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Goals
The primary goal of the Human Space Program, for the foreseeable future, should be to explore our solar system and to learn to live and work in deep space and on other celestial bodies in our solar system with a view to extending life on earth to other planets and eventually other solar systems. 
We rely on other Earthly life forms and therefore must take them with us on our celestial journey. We need to learn to live and work in space environments not protected by planets and moons and we need to learn to live and work on other celestial bodies. Sustained occupation of bases on the Moon and Mars and visits to other inner solar system celestial bodies should be way point objectives.
In terms of options put forward by the NASA HSF Committee, the US should choose a ‘Deep Space’ option to pursue these goals. Specific way points of the human space program should be informed by science goals determined from astronomical and robotic observations such as LCROSS.
Program to achieve goals
Weighting of NASA HSF committee’s evaluation criteria
See table on the last page of this submission which expands on the preliminary evaluation table assembled by HSF Committee member Ed Crawley. I was unable to accurately record the assessment by the full committee as the 12 August 2009 meeting progressed and thus have worked from Ed’s preliminary assessment. 
I have also added my own assessment of the criteria where it differs from Ed’s preliminary assessment. I have made a best guess at schedule and life-cycle cost based on listening to the 12 August discussion. 
I have added a weighting for safety. Safety, or possible loss of crew, is a far more significant criteria than any of the evaluation criteria assembled by the Committee. As the loss of two Space Shuttles showed, loss of crew calls into question the entire human spaceflight program and, as a minimum, delays it for several years. 
The evaluation table shows that the Committee’s ‘Deep space’ options have largely similar value until a safety weighting is applied. A hydrocarbon crew booster, due to its much smaller and less complex first stage has the benefit of a lesser safety downgrade than either Ares V Light or Shuttle Development Vehicle for crew launch. Ares I is given a safety rating of zero based on NASA’s safety case for its development. 
A loss of skills due to a gap in US crew launch capacity weigh’s on Ares I’s safety rating as does, to a smaller extent, continuing Shuttle flights to keep up industry skills. See additional discussion below of the moral dimension of safety criteria.
Treating ISS as a sunk cost rather than as an investment with continuing value is not appropriate. Options that splash down the ISS in 2016 or 2020 should receive negative cost ratings. Based on historical life of US robotic spacecraft and the maintainability of ISS, it has a useful life expectancy of another 20 years (2030) or longer. We cannot rule out that it will still be in orbit in 2040 or 2050 with heavy maintenance. See further analysis of this issue below. 
Assessment of human Space-flight program options
As Committee chairman Norm Augustine said, it is for others to weigh the evaluation criteria and perhaps choose a mix of the options put forward by the Committee. While the Committee is still receiving data to inform its assessment of how well its options fit the criteria, we know enough to make preliminary recommendation of the best option for achieving the primary goals and sub-goals (as reflected in evaluation criteria) of the human space-flight program.
Reviewing the evaluation table and noting the Committee 12 August 2009 discussion it is clear that:
1: The Program of Record (POR) with FY10 budget is not a viable option. 
2: Realistically, a Program unconstrained by budget does not have adequate public and, therefore, Congressional support. 
3: A dash to Mars cannot be done at present.
4: A dash to the Moon cannot be done within even ‘plus up’ budget constraints.
5: An ISS focused program at FY10 budget levels has a great chance of ceding US leadership in human space exploration and possibly in some defence related technologies.
6: ‘Deep Space’ options have best value and show a similar value before a safety weighting is applied and thus a ‘Deep space’ option should be chosen. 
Recommended Human Spaceflight option to achieve ‘Deep Space‘ and more earthly goals
As suggested above, a ‘Deep Space’ option should be chosen. The crude variations of the ‘Deep Space’ options presented by the HSF Committee need further consideration. Norm Augustine said as much at the press conference after the 12 August meeting of the Committee when he said Ares I was still on the table and policy makers could choose a different combination of projects for a Human Space Program than those that go to make up the three ‘Deep Space’ options considered – the Committee’s three month evaluation period was inadequate for a finer assessment of the options.
Much comment was heard by the committee on the damage of ‘chopping and changing’ programs. This particularly applies if major equipment is cancelled or there are major workforce changes. Eighty percent of the NASA budget goes to commercial contractors – change in commercial models will need great care to ensure better outcomes than currently achieved. Changing the point of delivery of goods to Government from a launch facility to LEO will work well for many products, but we need to be extremely careful with crew. If is difficult to achieve ‘apples with apples’ safety criteria due to different modes of failure, and different stages of development. Meeting safety standards is one thing, large differences in safety probabilities for spacecraft that meet safety criteria present moral issues.
One of the key safety features of Ares I, its solid fuel first stage, based on the highly reliable Shuttle boosters, is due for a full scale ground test on 28 August 2009 and a flight test of its systems with the Ares I-X test on October 31. [The worst case failure mode of SRBs is case breach with uncontrolled burning rather than the explosions that can result from liquid and gaseous fuels tank breech]. The J-2X upper stage is well down its development path, as is Orion which, when combined with Ares I, still has a 20% mass margin reserve.
ISS is a proving ground for the US and its international partners. Without ISS it will be hard to engage and even trust international partners in human space exploration beyond LEO. By 2020, the cost of servicing ISS will have fallen significantly with commercial service flights available. A seven year commercial service opportunity before splashdown of ISS in 2020 is hardly a significant period for attracting new operators into the launch industry. While it is well outside budget forecast periods, commercial operators should be given an expectation, subject to successful science and continuing serviceability, that the ISS will be in orbit to at least 2030.
A heavy launch vehicle that is a cross between Ares V light and SDC is possible. We can have the 5 segment SRB from Ares I matched to an 8 metre Core from the SDV. It can be powered by 4 RS-68As from the Delta IV Heavy development program. If a fuel depot technology is to be developed the external tank from the Shuttle is the right size and shape to put on top of an 8 metre diameter Core partially fuelled and powered by a J-2X. Spacecraft generally have a low mass density compared to fuel. Ten and twelve metre diameter payload shrouds on an eight metre Core will permit much larger astronomical instruments to launched into space. 
The HSF Committee advises sufficient technology for manned space flights to the Moon and Mars does not yet exist and therefore there is no present need for super-heavy (150 tonne to 200 tonne) class launch vehicles.
If ISS is to stay and Ares I, Ares V light (8 metre Core) and fuel depots are part of the future, flying the Shuttle every six to nine months to service the ISS and transport crews is an effective way to maintain workforce skills while the new launch vehicles are developed. Commercial cargo contracts can still be offered. A government owned company can be established to commercialise Government IP in Ares I. It does not make sense to undertake a number of R & D projects for essentially similar crew launch vehicles.
The technology program needs to advance on many fronts. For example, this week an inflatable aeroshell was tested from Wallops Island – a technology expected to enhance delivery of crewed and robotic vehicles to the surface of Mars. Another example of needed technology development is a less complex and cheaper first stage for a super-heavy launch vehicle (a prudent development for Mars missions due to the difficulties of launching many smaller missions in a given time frame from US East Coast launch sites).
The $3Billion ‘plus up’ budget addition suggested by the HSF Committee is barely an asterisk in the overall Federal budget. For a program that is a prime motivator to engage the population, especially students, in the study of science and technologies and thus provide a workforce to maintain American leadership in many fields of endeavour such as science, defence and electronic business systems, an extra $3 billion is a small sum. If an extra $3 Billion per annum is not adequate for the suggested program, the program should not be compromised for the sake of an extra $1 billion or so per annum (The financial rescue of GM cost two thirds the total forecast cost of the Constellation program).
HSFC's poor accounting for ISS in its costs models
The HSF committee cost accounting has written the ISS value down to zero. The international partners don't won't to maintain ISS without US involvement - a justification for the 100% write-down. However, if it was put up for an auction in which the Chinese could bid, $30B or even $50B bids could arrive from the Chinese and Japanese who are strategic competitors. The US will splash down ISS before letting the Chinese buy it. Thus, early splashdown options should be weighted with a cost of at least $30B. Early splash down options carry, as a minimum, a charge of $1.5Billion decommissioning costs which could be spent on technology development.
If beyond LEO was not being contemplated, the ISS would be seen as worth every bit of its $100B cost as the US got on with life and materials science R & D using the station. Beyond LEO programs that involve splashdown of ISS should have opportunity costs applied to them such as writing off investment in ISS. 
Assets should be depreciated based on expected life, not nominal life (for ISS - presently five years past its completion date). Based on Aerospace Corp's much loved historical performance factors, NASA spacecraft that pass in-space commissioning typically last 3 to 20 times their nominal mission - e.g., the Mars rovers. The relative ease of servicing the ISS and the large expected relative decline in LEO access costs post 2020 means a 40 year life for ISS is not unreasonable. The HSF Committee options accept a nominal life for ISS of 10 years which means a minimum depreciation of $10B per year from next year plus a small maintenance charge. An expected 40 year life means depreciation of about $2.5B per year plus a larger maintenance allowance. Servicing and maintenance costs are expected to decline rapidly from 2020 after the commercial crew and cargo companies have run-in their operations. 
ISS could well appreciate in value as commercial operators meet performance goals. 
Moral dimension of safety criteria
Unlike the other 11 evaluation criteria developed by the HSF Committee, safety has a moral dimension. We see it in the debate over soldiers and police equipment. The best safety equipment available is often supplied, sometimes by families, even though cheaper equipment that meets safety standards is supplied under contract. Ares I cancellation is thus as much a moral question as it is a financial question. 
NASA is doing its duty, explicit and implied, to the nation by developing the safest launch and re-entry vehicle with a reasonable, rather than lowest, cost. 
The perception of the safety of human spaceflight should be given a weighting equal to all the other evaluation criteria combined due to the impact of loss of crew on the program. 
The hard learned lessons of the two shuttle losses are difficult to express in safety standards. The nation needs Ares I, but the government does not have to own it once the R & D and commissioning phases are complete. There is no reason NASA can't create a for-profit company to operate Ares I and commercialise the government owned technologies developed by NASA. After a four or five year period of operation to understand the investment risk, the Government should sell the company.
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	*** Safety weighting – Safety has in effect been given a weighting equal to all other criteria combined as the Human Spaceflight Program comes to a halt every time a crew or crew member is lost – The STS program being a prime example. Ares I architecture is being pursued by NASA as analysis showed it to be twice as ‘safe’ as other possible architectures. 
- Ares V light and SDV have been given a -10 safety rating for the size, complexity and explosive capacity of its first stage. 
- Commercial HC booster given a -5 rating for being new technology and the explosive capacity of its first stage. 
- Ares I was given 0 rating as POR            Ares 1 POR FY10 constrained given a -5 for loss of critical skills creating higher risk.                Ares I scenarios 11 and 11$ were rated -5 and -3 respectively for flying STS to maintain workforce and critical skills



