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Introduction 

One aspect of anticipatory planning is assessing the importance and potential operational value 

of (or threat materializing from) alternative “futures” based on technologies either not currently 

being utilized or being considerably underutilized. In planning future U.S. space forces and space 

power, one such alternative of potentially major importance may be labeled as a “proto-Star 

Trek” future. In stark contrast to the projected future path of most U.S. space operations, 

including military space forces, this alternative involves significant human operations in space 

built on the establishment of an integrated space logistics infrastructure. 

For the purpose of this paper, space logistics involves “Spacelift” and “Extended Space 

Operations.” Spacelift is currently defined by the Air Force as “the delivery of satellites, 

payloads and materiel to or through space” and “includes the capabilities of routine or on-

demand launch and on-orbit repositioning of space-based assets.”1 In this paper, the spacelift 

discussion focuses on routine access to and from Earth orbit and in-space mobility throughout 

the Earth-geostationary orbit (GEO)-Moon system. This spacelift capability includes crew-

operated systems, as shown in the illustration above, as well as the transport of passengers. 

Extended Space Operations is currently defined as the ability to increase the “orbit life of space 

assets” and provide “on-orbit servicing” where on-orbit servicing includes the “inspection, 

repair, replacement, and/or upgrade of spacecraft subsystem components and the replenishment 

of spacecraft consumables (fuels, fluids, cryogens, etc.).” 2 In this paper, extended space 

operations also includes orbiting logistics facilities that would enable and support routine human 

and robotic operations in space. 

Realization of these space logistics capabilities will bring about a fundamental advancement in 

U.S. spacefaring capabilities. Space operations will cease being extra-ordinary, risky, and 

infrequent with minimal human activity. Instead, they will become exciting, but safe, and 

increasingly frequent and affordable. Starting within the Earth-GEO-Moon system and then 

expanding throughout the central solar system, the space frontier will become “settled” through 

the rapid expansion of human activities as entrepreneurs, both in and outside of government, will 

hasten to exploit and create economic advantage through innovative uses of the newly-built 

space logistics infrastructure. The purpose of this paper is to describe how this important and 

highly attractive alternative “proto-Star Trek” future may be realized over the next 20 years by 



developing and operating near-term spacelift and extended space operations systems. The near-

term system concepts discussed include: 

- Medium-class reusable launch vehicle for routine passengers and cargo spacelift 

- Saturn V-class Shuttle-derived super-heavy spacelifter 

- Space-based, medium-class, reusable space logistics vehicle 

- Earth-orbiting space logistics base 

- Space-based space logistics transport  

The Importance of  

Infrastructure Investment 

Establishing new transportation and servicing support infrastructure has historically been proven 

to be a key step in opening new American frontiers and protecting national security. The 

dramatic expansion of the size of the U.S. in 1795 and 1803, through treaties with Great Britain 

and France securing the Northwest and Louisiana Territories, created a nation with far-reaching 

uncivilized frontiers stretching almost across the continent. However, geographical barriers of 

distance, rivers, mountains, and raw wilderness created logistics conditions which, if left 

unaddressed, would lead to the political, social, and economic segregation of the new territories 

from the eastern states. In Europe, such logistical barriers have traditionally defined national 

boundaries. 

George Washington, while touring the upper Ohio River Valley in 1784 just after stepping down 

from command of the Revolutionary army, recognized both the need and the opportunity for 

building new transportation systems to economically tie these lands to the established states. The 

principle problem was that the new territories existed in a different gravity well (called a 

watershed) than populated regions of the original 13 states. The rivers of the new territories—the 

primary means to move the agricultural, raw materials, and industrial products to market—all 

flowed to New Orleans, then under Spanish control, and not the eastern ports. Upon returning to 

Richmond, Virginia, Washington proposed building canals to link Virginia’s eastern and western 

rivers. In 1785, on receiving approval by the Virginia legislature, Washington became the first 

president of these companies. Other efforts to build roads across Virginia to the new territory 

followed.  Officials even established rewards for the invention of new water propulsion 

technologies to enable boats to travel upstream in order to overcome a major logistical hindrance 

for river-based commerce.3 

Washington’s efforts were just the beginning of nearly a century of massive logistics 

infrastructure building in the new territories. The American Midwest—then called the Western 

Territories—witnessed tremendous growth in population, agriculture, and industry during the 

first four decades of the 1800s as a result of building roads, canals, steamboat lines, and the first 

railroads. The American West—including the Louisiana Territory—saw similar growth in the 

last half of the 1800s, largely brought about by building four transcontinental railroads.4  

In considering the importance of building new logistics infrastructure to open the space frontier, 

several important lessons learned from America’s previous experience with opening new 

frontiers should be considered. First, American creativity, innovation, and entrepreneurship 



create significant economic growth and national value while building civilization in new 

frontiers. These can be “real” frontiers like the American Midwest and West, or virtual frontiers 

like the Internet and Global Positioning System.  

Second, building new logistics infrastructure creates the fertile ground for rapid economic 

growth in the new frontier while also providing industrial and transportation capabilities 

important to national security. During the Civil War it was largely the industrial, food 

production, and population advantages of the Midwest, created through the logistics 

infrastructure investments of the early 1800s, which gave Union forces the significant 

advantages in materiel, manpower, and mobility necessary for success.5  

Third, logistics technologies advance rapidly when coupled to the opening of new frontiers. The 

first demonstration of a steam-powered boat in the U.S. in 1807 on the Hudson River led directly 

to the first operational steamboat, the New Orleans, on the Mississippi River in 1812. It was 

approximately 140 feet long, designed for passenger and cargo carriage, built in Pittsburgh, and, 

after traveling down the Ohio River, was based in New Orleans. Its commercial operation 

demonstrated the first practical “reusable” river transportation on western waters by routinely 

transporting cargo and passengers upstream as well as downstream—a problem logistically 

similar to assured space access. This application of steam power revolutionized river transport. 

From August 1839, to July 1841, the Port of Pittsburgh saw 5,379 steamboat departures and 

arrivals—about seven per day.6  In the early 1850s, just prior to the arrival of the first railroads in 

Ohio, steamboats, on just the Ohio River, were annually carrying eight million tons of cargo and 

3 million passengers.7  While many of the early settlers walked or rode wagons to the newly 

opened territories, millions rode on steamboats and railroads—employing revolutionary 

transportation technologies that were “sci-fi” only a generation earlier. 

The final lesson-learned is that securing U.S. vital interests in a new frontier begins with building 

new logistics infrastructure. This requires focused efforts to develop the logistics knowledge, 

experience, and industrial capabilities—the mastery of operations—used to create economically 

useful, acceptably safe, and affordable logistics. Once the initial logistics capabilities are 

completed, this mastery enables rapid growth in civil, commercial, and governmental operations 

in the new frontier. This new mastery, along with the new logistics capabilities, significantly 

enhances national security by providing, often at no direct cost to the military, new lines of 

communication (e.g., the Panama Canal) and industrial capabilities (e.g., the iron industry near 

Pittsburgh that got its start with ship building in the early 19th century). There is every reason to 

believe that similar benefits to national security will arise from building the first integrated space 

logistics infrastructure and the associated achievement of a new mastery of space operations. 

Defining a “Near-Term” Concept 

This paper focuses on near-term spacelift and extended space operations concepts that fall within 

the definition of a “third-best” solution. Sir Robert Watson Watt, the British father of radar who 

led the development and installation of the British early warning radars in anticipation of 

German bomber attacks during World War II, defined the “Law of the Third Best.” Watson Watt 

argued that when responding to critical near-term needs that cannot be satisfied through available 

systems, the “best” solution never comes and the “second best” solution takes too much time. 



Instead, he argued, identify the “third best” solution—“the one that can be validated and 

deployed without unacceptable cost or delay.8   

 

Figure 1. Definition of Technology Readiness 

Level and associated types of research, 

development, and operations activity used 

within the aerospace industry. 

Within the aerospace industry, the third best solution is determined through the use of the 

Technology Readiness Level (TRL) assessment of the prominent or enabling technologies in a 

proposed solution.  Ranging from a minimum value of 1 for basic principles observed and 

reported to a maximum value of 9 for the actual system “flight proven through successful 

mission operations, see Fig. 1, it is generally accepted that when the enabling technologies reach 

a TRL of 6—system/subsystem model or prototype demonstration in a relevant environment 

(ground or space)—the technologies are sufficiently mature to support a decision to initiate 

system development. As the system advances through the design and production phases and 

begins operation, the enabling technologies advance in maturity through TRL 7 (system 

prototype demonstration in a space environment) and TRL 8 (actual system completed and 

“flight qualified” through test and demonstration) to TRL 9.  

To select specific system configurations for development, the systems engineering team will 

usually emphasize solutions that minimize technology immaturity, as reflected by lower TRL 

values in the range of 6-8. The systems engineering function balances the added technical risk 

and time required to employ a TRL 6-8 enabling technology against the need for improved 

capabilities that cannot be achieved through the use of existing TRL 9 production technologies. 

Hence, a near-term concept is one that uses TRL 6-9 technologies effectively to enable the 

desired new capability to be developed and deployed without unacceptable cost or delay. 

Identifying Near-Term Spacelift 

Concepts Today’s Capabilities  

As most people are aware, the U.S. currently has two classes of spacelift systems. The NASA 

Space Shuttle provides the ability to transport both materiel and personnel to and from low Earth 

orbit (LEO) while expendable launch vehicles (ELV) only transport materiel to orbit. The Space 

Shuttle is now dedicated to providing logistics support for the International Space Station (ISS). 

It is expected to fly, once it returns to flight status, three to five times per year, until the ISS 

assembly is completed in 2010-2012, at which time it would be retired.9  Commercial ELVs are 

used by the U.S. government, including the military, to deploy new and replacement satellites 

and launch research and development payloads. Between 10 and 30 ELV missions with 

government payloads are flown each year. These ELVs would continue “for the foreseeable 

future” to be used to meet the U.S. government’s unmanned launch needs.10 



Previous Air Force reusable spacelift interests 

Many are not aware that the Air Force’s initial interest in reusable spacelift systems started in the 

1950s, coincident with the development and production of the venerable B-52 and KC-135 

aircraft. The first reusable spacelift program was called Dyna-Soar, short for dynamic soaring; 

later called the X-20. This was to be a 15,000 pound, reusable, piloted spaceplane launched on 

the Titan IIIC medium-class ELV. Primarily focused on the orbital flight demonstration of 

winged hypersonic vehicles, the program was aimed at enabling future operational capabilities in 

the late 1960s and early 1970s. These capabilities included terrestrial and space reconnaissance, 

terrestrial strike, and satellite inspection, defense, and negation. Contrary to Air Force 

recommendations, the Dyna-Soar program was terminated in 1964 by President Johnson. This 

was two to three years short of the first prototype flights. At the time of its termination, over 

7,500 contractor personnel were working on the program. Over 11 million engineering hours had 

been expended with approximately 50 percent of the planned development tasks 

completed.11  The termination of the program prior to the prototype flight tests saved 

approximately $100M in then-year dollars. 

Interestingly, Secretary of Defense McNamara stated that a primary reason for canceling the 

Dyna-Soar program was that the system then under development was not capable of providing a 

space logistics capability for transporting passengers and cargo to and from an orbiting military 

space station. This rationale reflected a decision by the President and the Department of Defense, 

in 1963-64, to pursue the rapid development of a military Manned Orbiting Laboratory 

(MOL).12  The MOL program, announced in conjunction with the termination announcement of 

Dyna-Soar, was to be based on a version of the NASA two-person Gemini space capsule 

augmented with a pressurized laboratory compartment. No flight activities in the MOL program, 

other than an unmanned test flight of a Gemini capsule configured for the MOL use, were 

undertaken before the program ended in 1970.  

Significant Air Force interest in reusable spacelift resurfaced a generation later, in the early 

1980s, as a result of government and contractor vehicle conceptual design studies. The Air Force 

Systems Command’s (AFSC) Space Division initiated the Advanced Military Space Capability 

(AMSC) study in 1980. This was followed by the AFSC Aeronautical Systems Division (ASD) 

Transatmospheric Vehicle (TAV) study in 1983. Phase I of this study identified near-term TAV 

concepts while Phase II addressed military effectiveness and enabling technology readiness. By 

the time Phase II had begun in the summer of 1984: 

 TAV had grown into a major Air Force study effort, already characterized by 

overtones of growing into a major DoD-wide and even interagency study effort as 

well. ASD drew upon SAC (Strategic Air Command), TAC (Tactical Air 

Command), and Air Force Space Command in defining mission requirements and 

operational concepts, and representatives from HQ AFSC and organizations such 

as AFSC’s Space Division, Armament Division, Air Force Space Command, SAC, 

the Navy, and NASA had formed a general-officer-level steering group to evaluate 

the military potential of the TAV idea.13  



 The TAV program, focusing on rocket-powered concepts, did not proceed into development. 

Like the Dyna-Soar, it was impacted by changing national objectives. In this case, parallel 

feasibility studies—conducted on behalf of the Defense Advanced Research Projects Agency by 

the same ASD development planning office that was undertaking the TAV studies—of a 

reusable, horizontal takeoff and landing, scramjet-powered, single-stage Reusable Launch 

Vehicle (RLV) concept offered the prospect of a quantum leap in spacelift capabilities. 

Advocated by President Reagan in his 1986 State of the Union address, this study led to the 

National Aerospace Plane Program (NASP), also referred to as the X-30.14 Unfortunately, neither 

the X-30 nor the subsequent single-stage, rocket-powered X-33 programs successfully identified 

integrated vehicle solutions with sufficient performance to achieve orbit. 

Fully aware of the nation’s previous 40-year experience with reusable spacelift technology 

development, as well as the status of on-going technology research, the 2000 Air Force Scientific 

Advisory Board (SAB) study identified the most reasonable option for achieving near-term 

reusable spacelift solutions. 

We envision that a TSTO [two-stage-to-orbit] launch system would lift substantial 

payload weight to LEO at a cost per pound of an  order of magnitude or more 

lower than current or next-generation ELVs ($100 to $800 per pound depending 

on design and launch frequency). Such a system would be designed to be 

launched, recovered, and prepped for the next mission using procedures as much 

like current aircraft operations as possible, thereby providing affordable, 

reliable, responsive space launch to enable on-demand military space operations. 

Such a system would not only provide for affordable, reliable military space 

launch, but would also enable many more space and near-space missions 

(military, civil, and commercial) that today are made unaffordable by the high 

cost of access to space. Probably no other single technology offers such great 

promise of enabling the future of military space operations and civil space 

activities.15 (Emphasis added) 

 Identifying Today’s RLV State-of-the-Art 

These findings by the AF SAB reflect a general belief within the aerospace industry of their 

ability to develop and produce near-term RLVs with acceptable costs and performance.16  The 

next step is to quantitatively predict what industry is capable of developing through the 

generation of integrated conceptual designs. This can be undertaken internally within the 

government as well as through conceptual design study contracts with industry.  

To prepare for such RLV conceptual design studies, a joint government-industry partnership, 

called the Reusable Military Launch System Team, was organized. This team included the Air 

Force Research Laboratory (AFRL), Air Force Materiel Command’s Aeronautical System 

Center’s Engineering Directorate (ASC/EN), Air Force Flight Test Center, Air Force Space 

Command, NASA Kennedy and Johnson Space Centers, and industry. A primary product of this 

team’s efforts has been the development of a integrated set of parametric, geometry-based, RLV 

conceptual design computer tools. Developed under the leadership of ASC/EN and AFRL, these 

tools enable the preparation of conceptual design estimates of the size, weight, and performance 



of both near-term and other more advanced reusable spacelift concepts. ASC/EN and AFRL have 

used these tools to provide support for several recent Air Force studies, including one for Air 

Force Space Command.17  

Estimates of Near-Term RLVs for Routine Spacelift 

In 2002-2003, the ASC/EN Aerospace System Design & Analysis group conducted a modest 

study, at the request of AFRL, of near-term, two-stage RLV concepts suitable for the routine 

spacelift of passengers and cargo. The focus of this effort was to identify representative examples 

of the types of near-term systems that industry was believed capable of developing rather than 

narrowing the focus to an “optimum” design approach.  

The TSTO RLV designs analyzed used a rocket-powered configuration incorporating vertical 

takeoff and horizontal landing. The system featured a stacked configuration with the second 

stage on top of the first stage. The airframe was modeled as traditional aluminum primary 

structure and propellant tanks with a thermal protection system of bonded-on ceramic tiles and 

blanket insulation. The second stage’s wing leading edges and nose cap were modeled as 

passively cooled structures. Critical subsystems—electrical power generation and distribution, 

avionics, propellant handling and distribution, on-orbit propulsion, etc.—were modeled using 

existing subsystem weights and performance. For propulsion, the first stage’s four engines were 

modeled as RD-180-equivalent liquid oxygen/kerosene engines (same thrust, specific impulse, 

and engine thrust-to-weight) while the second stage’s four engines were modeled as RD-120-

equivalent engines with the addition of thrust-gimballing.18 Two second stage payload 

configurations were modeled; an internal payload bay for carrying cargo or passengers or an 

external configuration carrying a cargo module or a small passenger spaceplane (fig. 2). 

 

Figure 2. Generic two-stage, rocket-powered, 120 

ft-long, reusable launch vehicle with external cargo 

module (left) and human transport spaceplane 

(right) representative of the type of system studied. 

Provided by John Livingston, Aeronautical 

Systems Center, Air Force Materiel Command. 

Familiarity with the design and operation of the Space Shuttle orbiter would show that these 

RLV models closely mimic the design of the orbiter—aluminum structure, type of thermal 

protection system, ascent trajectory, reentry profile, landing modes, etc. These technologies are 

not only TRL 9, but the weight equations are well characterized due to the fact that they are 

based on actual weights of production components used in similar applications under similar 

flight conditions. 

A good example of the process for selecting technologies with acceptable maturity relates to the 

choice of the ascent propulsion system for the first stage. Unlike jet engines, there is a very 

limited selection of rocket engines that would be suitable for a near-term RLV system 



development. The U.S. has not developed a high-thrust, reusable rocket engine since the Space 

Shuttle Main Engine was developed in the 1970s.19 As a result, alternative solutions, such as the 

RD-180, must be investigated if an achievable near-term, routine, reusable spacelift solution is to 

be identified. 

The RD-180 is a twin-combustion chamber design, 860,000-lb thrust rocket engine developed in 

the late 1990s for the currently operating U.S. Atlas V ELV. It is a derivative of the four-

combustion chamber RD-170 rocket engine. The RD-180 was designed and is today produced in 

Russia and provided for U.S. use through a U.S.-Russian industry partnership. Hence, the RD-

180 represents a TRL 9 engine with known performance, weight, and installation requirements.  

The RD-170—the production engine that the RD-180 is based on—was designed as a reusable 

engine for the Russian Buran Space Shuttle system. Today, it powers the first stage of the 

Russian Zenit ELV rocket used by the U.S.-led Sea Launch Corporation. One RD-170 test 

engine has achieved over 10 mission firings. Hence, the engine’s enabling technologies for 

reusability have been demonstrated to be at least TRL 6—system/subsystem model or prototype 

demonstration in a relevant environment (ground or space)—meaning that a version of the RD-

180 may be suitable for use on a near-term RLV. Based on discussions with industry, a 

reasonable study assumption was that an equivalent U.S.-provided version of the RD-180 would 

be able to achieve 10 mission reuses by the time the RLV has reached the initial operational 

capability (IOC) status and 25 mission reuses by the time the RLV has achieved a full 

operational capability (FOC) status. Because the RD-120 represents the same fundamental 

engine technologies, it is also believed to be TRL 6 for reusable applications and appropriate for 

use on a near-term RLV’s second stage. 

This degree of engine reusability represents a “third-best” solution suitable for a near-term RLV. 

At the current U.S. government flight rate of approximately twenty missions per year, a fleet of 

six operational RLVs (four in flight status and two in depot undergoing phase inspections) would 

require engine replacement about every two years at IOC and every five years at FOC.  If the 

flight rate were to triple after the system achieved FOC, each system would fly about once every 

three weeks and the engine replacement interval would drop to about 18 months. This engine 

replacement would be done as part of a scheduled 25-flight “phase inspection” of the entire flight 

system.  

To add additional conservatism to the design, the ASC/EN study incorporated three additional 

conservative elements. First, an empty weight margin of 15 percent was added to all non-primary 

propulsion weights. This empty weight margin reflects uncertainty with the detailed design of a 

specific configuration not reflected in the subsystem weight and performance estimating 

relationships used in the RLV models. Employing such a design margin is typical for conceptual 

design. 

The second conservatism was the imposition of an engine-out requirement. The RLV would be 

capable of conducting the mission while incurring a safe shutdown of any of the four first or four 

second stage engines at any time following first stage engine ignition at launch. While this is not 

specifically related to adding conservatism to the weight and performance estimates, it makes the 



design more “aircraft-like” in the same manner that a takeoff or in-flight engine-out capability 

would be included in the criteria for the conceptual design of a new aircraft. 

 

Figure 3. Near-Term RLV configurations 

with Shuttle orbiter for size comparison; 

internal payload carriage (left) and 

external payload carriage (center). 

Provided by Alicia Hartong, Aeronautical 

Systems Center, Air Force Materiel 

Command. 

The third conservatism is the use of weight estimating relationships based on the state-of-the-art 

10-25 years ago. Design and manufacturing technologies have significantly advanced leading to 

more weight-efficient and economical designs found in production today. While not quantified in 

this study, this approach adds a further measure of confidence in the ability to produce near-term 

RLV designs which reflect what industry should be able to provide without unacceptable costs or 

delays.  

The one design requirement imposed on the study was the size of the payload being transported. 

For the internal payload bay, the payload was 15 ft in diameter by 30 ft in length—about half of 

the Space Shuttle orbiter’s payload bay. For the external cargo module, the internal cargo 

dimensions were 12 ft in diameter by 30 ft in length. This requirement enables the RLVs to 

transport payloads representative of those carried on medium-class ELVs and to accommodate 

the needs of passenger transport and logistics materiel transport, as discussed below.  

Two design studies—one by the government and the other by industry—were performed. In the 

government design study, the payload weight and vehicle weights and sizes represented the 

unknown values and the values generated represented a closed system description. Two near-

term RLV designs were generated using the assumptions and criteria described above (fig. 3). 

Both were capable of delivering a payload to a 100 nm circular orbit when launched east from 

Cape Canaveral, Florida. In both cases, the RLV was sized to return from orbit and land with the 

design payload weight enabling a payload to be retrieved from orbit and permitting payloads to 

be returned should deployment operations be prematurely terminated. The RLV sizing tools 

predict that a near-term RLV configuration with the internal payload carriage can deliver a 

19,000 lb payload. The external carriage configuration RLV can deliver a 37,000 lb gross cargo 

module weight with a net cargo weight of 20,000-25,000 lb. or else a small reusable spaceplane, 

similar to the 1950s-era Dyna-Soar, in place of the cargo module. This crew-operated system, 

similar to that shown in Fig. 2, would be used for transporting 6-10 passengers to and from 

LEO.20 These near-term RLV concepts have an estimated gross weight of 2.3 million pounds. 



Studies also assessed the suitability of using these conceptual sizing tools to represent 

configurations that industry should be able to develop and produce. AFRL contracted with a 

prime aerospace company to develop near-term TSTO RLV conceptual designs suitable for 

routine space access. The contractor was free to select the configuration, empty weight margins, 

etc. AFRL specified the approximate payload size and weight and the use of technologies 

consistent with a near-term design. The contractor provided several different configurations 

representing, in their view, near-term solutions. The configuration designed for the internal 

payload carriage had a 3.6 million pound gross weight and a 20,000 lb payload delivered to a 

100 nm circular orbit east from Kennedy Space Center, Florida. The external payload carriage 

configuration delivered a gross cargo module weight of 35,000 lb and had a 3.5 million pound 

gross weight. These configurations used six RD-180-equivalent engines on the first stage and 

three RD-120-equivalent engines on the second stage. The contractor choose to use an average 

22 percent empty weight margin applied to all subsystem weights including the propulsion 

subsystem. This equates to approximately 100,000 lb of unallocated empty weight incorporated 

in the closed design—about 3-5 times the payload weight—that would be used to accommodate 

first and second stage subsystem empty weight growth during development.21  

To compare the government’s and contractor’s conceptual design tools, ASC/EN prepared an 

estimate of the empty weight of an RLV’s second stage using the contractor’s assumptions for 

empty weight margin, number of first stage and second stage engines, etc. This is referred to as a 

“match case” comparison and it helps to identify significant differences in weight estimation 

relationships and imbedded assumptions. The second stage empty weight reflects a good point 

for comparison because this is the weight that achieves orbit. The ASC/EN estimate of the 

second stage empty weight differed from the contractor’s estimate by less than one percent while 

individual subsystem-by-subsystem comparisons showed variances in the 5-10 percent range—

typical of conceptual design methodologies. 

The first conclusion to draw from these studies is that the government’s near-term RLV design 

methodology produces near-term RLV conceptual design results, subject to the input 

assumptions, comparable to those that would be provided by industry. The second conclusion is 

that the U.S. aerospace industry should be able to develop and produce reasonable near-term 

RLVs that offer, as the Air Force SAB noted, “great promise of enabling the future of military 

space operations and civil space activities.” Contrary to the expectations of some, RLVs should 

be seen as an option for meeting near-term routine spacelift capability needs. The interaction of 

this possibility with the recently updated U.S. Space Transportation Policy is discussed below. 

Shuttle-Derived Super-Heavy Spacelifter 

Near-term TSTO RLVs of reasonable size would have payload capabilities in the 10,000-25,000 

lb range depending on the destination orbital inclination and altitude. This represents a medium-

class launch system when compared with current ELVs. The Space Shuttle orbiter and the 

“heavy” versions of the Atlas V and Delta IV ELVs have payload capabilities to LEO in the 

45,000-50,000 lb range. In the 1960s and early 1970s, the Saturn V provided a super-heavy 

launch capability with the ability to place payloads up to approximately 200,000 lb into LEO. 



Growth in civil, commercial, and national security space operations would benefit from the 

ability to place large payloads into orbit. While the near-term RLVs described earlier would have 

the payload capacity to meet immediate passenger and routine cargo transport, establishing in-

space logistics support operations to support extended space operations as well as providing the 

ability to launch large mission-specific payloads, such as those needed to support a renewed 

human exploration mission, would need a Saturn V-class super-heavy launch system.  

A near-term solution for satisfying this spacelift need was first suggested nearly 30 years ago. It 

involves developing an unmanned cargo version of the Space Shuttle where the orbiter is 

replaced by the heavy or outsized payload. This option has been revisited several times since the 

1970s, most recently in the updated U.S. Space Transportation Policy.22  

The Shuttle-derived Super-Heavy Spacelifter is a version of this idea employing a vertically-

stacked configuration with twin reusable fly-back boosters, an expendable central core, and the 

payload and payload fairing on top of the core (fig. 4). The reusable fly-back booster would be a 

variant of the first stage of a near-term RLV shown in Fig. 3. The maximum payload for an east 

launch would be approximately 160,000 lb. Oversize payloads up to 40 ft in diameter could be 

carried. 

 

Figure 4. Normal and oversize payload versions 

of the Shuttle-derived Super-Heavy Spacelifter 

shown with the Saturn V. 

A key feature of this version of the Shuttle-derived launch vehicle is that the central core’s 

structure—the approximately 27 ft diameter liquid hydrogen and oxygen propellant tanks—

would be designed for pressurized reuse in orbit as part of orbiting space facilities. This feature, 

combined with the reusable fly-back boosters and the ability to return and reuse the main engines 

and flight avionics, enables the entire Super-Heavy Spacelifter to be reused except for the 

payload shroud. An example of how this feature can enable extended space operations is 

discussed below. 

Near-Term Concepts for  

Extended Space Operations 

In addition to spacelift, the Air Force also has an interest in extended space operations. This 

paper concentrates on the areas of on-orbit servicing and in-space mobility and logistics support 

facilities to initiate what the Commission to Assess United States National Security Space 

Management and Organization (Space Commission) referred to as “a new era of the space age 

devoted to mastering operations in space.”23 While some may strongly disagree, this vision of 



future extended space operations is a vision of routine human-performed logistics operations and 

routine human mobility in space.  

The experience with the Hubble Space Telescope (HST) provides valuable lessons-learned in 

this regard. The HST’s remarkable history as a successful space science research instrument 

emphasizes two critical facts to be addressed when planning extended space operational 

capabilities that move beyond the current envelope of passive, fixed orbit, highly-redundant, 

software-fixable space operations. First, experience with the HST reinforces the fact that 

complex space systems are indeed subject to Murphy’s Law—what can go wrong might go 

wrong—and system design and support planning should reflect this fact. And second, human 

space operations support enables world-leading space operations that would not otherwise be 

possible.  

In December, 2004, the National Research Council released recommendations regarding the use 

of the Space Shuttle for manned servicing of the HST in the 2007-2008 time period. The issue 

under review was whether, when Space Shuttles return to operation after the loss of the 

Columbia, a manned servicing mission was needed and could be undertaken at a lower risk than 

a robotic mission. The NRC committee concluded that “NASA should commit to a servicing 

mission to the Hubble Space Telescope,” that “NASA pursue a Shuttle servicing mission to 

HST,” and that “a robotic mission approach should be pursued solely to de-orbit the Hubble after 

the period of extended science operations enabled by a shuttle astronaut servicing mission, this 

allowing time for the appropriate development of the necessary robotic technology.”24 Dr. Robert 

P. Kirshner of Harvard University and President of the American Astronomical Society stated 

“The NRC formed a terrific panel of experts to weight the options and they concluded a manned 

servicing mission is the least risky way to extend Hubble’s life.”25 

Certainly, robotic operations will play an important role in space, just as they are increasingly 

being used in terrestrial operations. Yet, whether in space or on the earth, the mastery that 

enables humans to design useful and successful robots requires first-hand knowledge, 

experience, curiosity, adaptability, and creativity that only experienced humans can provide. The 

National Research Council found “Previous human servicing missions to HST have successfully 

carried out unforeseen repairs as well as executing both planned and proactive equipment and 

science upgrades.” Further, “Space Shuttle crews, in conjunction with their ground-based 

mission control teams, have consistently developed innovative procedures and techniques to 

bring about desired mission success when encountering unplanned for or unexpected 

contingencies on-orbit.”26 

One final note on the issue of human vs. robotic servicing for the HST. Initial estimates of the 

cost of this mission, prepared to support the NRC review, were in the range of $2B-$2.3B. The 

magnitude of these costs indicates that routine on-orbit space logistics capability to support 

expanded space operations would not be affordable using today’s limited logistics capabilities. 

Instead, an integrated space logistics architecture including transportation, on-orbit basing, 

servicing facilities, technician training, and standardized servicing methods, practices, interfaces, 

tools, and equipment would need to be deployed to significantly reduce the total cost of future 

HST-type repairs. How to achieve this integrated space logistics architecture/capabilities using 

near-term system solutions is addressed next. 



Exploiting Near-Term  

Reusable Spacelift Capabilities 

Routine, assured, reusable spacelift to and from Earth orbit for passengers and cargo would 

enable establishing Earth-orbiting space logistics facilities, in-space logistics support and 

reusable in-space mobility. Using the near-term RLV concepts developed by ASC/EN, it is 

possible to project what the initial routine reusable spacelift capabilities could provide.  

 The Department of Defense almost always has at least two design-independent military systems, 

e.g., multiple types of bombers, fighters, communication systems, etc., to perform or support 

critical national security missions. To enable growth in critical on-orbit military space 

operations, two design-independent RLV types, with comparable payload and performance, 

would be developed. This would provide assured space access to low Earth orbit (LEO) and 

prepare the industrial base for the expected follow-on second-generation RLV research and 

development efforts. This approach to providing assured space access is consistent with the 

assured space provisions of the recently updated U.S. Space Transportation Policy and reflected 

in the proposed FY06 federal budget which includes $340M to maintain assured space access 

capabilities using current ELVs.27 

Five production flight systems of each type of RLV would be produced: three for operational 

use, one for testing, and one for major subsystem spares. Of the three operational flight systems, 

one would be in depot for phase inspections and subsystem upgrades, leaving two in flight status. 

With an IOC turnaround time of 30 days for each flight system, the combined fleets of the four 

RLVs in flight status would have the capacity to fly 48 missions per year—about one flight per 

week. At FOC, as operating experience and subsystem improvements reduce the inspection and 

maintenance requirements, the turnaround time for these fully-reusable systems may fall to, 

perhaps, 7 days. The combined fleets would have a capacity of 208 missions per year—about 4 

flights per week. Current government ELV and Space Shuttle launches total approximately 20 

per year. After meeting these routine spacelift needs, at FOC the combined near-term RLV fleet 

would have a remaining capacity for lifting, as an example, 2,000 tons of materiel and 280 

passengers to orbit each year.28 Over a 20-year operational life of the near-term RLV fleet, the 

fleet could transport up to approximately 37,000 tons of material and 4,600 passengers while 

flying a total of approximately 3,400 missions. This capacity would be used to establish and 

sustain the initial on-orbit mobility and in-space logistics support capabilities, discussed below, 

as well as provide additional spacelift for new and expanding civil, commercial, and national 

security space operations. Note that this significant improvement in routine spacelift capacity 

comes from the use of near-term RLV designs with only a modest initial fleet size of six 

operational flight systems. 

Reusable Space Logistics Vehicle 

The spacelift capability need for “on-orbit repositioning of space-based assets” and the extended 

space operations capability needed for “on-orbit servicing” requires significant mobility in space. 

A space-based, reusable spacelift system notionally called the Space Logistics Vehicle (SLV) 

would meet these needs. Its design would be modular—taking advantage of the absence of 

aerodynamic design restrictions imposed on aircraft and RLVs—to enable this spacecraft to be 



reconfigured to support a broad range of space mobility missions (fig. 5). Working together, the 

near-term RLVs and near-term SLVs would provide the capability to transport materiel 

anywhere in the Earth-Moon system and transport passengers within LEO.  

 

Figure 5. Conceptual “sketches” of Space Logistics 

Vehicle. From left to right: short-range crewed SLV 

tug holding a RLV cargo module; short-range crewed 

SLV with an additional passenger module; extended-

performance, crewed SLV configured for satellite-

refueling; two-stage, unmanned, extended-range SLV 

configured to deliver cargo to geostationary , lunar 

orbit, or Lagrangian points. The lower left illustration 

shows an extended range SLV inside a LEO space 

logistics base’s space hanger for maintenance. 

The initial SLVs would be configured as tugs, sized, with the crew module already attached, to 

fit within the RLV’s payload bay for transport to orbit. (This need established the initial estimate 

of the payload bay size requirement discussed previously.) The primary mission of the tug 

version of the SLV would be to transport cargo containers from a circular 100 nm orbit, where 

they would be dropped off by the RLVs, to the Space Logistics Base located in a higher 250 nm 

circular orbit. In the vicinity of the Space Logistics Base, the SLV tugs would move cargo 

containers and other materiel. With the addition of a separate passenger module, as seen in Fig. 

5, the SLV tug would also transport personnel from the Space Logistics Base to co-orbiting 

facilities or spacecraft, such as the Space Logistics Transport discussed below. 

Follow-on SLVs, also as shown in Fig. 5, would “grow” through the addition of larger propellant 

tanks and higher thrust engines to provide increased performance. These “extended 

performance” SLVs could undertake significant orbital altitude and inclination changes and then 

return to a LEO Space Logistics Base. With suitably-located LEO bases, these SLVs would 

enable servicing of satellites in geostationary orbit or other “high” orbits. Using a two-stage 

configuration, also shown in Fig. 5, they could deliver significant payload weight to 

geostationary or lunar orbit or the Earth-Moon Lagrangian points and then return to a space 

logistics base in LEO.29   

To capitalize on the increased space access provided by near-term RLVs, the SLV tugs would be 

developed concurrently with the RLVs and deployed shortly after the RLVs achieve IOC. This 

requires that the SLVs also be based on designs that have their enabling technologies at TRL of 6 

or greater. Initial conceptual design investigations indicate that all critical subsystem 

technologies for the SLV tug are currently in production for other space systems—propulsion, 

primary structure, thermal and micrometeoroid shielding, cryogenic propellant tanks, robotic 

arm, flight avionics, and crew support. For the extended-range SLV, the only new subsystem is a 

reusable rocket engine with a modest increase in thrust beneficial for missions to high Earth 



orbits, lunar orbit, and the Earth-Moon Lagrangian points. Such a high specific impulse, reusable 

rocket engine, incorporating AFRL propulsion technologies, is now entering prototype engine 

testing (TRL 6) with a prime engine contractor.30   

LEO Space Logistics Bases 

With the ability of the near-term RLVs to provide routine resupply and passenger transport and 

the use of the Super-Heavy Spacelifter to launch large structural elements of orbiting facilities, 

the next step would be to construct orbiting Space Logistics Bases. These would serve as 

Forward Support Locations (FSL) for conducting Extended Space Operations (fig. 6). These 

bases, combined with the RLVs and SLVs, would constitute an integrated logistics support 

architecture for future spacecraft, satellites, and orbiting facilities throughout their life cycles. 

This infrastructure would also support in-space research, development, testing, and evaluation of 

these new systems, continuing with logistics support to the systems while operating; and, finally, 

providing for their recovery and disposal at the end of their operational lives. 

 

Figure 6. Notional Space Logistics Base consisting 

of twin, opposite-facing, space hangars, with an 

upper crew module and a lower space dock. In the 

top illustration, an SLV tug is maneuvering a cargo 

module while the second stage of a near-term RLV 

off-loads cargo. A passenger spaceplane is entering 

the nearest hangar. In the center illustration, an 

SLV tug positions a satellite at the entrance to the 

space hangar. The bottom illustration shows a cut-

away view of the space hangar.    

These orbiting FSLs would provide the following logistics support services: 

- Passenger and cargo terminal for transferring personnel and materiel to and from 

RLVs, co-orbiting facilities, and large spacecraft 

- Quarters for assigned and visiting personnel 

- Large space hangars to enable many servicing functions to be performed within 

a pressurized, shirt-sleeve work environment 

- Materiel storage 

- SLV base conducting inspection, repair, reconfiguration, replenishment and 

upgrades 



- Space dock supporting the assembly of large spacecraft, orbiting facilities, and 

satellites 

- Spacecraft base conducting inspection, repair, replenishment, and upgrades 

The key to the near-term technological feasibility of these Space Logistics Bases, and other 

similar LEO facilities, is the ability to fabricate large and complex components on the Earth and 

launch them into orbit. This approach was initially demonstrated with the U.S. Skylab space 

station of the 1970s that used a single Saturn V rocket to launch the 3-person orbiting facility. In 

the integrated logistics architecture discussed in this paper, the Super-Heavy Spacelifter would 

provide a comparable launch capability. 

A good example of the benefits that would arise from providing the ability to launch large 

components is the Space Logistics Base’s space hangar (fig. 6). Essentially, these space hangars 

perform the same function as an airport hangar. Both provide an environmentally-controlled 

environment enabling complex logistics operations on aerospace systems to be performed that 

would be difficult to accomplish “outside.” Terrestrial hangars—many designed for severe 

external structural load conditions due to hurricane winds or heavy snow loads—are assembled 

from prefabricated parts transported to the site. For the space hangar, the primary structural 

requirements are to safely contain the internal pressure loads when the hangar doors are shut and 

the hangar is pressurized for shirt-sleeve operations. By using the Super-Heavy Spacelifter, the 

outer pressure shell—in this example concept, 33 feet in diameter and about 130 feet in length—

can be fully fabricated and structurally tested on the ground and then launched into orbit as a 

complete module. Interior work compartments, as shown in Fig. 6, would be transported to orbit 

using RLVs and then installed inside the hangar while it is pressurized. This mixture of terrestrial 

manufacturing and on-orbit assembly enables large pressurized structures to be built using near-

term technologies.  

One important advantage of providing large space hangars is that they would enable practical, 

routine on-orbit servicing. In this conceptual design, satellites and spacecraft up to approximately 

15 feet in height, 25 feet in width, and 70 feet in length could be taken inside the hangar for 

servicing. With appropriate logistics-enabled designs—following the development and 

demonstration of standardized space servicing training, technologies, processes, tools, and 

equipment—servicing such future space systems should become comparable to similar support 

provided for terrestrial aerospace systems. This would complete an important step towards 

achieving mastery of space operations. 

Up to three Space Logistics Bases would be needed to provide an initial level of on-orbit 

support. The first two bases would be located at an orbit inclination of approximately 30 

degrees—corresponding to the expected latitude of the terrestrial RLV launch sites in Florida, for 

example. These bases would support the deployment and servicing of geostationary (GEO) 

satellites, using the extended performance SLVs, as well as support in-space research, 

development, test, and evaluation activities. These bases’ space docks would be used to assemble 

co-orbiting space facilities such as space hotels and specialized research laboratories. As 

described below, these docks could also support the assembly and basing of large crewed 

logistics spacecraft.  



The third base would be located at an inclination of approximately 55 degrees. There it would 

support the deployment and servicing of satellites located in higher inclination orbits, e.g. GPS 

satellites, as well as satellites in polar orbits. This support base may be smaller in size and 

number of support personnel, however, consistent with reduced mission needs and the reduced 

RLV payload capabilities for supporting the higher inclination orbit. 

Space Logistics Transport 

As in-space operations grow in scale and complexity, spacelift and extended space operations 

capabilities will also need to grow and expand their range of operations to the entire Earth-GEO-

Moon system. This will include the routine transport of passengers and cargo. But, equally 

important, it will include the servicing and support of satellites (e.g., GPS satellites), space 

platforms (e.g., the proposed Webb Space Observatory to be located at the L2 Lagrangian point), 

and small spacecraft. The expansion of this servicing and support capability is important because 

it enables critical subsystems (e.g., life support, propulsion, power, and avionics) developed to be 

supported using the Space Logistics Base’s capabilities to be reused in the design of space 

systems for civil, commercial, and national security space operations throughout Earth-GEO-

Moon space. As a consequence, mastery of space operations will begin to extend throughout the 

Earth-GEO-Moon system. 

The concept for a system to perform these logistics functions is the Space Logistics Transport 

(SLT). The design of large spacecraft, as compared to transatmospheric vehicles such as RLVs, 

is not driven by aerodynamic considerations associated with ascending to orbit or descending 

from orbit. This permits a more mission-driven configuration to be used that emphasizes the 

utilization of near-term technologies and systems, some of which could be adapted from other 

near-term space logistics systems.  

The SLT, shown in Fig. 7, is a concept for a large, crewed spacecraft capable of performing 

spacelift and extended space operations capabilities throughout the Earth-GEO-Moon system. 

Essentially, the SLT is a mobile space hangar, as seen in the cut-away view in Fig. 7, with a 

flight deck attached to the top of the hangar for spacecraft command and control and a 

propulsion module attached to the rear of the hangar. The SLT can load cargo and passengers 

and “fly” to the necessary point in the Earth-GEO-Moon system to deliver passengers and cargo 

or conduct logistics servicing within its pressurized hangar.30  Upon mission completion it returns 

to its LEO Space Logistics Base.  

To provide this expanded mobility, the SLT’s propulsion efficiency must be increased 15-20 

percent over standard hydrogen-oxygen chemical rocket engines by using nuclear thermal rocket 

(NTR) engines. As the name implies, a NTR engine contains a nuclear fission reactor that uses 

thermal energy from nuclear fission to heat a working fluid such as hydrogen. The heated fluid is 

then expanded through a nozzle to produce thrust. Such engines were first tested in the 1960s, at 

thrust levels up to 250,000 lb, and are currently under development by U.S. industry for deep 

space exploration missions. In this conceptual design, the SLT uses oxygen-augmented NTR 

engines where oxygen is injected in the nozzle to combust with the heated hydrogen.32 This 

produces an afterburning effect that increases thrust while also achieving the needed 15-20 

percent increase in the engine’s efficiency. With future upgrades to this propulsion system, 



perhaps incorporating a more advanced nuclear fusion propulsion engine, the SLT’s range of 

operations could be extended to cover the entire central solar system—including Mars and near-

Earth asteroids and comets. 

 

Figure 7. Notional Space Logistics Transport shown 

being resupplied at an orbiting Space Logistics Base 

and with a cut-away view showing the propellant tanks 

and cargo containers on the left and the space hangar 

on the right. A cut-away view of the flight deck is 

shown in the upper right. Prepared by Isiah Davenport 

and Dennis Stewart, General Dynamics, Advanced 

Information Systems. 

The SLT would be assembled and based at the LEO space logistics base’s space dock. Its 

assembly, as shown in Fig. 8, would represent a significant advancement in developing mastery 

of space operations by demonstrating the capability to assemble and sustain large vehicles in 

space. This is comparable to the building, in Pittsburgh in 1811, of the first steamboat on western 

waters. Just as the New Orleans represented the first of a new era of frontier transportation, the 

SLTs will be the first true spacecraft designed for sustained operations in space.  

One final point. The large size of the SLT’s hangar also permits it to carry one or two SLV tugs 

to provide local passenger and cargo transport. From lunar orbit or the L1 Lagrangian point, a 

version of these tugs, configured for surface landing, could transport passengers and cargo to the 

lunar surface and back. This would enable scheduled transportation services to and from the 

Moon to support lunar exploration and possible future scientific and commercial operations. 



 

Figure 8. Animated illustration showing the assembly of the Space Logistics Transport at the 

LEO Space Logistics Base’s space dock. 

Is This Affordable? 

Congressional Budget Office (CBO) information indicates that each year local, state, regional, 

and federal organizations expend approximately 2.5 percent of the gross domestic product (GDP) 

on infrastructure building and operation.33 The federal government’s spending, per the CBO data, 

varies between 0.6 percent and 1.0 percent of the GDP with an average of 0.8 percent. To place 

this in perspective, total annual infrastructure spending in the 2005, using these historical 

averages, would be approximately $275B on a GDP of $11 trillion (CY2003). The federal 

government’s spending would be approximately $88B. Over the next 25 years, the total spending 

(in current dollars and assuming no GDP growth) would be approximately $7 trillion and the 

federal spending would be approximately $2 trillion. 

Today, the federal government spends approximately $5 billion on spacelift providing 

approximately 10-20 flights per year, on average. At that rate, the federal government would 

spend about $100 billion on spacelift over the next 20 years. At the same time, the annual space 

GDP is about $95 billion per year with a payroll of about $24 billion per year.34 Over the next 20 

years, the cumulative space GDP, without any growth, would be about $2 trillion. If the U.S. 

spent 2.5 percent of the space GDP on new space logistics infrastructure, this would add an 

additional $50 billion in new space logistics infrastructure. Thus, in today’s dollars, the 

government could be expected to spend approximately $150B on spacelift and extended space 

operations logistics capabilities over the next 20 years.  



Of course, such infrastructure investment would likely increase the space GDP. A factor of two 

increase—perhaps on the low end with significant growth-enabling infrastructure additions—

would add an additional $1 trillion to the national economy over the next 20 years. A factor of 

five increase—reflecting good growth commensurate with growth-enabling infrastructure 

investments—could add an additional $5 trillion to the economy or approximately 30 times an 

infrastructure investment of $150 billion. One may expect, as the space GDP grows, space 

logistics infrastructure investments would also grow, perhaps adding an additional $50-250 

billion in space logistics infrastructure investment to maintain the historical average. This may 

fund, for example, the development of the follow-on reusable space access systems enhancing 

passenger travel to and from Earth orbit and the large crewed spacecraft. 

Infrastructure building is generally not funded through annual appropriations, such as the 

Department of Defense budget, but through special funding mechanisms. One traditional method 

is to establish an “authority” responsible for the construction of the infrastructure and permitted 

to use government-backed bonds to raise the capital required to build the infrastructure. A 

combination of user fees and annual appropriations are then used to pay off the bonds over a 

period of 20-50 years once the infrastructure begins operations.  

If, once the Space Shuttle ceases to operate in 2012, spacelift services would be taken over by 

the near-term RLVs discussed earlier, then the federal government could be expected to pay—

using the same $5 billion per year as is currently spent of spacelift—about $100 billion, in 

today’s dollars, for replacement spacelift services. Preliminary estimates using conservative 

near-term RLV development, production, and operational cost estimates, lend confidence that 

this $100 billion in funding would be adequate to cover these costs as well as the interest cost on 

the bonds.35 In other words, it may indeed be possible to establish near-term RLV spacelift 

services to replace the Space Shuttle and ELVs without an increase in appropriated budget 

expenditures. Similar funding approaches would be used to pay for the development of the other 

space logistics concepts discussed in this paper, should their projected value support the needed 

investment. 

Conclusion 

The U.S. is certainly not alone in recognizing the importance of planning the development of its 

national space capabilities. This space planning must be undertaken with an understanding and 

appreciation of the technological and operational options that the U.S. can pursue. This paper 

identified and explained potential near-term spacelift and extended space operations—options 

not being considered at this time—that would establish space logistics capabilities significantly 

benefiting U.S. civil, commercial, national security, and homeland security space operations. 

Why is it important to understand these near-term possibilities? Because American history 

provides many successful examples of how building new logistics infrastructure to open new 

frontiers expands the economy and enhances national security while stimulating science and 

technology advancement, improving the industrial base, and creating enthusiasm in future 

workers. This highly successful strategy can be applied, over the next 20 years, to establish the 

mastery of space operations that will enable a significant expansion of human and robotics space 

operations and transform the United States into a true spacefaring nation. 



Certainly, some will believe that the options discussed in this paper represent wishful, sci-fi 

thinking. However, recall that it was only 22 years from the breaking of the sound barrier in 

1947 to the first lunar landing in 1969. This represented the accomplishments of the “doers,” 

then broadly populating the American aerospace industry. As the U.S. again turns its attention to 

planning its future in space, this “we can do it” attitude of the 1960s should be central to 

planning the accomplishments to be achieved in the first decades of the 21st century.  
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launch Vehicles” (Dietrich E. Koelle, TCS – TransCostSystems, Liebigweb, 

Germany, February, 2003) yields an estimate of a development cost of 

approximately $25 billion for each flight system including passenger and cargo 

carriage capabilities. The Koelle methodology yields an estimate of the most 

likely program cost, including a 15-20 percent margin for cost growth. The Koelle 

production cost estimate for two systems was approximately $9 billion. The total 

development and production cost for two design-independent systems was 

approximately $60 billion. The recurring mission cost was estimated at $1,500 per 

pound x  

25,000 lb = $38 million. (Recall that in 2000, the Air Force SAB anticipates lower 

costs in the range of $100-800 per pound, depending on launch frequency.) The 

recurring cost of flight operations for the 20 baseline government missions was 

estimated at $38 million x 20 mission per year x 20 years = approximately $15 

billion. The combined total development, production, and operation cost is $75 

billion compared with an available funding of $100 billion. The difference of $25 

billion would pay most, if not all, of the interest costs on the $60 billion for RLV 

development and production. 
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