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Changing NASA
Edgar Zapata
National Aeronautics and Space Administration, Kennedy Space Center

After the loss of the Space Shuttle Columbia in February 2003 a new direction emerged for NASA in January 0f 2004 called the Vision for Space Exploration. Almost 2 years later, in November of 2005, NASA released the much heralded Exploration Systems Architecture Study or “ESAS” report. This report presented a case for the new space transportation architecture among many options studied. This new architecture would include capsule-type spacecraft for crew, the Orion, atop a crew carrying launcher, the Ares I, along with a larger cargo-only vehicle, the Ares V.
Today, much may change, but definitely much has been learned. The Vision for Space Exploration set forth some specific goals, in a sense constraints, such as a completion date for the construction of the International Space Station, a retirement date for the United States current crew and cargo space transportation system, the Space Shuttle, a date by which to return to the Moon, and so on. If the combination of these goals and the chosen space transportation architecture were the details for the implementation of a Vision, it is necessary to ask – what may drive yet another change of course for NASA, and why?
“Implement a sustained and affordable human and robotic program to explore the solar system and beyond” —A Renewed Spirit of Discovery, White House Policy Announcement, January 2004
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	The proposed Orion Ares I crew vehicle
	The proposed Ares V cargo vehicle


1. Questions, questions…
It is proposed here that if a change in direction occurs in NASA, as regards the development of a replacement for the Space Shuttle, or plans to return to the Moon, that the question of why this change occurred will be looked back upon as driven by budgets, or that is lack of budget. It is also proposed here that such an answer as it was for lack of budget will prove simplistic at best over time (as would saying it was for lack of commitment, etc, a variation on a theme). More likely, and worse, laying blame squarely on any budget situation would close the door to the opportunity to learn and redirect the agency towards a future that avoids this senseless volatility seen to date.
NASA has had a host of new space transportation programs in recent years. The figure below is testament to just a portion of the abundant studies, full fledged “programs” and false starts since just the mid 1990s. In all the cases the failure to carry any one concept forward would cite affordability as a principal failing, among other reasons technical, non-technical, or indirectly related, such as immature technology, as a reason why the effort never went further. It would seem after as many failed attempts as this that the latest program, to develop two Shuttle derived launch vehicles, would have been undertaken by an organization traumatically scarred as well as informed by this one factor – affordability. Additionally, it would seem that safety, after the loss of two Shuttle crews, would also have been an obsessive fixation of any new initiative. Again, why then a possible redirect for the current Constellation program?
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2. Understanding the question (forget the answer for now)
What does sustainable mean? In the quote from the White House policy announcement of January 2004 the words were “Implement a sustained and affordable human and robotic program to explore the solar system and beyond.” Notice that robotic presence occurs in tandem with human presence. Rather than define “sustained” out of a dictionary or by endlessly dissecting White House or NASA statements it’s possible to ask what characteristics a “sustained” NASA exploration capability would NOT have.
· Sustained: It would NOT be necessary to abandon one system, for lack of budget, if that were the ONLY critical system, in order to develop a future replacement. The only exception would be this one-time basis going forward with Shuttle, after which the agency would have placed itself in a posture to avoid such a situation ever again. Interpret “sustained” for now as simply meaning without disruption.
This singular characteristic of being “sustained”, if it is taken that this is an ability to flow from one capability to another improved or simply different capability, without large disruption, without exhausting future capacity, is crucial to understanding a path forward. The word “affordable” also begs attention. Affordable to whom? If you are a scientist in the NASA world of aeronautics or robotic space probes, then affordable space transportation may mean leaving as much budget for that scientist as was there, more or less, before such a space transport initiative. The same applies to the NASA aspects of research and development (R&D), or to our existing human presence in space, the International Space Station. Yet affordability can be influenced by factors external to the distribution of portions of the NASA budget as well. If a particular part of NASA, or an outside customer, can take advantage of a readily available commercial product where before there was none, then overall affordability of space products may actually be argued to have increased even as that portion of the NASA budget declines internally. 
· Affordable: A relative term. Again, rather than endlessly dissect what affordability means, suffice it to say that the affordability of a new space transportation system, or any part of NASA, may be measured by the extent to which that item exists in balance in the budget eco-system. Such a balanced portfolio would thus be sustainable – across decades.
3. Put it in Perspective
With this perspective of “sustained” (lacking disruption), “affordable” (being relative) and “sustainable” – where all the NASA capabilities in the future, not just space transportation, do not create situations requiring disruption, it’s possible to identify the ingredients of a future direction for NASA. Each capability would be in balance, but sufficient outside forces would be introduced over time to avoid a continuous zero-sum budget game (which is ultimately un-sustainable).
Based on past experience, it is proposed here that unproductive volatility in the agency occurs when the budget has lost portfolio balance. It is unsustainable to dedicate resources singly to one aspect, such as space transportation, when the other aspects of NASA – R&D, science, aeronautics, development, and our human space presence, all contribute together to overall NASA sustainability. This runs counter to intuition as many a proposal for change at NASA will first and foremost ask for more money, more resources in line with expectations. It is proposed here that this is secondary (and may be counter productive, a distraction to understanding).
Consider the current situation in the graph below. Note that in any year to date, and for some time into the future, NASA has always had some “development” capability. What is today a focused Constellation development is what was the past the prior more diffuse abundance of studies, programs and initiatives. Call it the “Applied Development” arm of the corporation. There is any year too a Science and an Aeronautics department. Our robotic probes, our payloads that encourage a market for launch vehicles, reside there. A space transport cost (as with any company there are transportation costs) also exists, today as Shuttle, then a gap in this scenario, with some Russian out-sourcing, followed by a re-appearing of a space transportation cost, Constellation. There is or would always be a presence in space as well, today the crew on the International Space Station, tomorrow that crew on an outpost on the Moon. Lastly there is a continuous R&D department.
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Unfortunately such a picture as the graph presents (this is actual budget data) does not pass the test of being “sustained” and “affordable” and thus “sustainable”. Why? It all seems to “add up” does it not?

First, a review of the budget would show that in this plan the International Space Station must be abandoned by the crew in 2016 or thereabouts so as to liberate funds principally for the development of a future outpost on the Moon as well as for the development of the new large cargo launch vehicle, the Ares V. Herein lies a disruption inconsistent with “sustained”. Our human presence in space ceases in 2016 and many years later returns on a sporadic basis, perhaps becoming continuous again in the mid 2020s. This is a decadal length disruption. Second, the eventual “operation” of the new space transportation system (shown as both “ISS Ops” and “Lunar Ops”) also leaves unsaid that the development department for future space transportation systems seems to have disappeared entirely. This “development” capability (in the graph as “IOC” and then “HLR”) is, erroneously, said to move into the “development” of the new outpost on the Moon (Surface Systems etc), but left unsaid is that the amount shown for such an outpost is by the mid 2020s strictly operational, day-to-day, just as with the International Space Station component shown today, and thus unavailable by then as a development department resource. Additionally, R&D in the graph has become an “applied research” arm of only the chosen future space transportation system architecture. R&D as a core capability focused on future capabilities independent of current architectures is ceasing to exist. All these transitions violate the basic notion of “sustained” capability, presence or thrusts as again capabilities that should be continuous departments in the enterprise are being eliminated in order to fund the item that arrives and consumes it’s previously assigned resources and then some.
4. Changing NASA, the ingredients of balance

While it is impossible to predict change, there are ingredients of experience from past failed NASA initiatives that together hint at the recipe defining the change necessary for NASA. More budget, resources to match expectations, etc are NOT, as proposed here, part of the answer. Rather, the question is what must first be understood. All versions of past NASA space transport initiatives have failed as they simply magnified the lack of balance at the NASA portfolio level, for lack of understanding of what the future must set aside for, what is continuous, leading to sustained.
Again, the “portfolio” of NASA stocks combined for any future must balance and complement each other, rather than compete, consume and attack the broader body-politic (or body-technical) from within. The ingredients combined must also encourage ala “stone soup” the creation and contribution of new outside ingredients that broaden the overall global space enterprise, human access to space for example, beyond direct NASA involvement.

With this in mind – these are the 5 main ingredients going forward:

1. R&D: A continuous space transportation R&D level must be set and preserved at NASA that has the critical mass to support generic, architecture independent, low technology readiness level work driven by long term NASA goals for infusing technology internally and externally (private sector) so as to open access to space (10+ years and beyond). Some smaller portion of the R&D would be informed by nearer term “chosen architecture” specific needs (5 to 10 years). A split on some order, 75/25, whereby 75% of such R&D is architecture independent (hypersonic systems, reusable launch vehicles, operable propulsion, robust materials, thermal management, in-situ resource utilization) is inevitable and desirable in its lop-sidedness. Why? First, no development of a new system should ever be waiting on any large number of immature technologies in any case. Second, generic R&D must be preserved consistent with “sustained” given the important investment nature of a healthy “seed corn” department.
2. Human Presence: The International Space Station must be planned to be budgeted to at least 2020, consistent with NASA Authorization language from Congress. It does no good to portfolio balance to carry a budget away from one item, the Station operations in 2016 and beyond, into another, Constellation development, simply because it’s far away or it’s “an issue in discussion”. This ingredient, the Station operations to 2020, is fundamental to the next ingredient, as it sets a foundation of realism for what is to come.
3. Space Development: Human presence in space must be a continuous portfolio item. No gap should be allowed in the human presence in space as that would inevitably be an indication, in reverse, that an unsustainable balance was once again ripe for disruption leading to failed initiatives. Therefore, the development capability in NASA should be subtracted and clearly shown in any forward agency planning including it’s morphing from space transport development for low-Earth-orbit, to space transport development for beyond Earth-orbit, to any outpost development, to any far off destination development (such as Mars). In the graph above this simply means – straight-line a development resource. Show it going out. Show it remaining. Even if the mission is unknown, set the wavy line that says “here there be development – always, of the next big thing”. This line item would also serve the need of any upgrades to either space transport systems or outposts. These upgrades would be as much focused on affordability as safety, reliability and maturation of systems usable by space enterprises inside or outside of NASA. Commercial enterprises should come to see this development function as a source of technology that is more reliable, more productive of flights, safer and more operable, as well as enhancing performance.
4. Space Transportation: The Shuttle today, thought of as the transportation costs to the agency, a means to an end, not an end in itself, is 21% of the NASA top-line. By 2020, referring to the graph above, this component, by then Orion Ares I and Ares V, would minimally be (planned) 34% of the NASA top-line, a 62% increase. Again, this is minimally, as the planned costs for Constellation operations and production have wide room for uncertainty, all of which is uncertainty as to the degree recurring costs will be greater than planned as shown in the graph above. Balancing this ingredient in the NASA portfolio begins by realizing this is unsustainable. It is a result allowed to occur by reducing R&D’s critical mass, not planning for sustaining any development capabilities long term, and reducing the payloads in science that also explore as well as encourage launch vehicle markets. Any future space transportation operational cost (“aka “recurring”, includes any ongoing production) must be capped at levels close to today’s 21%, barring an injection of funds that adds to this area momentarily without subtracting from others. From the above graph it can be observed that a single architecture of two Shuttle derived systems essentially duplicates Shuttle operations and production costs. Compare Shuttle (red) to ISS Ops (the Orion Ares I) and Lunar Ops (the Ares V) recurring costs. This is unsustainable. An architecture (which may be more than one vehicle) must be derived consistent with a knowledge of this cap – space transport at 21% of the NASA top-line.
5. Science & Aeronautics: Lastly, a balanced recipe needs an ingredient of stability for science and aeronautics. Through the creation of payloads, NASA, in the same vein as early first class mail encouraged airplane and airline developments, also encourages launch vehicle development. This is critical to long term sustainability. Additionally, costs spent to explore space are best spent on exploring, not on transporting. So by definition pressure should always, as in any business in the private sector, reduce transport costs or overhead costs, while growing product out the door. Eventually some ingredient of an integrated aeronautics and space transport development will have to inevitably emerge, al the more reason to maintain healthy R&D levels independent of chosen near term architectures.
The graph above would appear as a VERY different recipe with these ingredients apportioned as previously suggested. It MIGHT appear as below, one of many specific variations on the theme of balance. Left unaddressed here in the prior listing are overhead costs, identified as “Cross Agency Support” in the graph above. This is the vast assortment of functions such as finance, procurement, human resources, information technology, security, communications, and endless infrastructure recurring costs. It is an area ripe for broad cost cutting initiatives (simply “mandated” for one) that force the function to take advantage of industry advances as it is also the function most removed from the uniqueness of demanding space and aeronautics requirements.
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5. In closing
The last graph above is not a pleasant one. It does not resolve all issues, such as the jump in 2019 and 2020 due to the Space Station operational expenses running in parallel with the necessary ramping up of development of a lunar outpost, so as to maintain a continuous presence in space. At the yearly totals shown through 2020 NASA does not get the few percent increase currently planned per year through 2020, rather some years run slightly negative just a percent or so. The gap in human spaceflight is un-addressed, as are related supplier and industrial base concerns. Inflation is a reality, a persistent monster whittling away true purchase power and thus capability. Yet at the least the list of tactical issues has been reduced while strategic issues have been addressed. The ingredients mentioned in this picture, if achievable, create sustained exploration, without disruption, sustained human presence, without interruption, healthy investment levels in R&D, and the recognition of development as a necessary ongoing function of the NASA space enterprise. The overall budget is likely consistent with pressures that will inevitably arise at the federal level as budgets for non-discretionary programs such as Medicare, or other energy or debt issues overwhelm (momentarily, a decade at most one might hope) all discretionary spending.
The two key factors that will determine the feasibility of this recipe having “the right stuff”, an attractive flavor, lie in (1) recognizing and achieving a space transportation cap, inclusive of operations and production, at a level of purchase power similar to today, a few billion dollars per year and (2) recognizing, accounting for and morphing across time a continuous development function for the space enterprise. This function may morph from space transport, to space outpost, to upgrades for operational systems, to new systems, but it must be able to function at levels close to as shown so as to maintain portfolio balance. These are the 2 key ingredients that offhand present the most difficulty, all else being as critical, but less likely to be as challenging to achieve and add to the mix.
We would all like to blame budgets, national resolve; the list goes on, for NASA’s past (and future?) redirects and false starts. It is proposed here, rather than seeking more resources, or citing lack of leadership, that (1) the questions of the day must really be understood further and (2) a perspective must be rediscovered at the NASA level, even the aerospace-industry and supply base level, across time, seeking to balance the distribution of items in the NASA portfolio in decadal perspectives. An open space frontier will be furthered by the productive use of available resources rather than endless effort at creating unsustainable and eventually volatile, unproductive, portfolio mixes predicated on growth budgets, at least for the foreseeable future.
6. Further Information
http://science.ksc.nasa.gov/shuttle/nexgen/rlvhp.htm
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