Various Mission Scenarios

Initial Mission
  - Launch of a Falcon Heavy
  - At LEO a Xeus-like, cryogenic, reusable lunar lander heads directly to a lunar pole
  - Lander lands at a "Peak of Eternal Light" on the rim of a polar permanently-shadowed crater
  - Solar panels are discharged and set up using telerobotics
  - A rocket fires a wire to the floor of the crater (about 6.5 km)
  - The lunar lander fires its engines and hops to the end of the wire

Lunar Surface Operations
  - Upon landing, a dexterous telerobot (e.g. Robonaut 2) is discharged from the lander.  It locates the end of the wire, brings it to the lander, connects so that now the lander has continuous power coming down the wire from the solar panels up on the rim.
  - An ice harvester is discharge from the lander.  It travels a few meters away and begins to scoop the fluffy, icy regolith into its body.  This is done fairly slowly in order to keep the dust to a minimum.
  - Upon filling its body with icy regolith, it closes a hatch and begins to slowly tumble and steam out the volatiles from the icy regolith until most all of the volatiles are removed.
  - The volatiles are steamed through radiators and into an on-board tank.  In the 33 Kelvin ambient environment, the volatiles naturally condense and easily stay that way.
  - The now-dry regolith is "pooped" out from the harvester which then moves forward a bit and harvests yet more volatiles from the regolith.  This continues until the on-board volatiles tank is full.
  - When the on-board volatiles tank is full, the ice harvester travels back to the lander where it connects, recharges its batteries, and transfers the volatiles into a holding tank on the lander.
  - The holding tank distills the volatiles thereby separating the water from the other volatiles which it sets aside for use at a later time.
  - The water in the lander's tank is electrolyzed into LH and LOX which are sent to their respective propellant tanks in the lunar lander.
  - The process of the ice harvesting and processing continues until the lunar lander's propellant tanks are filled and perhaps its cargo bay is also filled with water.
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                                            Artist depiction of a Masten-modified Centaur upper stage (Xeus)             Masten lander.
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                                                    Masten with model of terrestrial demonstrator.   Me next to one of the two Centaurs donated to Masten.
Cis-lunar Circuits
  - LLO Circuit - I propose that the first cis-lunar circuit be a LLO Circuit to deliver water to LLO for the shielding of HSF missions to Mars on behalf of NASA.  Initially, the lander makes as many trips as necessary from the lunar surface to LLO until 80 tonnes of water are accumulated there.  When this happens, a fully-fueled lunar lander departs from the lunar surface, docks with mass of water (perhaps in the form of ice in a reflective bag) and then pushes it up to EML2.  Perhaps additional lunar lander flights could sequentially push the water towards a double-synodic (i.e. 4.73 year Earth-Mars cycler orbit) which would allow continuous reuse of a shielded cycling hab and with an Earth flyby speed compatible with later crew launches.
  - Paired Lunar Lander Cis-lunar Circuit - This approach would use docking and pushing between two lunar landers.  This approach would negate the need for any propellant depot anywhere and also negate the need for in-space propellant transfer.  See the following document for a more detailed description
  - LEO Boosing or Servicing Mission - A fully-fueled lunar lander launches from the lunar surface.  It transfers propellat to an orbital transfer vehicle (OTV) at EML1/2.  The OTV departs towards Earth in any orbital inclination with a delta-v of about 700 m/sec, conducts aerocapture, and circularizes.  The launching company is notified of the propulsion service now available.  A GEO satellite or interplanetary probe is launched into its LEO orbit where our OTV is awaiting.  When both are in the orbit, the OTV maneuvers to the satellite or probe, docks to it, and then pushes it to its desired destination / trajectory.  The OTV then separates, flies back to EML1/2 where it either docks with a propellant depot or is available to be fueled by another lunar lander.  In this way, very early on, all propulsion needs at LEO can be satisfied.  This could include pushing dead GEO sats into the junkyard orbit and clearing LEO of large orbital debris.
  - Crew to the Moon - There are different ways of doing this.  My way would be for the crew to launch on a Falcon 9 to LEO (cost as low as $140,000 per passenger).  They would then dock and transfer into an OTV with a crew module.  The OTV would then transfer them either on a cis-lunar flyby (free trajectory) for a tourist experience of the back side of the Moon or the OTV could go to EML1/2 or LLO where it could dock and transfer the passengers to a lunar lander which would take them to the lunar surface.
  - Routine Return From the Moon - Passengers at a base at the Peak of Eternal Light get into a nearly fully fueled lander which hopped up from the crater floor.  They boost up to LLO or EML1 where they transfer to an OTV.  The OTV returns to LEO using aerobraking where they transfer to a station or capsule and then proceed to return to Earth's surface.
  - Emergency Return From the Moon - A seriously sick or injured passenger enters into a capsule which is on top of a fully-fueled lunar lander on continuous standby.  The lunar lander pushes the capsule into a TEI trajectory and then separates from the capsule which does direct reentry to Earth.  The lunar lander does a circum-Earth flyby and then is refueled at EML1 via another lunar lander.  Both return to the lunar surface.


Paired Lunar Landers - Conceivably, two lunar landers are launched on a single Falcon Heavy.  One pushes the other to EML1 or LLO and then detaches.  Both arrive at the lunar surface but one carries no payload and the other carries a good amount.  Lunar surface operations fuels both up completely.  Then, they both launch about simultaneously.  At LLO, one docks with the other.  One pushes the other to a TEI trajectory and separates from the other lander.  The less fueled one does a circum-Earth flyby and barely makes it back to the Moon.  The more fueled one conducts an aerobraking maneuver, provides propulsion service at LEO and then barely makes it back to EML1.  The lander which made it back to the lunar surface refuels, meets up with the other lander and pushes it to the Moon.  Before landing the two separate and each land on their own.

I don't know if this scenario is possible but if the math works out then we have a scenario where no propellant depots are needed and no propellant transfers are needed.  In other words, it could be a lowest risk way of getting things started without having to convince people that we can do storage and cryo transfer until we already have an operating cis-lunar transportation infrastructure which is generating revenue by providing propulsion service at LEO.
