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Introduction:  Conducting a manned mission to 

Mars has been a long-sought goal of NASA. There is 
currently a vast technological gap that would need to 
be bridged from placing orbiters around Mars and 
landing small rovers to returning a manned capsule 
safely. A major step towards achieving this is a Mars 
sample return (MSR) mission that could validate much 
of the technology needed for a manned mission, and 
have enormous scientific value of its own. A budget is 
proposed for the development of a next-generation 
nuclear thermal rocket (NTR) based heavily on tech-
nology developed during the NERVA program in the 
1960s. This engine is used as the basis for the proposed 
mission architectures for several Mars sample return 
missions. The driving factors for the missions are 1) 
Return large mass of Martian samples from many loca-
tions on the planet. 2) Develop and test propulsion and 
power generation system technology deemed ‘enabl-
ing’ for manned missions. 3) Perform mission in highly 
cost effective manner. The use of the next-generation 
NTR in conjunction with the Mars hopper platform 
being developed by the Center for Space Nuclear Re-
search (CSNR) allows all the factors to be satisfied. 
Several other concepts such as the Hypersonic Inflata-
ble Aerodynamic Decelerator (HIAD) and in-situ pro-
pellant collection are also invoked to reduce the mass 
in LEO below the capacity of the SpaceX Falcon 
Heavy, thus allowing the missions require only a single 
launch off Earth 

Affordable NTR Concepts:  From the late 1950s 
to early 70s, the Nuclear Engine for Rocket Vehicle 
Application (NERVA) program developed and tested 
over 20 solid core nuclear thermal rockets. The pro-
gram made great strides in NTR development demon-
strating 28 restarts of a single engine, and accumulating 
over 17 hours of hot run time. The ~$8 billion program 
culminated with the Pewee 1 & 2 engines, the former 
of which was tested at 845s of specific impulse and 
27,000lbf of thrust using graphite based fuels [6]. 
Through a joint effort between Aerojet General and 
Los Alamos National Laboratory, much of the docu-
mentation of the Pewee engines has been recovered 
and cataloged, including (estimated) 95% of the origi-
nal engineering blueprints. The original Pewee engines 
graphite based fuels met strong opposition as they 
could not retain fission products well, thus producing 
mildly radioactive exhaust [6]. Modern tungsten-

rhenium (W-Re) fuel forms are predicted to perform 
significantly better in this area, while also allowing 
slightly higher exhaust temperatures which could in-
crease the ISP into the 900-950s range [2]. The afforda-
ble NTR concept is derived from the original Pewee 
engine design which has been tested and proven, com-
bined with the modern W-Re fuel form being devel-
oped by the CSNR. Other major factors that would 
affect the cost of development of this next-generation 
engine are the fuel qualification and engine testing. The 
fuel qualification is assumed to be significantly less 
than that of terrestrial fuels as the engine need only run 
for a few hours rather than years. For testing the en-
gines, since open atmosphere tests are no longer legal, 
the Subsurface Active Filtering of Exhaust, or SAFE 
concept would allow an engine testing facility to be 
constructed at the Nevada Test Site for ~$20M which 
could safely handle the exhaust and any possible radia-
tion leaks that could result from engine failure [1]. 

Mission Concepts: 
One of NASA’s next planned flagship class missions is 
an MSR mission. The current architecture, based on 
the2010 Planetary Science Decadal Survey, calls for 
three separate Earth launches: one containing the 
science / collection rover, one containing the orbiter / 
return stage / Earth entry vehicle, and one containing 
the Mars ascent vehicle and fetch rover [3,4,5]. It is 
proposed that the three launches be combined into a 
single SpaceX Falcon Heavy launch and the chemical 
trans-Mars injection (TMI) stage be replaced with a 
nuclear thermal stage using the W-Re fueled Pewee 
derivative engine. The significant increase in perfor-
mance of the NTR along with LOX augmentation al-
lows the entire mission to fit well within the mass con-
straint of the Falcon Heavy, with a slightly extended 
fairing necessary to fit the volume. The rest of the mis-
sion is identical to that proposed by the PSDS, with an 
adjusted timeline for the single launch. With the pro-
posed preliminary budget, the cost of developing the 
NTR and implementing it on this mission would be 
essentially completely cancelled by the savings of mov-
ing to a single-launch architecture. Thus, the mission 
could be completed essentially as planned with the 
same results and similar budget, while serving the dual 
purpose of flight testing technology that would be ne-
cessary for future manned missions. 
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The second mission that is proposed would further 
bridge the gap between a small sample return mission 
and full manned Mars mission. This mission utilizes a 
‘third generation’ NTR that would run in bi-modal op-
eration to produce electrical power at well below the 
reactors maximum capacity. All interplanetary stages 
of the mission would be NTR propulsion, as well as 
Mars landing and ascent. The mass of the lander neces-
sary to return the target 100kg of Martian samples is 
well beyond the capabilities of current entry descent 
and landing techniques, and thus more advanced tech-
nology would be required. One option would be to 
conduct an all propulsive landing using the NTR, whe-
reas another option would be to invoke the HIAD to 
decelerate the ship and only use the NTR for the soft 
landing.  

Many different propellant options, including LOX 
augmentation, were considered for all stages of the two 
missions. The summary of the different stages for both 
missions is shown in Table 1. For both mission archi-
tectures, a mass and delta-V budgets were constructed 
using many different tools such as the Stanford Trajec-
tory Optimization (STOP) code and a global optimiz-
ing interplanetary optimization code. 
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