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New Directive from the Administration 
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Space Policy Directive of March 2019 

Vice President Pence directed NASA to have American boots on Lunar 

ground by 2024 – or NASA would have to change, not the directive 

Come What May 

 

Come Hell or High Water (my words) 

It may actually be Frozen-Water…. 

https://www.nasa.gov/feature/ames/ice-confirmed-at-the-moon-s-poles 

https://www.pnas.org/content/115/36/8907 
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Aug. 20, 2018 

NASA: Ice Confirmed at the Moon’s Poles 
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The image shows the distribution of surface ice at the Moon’s south pole (left) and north pole (right), detected by 

NASA’s Moon Mineralogy Mapper instrument. Blue represents the ice locations, plotted over an image of the lunar 

surface, where the gray scale corresponds to surface temperature (darker representing colder areas and lighter shades 

indicating warmer zones). The ice is concentrated at the darkest and coldest locations, in the shadows of craters. This 

is the first time scientists have directly observed definitive evidence of water ice on the Moon’s surface. 

Credits: NASA 

 

https://www.nasa.gov/feature/ames/ice-confirmed-at-the-moon-s-poles 
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NASA: Ice Confirmed at the Moon’s Poles 
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In the darkest and coldest parts of its polar regions, a team of scientists has directly 

observed definitive evidence of water ice on the Moon’s surface. These ice deposits are 

patchily distributed and could possibly be ancient. At the southern pole, most of the ice is 

concentrated at shadowed lunar craters, while the northern pole’s ice is more widely, but 

sparsely spread. 

 

Moon Minerology Mapper (M3) of NASA, aboard the Chandrayaan-1 spacecraft, 

launched in 2008 by the Indian Space Research Organization, was uniquely equipped to 

confirm the presence of solid ice on the Moon. It collected data that not only picked up 

the reflective properties we’d expect from ice, but was able to directly measure the 

distinctive way its molecules absorb infrared light, so it can differentiate between liquid 

water or vapor and solid ice. 

 



Direct evidence of surface exposed water ice in the lunar 

polar regions: PNAS September 4, 2018 
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Shuai Li, Paul G. Lucey, Ralph E. Milliken, Paul O. Hayne, Elizabeth 

Fisher, Jean-Pierre Williams, Dana M. Hurley, and Richard C. Elphic 

 

“We found direct and definitive evidence for surface-exposed water ice 

in the lunar polar regions. The abundance and distribution of ice on the 

Moon are distinct from those on other airless bodies in the inner solar 

system such as Mercury and Ceres, which may be associated with the 

unique formation and evolution process of our Moon. These ice 

deposits might be utilized as an in situ resource in future exploration of 

the Moon.” 

 

https://www.pnas.org/content/115/36/8907 

https://www.pnas.org/content/115/36/8907


Study suggests much more water on the moon than 

thought (Update): Phys.org July 23, 2019 
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A trio of researchers at the University of California has found evidence 

that suggests there is far more ice on the surface of the moon than has 

been thought.  

Paper published in the journal Nature Geoscience, by Lior Rubanenko, 

Jaahnavee Venkatraman and David Paige.  

 

The estimated amount of water-ice varies from 100 million ton (above) 

to 1 billion ton (others). At the transportation from Earth cost of $10,000 

per Kg (conservative SLS number), even a one million ton extracted is 

equivalent to $10 trillion.  

NASA had offered to pay $5000 per Kg of propellant. Even a 1000 ton 

extraction can be worth $5 billion for an industry.      



The Urgency 
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• Nobody (no countries) is going to go to war or a battle over water or 

other Lunar resources. But whoever develops something, a small 

area for ISRU, will effectively control it. 

• China will do it. So would India, Japan, EU and Russia and many 

other countries including some from ME, with China being the most 

adversarial and competitive element. 

• There will be mostly civil, non-lethal arguments there or here. Things 

will be divided peacefully among all countries and/or industries with 

largest and juiciest portions going to THOSE WHO ARE THERE. 

• This is why it is of utmost importance to show face as soon as 

possible. Be there, doing things. This is why VP Pence’s declaration 

to have American boots on Lunar ground is a must.   

 



The Urgency 
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• This means that being there with explorers, technicians and even 

archeologists living there for a few months at a time is needed. 

• Colonies of hundreds of people living there is needed. This means 

a substantial amount of payload delivered to the Moon surface. SLS 

cannot do it cost-effectively. 

• This means we do not have any other choice except to go with a 

much cheaper and faster solution, which is to use reusable first 

stage(s) for multiple flights and done many times per year. 

• This means that the Lunar Gateway is not the right step for now. 

We, hundreds of us, just need to be on the surface, not on the 

Gateway.  

 



Railroad to Moon and Mars 
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1. The method proposed earlier (The Space Show: June 2018, The Space 

Review: September 2018) for Moon viz. refueling or mating the upper stages 

(US) in orbit boosted by multiple flights of reusable first stages, which would 

be 5-10 times cheaper than SLS, starts to build the virtual railroad – for 

cargo for  while. 

2. This should be the way we should routinely go in space, the Modus 

Operandi, rather than one-off solutions such as SLS – at least for the cargo. 

3. Both the refueling and docking options should be in the mix 

4. There will be mishaps that we should accept and still move on  

5. Moon DeltaV requires 3-4 flights, Mars would require 5-6 

6. Now that ISS is open for business, perhaps it can be used as a docking point 

(like in the movie 2001 – A Space Odyssey)  

7. Now that SLS has been mostly developed, it can be used for some specific 

human transport flights 

 

The words “mated” and “docked” are used interchangeably in this presentation 



Railroad to Moon and Mars 
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• Additional flights would very much fit the definition of this “railroad” 

or “roadway” as extensions thereof 

• Once we have perfected the Moon transport solution, technologies 

for slightly longer stay in orbit, additional mating and much longer 

transport time for Mars would be developed – even otherwise i.e. if 

we do not use this approach 

 

This is thus a National Security issue. NASA needs to be funded 

by Congress at least at the level they have asked for and more.  

 

If on the other hand, subsequent explorations find that there is 

not such an abundance of water then all the above and below 

arguments are invalid and I humbly withdraw them.  
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Courtesy: http://i.imgur.com/AAGJvD1.png 

Moon 

Delta V Subway 

Diagram (in m/s) 

Mars 

 

 

DeltaV = Vexh * ln (M0/Mf) 



Railroad – Propellant Fractions Required 
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      PF Required 

      US Engine Type 

DeltaV 

from LEO m/s f/s 

RP/LOX 

(Merlin 1Dv) 

LH2/LOX  

(BE-3U) 

CH4/LOX 

(Raptor) 

for Moon 5670 18602.1 0.81 0.712 0.779 

for Mars 9570 31397.3 0.939 0.878 0.922 

    ISP (sec) 348 464 383 

While RP is the densest (805 kg/m3) of the three fuels considered, its ISP is 

lowest. While LH2 is the least dense (68 kg/m3), its ISP is the highest. However 

long term storage of LH2 for Mars flights or for TransEarthInjection from Moon 

or Mars is problematic. Methane seems to be a good compromise at density of 

423 kg/m3 and higher ISP than RP/LOX. Additionally INSITU extraction of CH4 

(Methane) on Mars is possible though at later time. Methane which is a softcryo 

can be kept cold as needed by putting “tank inside tank” as Starship intends to 

do. It is not a show-stopper. BE-3U is a good solution considering ISRU of 

water-ice on Moon.  



New Glenn of Blue Origin 
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New Glenn Upper Stage Built in HySIDE 
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• New Glenn upper stage was built in HySIDE © of Astrox 

• No weights –Dry, GTOW or Subsystems – are available from Blue Origin for the 

Upper Stage (or the Booster stage) 

• Only Payloads to LEO (45 t) and GTO are available 

• Base on these, an attempt was made to replicate the payload numbers using 

HySIDE’s component based subsystem equations to build the Upper Stage 

• BE-3U rocket was also designed in HySIDE for the Expander Cycle used which 

yielded ISP of 463.5 sec 

• LH2 density of 68 kg/m3 and LOX of 1153 kg/m3 was used 

• The US was flown from staging to 250 km altitude at 51.6 deg inclination (New 

Glenn PUG says >200 km altitude) for LEO 

 

 

 

New Glenn Upper Stage 



New Glenn Upper Stage Built in HySIDE 
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From New 

Glenn Payload 

User’s Guide 

BE-3U built in 

HySIDE 

HySIDE Simulated US 



New Glenn Upper Stage Weights as Output of HySIDE 
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staging at 

7700 f/s BE-3U 

Kg 

Upper 

Stage Total 

S2 Fractions 

w payload 

S2 Fractions 

w/o payload 

GTOW 201,031 201,031     

PropUsed 143,380 143,380 71.32% 91.89% 

startup 0 0 0.00% 0.00% 

unusable 717 717 0.36% 0.46% 

reserve 1,434 1,434 0.71% 0.92% 

EmptyWeight 10,500 10,500 5.22% 6.73% 

Payload 45,000 45,000 22.38%   

GTOW 201,031 201,031 100.00% 100.00% 

Ejected 12,651 12,651     

Length (m) 41.5000       

Diameter (m) 7.0000       

New Glenn 

Expendable 

US 

Components 

(Kg)  

Wing/Tails  
0 

Tanks 5015 

Fairing 
460 

Internal TPS 
0 

Landing Legs 
887 

Structure 1503 

Equipment 
1167 

Rockets 1468 

RCS+OMS 0 

Misc  0 

EmptyWeight 
10500 



Railroad to Moon – with New Glenn 
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3 flights 3 mated – smaller payload 

With New Glenn as booster, we have multiple permutations available with three 

degrees of freedom viz. payload size, number of flights and the number mated in 

orbit. This allows us to reach different possible solutions depending on need and 

cost. BE-3U (with LH2/LOX) for US is used for all the options below 

6 flights 3 mated – Much larger payload 

New Glenn with LH2/LOX US to Moon Surface  New Glenn with LH2/LOX US to Moon Surface  

Prop Fraction (PF) Required 0.714 Prop Fraction (PF) Required 0.714 

  Upper Stage LH2/LOX     Upper Stage LH2/LOX   

  tonnes Actual Prop   tonnes Actual Prop 

Payload Capacity 45 16 29.0000 Payload Capacity 45 42 3.0000 

Dry Weight 10.5   # Mated Dry Weight 10.5   # Mated 

# flights 3   3 # flights 5   3 

                

  Gross in LEO Propellant PF   Gross in LLO Propellant PF 

Refueled 145.5 119 0.8179 Refueled 235.5 183 0.7771 

Partial Mated 166.5 119 0.7147 Partial Mated 256.5 183 0.7135 

Mated 166.5 119 0.7147 Mated 277.5 183 0.6595 

The words “mated” and “docked” are used interchangeably in this presentation 



Railroad to Moon – with Falcon Heavy 
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4 flights 4 mated – smaller payload 

With Falcon Heavy as booster, we have multiple permutations available with three 

degrees of freedom viz. payload size, number of flights and the number mated in 

orbit. This allows us to reach different possible solutions depending on need and 

cost. Methane/LOX for US is used for all the options below as it is more efficient than 

RP/LOX and is also more storable than LH2/LOX 

PF Reqd

Upper Stage CH4/LOX

tonnes Actual Prop

Payload 54.4 35.36 19.0400

Dry Weight 4.5 # Mated

# flights 4 4

Gross in LEO Propellant PF

Refueled 222.1 182.24 0.8205

Partial Mated 235.6 182.24 0.7735

Mated 235.6 182.24 0.7735 0.779

Falcon Heavy (F9H) w Methane US PF Reqd

Upper Stage CH4/LOX

tonnes Actual Prop

Payload 54.4 40.8 13.6000

Dry Weight 4.5 # Mated

# flights 4 2

Gross in LEO Propellant PF

Refueled 222.1 176.8 0.7960

Partial Mated 226.6 176.8 0.7802 0.779

Mated 235.6 176.8 0.7504

Falcon Heavy (F9H) w Methane US

4 flights 2 mated – larger payload 

The words “mated” and “docked” are used interchangeably in this presentation 



Railroad to Mars – with New Glenn 
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Extending the same “Railroad” idea, 6 flights of New Glenn with 3 US being refueled 

and 3 discarded, allows us to take almost 5 t (~11,000 lbs) to Mars surface. 2 of the 3 

US are taken to land on the surface with one continuing in LMO, which can be used 

for coming back to Earth. On the other hand, 5 flights with all refueling the in orbit US 

from the first flight, allows for 16 t payload 

LMO = Low Mars Orbit 

New Glenn with LH2/LOX US  to Mars Surface New Glenn with LH2/LOX US  to Mars Surface 

Prop Fraction (PF) Required 0.878 Prop Fraction (PF) Required 0.878 

  Upper Stage LH2/LOX     Upper Stage LH2/LOX   

  tonnes Actual Prop   tonnes Actual Prop 

Payload Capacity 45 5 40.0000 Payload Capacity 45 16 29.0000 

Dry Weight 10.5   # Mated Dry Weight 10.5   # Mated 

# flights 6   3 # flights 5   1 

                

  Gross in LEO Propellant PF   Gross in LLO Propellant PF 

Refueled 280.5 265 0.9447 Refueled 235.5 209 0.8875 

Partial Mated 301.5 265 0.8789 Partial Mated 235.5 209 0.8875 

Mated 333 265 0.7958 Mated 277.5 209 0.7532 



Railroad to Moon – Best Solution with Falcon Heavy 
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Five flights of Falcon Heavy with 3 US being refueled and 2 discarded, allows us to 

take almost 51.68 t (~114, 000 lbs) to the Moon surface. 2 of the 3 US are taken to land 

on the surface with one continuing in LLO, which can be used for coming back to 

Earth.  

Falcon Heavy (F9H) w Methane US PF Reqd 

        

  Upper Stage CH4/LOX   

  tonnes Actual Prop 

Payload 54.4 51.68 2.7200 

Dry Weight 4.5   # Mated 

# flights 5   3 

        

  Gross in LEO Propellant PF 

Refueled 276.5 220.32 0.7968 

Partial Mated 285.5 220.32 0.7717 0.779 

Mated 294.5 220.32 0.7481 

Can this solution, or its derivative, be extended to further expand 

the railroad to Mars – even if it may mean reduction in payload? 

LLO = Low Lunar Orbit 



Railroad to Mars – Sixpack to Mars with Falcon Heavy 
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Extending the same “Railroad” idea, 6 flights of Falcon Heavy with 3 US being 

refueled and 3 discarded, allows us to take almost 16.32 t (~36,000 lbs) to Mars 

surface. 2 of the 3 US are taken to land on the surface with one continuing in LMO, 

which can be used for coming back to Earth.  

Falcon Heavy (F9H) w Methane US PF Reqd 

        

  Upper Stage CH4/LOX   

  tonnes Actual Prop 

Payload 54.4 16.32 38.0800 

Dry Weight 4.5   # Mated 

# flights 6   3 

        

  Gross in LEO Propellant PF 

Refueled 330.9 310.08 0.9371 

Partial Mated 339.9 310.08 0.9123 0.922 

Mated 353.4 310.08 0.8774 

LMO = Low Mars Orbit 



Railroad to Mars – with Falcon Heavy with Raptor 
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Other possibilities/permutations 

  

Smaller payload with smaller number of flights: 

4 flights of Falcon Heavy with 2 US being refueled and 2 discarded, allows us to take 

almost 8.16 t (~18,000 lbs) to Mars surface. 1 of the 2 US is taken to land on the 

surface with one continuing in LMO, which can be used for coming back to Earth.  

Falcon Heavy (F9H) w Methane US PF Reqd 

        

  Upper Stage CH4/LOX   

  tonnes Actual Prop 

Payload 54.4 8.16 46.2400 

Dry Weight 4.5   # Mated 

# flights 4   2 

        

  Gross in LEO Propellant PF 

Refueled 222.1 209.44 0.9430 

Partial Mated 226.6 209.44 0.9243 0.922 

Mated 235.6 209.44 0.8890 



Railroad to Mars – with Falcon Heavy with New Glenn US 
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Other possibilities/permutations 

 

On the other hand, if cooling LH2 during the trip to Mars can be efficiently attained 

without much boiloff (using solar electric refrigeration), then the payload is 

substantially increased to 54,000 lbs to Mars surface. Again 3 US are discarded after 

refueling the other 3 in orbit. These 3 are ignited for TransMartianInjection (TMI), 

intercepted and landed. Deep throttle engine will be needed for intercept and landing 

or only one of the 3 will be lit. Again, one may remain in orbit for coming back to 

Earth.  

F9H with XSPUS   PF Reqd 

        

  Upper Stage LH2/LOX   

  tonnes Actual Prop 

Payload 49.2 24.6 24.6000 

Dry Weight 4.5   # Mated 

# flights 6   3   

        

  Gross in LEO Propellant PF 

Refueled 299.7 270.6 0.9029 

Partial Mated 308.7 270.6 0.8766 0.878 

Mated 322.2 270.6 0.8399 



Saga of Chandrayaan 2 – How did it get there? 

Earthbound Phase 
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  Perigee Apogee 

Orbit 

raised 

  km km 2019 

Ellipse 0 169.7 45475 22-Jul 

Ellipse 1 230 45163 24-Jul 

Ellipse 2 251 54829 25-Jul 

Ellipse 3 276 71792 29-Jul 

Ellipse 4 277 89472 2-Aug 

Ellipse 5 276 142975 6-Aug 

Ellipse 6 276 600000 14-Aug 

approximated 

km3/s2 

a ae e Mu=R0*R0*G0 (1+e)/(1-e) Vp Va Period 

semi-major 

(km) eccentricity m/s m/s sec hrs days 

Ellipse 0 29200.35 22652.65 0.77577 398913.4081 7.919269 10401.305 1313.417 49638.96 13.7886 0.57452 

Ellipse 1 29074.5 22466.5 0.77272 398913.4081 7.799788 10344.859 1326.300 49318.39 13.6996 0.57081 

Ellipse 2 33918 27289 0.80456 398913.4081 9.233218 10420.792 1128.620 62142.10 17.2617 0.71924 

Ellipse 3 42412 35758 0.84311 398913.4081 11.74782 10511.716 894.780 86890.78 24.1363 1.00568 

Ellipse 4 51252.5 44597.5 0.87015 398913.4081 14.4027 10587.753 735.123 115428.52 32.0635 1.33598 

Ellipse 5 78003.5 71349.5 0.91470 398913.4081 22.4456 10713.906 477.328 216726.33 60.2018 2.50841 

Ellipse 6 306516 299862 0.97829 398913.4081 91.12985 10890.381 119.504 1688185.93 468.9405 19.53919 



Chandrayaan 2 – How did it get there? 

Moonbound Phase 
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km3/s2 

a ae e Mu=R0*R0*G0 (1+e)/(1-e) Vp Va Period 

semi-major (km) eccentricity m/s m/s sec hrs days 

Orbit 1 10823 8979 0.82962 4854.4838 10.73861 2194.683 204.373 101538.29 28.2051 1.17521 

Orbit 2 3995 2147 0.53742 4854.4838 3.323593 2009.634 604.657 22771.07 6.3253 0.26355 

Orbit 3 2525.5 616.5 0.24411 4854.4838 1.645888 1778.681 1080.681 11445.36 3.1793 0.13247 

Orbit 4 1874 20 0.01067 4854.4838 1.021575 1626.754 1592.398 7315.82 2.0322 0.08467 

Orbit 5 1853 4 0.00216 4854.4838 1.004327 1622.076 1615.088 7193.19 1.9981 0.08325 

Orbit 5 1853 4 0.00216 4854.4838 1.004327 1622.076 1615.088 7193.19 1.9981 0.08325 

Orbit 5 1846 12 0.00650 4854.4838 1.013086 1632.221 1611.137 7152.47 1.9868 0.08278 

Orbit 6 1796 31 0.01726 4854.4838 1.035127 1672.689 1615.926 6863.85 1.9066 0.07944 

Landing 1796 31 0.01726 4854.4838 1.035127 1672.689 1615.926 6863.85 1.9066 0.07944 

(Soft landing unsuccessful) 

Periluna Apoluna Orbit Decreased 

km km 2019 

Orbit 1 114 18072 20-Aug 

Orbit 2 118 4412 21-Aug 

Orbit 3 179 1412 28-Aug 

Orbit 4 124 164 30-Aug 

Orbit 5 119 127 1-Sep 

Orbit 5 119 127 2-Sep 

Orbit 5 104 128 3-Sep 

Orbit 6 35 97 4-Sep 

Landing 35 97 7-Sep 

(Soft landing unsuccessful) 



The Orbiter – It Lives 

26 The words “mated” and “docked” are used interchangeably in this presentation 

• It appears that the LH2/LOX cryo engine on third stage fired for 

longer time than expected 

• This put Chandrayaan 2 in faster perigee orbit to begin with 

• This saved some fuel in the orbiter at the end of all orbiter raising 

(Earthbound) and de-orbiting (Moonbound) maneuvers.  

• This is why the Orbiter will be able to remain in orbit for perhaps 

seven years instead of just one. 

• The Orbiter has L-band and S-band SAR (Small Aperture Radar) 

camera onboard with 0.32 m resolution for upto 10 m depth 

below surface. This is enough to map both the South and North 

poles for water-ice. 

• If additional de-orbiting is performed to bring the craft to 50 km or 

smaller orbit, the seven year number will decrease but it will 

produce better data 



Vikram Lander– What may have gone wrong 

27 The words “mated” and “docked” are used interchangeably in this presentation 

• The “Rough Braking” period possibly employing all 

four side engines of 800 N each, possibly at full thrust 

was successfully done 

• During the “Fine Braking” period, there is a small 

anomaly around 5 km altitude of too large a horizontal 

velocity which seems to have been successfully 

corrected quickly 

• Between 4 and 3 km  altitude from Moon surface, the 

same anomaly reappears, again it tries to correct for it 

by rotating the spacecraft counter-clockwise 

• Conjecture: This is possibly done by differential thrust 

from the four side engines while throttling. One of the 

throttling valves may have malfunctioned creating 

imbalance in thrust which may have resulted in a 

partial somersault and also produced downward thrust 

increasing rather than decreasing the vertical velocity 

while also decreasing the horizontal one 

• This made the Lander crash at high speed and also 

about half a km short of the target landing spot 



Empty New Glenn Propellant Tanks as “Homes” on Moon 

LH2 tank 

L ~ 12 m 

D ~ 7 m 

LOX tank 

L ~ 5 m 

D ~ 7 m 
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All tanks will be covered with Lunar soil (not shown) 

The doors would be on the sides (not as shown here) 

They can be placed outside (as shown) or in lavatubes 

Tanks 

are not 

drawn 

to scale 



Lunar Colony 
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All tanks will be covered with Lunar soil (as shown) 

Courtesy: ESA 



Bigelow Habitat 

30 Courtesy: Bigelow Aerospace 

Bigelow habitats can be placed inside the tanks 



Lunar Colony at Work 
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All tanks will be covered with Lunar soil (not shown) 

Courtesy: NASA 
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The Need Now 

 With the discovery/confirmation of huge quantity of water-ice on 

Moon, it changes the paradigm to a NEED FOR much larger human 

presence, over longer periods and ISRU for water-ice to create 

LH2/LOX propellants 

 The low gravity well (~one sixth G) allows for a reduction in DeltaV 

requirement from ~10 km/s (to get to LEO) to ~2 km/s (to get to LLO).  

 All explorations originating from Lunar surface will have to use 

Earth gravity assist and Oberth effect  

 All of the above together IMPLIES that we are not going to the Moon 

to showcase our ability but to do permanent settlements (colonies)  

 All of the above together also means other countries will vie to do 

the same, notably China 

 This implies we not only will need to be there in large numbers but 

also quickly, in order to compete or to reach a favorable distribution 

 All of the above means we need a solution that can take thousands 

of tons of infrastructure and consumption material to Lunar surface 

– not hundreds  
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The Need Now 

 This problem cannot be solved by just SLS as it is 5-8 times more 

costly than the approach outlined here, and is expected to have 

much less frequent launch capability. We will need ~10 launches a 

year of the type described herein to take the requisite infrastructure 

and material to the Lunar surface (and not to the Lunar Gateway). 

 This also means that Lunar Gateway is going to be counter-

productive to what we need to do soon - which is all on the surface – 

and very costly, which will put a damper on any further Moon/Mars 

developments. It is just an unnecessary burden. It may kill the entire 

program rather than help it.  

 Going to Mars using this method is also faster. It can be done in 4 

years. And later, using ISRU water-ice of Moon from Moon surface 

with Gravity assist would be an attractive choice as well. 

 The SLS program can be redirected to design and produce the upper 

stages for different destinations using different (possibly Methane 

and Hydrogen) fuels and different payload sizes, and also the 

exploration concepts and hardware.   
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The Railroad 

• “Railroad” to Moon and Mars is indeed possible if we can cleverly 

take advantage of reusability of the first stage(s) as proposed here 

• Upper stage docking (using docking collar or adapter) has been 

done since 1966. Refueling has been done by Soyuz to ISS. We will 

need to perfect them though.  

• The second stages are also effectively reused as their tanks become 

homes (we may not have any use for the engines though). So we can 

attain the reusability of the upper stage without having to increase 

its dry weight if they were completely reusable. (Reusable second 

stage increases the first stage weight by almost a factor of 2.1 also). 

Thus we can have the best of both world with this concept. 

• The initial tests for proof of concept can be done in one year with 

Falcon 9 as is. We can place ~2500 lbs on Lunar surface. 

• Later we could move to Methane US as such rockets become 

available such as smaller versions of SpaceX BFR US and Blue 

Origin’s BE-4 
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The Railroad 

• Falcon Heavy and New Glenn will avail us many possible 

permutations of payload, number of flights and number of US mated 

(even up to payload of 114,000 lbs to Moon). This is the Railroad. 

• Exactly one century after building the First Transcontinental 

Railroad in 6 years, we built Saturn V as the railroad to the Moon in 

almost the same time. Now exactly half a century later, it is time to 

build another railroad to Moon, Mars and other planets/satellites. It 

can also be done in almost the same time span.  

• The goals of taking large payloads to Moon can be accomplished by 

Falcon Heavy and New Glenn with multiple flights with several 

permutations at out finger tips, depending on the need at that time.  

• Starship or SLS can be used for human transportation later  

• This is also a gradual way that allows us more freedom, baby steps 

and still large payloads, even larger than SLS. 
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The Railroad 

• This means that WHILE we are building Lunar 

colonies, we can at the same time be sending 

spacecraft to Mars within the next presidential term. It 

does not have to be a one-or-the-other type solution 

(Moon or Mars). This can be done at the cost of ~$1 

Billion for Mars 

• Such an approach can find a solution for ANY 

exploration option we will need to do for almost the 

entire Solar System over next several decades. This 

should be taken up by NASA as the Modus Operandi 

going forward  

• A virtual Trans-planetary Railroad/Highway thus can 

be built for the country and for humankind 

 

 

 


