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"LUNAR COTS"

This would be a set of four public-private programs at the scale of the current public-private programs (i.e. COTS, Commercial Cargo, & Commercial Crew).  They would likewise be about 5% of NASA's budget to establish full-scale a cis-lunar / lunar transportation systems for cargo and crew as well as telerobotic and crewed surface operations.

To be clear, I am suggesting that our return to the Moon be fundamentally different than the Constellation Program in that that was a wholly government operation.  Lunar COTS wouldn't be a wholly commercial operation but would be a partnership which starts with NASA funding companies to meet government needs but with an eye towards transitioning one day to commercial operations of which the government is just one of several customers.  This is just like the current public-private programs.  Government-only (e.g. RPM) and small public-private programs (e.g. Lunar CATALYST) could continue and be integrated into the overall plan.  But really what I'm talking about is a full-size program & vehicles that eventually includes sending crew to a permanent lunar base.

From a policy standpoint, this approach would mean placing the Moon fully back into America's space policy.  However, because it would be at the public-private program (Lunar COTS) level, I believe that it would not be in place of a full Mars program but could be compatible with it on a parallel track.  Whereas it might be logical to find funding for Lunar COTS from more expensive programs, I think it best to avoid a potentially unwinnable political fight by simply asking Congress to increase the budget about $1 billion to place full lunar development back into the policy.  I’m guessing that Congress would be pretty favorable to doing that.
The LunarCOTS.com petition proposing this concept and has been signed by individuals from space advocacy organizations, NASA employees, the space industry, academia, the space media, and other space advocates.
LUNAR DEVELOPMENT FOR ITS OWN SAKE AND NOT FOR MARS

I know that what I'm about to say runs contrary to what a number of our space advocate friends say, but I do not believe that the lowest cost way of going to Mars involves using propellant derived from lunar ice.  When I do the numbers, I just don't see it.  Whether one uses the Spudis-Lavoie $87 billion or the ELA $50 billion when you look at how many Falcon Heavy launches that would buy (370 - 644) I just don't see how one could make the case.  Then if one considers partially reusable Falcon Heavies and SEP the amount of payload that could be delivered to an EML2 staging point goes off the charts.  Even if one compares those development and operational costs of a lunar propellant base with SLS launches, one could have quite a number of HLV launches for a Mars program before the lunar base were to pay for itself.  Then also, placing lunar propellant on the critical path to Mars is sure to create significant opposition.  I think that would probably be an unwinnable fight and unnecessary if my approach were adopted.  At 5% of NASA’s budget each year over 16 years, my proposal would cost $15.2 billion and would result in the same quantity of production of propellant as the other proposals and would likewise yield a permanent crewed base.
LUNAR PROPELLANT VERSUS EARTH PROPELLANT

Although I think that there are cheaper ways of getting to Mars than by developing lunar propellant infrastructure, I none-the-less continue to advocate for a lunar base including the harvesting of polar ice.  Why?  I believe that a permanent lunar base is a significant value in its own right and any lunar-derived propellant would dramatically reduce the cost of the last access to the Moon namely, from LLO to the surface and back.  A (not so distant) future architecture of partially-reusable Falcon Heavies followed by SEP of cargo to LLO followed by retrieval of that payload by a lander refueled from lunar ice means the delivery of large quantities of lunar cargo at something like $1,500/kg +/-.  I know that number is hard to believe so feel free to do the math yourself.  Here’s my calculations.  Reduce crew rotation rate by extending crew stay by covering the hab with regolith and using an indoor centrifuge for 3-4 hours a day and you've got a permanent base which is so cost-effective that it becomes sustainable not by forcing long-term political support but because the technical design has so lowered the cost that it becomes increasingly easy to fit the base within tight budgets.

THE XEUS LUNAR LANDER

I need to make mention of the cryogenic, reusable lunar landers.  It is important to note how quickly and how inexpensively a commercial lunar lander could be developed using a Commercial Cis-lunar Transportation System (CCTS) program very analogous to COTS.  ULA has published a set of papers describing its DTAL concept which is a belly down lander derived from its Centaur upper stage.  They are in associated with Masten Space Systems.  I have had the privilege of visiting Masten and seeing the two Centaurs that ULA has on loan to them.  Dave Masten has indicated that it should cost no more than $20 million to develop and attach four VTVL modules to the Centaurs and create a "terrestrial demonstrator".  This would be a full-sized lunar lander large enough to eventually deliver crew to the lunar surface.  Let me say, a full-sized demonstrator flying over the desert of Mojave, undergoing the full propulsive maneuvers necessary to land on the Moon would go a long way to convincing people (the public and their representatives) that a low-cost approach to lunar return is very doable.  Masten has also indicated that no more than $200 million would be needed for the development of a launch-ready lander.  This seems reasonable to me because NASA invested about $400 million in the development of the Falcon 9 and a Centaur-derived lunar lander doesn't need to develop the main engine, or cryogenic structures, it wouldn't stage, and it wouldn't undergo atmospheric max-Q.

LUNAR SURFACE OPERATIONS

Whereas I understand that the telerobotic harvesting of lunar ice is, as the ELA report correctly reports, perhaps the biggest challenge, I believe that an architecture could be designed whereby this would be a value-added plus but where a low-cost base could still be established even without lunar-derived propellant.  Rather one would just have to launch more, dock and transfer propellant.

The Commercial Lunar Surface Operations program would fund Honeybee-like companies to develop ice-harvesting telerobots in Earth-based environments (e.g. Space Power Facility) in which the various environmental aspects could be simulated (e.g. vacuum, temperature, abrasive regolith simulate, 3-second delay, suspending 1/6th of the weight with tethers).  I believe that the engineers could get the equipment working reliably in that environment.  Also, parts could be designed in a manner whereby spare parts could be telerobotically replaced to keep operations going.

LUNAR DEVELOPMENT, ESPECIALLY CREW, VERY EXCITING

From a policy standpoint, a "commercially"-developed base would be popular.  If done right, such an approach could be very newsworthy and far from a "been there done that" scenario.  Consider, the first woman on the Moon (watched by 800 million school-aged girls worldwide), the first dog (in its cute space suit), the first couple...dancing in 1/6 gee in the habitat, etc, etc.  An initial team with different primary jobs and secondary talents could serve as inspiration for young people to pursue many different fields.
The transportation system and lunar facilities would be a natural way for America to provide leadership amongst our international space partners.  The lunar landers, refueled from local ice could do reusable suborbital hops completely opening up the entire lunar surface for astronauts from all countries to explore and to conduct the sort of research that the ESA director is talking about.  Low-cost transportation could also help to bring in truly commercial revenue streams such as tourists and retirees.

INFLATABLE HABITATS

I have a concept called the UniHab which is a single, low-profile, inflatable habitat large enough to house a crew of eight with enough space for an indoor greenhouse sufficient for calories and water & air processing, an indoor centrifuge and other facilities.  The walls (not the equipment or furnishings) would mass about 800 kg and so could be easily delivered in a single payload.  Set-up would be as simple as opening a valve of a container of condensed air.  Shielding adequate for 11 years protection until career limits were met (1,000 mSv) could be provided by telerobots pushing a modest 35 cm of regolith on top of the habitat before re-inflation prior to the arrival of crew.  The first crew could remain for extended stays.  Follow-on similar, instant habitats could be for an International Lunar Research Facility (ILRF), indoor farms, hotels, etc.  Commercial ice-harvesting operations could supply the needs of all of these facilities.

THE POLICY BENEFITS OF A UNIHAB

I would like to note why I think that the UniHab concept offers unique policy benefits.  A UniHab analogue base could be started immediately at the beginning of the next administration's term.  I would like to propose that teams in such a facility be open to the very best 25-30 year old from around the world understanding that, whereas such a future American base would be paid for by the American taxpayers and so the crew ought to be Americans, Americans can have come from any country on Earth and have been naturalized.  An initial crew with members able to speak the major languages of the world could make America's lunar base the world's lunar base.  It would do much for America's leadership in space.  Young people around the world could hope to be part of America's lunar base.  Many would feel a strong connection to the base through the team member that spoke their language.  And with the analogue base, it could start now.  There is much work to be done to develop the protocols for a base which had the objective of increasing sustainability / Earth-independence.  

INCREASING EARTH-INDEPENDENCE

Unlike current Mars analogue bases, the UniHab could have an objective of not just supporting scientific exploration objectives but technical sustainability objectives.  The crew would not focus on EVAs but would focus on becoming increasingly Earth-independent through the production of water for life support and LCROSS showed that there would be enough carbon and nitrogen from the side stream of a propellant production operation to give far more than enough to support the life support needs of the base.  There would be continual news reports of the team chemist producing any number of new organic chemicals from the stock.  There are nickel-iron micrometeorite bits in the regolith (about 1%) from which a "blue-collar" metallurgist-machinist could produce any number of telerobotic and equipment parts as well as artistic pieces).  In relatively short time, such a base could become 80+% mass independent from the Earth compared with a base that was entirely supported from Earth and in which frequent crew rotations had to be done (e.g. the ISS).

THE IMPLICATIONS OF EXTENDED CREW STAY

Such a base where crew could stay for longer than the typical 4-7 month ISS stay would begin to enter into an interesting historic and social realm.  If this lunar base were to become increasingly Earth-independent and sustainable then it could actually be the starting point for what eventually becomes the first permanent off-Earth settlement.  As such, it could rightly be recognized as historically significant.  If the first crew was protected by radiation and was using a centrifuge to get an additional one G for 3-4 hours a day then their positional physiology (fluid pressure distribution) could be similar to people on Earth (I can explain more if desired).  Ongoing biometric measurements by the team physician could determine if they met Earth return criteria.  

Conceivably, the very first crew could end up staying on the Moon for three or more years.  The social and historic implications of this is that it would probably be best for the crew to not have dependent children back on Earth nor for that matter, even a spouse back on Earth.  But singles living and working for years together isn't the ideal work environment.  Any naturally-developing romantic relationships could jeopardize crew cohesion.  So, strange as it may seem, it might be best for the very first crew to be married couples with no children.  Historically, this is looking more like settlers than government astronauts.  All things considered, perhaps the first base would ideally be a private facility that commercially serves the various governments rather than government astronauts.  The government astronauts could stay at the International Lunar Research Facility.

ELON MUSK'S MARS ARCHITECTURE

I understand that Elon Musk will be presenting his Mars architectures later this year.  I am open-minded that his architecture might be very well thought through and could significantly change the dialogue about America's space policy.  Given that I don't know what his architecture proposes, I am here suggesting the way forward for America's space policy given what we know now.  In a nutshell, I propose that the Moon be developed using nothing more capable than the Falcon Heavy or Vulcan.  Mars missions could be pursued using either the SLS, Elon's BFR-MCT, or perhaps FHs-SEP.  But I believe that HLVs are overkill for lunar development given modern architectural concepts.

MARS MISSIONS SIMULTANEOUS LUNAR DEVELOPMENT 

I would like to propose that we continue on the Journey to Mars but that we do so in a way which is somewhat modified from our current path.  I suggest that we set as an explicit objective to do an early Mars flyby mission.  The policy implications of this approach is that it accelerates a humans to Mars program.  Given what I'm about to say about the human factors, this might be important (as Dennis Tito noted) to ensure that it is America that first reaches the vicinity of Mars ("goes to Mars") rather than another non-allied country.  Secondly, it would give another opportunity to place their unique stamp on the Mars program.  Thirdly, it could help avoid a divisive Moon vs Mars battle.  In terms of Mars, it would not only keep what we have but would accelerate it while adding a sustainable lunar development program.  It would seem to be a smart, win-win solution.

HUMAN FACTORS

I believe that the human factors data indicates that a Mars flyby is doable.  On this NASA page it notes that, regarding SPEs, "Storm shelters with shielding of approximately with 20 g/cm2 or more of water equivalent material will provide sufficient shielding to protect the crew".  Figure 6 on the same page indicates that 20 cm thick of water shielding offers a 50% reduction in GCR exposure and 30 cm thick offers a 66% reduction in GCR exposure.  With the two sources of radiation being about the same (depending upon the solar cycle) having the crew spending their sedentary time with their water-bearing provisions (e.g. food, water, packaged waste) around them.  Food is mass that the mission will already have.  So, I believe that a single SLS B2 or two FHs with SEP could deliver that amount of mass to an EML2 staging point.

Valerie Polyakov spent 437 days in zero G.  This is 74% of a 589-day Mars 2021 flyby mission.  I consider that close enough such that I don't think that tethering and spin-up would be necessary.  But even if it was considered necessary, the mission mass fraction needed to achieve the necessary tangential velocity would be a very modest amount.  Also, with a good exercise program and perhaps alendronate I believe that there would relatively little bone loss in the mission given the data that we are getting from the ISS.

Rather, it is equipment reliability that is probably largest factor for concern.  Yet we have experience with the ISS with only occasional deliveries and so the ISS is able to sustain itself without outside help for a number of months.  However, I would support a full-up LEO or cis-lunar mission before launching out into the "deep ocean".

PHOBOS-DEIMOS (PhD) MISSION

I propose that, after the Mars flyby mission, we conduct a combined Phobos-Deimos mission.  I verbally described a smart approach to doing this to Josh Hopkins (Lockheed Martin) and it seems that my concepts are reasonable.  It's somewhat complex but includes aerobraking into a highly elliptical Mars orbit (HEMO), separation of a smaller crew module, plane change, aerobraking the apogee to Phobos orbit, circularizing, and "docking" with Phobos.  The crew would move into a small inflatable habitat sent on a cargo mission previously.  For the months that they would spend in their habitat, I propose that they not operate scientific rovers on the surface of Mars but rather operate dexterous telerobots to set up a shielded habitat on Mars in preparation for crew arrival.  What this would do would be to psychologically bind the PhD mission with a humans-to-the-surface-of-Mars program.  Having prepared for crewed arrival, we wouldn't want to abandon the habitat that it set up and waiting but it would force ourselves to follow through with the much harder lander and EDL challenge.  After finishing operations on Phobos, orbital mechanics allows for the small crew module to boost its apogee to Deimos and circularize.  During the mission the crew would explore the surfaces of both Phobos and Deimos by skimming over their surfaces using MMUs.  Then the crew module would boost its apogee to HEMO, plane change, the crew would enter back into the "mothership" which would use a modest chemical boost to head back on TEI.  I haven't yet calculated how many of what types of launchers it would take to conduct such a mission but I'm guessing that it would be the equivalent of two SLSs or four FHs.

HUMANS TO THE SURFACE OF MARS

I would suggest that, even with the first crewed mission to the surface of Mars, that the concept of the Earth Return Option (ERO) be considered.  Again, with a modest amount of telerobotic regolith shielding, an indoor centrifuge, a sufficient pre-supply of provisions, and water recycling, crewed missions could reasonably be extended to the point where crew return at the first Earth return window might be optional.  For the sake of cost savings I would suggest that it be the objective to avoid the need for crew return if possible.  But there should always be a fueled up MAV and ERV available in case the crew needs to use the option.  As with the Moon, because the initial crew could remain at Mars for a period of two Earth-Mars conjunctions or more, a sustained (e.g. settlement) approach should be considered.

A CAUTION

I would just like to second the caution which Tom Young (Former Director, Goddard) noted at a recent hearing of the House Space Subcommittee indicating the danger of getting bogged down with certain unnecessary cis-lunar activities especially an EML station.

