted from establishing a human tended presence in cislunar orbit 
by 2029 to supporting a human mission back to the moon in 2024.  
 
 In revisiting the functional allocations (FAs) and architecture for Gateway ECLSS, several drafts of a ConOps 
were formulated.  These ConOps revolved around use case scenarios from the astronaut perspective, and consisted of 
high-level staging operations of the Artemis III mission, the first Artemis mission returning humans to the moon.  
Prior to re-evaluation of the functional allocations in subsequent revisions of the ECLSS specification, use case 
definition and ConOps were defined for the following functions: 
 

1. Mitigate cabin decompression hazards. 
2. Protect crew and vehicle from a hazardous environment. 
3. Control of fire hazards. 

 
In doing so, ten use cases were identified, and ConOps were subsequently written for each.  Further definition of the 
ConOps of the three functional allocations selected were intended to help define the consumables required for 
Gateway, and to establish common equipment needed during contingency scenarios.  The Artemis III mission being 
considered for Gateway consisted of a single habitat module, the Habitation And Logistics Outpost (HALO) module, 
and three visiting vehicles:  Orion, a Gateway Logistics System (GLS), and a Human Lander System (HLS).  Because 
one of Gateway’s architectural use cases is use as a human tended outpost, there are scenarios where a portion of the 
crew is intended to stay on Gateway – these are referred to as split crews.  When crews become split between a surface 
to be explored such as the moon, and a human tended outpost, functions in which the overall system performs to keep 
crew alive must be maintained in both the human tended outpost, and the landing or surface systems.    
 
 Eight out of the ten ConOps identified showed that decompression, protection for crew and vehicle from a 
hazardous environment and control of fire hazards are achievable with the exception of two scenarios.   
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The general ConOps scenarios identified for these specific FAs are: 

 
1. Recoverable and non-recoverable open cabin and avionics fires in HALO 
2. Open cabin and avionics fires in Orion while two crew members are located on Gateway, and two crew 

members are located on the lunar surface 
3. A leak identified in HALO and two crew members are on the lunar surface 
4. A leak identified on Orion and two crew members are on the lunar surface 

 
The two ConOps that couldn’t be met with the existing architecture revolved around the general scenarios 2 and 3.  
While ECLSS functionality was allocated to HALO, capabilities within HALO for air contaminant removal and air 
conditioning were non-existent. 
 
This paper focuses on the following findings and topic areas that are intended to inform decisions made early in 
programs intended for deep space architectures. 
 

1. There’s value in evaluating contingency cases early in the architecture 
2. Developing use cases is critically important, and using the 6Ws (Who, What, Where, When, Why, and How) 

may help facilitate early development of ConOps when there are many unknowns. 
3. The need for life support system redundancy in separate modules of a multi-module architecture is evident 

in supporting contingency scenarios. 
4. There are pros and cons to ConOps development in a narrative format when comparing to an Model Based 

Systems Engineering (MBSE) format. 
5. Parametric studies early in architecture development have practical applications for early decisions 

 

III. Methodology and Assumptions 
 

Planning for consumables usage began by developing use cases.  When a series of use cases were developed, the 
ConOps followed  The resulting ConOps formed a firm foundation for subsequent quantitative analyses. Both a 
narrative and Model Based Systems Engineering (MBSE) approach to developing the ConOps were considered.  
Barriers to each approach were evident:  A narrative approach would consume more time to develop and review.  The 
time necessary to maintain a narrative with the evolving mission would also potentially become prohibitive. However, 
an MBSE approach would most likely be capable of being developed quicker, and may not require as much review 
time.  A model may also result in the capability to employ more consistent maintenance.  However, there is a higher 
barrier to entry with ensuring the team building the ConOps is proficient in SysML, a general purpose systems 
modeling computer language for systems engineering. The narrative approach was chosen because a team was in place 
and available to support a more labor intensive approach. 

  
To further reduce and shorten barriers to producing a ConOps through the narrative approach, a series of questions 
were utilized to begin translating use cases into ConOps.  The questions essentially consist of the “6Ws”:  who, what, 
when, where, why, and how. 
 

1. What happens first? 
2. Who is involved in the event? 
3. When does the event occur? 
4. Are there pre-conditions for the event? 
5. Where does the event occur? 
6. Why does the event occur? 
7. How does the event occur? 
8. What happens next? 
9. What’s the last thing that happens? 
10. What must happen to move onto the next sequence of events? 
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These questions formed the basis of generating the ConOps, and are subsequently used in generating system 
requirements and constraints via functional decomposition for the Gateway ECLS system.   ConOps content was 
generated by five different engineers, and subsequently reviewed by those same individuals.  The review provided a 
mixed perspective of what the Gateway requirements had intended vs. what was documented.  The mixed perspective 
proved to be valuable in decomposing ECLSS requirements and system functionality. 

IV. Results 
A listing of the  of the ten ConOps scenarios developed is given below, followed by detailed summaries for each, 

given in sections A-J.   The ConOps makes up the body of this work. 
 

1. Recoverable Open Cabin fire in the HALO. 
2. Recoverable Avionics Fire in the HALO. 
3. Non-recoverable Open Cabin Fire in the HALO. 
4. Non-recoverable avionics fire in the HALO. 
5. Open Cabin Fire with two Crew Members on Gateway and two Crew Members on Lunar Surface. 
6. Avionics fire with two Crew Members on Gateway and two Crew Members on the Lunar Surface. 
7. Leak in the HALO with all Crew Members on Gateway. 
8. Leak in the HALO with two Crewmembers on Gateway. 
9. Leak in Orion with All Crew Members on Gateway. 
10. Leak in Orion with two Crew Members on Gateway and two Crew Members on the Lunar Surface. 

 

A. SCENARIO 1: RECOVERABLE OPEN CABIN FIRE IN THE HALO 
The first scenario involves a completed Phase I BOTM stack where a Power Propulsion Element PPE, HALO, 

GLS, HLS, and Orion are present as shown in Figure 1 1. This scenario assumes that a small open cabin fire event 
occurs on HALO with all four crewmembers in the habitable stack volume.  The crew has identified that a fire has 
occurred and responds with the appropriate PPEq.  The crew dons the Orion CBAs, and uses the Orion PFE to suppress 
the fire. This scenario assumes that the CBAs and PFE have been moved from Orion to an appropriate central location 
in the stack.  The resulting atmosphere in the HALO is now contaminated but the crew/ground decides that the 
environment is recoverable.  The crew members evacuate to Orion and close the Orion hatch. Crew members remotely 
command the IVR to close the GLS hatch to isolate the HALO.  The HALO atmosphere is evacuated (10.2 psia down 
to 0 psia) and is repressed to return the environment back to a habitable volume (0 psia back to 10.2 psia) 2. 
 
Assumptions:  
 

1. Nominally the HLS hatch is closed, unless crew activity is underway to visit the lunar surface. 
2. The Orion PFE and CBAs have been moved from Orion to be pre-positioned into HALO. 
3. Water and critical crew items have been moved from the Logistics Module to be pre-positioned into HALO. 
4. Crew decides event is recoverable. 
5. Crew on Orion deploy the OSEF to clean the environment prior to re-opening the hatch to prevent re-

contamination of the HALO. 
6. The fire on HALO is the one fire for the mission duration that is protected for, and a second fire will not 

occur for the remaining duration of the mission and Orion return to Earth.  
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Figure 1:  Phase I BOTM Gateway Configuration – Notional Generic Vehicles Shown 

 

B. SCENARIO 2: RECOVERABLE AVIONICS FIRE IN THE HALO 
 
This scenario is similar to the first, and it involves a completed Phase I BOTM stack where a PPE, HALO, GLS, 

HLS, and Orion are present as shown in Figure 1.  This scenario assumes that a small avionics fire event occurs on 
HALO with all four crewmembers in the habitable stack volume.  The crew has identified that a fire has occurred and 
responds with the appropriate PPEq.  The crew dons the Orion CBAs, and initiates the fire suppression system for the 
avionics fire. This scenario assumes that the CBAs have been moved from Orion to an appropriate central location in 
the stack.  The resulting atmosphere in the HALO is now foul, but the crew/ground decides that the environment is 
recoverable.  The crew members evacuate to Orion and close the Orion hatch. Crew members remotely command the 
IVR to close the GLS hatch to isolate the HALO.  The HALO atmosphere is evacuated (10.2 psia down to 0 psia) and 
is repressed to return the environment back to a habitable volume (0 psia back to 10.2 psia). 

 
Assumptions:  
 
1. Nominally the HLS hatch is closed, unless crew activity is underway to visit the lunar surface. 
2. The CBAs have been moved from Orion to be pre-positioned into HALO. 
3. Water and critical crew items have been moved from the GLS to be pre-positioned into the HALO. 
4. A separate fire suppression system is in place to handle avionic/rack fires as the Orion PFE is not suitable for 

these fires. 
5. Crew decides event is recoverable. 
6. Crew on Orion deploy the OSEF to clean the environment prior to re-opening the hatch to prevent 

contaminantion of the HALO atmosphere. 
7. The fire on HALO is the one fire for the mission duration that is protected for, and a second fire will not 

occur for the remaining duration of the mission and Orion return to Earth.  
8. Crew has the ability to remotely command IVR to close the GLS hatch to isolate the HALO 

 

C. SCENARIO 3: NON-RECOVERABLE OPEN CABIN FIRE IN THE HALO 
 
This scenario involves a completed Phase I BOTM stack where a PPE, HALO, GLS, HLS, and Orion are present 

as shown in Figure 1.  This scenario assumes that an open cabin fire event occurs on HALO with all four crewmembers 
in the habitable stack volume.  The crew has identified that a fire has occurred and responds with the appropriate 
PPEq.  The crew dons the Orion CBAs, and choose to use the Orion PFE to suppress the fire. This scenario assumes 
that the CBAs and PFE have been moved from Orion to an appropriate central location in the stack.  The resulting 
atmosphere in the HALO is now contaminated, and the crew/ground decides that the environment is not recoverable.  
The crew members evacuate to Orion and close the Orion hatch. The crew will prepare for departure on Orion.  

PPE 

HALO 

GLS 
Orion 

HLS 
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Assumptions:  
 
1. Nominally the HLS hatch is closed, unless crew is preparing to visit the lunar surface and has required that 

the hatch is open. 
2. The Orion PFE and CBAs have been moved from Orion to be pre-positioned into HALO. 
3. Water and critical crew items have been moved from the Logistics Module to be pre-positioned into HALO. 
4. Crew on Orion deploy the OSEF to clean the environment for their return to Earth. 
5. The fire on HALO is the one fire for the mission duration that is protected for, and a second fire will not 

occur for the remaining duration of the mission and Orion return to Earth. 
 

D. SCENARIO 4: NON-RECOVERABLE AVIONICS FIRE IN THE HALO 
 
This scenario involves a completed Phase I BOTM stack where a PPE, HALO, GLS, HLS, and Orion are present 

as shown in Figure 2.  This scenario assumes that an avionics/rack fire event occurs on HALO with all four 
crewmembers in the habitable stack volume.  The crew has identified that a fire has occurred and responds with the 
appropriate PPEq.  The crew dons the Orion CBAs, and initiates the fire suppression system for the avionics fire. This 
scenario assumes that the CBAs have been moved from Orion to an appropriate central location in the stack.  The 
resulting atmosphere in the HALO is now foul, and the crew/ground decides that the environment is not recoverable.  
The crew members evacuate to Orion and close the Orion hatch. The crew will prepare for departure on Orion.  

 
Assumptions:  
 
1. Nominally the HLS hatch is closed, unless crew activity is underway to visit the lunar surface. 
2. The Orion CBAs have been moved from Orion to be pre-positioned into HALO. 
3. Water and critical crew items have been moved from the GLS to be pre-positioned into HALO. 
4. Crew on Orion deploy the OSEF to clean the environment for their return to Earth. 
5. The fire on HALO is the one fire for the mission duration that is protected for, and a second fire will not 

occur for the remaining duration of the mission and Orion return to Earth.  
 

E. SCENARIO 5: OPEN CABIN FIRE, TWO CREW MEMBERS ON GATEWAY AND TWO CREW 
MEMBERS ON THE LUNAR SURFACE 

 
This scenario involves a completed Phase I BOTM configuration where a PPE, HALO, GLS, HLS, and Orion are 

present.  As shown in Figure 2, two crew members are located on Gateway in NRHO, and two crew members are 
located on the lunar surface 3 when a small open cabin fire occurs in HALO.  The two crew have identified that a fire 
has occurred, and responds with the appropriate PPEq.  The crew dons the Orion CBAs, and uses the Orion PFE to 
suppress the fire. This scenario assumes that the CBAs and PFEq have been moved from Orion to an appropriate 
central location in the stack.  The resulting atmosphere in the HALO is now contaminanted, but the crew must wait 
for the other two crew members to return on the Ascent Element from the lunar surface.  The crew members evacuate 
to Orion and close the Orion hatch. Crew members remotely command the IVR to close the GLS hatch to isolate the 
HALO.  The HALO atmosphere is evacuated (10.2 psia down to 0 psia) and is repressed to return the environment 
back to a habitable volume (0 psia back to 10.2 psia).  The two crew members on Orion must deploy OSEF and allow 
it the appropriate amount of time to bring the contaminated environment down to nominal conditions prior to opening 
the Orion hatch.  Once both environments, the HALO and Orion, are back to nominal conditions, the two crew 
members on the lunar surface can safely enter the BOTM habitable volume.  

 
Assumptions:  
 
1. Nominally the HLS hatch is closed, unless crew activity is underway to visit the lunar surface. 
2. The Orion PFE and CBAs have been moved from Orion to be pre-positioned into HALO. 
3. Water and TBD critical crew items have been moved from the GLS to be pre-positioned into HALO. 



 
International Conference on Environmental Systems 

 
 

7 

4. With two crew on the lunar surface, the Gateway crew must treat the event as recoverable in the near term.  
After the other two crew members are onboard Gateway, crew could decide to evacuate and leave on Orion. 

5. Crew on Orion deploy the OSEF to clean the environment prior to re-opening the hatch to prevent re-
contamination of the HALO. 

6. The fire on HALO is the one fire for the mission duration that is protected for, and a second fire will not 
occur for the remaining duration of the mission and Orion return to Earth.  

 

 
Figure 2:  Phase I BOTM –  2 crew members in Gateway NRHO, 2 crew members on the lunar surface - 
Notional Generic Vehicles Shown 

 

F. SCENARIO 6: AVIONICS FIRE WITH TWO CREW MEMBERS ON GATEWAY AND TWO CREW 
MEMBERS ON THE LUNAR SURFACE 

 
This scenario involves a completed Phase I BOTM stack where PPE, HALO, GLS, HLS, and Orion are present.  

As shown in Figure 2, two crew members are located on Gateway in NRHO and two crew members are located on 
the lunar surface when a small open cabin fire occurs in HALO.  The two crew have identified that a fire has occurred 
and responds with the appropriate PPE.  The crew dons the Orion CBAs, and initiates the fire suppression system for 
the avionics fire. This scenario assumes that the CBAs have been moved from Orion to an appropriate central location 
in the stack.  The resulting atmosphere in the HALO is now contaminated, but the crew must wait for the other two 
crew members to return on the Ascent Element from the lunar surface.  The crew members evacuate to Orion and 
close the Orion hatch. Crew members remotely command the IVR to close the GLS hatch to isolate the HALO.  The 
HALO atmosphere is evacuated (10.2 psia down to 0 psia) and is repressed to return the environment back to a 
habitable volume (0 psia back to 10.2 psia).  The two crew members on Orion must deploy OSEF and allow it the 
appropriate amount of time to bring the contaminated environment down to nominal conditions prior to opening the 
Orion hatch.  Once both environments, the HALO and Orion, are back to nominal conditions, the two crew members 
on the lunar surface can safely enter the BOTM habitable volume. 

 

Two Crew Members in 
Gateway in NRHO 

Two Crew Members on 
Lunar Surface 
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Assumptions:  
 
1. Nominally the HLS hatch is closed, unless crew activity is underway to visit the lunar surface. 
2. The CBAs have been moved from Orion to be pre-positioned into HALO. 
3. Water and critical crew items have been moved from the GLS to be pre-positioned into HALO. 
4. A separate fire suppression system is in place to handle avionic/rack fires as the Orion PFE is not suitable for 

these fires. 
5. With two crew on the lunar surface, the Gateway crew must treat the event as recoverable in the near term.  

After the other two crew members are onboard Gateway, crew could decide to evacuate and leave on Orion. 
6. Crew on Orion deploy the OSEF to clean the environment prior to re-opening the hatch to prevent re-

contamination of the HALO. 
7. The fire on HALO is the one fire for the mission duration that is protected for, and a second fire will not 

occur for the remaining duration of the mission and Orion return to Earth.  

G. SCENARIO 7: LEAK IN THE HALO WITH ALL CREW MEMBERS ON GATEWAY 
 
The seventh scenario involves a leak in HALO with all four crew members aboard.  A 10.2 psia atmosphere is 

maintained in this scenario for 5 minutes with oxygen comprising 28% of the module atmosphere.  Scenario 7 provides 
the capability for the crew and flight controllers to ascertain where the leak is and whether it is isolable.  In the event 
that the leak cannot be isolated, the crew can then prepare for departure from Gateway using Orion. 

 
Assumptions:  
 
1. The leak is equivalent of an orifice with an ID of 0.25 in. 
2. The crew is able to determine the leak cannot be isolated, transfer necessary consumables into Orion for the 

return trip home, and isolate themselves in Orion within the 5 minute feed the leak duration. 
 

H. SCENARIO 8: LEAK IN THE HALO WITH TWO CREW MEMBERS ON GATEWAY AND TWO 
CREW MEMBERS ON THE LUNAR SURFACE 

 
The eighth scenario involves a leak in HALO with two crew members aboard and two crew members on the lunar 

surface.  Two potential ConOps were evaluated for this scenario. Both cases include two feed the leak scenarios.  The 
first feed the leak scenario is to allow crew to assess whether a leak can be isolated from HALO – the leak may occur 
between HALO and GLS for instance.  The second feed the leak scenario accounts for a crew transfer of crew members 
returning from the lunar surface from HLS to Orion – this assumes that the leak was not capable of being isolated in 
HALO.  In the first feed the leak scenario,  5 minutes is needed to allow the two crew members aboard to determine 
that the leak is not isolable and transfer to Orion.  In the second feed the leak activity, 30 minutes is needed after  the 
crew returns from the lunar surface to provide time to equalize modules and transfer the remaining two crew members 
to Orion. The two options differ in regards to the ConOps for HALO after the first two crew members have isolated 
themselves in Orion prior crew return, which can be up to 7.5 days in both cases. The first variation of this scenario 
allows HALO to depress via the leak and perform a cabin repress once the crew returns. The other variation requires 
feeding the leak at 10.2 psia for the duration of the lunar mission, avoiding a repress activity.  

 
Assumptions:  
 
1. The leak is equivalent of an orifice with an ID of 0.25 in. 
2. The first 2 crew are able to determine the leak cannot be isolated, transfer necessary consumables into Orion 

for the duration of the lunar mission, and isolate themselves in Orion within the 5 minute feed the leak 
duration.  

3. Within the 30 minute feed the leak duration, the crew on Gateway are able to equalize and open hatches 
between the HLS, HALO, and Orion, transfer necessary consumables, and assist in the transfer of crew from 
HLS into Orion for isolation from the leak, and the return trip home. 
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I. SCENARIO 9: LEAK IN ORION WITH ALL CREW MEMBERS ON GATEWAY 
 
The ninth scenario involves a leak in Orion when Orion is not in a position in the orbit to perform a suited return 

home. The largest challenge with this scenario is that HALO does not have ECLSS to provide safe haven for the crew. 
Additional life support capability needs to be provided for the crew up to 7 days for Orion to return to a position in 
the orbit to go home. Potential solutions have been identified, but the feasibility of these options has not been 
evaluated.  

 

J. SCENARIO 10: LEAK IN ORION WITH TWO CREW MEMBERS ON GATEWAY AND TWO CREW 
MEMBERS ON THE LUNAR SURFACE 

 
The tenth scenario involves a leak in Orion when two crew members are on the lunar surface. The challenge 

associated with this scenario is that HALO does not have ECLSS to provide a safe haven for the crew until crew return 
to Gateway and Gateway returns to NRD to perform a suited return home. Life support needs to be provided for the 
crew up to 7.5 days, which is the duration of the lunar mission, and 7 days, to allow Gateway to return to NRD, for a 
total of 14.5 days. Potential solutions have been identified, but the feasibility of these options has not been evaluated.  

V. Discussion and Conclusion 
 

 One of the most interesting findings from developing the ConOps was that it helped to confirm or validate 
much of the architecture that had been envisioned for Gateway.  The ConOps was used to develop a basis of estimates 
for consumables.  However, it also revealed that there were significant gaps in at least two  contingency scenarios,  
scenarios 9 and 10.  While there isn’t sufficient evidence to show that the scenarios are likely to occur, Gateway, and 
future programs should be aware that gaps in architecture and capabilities can be discovered through development of 
a ConOps.  The 6W’s were particularly helpful in developing the ConOps – they provided the step by step sequence 
necessary to provide a foundation for fully developing the ConOps.  Gaps were not discovered until contingency 
scenarios were evaluated.  This may indicate that while there are many knowns for nominal cases given spaceflight 
history, contingency cases are less documented or less understood. 

 
Gaps in life support identified for scenarios 9 and 10 relate to planning for contingency scenarios, and the 

development of independent ECLSS capability in each module or element in a system where a space is envisioned as 
a safe haven.  These results reveal that independence will be required for modules in scenarios such as these, but the 
extent to which an independent system is required will vary based on the credibility of the scenario, overall system 
capability needed, and trade-offs with operational constraints. 
 
One of the challenges that will be seen for deep space missions revolves around trace contaminant control systems.  
ISS currently relies on both consumable, and non-consumable systems.  Gateway’s architecture currently relies on a 
consumable based approach because of mission duration, the need for reliability, cost, development schedule, and 
dormancy periods.  While future missions benefit from the ability to exercise longer term development schedules; 
reliability, cost, and dormancy periods will all be significant driving factors in the design space. 
 
This ConOps has been expressed in a narrative format.  The format is a traditional approach to describing how a 
system is intended to operate.  Future versions of this ConOps are intended to be developed in SysML to provide a 
dynamic approach to an evolving mission, configurations and capabilities. 
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