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Summary
In the early 2000s the NASA Decadal Planning Team (DPT) and NASA Exploration Team (NEXT) developed a design for a human-occupied station situated at the Earth-Moon L1 or L2 locations. This location was evaluated by DPT/NEXT in the context of their “stepping stone” philosophy: destinations were assessed as to their value to enable further human exploration, rather than primarily as a site for extensive development and occupation. Guidelines for this design work from NASA senior management further directed that only commercially available launch vehicles were to be considered.

The libration point “gateway” concept of operations included human missions to the lunar surface, maintenance of a fuel and supply depot, on-orbit satellite upgrade and service, and post-ISS demonstration of in-space capabilities for extended voyages beyond the Earth-Moon system. This design, the “Block 0” version, is described in Section 1.

The Future In-Space Operations (FISO) working group was formed in 2005 to extend some of the DPT/NEXT studies, including the “gateway.” Working with the FISO team, John Frassanito and Associates (JF&A) conducted design work of this concept that could utilize a Shuttle-derived heavy lift launch vehicle with a capacity to LEO of 95 mt. It was shown that a single launch of this vehicle could place a larger version of the Block 0 design to the Earth-Moon L1,2 location.  Crew, supplies, and transfer vehicles would follow in subsequent launches. A combination of LOX/methane propulsion stage and a solar-electric propulsion system using xenon propellants was used. An outline of that design is in Section 2, which we refer to as “Block 1.”  

Since that study was concluded, advances have been made in solar-electric propulsion that would reduce the mass requirements of the design.  In addition, the design of an LOX/LH2 Earth departure stage for lunar missions under study for a JSC Shuttle-derived heavy-lift Launch Vehicle (HLV) has made it possible to reduce the total system launch mass to 80 mt. 

Technology Investments and Mission Costs
The DPT/NEXT Block 0 concept identified key technology priorities, recommendations for subsequent work, and carried out a preliminary PRICE H cost estimate (Section 1). Examples of technology development include improved radiation protection systems, EVA suit designs, electric propulsion, power systems and storage, and cryogenic systems.

 A priority goal for “gateway” designs was that they would impose only a modest development cost increase on the existing human spaceflight program while at the same time offering a major broadening of the value of human exploration. The PRICE H cost analysis for the Block 0 concept is presented on Page 49, Section 1. This estimate must be reviewed and independently carried out for the improved designs proposed for forward work. However, given the uncertainties in the early designs, these preliminary results suggest a total cost for a “gateway” to be in the range of 5% of the current Constellation architecture costs for returning humans to the lunar surface.

Proposed Forward Work
Work to date on “gateway” designs suggests that a highly capable, broadly useful, post-ISS human-occupied facility can be affordably built and operated, although further design work is necessary.

Examples of recommended forward work included (1) critical review of design work to date and refinement of existing engineering designs, including independent cost estimates; (2) development of a technology investment strategy; and (3) development of a concept of operations within the context of the current science and human spaceflight architectures. As to this last point, as conceived by DPT, NEXT, and FISO, the “gateway” concepts were in all cases designed to take advantage of the core architecture for human spaceflight: departure stages, already-planned launch vehicles, and experience with ISS construction and operations. This would moderate costs for new development.  

Summary Contents
Section 1

Block 0 Earth-Moon Libration Point “Gateway”: Final Briefing (2003)
Overview of design work on a “gateway” design launched by a Delta IV-H vehicle, with solar-electric propulsion module launched separately and docked in LEO. Review includes preliminary cost and technology investment priorities.

Section 2

Preliminary Block 1 “Gateway” Design Presentation (2005)
Overview presentation of  a “gateway” launched by a single heavy lift vehicle.

Section 3

Libration Point Lunar Lander Design Report (2000)
Design of a lander for operations to the lunar surface from a libration point. 

Section 4

Site Selection and Deployment Scenarios for Satellite Servicing at a Libration Point (2001)
Review of major issues related to satellite repair and upgrade at a libration point job site. 

Section 5

Analysis of an Architecture for Exploration in the Earth-Moon System (2000)
Overview of a lunar exploration architecture based on operations from the Earth-Moon L1 or L2 location.
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