August 3, 2009

To the committee,

As of this writing your committee has been exposed to a huge assortment of options for the future of human space flight. All these options live within a backdrop of different scenarios and considerations. I appreciate this opportunity to write the committee and would like to step with you into another view point. My view is shaped by working as a Shuttle engineer at the Kennedy Space Center during the first decade of my career, then working another decade and more on the question “what comes after the Shuttle” and “what have we learned”?
I have to begin by taking point with something that has been observed often for the committee, and even by some committee members. It has been said by many, our former administrator included, that the committee exists solely because of a poor budgetary outlook for the decade, one dramatically less generous in funding than when the Vision for Exploration was announced in 2004. I would say quite the contrary -- that all that the budgetary situation has caused is a change in timing, having to address difficult questions now rather than later. I believe the budget situation has merely forced the consideration of a question that was inevitable, the lack of appreciation of which alone would cause any NASA human space flight initiative to go astray.

Will NASA’s strategy to lead the way to a space-faring civilization be – and I assume a space-faring civilization is the goal –
(A) Creating a powerful space transportation system, as envisioned by the Constellation program, awaiting other initiatives, and the necessary funds, for any flotilla, habitats, off-world infrastructure, or future investments?
Or

(B) Investing in systems and demonstrating a reduced cost of access to space for NASA and others, while also improving on safety, flight rate, and going beyond Earth orbit?

In a world of open-ended budgets both strategies might live side by side. Strategy B would contain within it Strategy A. Lacking concerns about money, the Constellation architecture would be the tactical emphasis along side long term strategic investments. These investments would make access to space more affordable on a recurring basis, as well as safer, more capable as regards distance from Earth, and more productive, as regards flight rate. An alternate reading of the directions to take would say that Strategy B is actually more ambitious than Strategy A, with more content, as it contains the beyond Earth orbit capability of Strategy A plus improvements in how we get there.
The world of open ended budgets is not the world we live in. As well, a tempting thought might be to consider that this budget crisis too will pass, to place all energy onto the Constellation transportation architecture. Such a strategy would believe that budgets to take advantage of such transportation capabilities are a future worry that should not hold us back now.  Yet such a strategy never recognizes a need – the recurring cost of human space flight must be made sustainable if exploration is ever to be more than the one-off, the isolated event. The Apollo system could not be sustained for this very reason. High recurring costs would have been incurred year after year to use it for transportation, as well as the money for the systems of exploration that would have gone as payload, with any investments to reduce the cost of access to space above and beyond that. All three of these items did not fit then, and so NASA chose a new direction, a semi-reusable space-plane that became today’s Space Shuttle.

We are at this question again of how best to lead the way to a space faring civilization, right now, in the options this committee will consider and which will be favored.
This question of direction for NASA has surfaced often in the past. In the years leading to the Columbia tragedy NASA formed many a study and project looking to decide what would come after the Shuttle, and how to move beyond low Earth orbit. Costs in general were often a catch-phrase under-pinning or justifying some X-project or architecture study. Safety was always the figure of merit. And recurring yearly costs, not just up-front costs, inevitably arose in setting goals for candidate architectures.
In all those years before Columbia it was envisioned that to move away from the Shuttle one had to create a sustainable system. The word sustainable can mean many things to many people. It has even been used as describing a system that can engender support, meaning receiving funding, for decades, through many presidential administrations, congresses, and across party lines. This is sustainability as “something that rallies diverse interests for many, many years”. By that definition the Shuttle has proven very sustainable. Nonetheless, I will use the word here in it’s simpler and more traditional sense. A human space flight enterprise will be sustainable when its elements are in balance – like a forest where the trees are harvested at a rate no greater than the rate at which they grow. Transportation is one element of human space flight, not its entirety. In most businesses transportation is something to keep at no more than some percent of total costs, or no higher than some metric per measure of productivity. Constellation has forgotten this. Sustainability is about balance among elements in a system, such as production and operations for transportation in balance with investments and future products.
Now no system can be sustainable forever. Yet for short periods of time, even decades, or as with nations, centuries, sustainable systems are possible. In considering this single quality, sustainability, you enter upon the question “why do we want sustainable systems?” I believe it’s because we wish to persist where we go in the solar system, extending humanity outward. We wish to stay -- out there. Alternately what we create are one-time episodes and exploration becomes a one-time event to here or there, an event which cannot be sustained. Such exploration strategies collapse under the weight of having used up all the trees so to speak, and left none for the future.
NASA today is suffering the consequences of not having set aside ample seed corn for future harvests in decades past. Research and development for space systems must be focused on lowering the cost of access to space, increasing safety, and lowering the cost of the operations and living in-space. Effectiveness, a higher flight rate and more cargo and people per year to space, not just per flight, are the flip-side of the efficiency equation. It is precisely because most work in the past has not had this focus that we find ourselves in the dilemma we face today.

Budgets will always be un-predictable. There will be good years and bad years, and even good and bad decades. This is just part of the external environment against which to pose broad goals that persist and can be furthered faster or slower as times are more or less abundant. It is entirely plausible that even the reduced budgets in today’s outlook may in fact be seen as optimistic once again, in the not too distant future.
I will propose that now is the opportunity to rediscover that single goal we seem to have lost sight of along the way these last few years.  That goal is sustainability, because lacking that the US will never lead the way toward a space-faring capability that endures.
The Constellation architecture is a superb example of focusing on performance, developing and optimizing two vehicles, and building the very largest possible heavy lifter based on Shuttle infrastructure, the Ares V. To be sustainable requires much more. The recurring production and operations cost of such a system must leave room in the human space flight portfolio for the work of lowering the cost of access to space, through both low technology readiness level R&D as well as higher technology readiness level product development. In other words, an affordable space transportation system leaves ample funds in human space flight, under an assortment of scenarios, much as margin or robustness in planning would dictate, for these other investments. Together, an affordable transportation system, on a yearly recurring basis, combined with investments in reducing the recurring cost of access to space, improving safety, and developing beyond Earth orbit capability, creates the sustainable human space flight enterprise.
The next system will be based on many technologies and practices available today. Be it Shuttle derived, or not, it is not in the Shuttle replacement system that the secret lies to expanding human space flight. The Shuttle’s replacement is strategic only to the degree it leaves ample funds in human space flight many years hence with which to invest on the long term. Everything else about the replacement system will be a tactical consideration. It is the degree to which the next system leaves funds for other developments that will be strategic. The next step is limited to what we can do with what is at hand. It’s that money left over as the Shuttle replacement system is developed and especially once operational, that will decide the future. 
If there is no money, because we have developed a system the recurring production and operation of which consumes human space flight budgets, then a true space-faring future will be delayed by decades. So the most important thing the next system can do is to be developed soon, and especially, that once running it leaves ample funds by design for what comes after. Planning should not assume generous budgets this decade, nor should it use any expectation of poor budgets as an excuse not to invest in what lies beyond the immediate concerns of the Shuttle’s replacement.
It’s what NASA does investing the funds that are not taken by recurring operations and production of a transport that will determine the future. It is this investment that is strategic and must be preserved. That system will further NASA and US leadership in space that has some beyond Earth orbit capability, improves crew safety substantially, and leaves ample funds in human space flight for R&D, and for the transportation system investments to be developed after this next step. Yes, “some” beyond Earth orbit capability, not necessarily as great as an Ares V, but some, in keeping with what is strategic – a sustainable human space flight enterprise. The investment arm of human space flight could be oriented towards competitions to satisfy NASA needs, and furthering commercial advances that would serve multiple potential customers, not just NASA –that is, real commercialization.
The size of what is left over in human space flight monies after the Shuttle replacement system is operational is critical. The next system cannot pretend that such investment will occur with future money not likely to arrive, or at some time so far beyond the horizon as to be a forgotten purpose by the time we get there. Having the Constellation architecture up and running even in the early 2020’s, at a recurring cost that is too great to afford investing in anything else, would be a tactical success and a strategic failure. Yet that is the path the Constellation architecture is on. Current estimates place the Constellation architecture, once operational, at over 2.5 times the current yearly cost of the Space Shuttle operations and production. At this level of recurring costs all that schedule delay affords as a tactic is putting off the day when it’s clear to everyone that Constellation has become human space flight, and nothing else is left for the future.
It’s often said NASA is in a zero sum game, having a budget the value of which bears little relation to all its content, meaning that when something new is wanted something else must be deleted. The adage fitting 5 pounds of program in a 1 pound bag has been said often to the committee. It will never cease to be a tactic to try justifying more money for NASA. But hope is not a plan. Investments will be possible to reduce the cost of access to space, to improve crew safety, to make it more affordable to operate and live in space, only if the Shuttle replacement transport does not become all of human space flight. Commercial entities that can run with new technological developments, and add new practices to the means of operation and manufacturing are one way to break out of this zero sum predicament. Competition among newcomers to human space flight cannot be funded, surfacing innovations we can’t imagine today, if large fixed costs alone for Constellation, all the way to an Altair lander, have left human space flight bankrupt. Breaking out of the zero sum trap will not happen if there are no investment dollars remaining in human space flight because NASA has developed a beyond Earth orbit system that consumed R&D, as well as any larger integrated systems advances.
We are living the result of having very little investment in sustainable human space flight systems. We are about to retire a system that tried to address sustainability, by being more reusable. In a sense the International Space Station and now Constellation can exist side by side with a LEO reusable orbiter system because not all the funds in Human Space Flight are consumed by the Shuttle. The same trait should inform the choice of any future system after Shuttle, a second generation, and a third.
I believe this is a special moment for NASA and that this apparent crisis has actually forced NASA to think through a question that had always been ignored - “why is NASA worth saving”? NASA will either be crucial to creating a space-faring civilization, or it will allow its short term instincts to create un-sustainable systems such as Constellation that would delay becoming a space-faring civilization. The direction we take from here forward, if driven by a long term view, to create a Shuttle replacement driven by our desire to leave ample funds for investments in reducing the cost of safe, capable, access to space and beyond, will show why NASA is worth saving. 
There is a next step, and what comes after. Whatever comes next in space transportation can not consume human space flight, allowing for realistic budget expectations, and allowing for margin above that. It’s time this thought that “now” is linked to “tomorrow” became more than just a hope, more than just some lines in a concept of operations or a program plan.
So I would say this to the Commission: Choose those futures where half the report is about what options might reasonably replace the Shuttle, and the other half about what we might do investing the funds left over once flying anew. Investing in creating, enabling and encouraging systems inside and outside NASA that are sustainable, leading to a space-faring future, must be the focus we have re-discovered –here to stay.
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