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Mission Overview
Following  your  successful  path  through  astronaut  selection  and  training,  the 

Johnson Space Center is delighted to inform you of your selection as initial crew for the 
Venus Atmosphere Practical Outpost with Resource-Extraction (VAPOR) mission, a newly-
proposed long-term mission to establish a permanent human presence on Venus. At 55km 
above  the  surface,  Venus  is  the  most  Earth-like  region  in  the  solar  system  with 
temperatures around 25°C and normal pressure. Hence, NASA’s interest in a habitat in 
this region. You will be living in a large floating balloon-like structure, experiencing Earth-
normal gravity and pressure. The following mission briefing will  describe in detail  your 
transfer,  the  environment  you  should  expect  upon  arrival,  the  habitat  currently  being 
designed for you, and the resource extraction procedures you will  begin to develop, to 
ensure a sustainable Venusian settlement. In addition, as you may have been expecting a 
mission to Mars, where most NASA activity is currently focused, this briefing will highlight 
differences and advantages. Please familiarize yourself with this briefing before mission-
specific training starts.

Venus Transfer
Trajectory and Aerocapture

Transfers  to  Venus  are  significantly
differently than the Mars trip you may have
been  expecting  from  your  training.  The
lowest  energy  transfer  available  is  a
Hohmann transfer to Venus – the simplest
possible  transfer,  using  a  single  burn  to
place you in an orbit with highest point at the 
Earth  and  lowest  point  intersecting  with
Venus – transfers take exactly half an orbit,
145  days.  Cargo  will  be  sent  this  way  to
maximize payload.

For both cargo and your crew vessel, 
arrival into Venusian orbit will be through 
aerocapture - braking using atmospheric 
drag. Venus’ atmosphere is significantly 
denser than Earth’s, having 93 times the 
total mass of Earth’s atmosphere. The extra 
braking available upon arrival allows for a 
fast transfer of 110 days for the crew vessel (Lugo and Ozoroski 2015); since no fuel is 
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needed for arrival, payload can be increased and the journey shortened relative to a Mars 
mission. This faster, non-Hohmann transfer is shown in Figure 1 above.  

Payload is also increased by the reduced speeds needed for a transfer to and from 
Venus – departure speeds are 0.25 km/s slower to Venus than to Mars, further increasing 
the payload that can be carried.  Despite this, transfer times are significantly lower; three 
months in each direction, rather than the 9 months required for a Martian transfer. Again, 
reduced food and water requirements en route allow for a significantly larger habitat, a key 
advantage over what you may have anticipated for a Mars mission.

Frequency of Transfer Windows
Transfer windows between Earth and Venus are also more common than for Mars. 

For any given transfer window, there is the same angle between the two planets. Venus’ 
synodic period, the time for this angle to recur and hence the time between transfers, is 1 
year 8 months, significantly shorter than Mars’ synodic period of 2 years 2 months (David 
2018). Together with the shorter transfer time, these properties will make the habitat you 
and your crewmates will establish significantly more useful than virtually any other location 
in the solar system, as resupply is much more common. Benefiting you specifically, shorter 
travel times increase the fraction of the trip spent on Venus, drastically reduce radiation 
exposure while in interplanetary space, and allow for more options to return once the 
habitat is established.

In addition, Venus has very frequent transfers to asteroid belt locations; while 
moving from one asteroid to another is always slow and energy-intensive, transfers from 
Venus require little more energy than returns to Earth (Landis 2003). Your mission may 
therefore later integrate with parallel asteroid explorations,.

Environment at Venus
Atmosphere and weather

At the surface, Venus is not survivable, 
much less habitable. Temperatures exceed 
400°C, the melting point of lead – damaging 
almost all standard electronics as solder melts. 
The atmosphere is mostly carbon dioxide, with 
trace nitrogen, pressurized to 93 atmospheres - 
requiring a pressure vessel stronger and 
therefore heavier than could be transported. 
However, ascending to the upper atmosphere, 
pressures fall to an Earth-normal one 
atmosphere at 50km above the surface. This 
altitude still experiences uncomfortably high 
temperatures of 50°C at noon (Williams 2019). 
However, temperatures fall relatively slowly 
relative to altitude in this region, at a gradient of 
only 10.2 °C/km. Ascending so that noon-day 
pressure is 25°C, you would experience 0.8 
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Figure 2: (Parish and Mitchell 2018) Model of 
the average temperature and pressure across 
Venus. At your altitude of 53km pressure is a 
Denver-normal 0.8 atmospheres with 
temperature around 25 °C.



atmospheres, as you can see in Figure 2; this is the pressure felt in high-altitude cities on 
Earth such as Denver. In practice, depending on exact habitat mass and weather 
conditions your altitude will fluctuate. However, you will never enter a lethally hot or low-
pressure region; this habitat design is resilient to mass and altitude excursions.

A major weather difficulty that drives design is the presence of concentrated sulfuric 
acid droplets in the air. Sulfuric acid clouds begin at 30km atltitude and extend through 
your altitude to 60km above the surface, consisting of small  acid droplets lofted in the 
atmosphere. Though there appear to be gaps between the lower and upper cloud layers, 
you are not guaranteed to always be in these gaps. Therefore these diffuse acid droplets 
are the major  environmental  hazard,  governing habitat  construction and your ability  to 
survive outside the habitat.

Travel & the Day-Night Cycle
Venus  rotates  extraordinarily  slowly,  revolving  on  its  axis  less  than  once  every 

Venusian  year.  However,  upper  atmosphere  winds  move  significantly  faster  than  the 
surface – 100 m/s at your altitude independent of latitude – carrying you around the planet 
once every 4 days, depending on latitude, creating days and nights lasting two Earth days 
each. This not close enough to the Earth’s cycle to use, and so an artificial day will be  
kept.  Usefully,  however,  these fast winds mean the atmosphere is well-mixed and you 
should not expect large temperature fluctuations between day and night, due to the limited 
time to gain or lose heat. In addition, the constant travel allows you to survey the surface.

Vertical travel within the atmosphere will be possible by adjusting the density of the 
habitat. Trips downwards, for science or resource-gathering, will be required. However the 
heat  capacity  of  the  habitat  is  enough  that  short  trips  down will  not  heat  the  station  
dangerously. Direct solar heating is not excessive due to the cloud layer, so most of the 
heating is slow conduction from the atmosphere.

Extra-Vehicular Activity (EVA)
The high wind speeds do not pose a threat to activity outside your habitat – as you 

will be living in effectively a blimp, it travels at exactly wind speed and you would not feel  
any wind whatsoever. Since the pressure matches Earth’s, you will not need a pressure 
suit to work externally either, merely a respirator to provide oxygen. Major risks are falling  
– the tethers you are used to from working at the International Space Station should be  
sufficient  – and the sulfuric  acid droplets in the air,  which will  require  a resistant  suit,  
similar to a wetsuit. This will  be significantly less restrictive than a full  pressure suit as 
needed for Mars EVAs, allowing for much more delicate motion with fingers, and much 
less time spent suiting up. In addition, risks are much lower; a tear in the suit will not lead 
to asphyxiation and death, but a very slowly-developing burn since the acid droplets are 
widely dispersed. Time to either patch the suit or return inside will be less than the time 
until damage is done.

Page 3 VAPOR Mission Brief



Health concerns – Gravity & Cosmic Ray Protection
A major benefit of habitats in-atmosphere, rather than surveying from orbit, is the 

radiation protection provided by Venus’ atmosphere. At the 50km level, the atmosphere 
above you provides 1.290 kg/cm2 of mass; this exceeds the protection on Earth’s surface, 
whose atmosphere only provides 1.030 kg/cm2 of mass, and is vastly superior the Martian 
surface where you would feel only 0.016 kg/cm2 of shielding. Atmospheric mass shields by 
acting as a physical obstacle to solar and cosmic radiation; this will be sufficient to bring  
radiation down to acceptable levels. 

Your overall dose will be significantly less than a Mars mission; the significantly 
reduced transit time will reduce exposure in deep space where protection is harder, and 
you will receive negligible dose on the surface even during activity outside of the habitat. 
Mars’ lack of an atmosphere or magnetic field means that habitats will likely have to be 
small and radiation shielded, likely by being underground, while surface activity would 
have to be time-restricted to limit radiation exposure (Marc 1997).

Venus unfortunately does not have its own magnetic field; it does have a molten 
metal core like Earth, however there does not appear to be sufficient movement to create 
a magnetic field. Instead, a small field comes from the interaction of the upper atmosphere 
with solar wind. Positively charged ions are created by solar radiation; in turn, solar wind 
drags those ions away from the sun. Although the solar wind is normally net uncharged, 
the positive ions added create a net current away from Venus which in turns creates a very 
weak magnetic field, roughly 1.5×10-5 times the strength of Earth’s (Odenwald 2005). This 
will not be sufficient to protect you, nor does it protect the upper atmosphere from being 
stripped away as Earth’s field does. However, out-gassing from the surface appears to be 
enough to maintain the Venusian atmosphere at its incredibly high density.

Gravity on Venus is also close enough to Earth 
normal  to  protect  you  from  the  health  risks  of  micro-
gravity,  and  to  allow  you  to  recover  from  bone  loss 
experienced during the transfer. You will experience 8.9 
m/s2 of  acceleration,  or  0.91g, which  should  not  feel 
appreciably different. Again, this is in contrast to Mars, 
where  the  surface  gravity  of  only  0.38g would  feel 
noticeably  different,  and  would  have  as  yet  health 
effects, as it is not guaranteed to be strong enough to 
maintain bone density and muscle strength.

Habitat Description
Design and Materials

Aeroplanes are feasible  on Venus – the slightly 
lower gravity and thick atmosphere means that terrestrial 
designs,  given  an  electric  power  supply  and  proofed 
against sulfuric acid,  would fly perfectly well.  However, 
powered  flight  is  power-intensive  and  is  prone  to 
catastrophe if power is lost or the structure fails.
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Figure 3: (Hall, Fairbrother, and 
Frederickson 2008)Prototype 
balloons showing the laminate fabric 
used - a clear layer of Teflon, bonded 
to metal foil and urethane undercoat 
for strength.



Using lighter-than-air habitats reduces your exposure to these risks. A nitrogen and 
oxygen mixture is a lifting gas in the dense Venusian air, allowing the entire volume of the 
habitat to serve as lifting volume as well as useful habitable space. There is no need for a 
large gas bag as terrestrial  zeppelins use  –  a large habitat  will  float  itself.  The lifting 
capability of an Earth-normal oxygen/nitrogen mix is sufficient to loft cities – an 800 meter 
diameter habitat could have a mass of 350,000 tonnes, which is the scale of the masses of 
skyscrapers, meaning city-scale habitats are plausible.

Lighter-than-air habitats have other benefits. Firstly, they require high volumes of 
livable space – the density of the habitat must remain low, so interior spaces will be large.  
Since the outside pressure will match the inside pressure, plus a small over-pressure to 
keep the habitat inflated, the habitat requires little structural strength, and so can be made 
of a lightweight fabric. Any rip in the habitat would not be catastrophic, as the low pressure 
differential means that leak rates are slow even with large rips, giving you time to repair 
them before descending too far.

Your habitat will be a large spherical structure, with a rigid metal skeleton bearing 
the weight of the internal floors, and a thin skin. Given there is little pressure difference to 
withstand, the main design limitation of the skin is its sulfuric acid resistance. Sulfuric acid 
is a common industrial chemical, produced in the millions of tonnes yearly, so strategies 
for dealing with it are well-known. However, these rely on nickel and stainless steel alloys, 
which are too heavy for your habitat, and are best-suited for resisting turbulent scouring 
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Boosting the fraction of oxygen will increase the partial pressure back to normal, but will  
cause  your  altitude  to  fall  slightly  as  oxygen  is  denser,  which  will  increase  ambient 
temperature -  you will have leeway to experiment to find the optimum altitude and gas 
mixture.

Power

Above the clouds, Venus receives significantly higher solar irradiance than the 
Earth. Its proximity to the sun means it experiences a mean flux of 625 W/m2 – the energy 
input averaged over latitude and the day/night cycle. However, the cloudtops reflect almost 
almost all energy, radiating 475 W/m2 back into space – before it would become accessible 
to your habitat in the middle of the cloud layer. Roughly 150 W/m2  of downward flux,  as 
shown in the US and Soviet lander data in Figure 4 above, remains available to power 
your habitat, similar to the average flux in European cities. Venus’ saving grace, however, 
is the reflectivity of the atmosphere and surface below you; since Venus has the highest 
albedo, 0.8,  of any planet in our solar system, there is nearly 150 W/m2 of upwards flux 
available to solar cells on the underside of your habitat (Landis 2001). 300 W/m2 of 
available energy is akin to Northern Africa’s levels of solar capacity. Furthermore, since the 
atmosphere is well-mixed and homogeneous, this is reliable power with little weather 
variation to disturb it. Most variation will come from the day/night cycle created by the 
winds carrying you around the planet, but the predictability of these means your schedules 
can be designed to conserve power overnight, and batteries can be sized to last the 48-
hour night without needing to have an extremely large, heavy power reserves in case of 
extended bad weather.

Solar  cells  will  be  mounted  on  the 
outside of the habitat’s skin – therefore they 
need protection from the acidic environment. 
They  will  be  coated  with  FEP-Teflon  or 
polypropylene, both of which are transparent 
polymers  which  can  be  coated  onto  the 
solar  cells  and  provide  90% transparency, 
while being resistant to sulfuric acid erosion. 
These coatings are known to work despite 
this  application  being  a  non-standard  use, 
as seen in Figure 5.

Resource extraction
Maintaining  a  permanent  habitat  on 

Venus will not be possible without eventually 
beginning to use the resources available on 
Venus rather than relying on resupply from 
Earth.  The  inherent  disadvantage  in  your 
floating habitat is that it floats – you will have 
no direct access to the surface to gather materials. Two options remain – remote control of 
surface devices, and resource extraction from the atmosphere.
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Figure 5: (Jones and Arney 2015) The curves show 
the transmittance of polypropylene after spending up  
to 30 days submerged in 85% concentration sulfuric 
acid, a significantly harsher environment than the 
aerosol environment on Venus. No degradation is 
found supporting the durability of your habitat's 
exterior.



The atmosphere, mostly carbon dioxide, is also 3% nitrogen. Since the Venusian 
atmosphere is so much denser than Earth’s, however, Venus holds more nitrogen in total 
than Earth, despite Earth’s atmosphere being 78% nitrogen. You will be able to extract and 
concentrate nitrogen, and your current mission design involves a robotic craft to gather 
nitrogen to inflate your habitat, reducing the mass of gases to be carried en route. Nitrogen 
is also vital as fertilizer, which will be required for farming to start – the top layers of your  
habitat will experience Earth-like light levels allowing you to grow crops.

Robotic operation on the surface is difficult, with no lander having yet survived 
longer than 2 hours due to the extreme pressure. Robots which spend brief amounts of 
time on the surface, inflate balloons to ascend and cool, then return have been proposed 
by NASA (Adams 2009) although not yet implemented. By your launch time these may 
have been developed, at which point your habitat will be useful for teleoperation.

Summary
VAPOR will establish a base in the most Earth-like region of the solar system – 

Venus’ upper atmosphere. Living in a floating habitat 55km above the surface, you will 
uncover the history of Venus, which is currently not understood below the cloud layer, and 
will do so in significantly more hospitable conditions, in a larger habitat, than possible on 
any other planet or moon.

Johnson Space Center
January 2020
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