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OUR MISSION STATEMENT
The British Interplanetary Society 

promotes the exploration and  
use of space for the benefit  

of humanity, connecting people  
to create, educate and inspire,  

and advance knowledge in  
all aspects of astronautics.

Letter from the Editor

A historic event took place when 
SpaceX launched the first 
Americans to orbit from US soil 
since 2011. But what are the 
implications? We consider at least 
one which may have been missed 
by space-watchers.

Elsewhere, I am delighted to 
publish Derek Webber and his 
support for lunar exploration and 
Stephen Baxter for his close look 
at a habitat for several thousand 
workers at a space factory of the 
future. For the present, a new 
entrepreneurial start-up in the 
UK’s West Country is planning 
something innovative, as Griffith 
Ingram explains. 

But the past is always with us 
and Frank Winter reflects on a 
very important person at the 
Oberth Museum, who has sadly 
passed away. And lost 
opportunities are immortalised in 
the multi-talented skills of 
master-modeller Mat Irvine as he 
builds the UK’s MUSTARD space 
shuttle concept.

Of course the BIS is more than 
our publications – visit our 
website at www.bis-space.com 
for much, much more and news 
about our streaming talks.. 

David Baker
david.baker@bis-space.com
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Commercial Crew delivers – but is it a “new dawn” or more of the same?
THERE WAS MUCH REJOICING at the Crew Dragon 
Demo-2 flight, launched on 30 May, that carried 
Douglas Hurley and Robert Behnken to the ISS a day 
later. It was, said many, the dawn of the New Space 
age – now fully embracing not only cargo but humans 
as well on space vehicles largely developed by private 
money and some government subsidies. 

But that totally misses the point – because it’s 
more Old Space than ever before and the range of 
new possibilities has now unleashed a revitalisation 
of human space flight and a myriad of applications 
previously on hold for nine years. Unexploited 
possibilities have burgeoned in the outstanding range 
of technological and geopolitical transformations of 
the last decade. This is fuelling a long line of uses for 
human space transport, new systems queuing up for 
a slice of the action. Potentially, one of those is the 
contentious US Space Force, the independent arm of 
the Pentagon responsible for protecting American 
security interests above Earth and beyond. 

Largely unrecognised by the general space-
watching media, the Space Force was set up in part 
to defend the Artemis programme and help police 
and defend the emergence of US commercial 
operations on the Moon. It underpins the new 
executive order from the White House for unlocking 
the resources of the solar system (SpaceFlight Vol 62 
No 6 p4). There is an increasing divergence between 
the patriotic, scientific and knowledge-based urgency 
in getting to the Moon, led by NASA and its 
international partner community, and the 
establishment of a politico-commercial use of national 
assets for lunar mining operations.

Several US political and military leaders see 

Artemis as one element in a new convergence of Old 
and New space that leaves neither in a dominant 
position. With an independent US space 
transportation system for humans, issues regarding 
Air Force personnel in space is also being widely 
discussed right now. This was not possible without 
easy and relatively cheap access to orbit, to cislunar 
space and to the surface of the Moon with 
exclusively US-owned means of getting there. As 
President Trump said on the eve of the launch of 
Hurley and Behnken: “As has often been stated, you 
can’t be number one on Earth if you are number two 
in space. We are not going to be number two 
anywhere.”

Very few military leaders inside or outside the 
Space Force see armed troops in space but there is 
interest in the Crew Dragon as a means of eventually 
achieving that by procuring hardware from a separate 
production line. This has been attempted before, 
when the US Air Force tried to get Gemini spacecraft 
for the same purpose and married the NASA two-
man spacecraft to the defunct Manned Orbiting 
Laboratory, cancelled in 1969. It tried again with 
Apollo, laying out a broad range of military missions 
and also paid Grumman to study using the Lunar 
Module as a gunship. None of that happened.
What is really new about Crew Demo-2 is that it 
unleashes possibilities buried since the end of the 
Apollo programme and not matched in the Shuttle 
era, for a Space Force equipped with what the 
Pentagon, in classified briefings, calls Space Guard – 
the protection of US interests in orbit and beyond, 
including the “policing” of threats to US commercial 
interests on the lunar surface. SF

BEHIND THE NEWS

A NEW 
DAWN?

Opening the door again on US human space flight from American soil. 
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THE DEMONSTRATION FLIGHT of the 
SpaceX Crew Dragon spacecraft 
facilitates a more effective use of the 
International Space Station (ISS). 
Back in the late 1960s, when NASA 
expected to have a permanently 
manned space station in Earth orbit 
by the late 1970s, it baselined a crew 
of 12 as the minimum capable of 
supporting an optimum science 
programme. That was then. Over 
time, with advancing technology, the 
number of individuals required to 
carry out the same activity shrank to 
eight; by the time the ISS was first 
occupied it stood at seven. NASA and 
the international partners have been 
striving ever since to achieve that, an 
impossible target with the limited 
crew-carrying capacity of the Soyuz 
spacecraft.

Now, with Crew Dragon, NASA will 
send four astronauts at a time – 
boosting to that magic “seven” 
number the resident personnel. It 
works out that two full-time crew 
“days” are spent on housekeeping 
duties with between one and three at 
current personnel levels assigned to 
science activities. With seven at the 
ISS that number jumps to five 
working crewmembers productively 
tending to science experiments and 
laboratory activities. One of the 
flawed calculations at the beginning 
of the ISS operational programme 
was a fundamental misunderstanding 
of its role. The necessity to conduct a 
much broader range of experiments 

than would ever be conducted in a 
single Earth-based laboratory only 
came to planners over time.   

One of the most impressive aspects 
of arriving at the ISS is the sheer 
volume of space experiments on 
board. Prior to launch, individual 
astronauts get to be aware of around 
20% but, when they float on board, 
the scale becomes self-evident and 
impressive. It was this that moved 
astronaut Serena Auñón-Chancellor 
when she arrived at the ISS in 2018. 
Overwhelmed at the diversity, she 
spoke at length about her motivation, 
enhanced by the magnitude of this 
work. To date, 4,000 scientists from 
108 countries have had work 
conducted at the station. With the 
Commercial Crew programme, four 

astronauts can fly to the ISS on a 
single launch and that doubles to 100 
hours per week the amount of 
science that can be conducted. It also 
allows hand-offs with paired teams 
working long duration experiments, 
each of which could last up to 
thirteen hours.

Beyond the direct programme that 
SpaceX provides for NASA, Crew 
Dragon is capable of carrying a 
maximum seven people – equalling 
the baseline capacity of the Space 
Shuttle. Elon Musk has commented 
on his desire to capitalise on this by 
flying at least two missions per year 
exclusively carrying tourists into 
space and he is enthusiastic about 
sending fee-paying passengers 
around the Moon and back. SF

ON 15 JUNE, ESA’S SOLAR ORBITER conducted its first perihelion 
pass of the Sun – a far from impressive fly-by which, at around 77 
million km, is only about half the distance between the Earth and the 
solar orb. The first images are expected in mid-July and are eagerly 
awaited. But this is just the beginning of a much longer journey in 
which each pass takes the probe closer to its target. 

Launched in February, Solar Orbiter is due to begin its main phase of 
operations in November 2021. In early 2022, during the first close 
approach of the main phase, it will pass within 48 million km of the 
Sun. It will eventually pass within 42 million km, but even this is just 
the first phase in a multi-phase mission. 

After its initial in-plane fly-bys, Solar Orbiter will use the gravitational 
field of Venus to conduct an out-of-plane manoeuvre that tilts the 
inclination of its solar orbit, providing data from increasingly higher 
latitudes. This will allow it to gather data on solar phenomena to amplify 
the results from NASA’s Parker Solar Probe, which was launched in 
2018 and on 7 June 2020 passed within 18.7 million km of the Sun at a 
relative speed of 393,000 km/hr. In the meantime, in July 2020, the 
35-m diameter ESA deep-space antenna at Malargüe, Argentina will 
capture the initial images from Solar Orbiter’s first perihelion pass. SF

Gearing Up 

LONG AND WINDING ROAD

A close shave for Solar Orbiter.

As designed, Crew Dragon can carry seven people – but NASA only wants to fly four at a time. 

Opening the door again on US human space flight from American soil. 

LE
FT

: E
SA

 / 
A

B
O

V
E

 R
IG

H
T:

 S
PA

C
E

X



BEHIND THE NEWS

4 Vol 62 August 2020 SpaceFlight

Briefing

PRINT ON DEMAND 
ArianeGroup has successfully tested 14 
times the first combustion chamber (above)
manufactured totally by 3D printing. Fired up 
on the DLR Lampoldshausen, Germany, test 
facility between 26 May and 2 June, the 
chamber was developed under the Expander-
Cycle technology development programme. 

THE BIG PUSH
Preparations for the flight of the first Space 
Launch System moved a step closer on 15 
June when 10 solid rocket booster segments 
arrived by rail at the Kennedy Space Center. 
Each SLS will have two five-segment solids, 
one more than the Shuttle SRBs, producing a 
total lift-off thrust of 32,000 kN, 75% of total 
SLS thrust. The first flight (Artemis 1) could 
come as early as late 2021. OVER THE NEXT TWO YEARS, 

China plans to launch eleven 
flights to build a major orbiting 
facility and in July it will choose 
the next cadre of up to 18 new 
astronauts to crew this 
sustainable station. The first 
element is scheduled for launch 
in 2021, according to Zhou 
Jianping, the chief designer of 
China’s human space flight 
programme. The Tianhe core 
module will fly on a Long March 
5B, occupied by a crew launched 
on a Shenzhou spacecraft 
followed by a Tianzhou logistical 
flight. The first experiment 
module will dock with Tianhe and 
so commence the growth of the 
orbiting station. It will take just 
over two years to complete the 
facility for the first phase of an 

operational capability.
The growth is based on the 

core and two experiment 
modules, four crewed Shenzhou 
and four cargo missions, flights 
supported by Long March 5B 
heavy lifters, Long March 2F and 
Long March 7 rockets. The 
66-tonne station will support a 
working team of three astronauts, 
each team remaining aboard for 
up to six months. China is already 
recruiting an international suite of 
experiments in astronomy, 
astrophysics, space medicine, life 
sciences, biotechnology, 
microgravity fluid physics, 
microgravity combustion and 
several space technology tests. 

The station will orbit at an 
altitude of 340-450 km and an 
inclination of 43 deg to facilitate 

China unveils its         own ISS
China station awaits.

Solid booster segments en route for Artemis 1.
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crew launches from the Jiuquan 
site in the Gobi Desert. It will 
have a life of 10 years but the 
initial design can accommodate a 
total of six separate modules. The 
station will co-orbit with a 2-m 
aperture telescope, the optical 
module of which can dock to the 
station for refurbishment, repairs 
and upgrades. China claims that 
its optical qualities will be as 
great as the Hubble Space 
Telescope but with a field of view 
300 times larger. 

Supporting these ambitious 
plans is a new crewed spacecraft 
to replace Shenzhou. Capable of 
carrying up to six people, or three 
astronauts and 500 kg of cargo, 
the prototype was launched on 
the Long March 5 which made a 
successful flight on 5 May. SF 

NASA HAS SELECTED the VIPER (Volatiles 
Investigating Polar Exploration Rover) for a flight 
to the lunar South Pole in 2023 aboard the Griffin 
lander, each built by Pittsburgh-based logistics 
company Astrobotic. Both spacecraft evolved 
from the company’s Peregrine lander set to reach 
the Moon next year following launch on the first 
flight of the ULA Vulcan heavy-lift launcher. 

When VIPER disembarks from Griffin’s ramps 
onto the Moon, it will survey the surface and 
subsurface for water ice, which could be used for 
breathable air and rocket propellant by future 
deep space explorers. VIPER’s mapping of lunar 
water ice could be the first step toward utilizing 
resources in the space environment – rather than 
carting them all from Earth – to enable more 
affordable and sustainable space exploration. SF

China unveils its         own ISS
China station awaits.

Long March 5 lifts off on 5 May with a prototype of the new Chinese crew carrier.

Moonbound

An artist imagines VIPER at the Moon’s South Pole.
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SPEND, SPEND, SPEND!
Opinion

THERE IS STILL A LONG WAY TO GO but the signs are good. Following a 
highly successful flight from launch at the historic Kennedy Space Center’s LC-39A 
to the ISS a day later, SpaceX safely delivered Hurley and Behnken on a mission 
which could rewrite space flight history. Of course they still have to come home 
but the signs are good that this will also be a successful operation. 

But why is this so important? Because eventually the commercial opportunity 
provided by this private/public partnership will support a more autonomous 
flexibility in what to do and where to go unfettered from political edicts. Through 
self-financing strategies, the private, commercial space industry can be more 
flexible, open more opportunities and stimulate a faster service at less cost, being 
more responsive and less “political”. And why is that so important? 

If you love space history you have no need to ask; for 60 years national space 

WHILE ESA’S ROSALIND FRANKLIN 
rover will have to sit it out and wait for 
its turn in 2022, three missions are 
lining up to depart for Mars during July 
this year. First off will be the Emirates’ 
Hope, launched by a JAXA H-IIA on 14 
July, arriving in Mars orbit in February. 
NASA’s Perseverance will launch on 20 
July by Atlas V and arrive with a landing 
at Jezero crater on 18 February.  Three 
days later, China’s Tianwen-1 will lift off 
on a Long March 5 Y4 from the 
Wenchang Launch Site, also arriving at 
Mars in February 2021.

With a launch mass of 1,350 kg, 
Hope carries instruments to measure 
the hydrogen and oxygen losses from 
the top of the atmosphere and 

measure the changing climate. This 
project is a truly international 
endeavour with contributions from 
more than 200 organisations 
worldwide. Hope has a design life of 
two years.  

NASA’s Perseverance rover is built 
around the basic design of the 
Curiosity rover which successfully 
landed in Gale Crater in August 2012, 
demonstrating the unique Skycrane 
concept in which a descent and entry 
module lowers the 1-tonne vehicle to 
the surface before detaching cables 
and flying away from the landing site. 
Several significant modifications have 
been made to the basic design, both to 
improve its surface performance and to 

provide added roles. Perseverance is 
tasked with caching surface samples 
for a future sample-return mission and 
for deploying the Mars Helicopter 
named Ingenuity. 

With a total launch mass of 5,000 kg, 
Tianwen-1 comprises an orbiter, a 
lander and a rover, all of which are 
equipped to characterise the 
environment and search for evidence 
of past or present life. Initially, China 
pinned hopes on the Russian Fobos-
Grunt mission with a Chinese parasitic 
orbiter attached. Launched in 2012, 
Fobos-Grunt never got out of low Earth 
orbit. Initial descent will use a 
supersonic parachute and a retro-rocket 
with a thrust of 7.5 kN. SF 

The United Arab Emirates is looking to join the party.

Everyone’s gone…to Mars!
China’s first Mars rover, which will be deployed from the Tianwen-1 spacecraft. The launch is scheduled for 23 July.
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Briefing
MEET THE NEW BOSS
Replacing Douglas Loverro, who resigned in 
May, Kathy Leuders is to head NASA’s human 
flight effort on everything from Artemis Moon 
missions and Orion to commercial crew 
programmes. Leuders joined NASA in 1992 
and has served as Shuttle depot manager, 
oversight on international partners for the 
ISS, and manager of the commercial crew 
programme since 2014. 

REFLY SCHEDULE
Boeing will fly another Starliner 
demonstration mission in November in a 
repeat of the aborted uncrewed flight to the 
ISS in December 2019. On that flight several 
technical issues prevented rendezvous and 
docking to the station. If successful, the 
demo mission will be followed by the first 
crewed flight in April 2021. Like Crew 
Dragon, Starliner is capable of carrying 
seven people.

N
A

SA

At all too many junctions in the pivoting path of space 
programme development, governments have intervened to 

deflect purpose and impose political goals

programmes have been led by political decision-makers, very often articulated by 
big corporations unable to get out of “group-think”, incapable of seeing the wider 
spectrum of unfulfilled opportunities. At all too many junctions in the pivoting path 
of space programme development, governments have intervened to deflect 
purpose and impose political goals. 

Now, a few very rich people are spending their money on visionary paths 
toward a future they believe can be built better and for a greater goal – and 
largely these are egalitarian benefactors who put flesh on dreams and sail their 
boats on stormy seas. There are far worse ways to spend a fortune. SF 

 David Baker

THE MISSION ARCHITECTURE 
for Artemis 2, the second flight of 
the Space Launch System and 
the first crewed flight of NASA’s 
Orion spacecraft, has changed. 
Plans are evolving for a deep-
space rendezvous in high 
altitude before astronauts set off 
for a circumlunar flight. 
Currently scheduled for 2023 
carrying the first crewed Orion 
spacecraft, Artemis 2 will enter 
an initial low Earth orbit before a 
perigee raise manoeuvre to a 
2,860 x 185 km orbit performed 
by the Interim Cryogenic 
Propulsion Stage (ICPS). In this 
elliptical path Orion will be 
checked out for its life support 
functions, habitability and 
electrical power for 42 hours. 

Unlike Artemis 1, where the ICPS 
will propel Orion to the Moon, 
the European Service Module for 
Artemis 2 will provide trans-
lunar injection. After a four-day 
flight, Orion will fly by the far 
side of the Moon at a mean 
distance of 7,400 km preceding a 
four-day flight back to Earth. 
The plan now being considered 
is for Orion to evaluate the 
rendezvous and proximity 
control capabilities of the 
spacecraft, including testing the 
laser and imaging sensors, using 
the ICPS stage or a secondary 
piggy-back target released 
separately. But there would be 
no docking, that capability only 
coming with the Artemis 3 Moon 
landing mission in 2024. SF

Boeing’s Starliner readies for a refly.

Artemis: change of plan

Orion gets a new task - a rendezvous on its second flight but no docking.
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ISS Report
9 May – 8 June 2020

Expedition 63 is completing its second month of orbital operations. The ISS has 
a crew of five led by US commander Chris Cassidy and Russian flight engineers 
Anatoly Ivanishin and Ivan Vagner. US flight engineers Doug Hurley and Bob 
Behnken joined the crew in late May, having arrived aboard the SpaceX Dragon 
Demo-2 (DM-2) crewed spacecraft. 
Report by George Spiteri

O
n 9 May, Ivanishin and Vagner spoke to 
the Russian people on the occasion of 
the 75th anniversary of the Soviet victory 
in World War Two and the following 
day Cassidy made final preparations for 

the release of the unmanned Cygnus commercial 
cargo craft. Packed with approximately 2,041 kg 
of unwanted items, the Northrop Grumman-13/
Commercial Resupply Services-13 (NG-13/CRS-
13), SS Robert H. Lawrence Jr. Cygnus spacecraft 
was unberthed from the Earth facing port of Unity 
at 12:40 UTC on 11 May. Cygnus was released by 
Canadarm2 nearly three and a half hours later at 
16:09 UTC as the complex flew 418.4 km above the 
Pacific Ocean. Cassidy monitored the manoeuvre 
from the Cupola whilst robotics officers controlled 
Canadarm2. Once the spacecraft left the ISS, 
CapCom Stephen Zenter radioed his thanks to the 
Cygnus team “for honouring the legacy of Major 

Robert H. Lawrence”.
Cygnus spent nearly three weeks in orbit 

conducting scientific and engineering tests 
before being de-orbited over the South Pacific 
Ocean on 29 May. During its free flight, Cygnus 
deployed two CubeSats using the SlingShot small 
satellite deployer and performed the Saffire-IV 
experiment, which provided an environment 
to study the behaviour of fire in microgravity. 
Robotics officers also attached what NASA 
described as the “popular, but now-defunct” High 
Definition Earth Viewing (HDEV) experiment 
to the outside of Cygnus before it departed the 
station. HDEV had provided live views of Earth to 
over 300 million viewers but had reached the end 
of its five years of service.

On 12 May, Vagner worked with the Russian 
Terminator experiment which he described in 
a tweet, studies “luminous clouds in the upper 
mesosphere/lower thermosphere of our planet”. 
Cassidy conducted various human research 
investigations. He also answered questions from 
CNN and HGTV’s “At Home” podcast and 
admitted he was “eating more fish and vegetables 
on this particular mission”.

Cassidy checked out NASA’s three Astrobee 
cube-shaped free-flying robots called “Honey”, 
“Queen” and “Bumble” on 13 May. NASA tweeted 
that Astrobee “helps astronauts with routine 
duties, leaving them to focus more on the things 
that only humans can do”. Ivanishin swapped fuel 
bottles inside the Combustion Integrated Rack 
(CIR) and Vagner attached the Holter Monitor 2 
(HM2) device to his chest to measure his heart’s 
electrical activity.

  On 14 May, Cassidy and Ivanishin took part 
in eye exams using optical coherence tomography 
gear. Ivanishin also replaced Russian thermal 
sensors and updated the station’s inventory 

OPPOSITE
The SpaceX Crew Dragon 

approaches the ISS 
on 31 May 2020, while 

NASA Administrator Jim 
Bridenstine hosts ground 
celebrations for the first 

commercial crewed flight to 
the space station.

LEFT
The newly-expanded 

Expedition 63 crew with 
(front row, from left) Bob 

Behnken and Doug Hurley. 
In the centre back row is 
Chris Cassidy flanked by 

(from left) Anatoly Ivanishin 
and Ivan Vagner.

Cassidy checked 
out NASA’s three 
Astrobee cube-

shaped free-flying 
robots called 

“Honey”, “Queen” 
and “Bumble”
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management system, whilst Vagner checked 
spacecraft systems inside Progress 75 and 
participated in a variety of public affairs events for 
Russian media.

Cassidy and Vagner performed on-board 
robotics training on 15 May, in preparation for 
the arrival of JAXA’s unmanned H-II Transfer 
Vehicle-9 (HTV-9)/Kounotori-9 (White Stork-9) 
cargo spacecraft. The crew also made a video for 
ESA’s Astro Pi challenge, which offers young people 
the opportunity to conduct scientific investigations 
in space by writing computer programmes that run 
on Raspberry Pi computers aboard the ISS.

The 16/17 May were light-duty days for the 
crew. They performed their daily two hour 
exercise regimen, spoke to family and friends and 
conducted regular housekeeping chores, including 
vacuuming all the station’s vents and wiping down 
all surfaces in the various modules.

Cassidy and Vagner conducted more HTV-
9 robotics training on 18 May. The station’s 
commander also serviced samples inside the 
Materials Science Laboratory (MSL) and worked 
with the Hourglass experiment, which explores 
how different gravity conditions could affect 
planetary surfaces impacting future spacecraft 
designs. Ivanishin performed maintenance tasks 
and partnered Vagner for a session with the 
Russian Cardiovector biomedical investigation.

All three crewmembers conducted a simulated 
emergency egress on 19 May. Ivanishin continued 
servicing the CIR and Vagner checked medical gear 
for ear, nose and throat examinations.

HTV SIGN-OFF
JAXA launched the HTV-9/Kounotori-9 spacecraft 
atop an H-IIB rocket from the Tanegashima Space 
Centre in southern Japan at 17:31 UTC on 20 May 
(02:31 21 May local time). This was the last flight of 
the HTV variant and the final launch of the H-IIB 
booster. HTV will be replaced by the upgraded 
HTV-X unmanned spacecraft that is scheduled 
for launch atop the new H3 rocket to the ISS in 
February 2022. 

Cassidy was at the controls of Canadarm2 when 
HTV-9 was grappled by the robotic arm at 12:13 
UTC on 25 May as the complex flew 418.4 km 
above Tanzania. CapCom Leslie Ringo radioed 
“Congratulations on an excellent job”. Robotics 
officers in Houston installed HTV-9 to the Earth 
facing port of Harmony over two and a half hours 
later at 14:46 UTC. HTV-9 delivered 6,200 kg of 
scientific experiments and supplies including the 
final set of six lithium-ion batteries aboard HTV-9’s 
Unpressurised Logistics Carrier (ULC) to upgrade 
the station’s power system. Once the hatches were 
opened, the crew entered HTV-9 at 20:25 UTC 
on 25 May and began several days of transferring 
cargo to the station.

On 21 May, Cassidy answered questions from 
various US media. He told the Houston Chronicle 
that aside from science experiments “there are 
certain times when maintenance on the space 
station has to take the upper hand”. To reaffirm 
Cassidy’s words, Ivanishin and Vagner conducted 
such tasks inside the station’s Russian segment 

including servicing computers, life support gear 
and updating the station’s inventory systems.

Ivanishin and Vagner conducted more 
maintenance work in the Russian segment the 
following day, whilst Cassidy continued with on-
board robotics training and did further research 
with the Astrobee robots. During the crew’s 
light-duty weekend 23/24 May, Vagner spoke to 
Roscosmos TV about life aboard the station and 
becoming an engineer and a cosmonaut.

On 26 May, Cassidy and Vagner continued 
unloading cargo from HTV-9, whilst Ivanishin 
swapped out more bottles to maintain operations 
in the CIR inside Destiny. Cassidy set up Japanese 
network communications gear and science 
hardware on 28 May. He later worked on an 
experiment which explores how planetary bodies 
could affect the density and dynamics of different 
materials. Ivanishin and Vagner transferred more 
cargo from Progress and videotaped their activities 
aboard the station for viewers on Earth.

The crew worked with the European Fluid 
Science Laboratory (FSL) and the Canadian 
Radi-N2 experiment on 29 May, the latter of which 
is designed to measure the amount of neutron 
radiation received by astronauts aboard the station 
and help create a map of the ISS to identify areas 
that offer the most protection in case of a major 
solar event.

SPACEX DEMO-2
Following a scrub due to poor weather on 27 May, 
SpaceX launched their first commercial crewed 
Dragon spacecraft on the historic Demo-2 (D2) 
mission atop a two stage Falcon 9 rocket at 19:22 
UTC (15:22 local time) on 30 May from KSC’s 
Pad 39A, marking the first crewed space flight by 
a private company. Aboard Dragon was Spacecraft 
Commander USMC Colonel (Ret.) Doug Hurley 
(53) and Joint Operations Commander (JOC) 
USAF Colonel Dr. Bob Behnken (49), both on their 
third spaceflights. Coincidentally, both crewmen 
are married to US astronauts, Karen Nyberg and 
Megan McArthur respectively. 

This space flight followed the successful 
uncrewed SpaceX Demo-1 mission in 2019 
(SpaceFlight Vol 61 No. 5 pp 13-14 and pp 16-
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17). This was also the first US crewed launch 
from US soil since the final Space Shuttle STS-135 
mission in 2011 (SpaceFlight Vol 53 No. 10 pp 388- 
394), the first space flight by humans to fly a new 
spacecraft since STS-1 in 1981 (SpaceFlight Vol 23 
Nos. 8-9 pp 190-198) and was according to NASA 
Administrator Jim Bridenstine “a high priority 
mission for the United States of America”. 

The first stage of the Falcon 9 rocket landed 
successfully on the Autonomous Spaceport Drone 
Ship (ASDS) “Of Course I Still Love You” situated 
off the Florida coast 9 min 22 sec after launch.

Once Dragon had separated from the booster’s 
second stage and was safely in orbit, SpaceX Chief 
Engineer Bala Ramamurthy in SpaceX mission 
control at Hawthorne, California radioed the 
crew “thanks for flying on Falcon 9 today”. Hurley 
replied “it was incredible”.

Over three hours after launch, Hurley and 
Behnken conducted their first live broadcast from 
inside Dragon during which Hurley announced 
that the Dragon spacecraft had been given the 
name Endeavour by the crew. Hurley explained 
that one of the reasons for choosing this name was 
that both he and Behnken made their first space 
flights aboard Space Shuttle Endeavour.

Dragon Endeavour docked to the station’s 
International Docking Adapter-2 (IDA-2) at 14:16 
UTC on 31 May as the complex flew 421.6 km 
above the border between northern China and 
Mongolia. IDA-2 is attached to Pressurised Mating 
Adapter-2 (PMA-2) positioned on the forward 
port of Harmony. Hurley radioed his praise for the 
men and women “at Hawthorne, McGregor and 
the Kennedy Space Centre”. CapCom Josh Kutryk 
in Houston told the crew they had “opened up a 
new chapter in human space exploration”. 

The hatches to Dragon/Endeavour were 
opened nearly three hours later at 17:02 UTC, 
when Hurley and Behnken joined the crew of 

Expedition 63 for congratulatory messages from 
NASA officials at Houston. Hurley told them 
Dragon “flew just like it was supposed to….we 
couldn’t be happier about the performance of 
the vehicle” and Behnken said he was “looking 
forward to contributing in any way” that he could 
during the mission. The ceremony was slightly 
marred when Hurley apparently bumped his head 
entering the station and had to dab at the bleeding 
for several minutes with a tissue. NASA officials 
said during a pre-launch briefing that Hurley and 
Behnken could spend anywhere from one month 
to 119 days in space. The exact duration would 
not be determined until they were in orbit and 
could return to Earth as early as late June or as 
late as 23 September.

FIVE ALIVE
The 1 June was Hurley and Behnken’s first full day 
aboard the station. They spent the day unpacking 
Endeavour and integrating its systems with the 
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ISS. They joined Cassidy for a news conference 
answering questions from journalists on Earth. 
Describing launch, Hurley said Falcon 9’s “first 
stage was a much smoother ride” than the Space 
Shuttle and Behnken added “we all felt that 
separation…we felt that second stage light”. 
Hurley also praised their new futuristic space 
suits as “custom designed…we complimented 
the suit team” led by SpaceX’s Chris Trigg and 
Maria Sundeen. Ivanishin and Vagner got together 
with their United States Orbital Segment (USOS) 
colleagues to review Endeavour emergency 
procedures and later worked in the Russian 
segment on the Profilaktika-2 investigation which 
examines the physical performance of cosmonauts 
and made detailed observations of Earth with the 
Vizir experiment.

 The highlight of 2 June involved Cassidy 
ringing the NASDAQ opening bell at 13:30 UTC. 
Expedition 63’s commander rang the station’s 
bell in a unique and symbolic gesture which 
signalled the start of the US financial day in New 
York. Alongside Cassidy were his US colleagues 
who continued to familiarise themselves with life 
aboard the ISS and helped Cassidy unload more 
cargo from Endeavour and HTV-9. Their Russian 
counterparts worked on the Scenario experiment 
with Ivanishin photographing how man-made 
and natural causes are affecting Earth and Vagner 
explored how space travellers may control future 
planetary missions with the ongoing Russian 
Pilot-T experiment.

On 3 June, Cassidy and Hurley began research 
on space bubbles and microfluids which according 
to a NASA blog aims to “improve oxygen and 
medicine delivery systems”. Behnken removed 
and reinstalled the Advanced Plant Habitat-02, 
whilst Ivanishin conducted further work with 
the Scenario experiment and Vagner performed 
radiation checks using the Russian Matryoshka-R 
hardware.

Hurley and Behnken conducted further 
research with the Advanced Plant Habitat-02 
facility on 4 June, whilst Cassidy worked with 
the Electrostatic Levitation Furnace (ELF) device 
which heats materials to very high temperatures 
and measures their thermophysical properties. 
Ivanishin devoted a further day to swapping 
bottles inside the CIR and later assisted Vagner 
with Progress cargo operation, who tweeted the 
following day that Progress was “rather empty 
now. However, sometimes one has to sprawl to 
unscrew the stowage and get the cargo out”.

Ivanishin spent a fourth day conducting the 
Scenario experiment on 5 June while Vagner 
continued working on the Matryoshka-R 
investigation. Cassidy set up optical 
communications gear aboard Kibo and swapped 
out test samples for an experiment taking place 
inside the MSL. Hurley and Behnken spent more 
of their time familiarising themselves to their 
new orbital home, continued researching space 
bubbles and microfluids and participated in 
further HTV-9 unloading operations. 

The 6/7 June weekend was another light-duty 
period for the crew who got down to work again 

on 8 June unloading more of the cargo from 
HTV-9 and working on the Hourglass 
experiment. Hurley and Behnken took time out to 
answer questions from ABC and NBC News. 
Hurley summed up their mission thus far when he 
told ABC “it’s going pretty well, we even got to 
work on Saturday, fixing our treadmill…hopefully 
we can contribute to science and get ready for 
some EVAs at the end of the month”. SF
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S
pace exploration is one of the most 
interdisciplinary activities of humankind, 
involving cutting edge science, technology and 
engineering. But if we are ever going to make 
long duration flights between planets routine, 

physiological data is vital to maintaining a healthy crew 
and to allowing repeat flights exploiting experience and 
learning acquired at a group and individual level. And 
that may involve a critical science known as epigenetics 
– the study of how organisms react to changing 
environments at a genetic level. It is defined as being 
a process that alters gene activity by adding additional 
information to DNA without changing it.

A paper recently published by the US National 
Institute for Environmental Health Sciences defines 
epigenetics as any process that alters gene activity 
without changing the actual DNA sequence and that 
leads to modifications that can pass to offspring. 
Essentially, it involves information added to the DNA 
sequence of the four bases or building blocks of DNA: 
adenine (A), guanine (G), cytosine (C) and thymine (T).

“The DNA sequence is the blueprint for any living 
thing, for who and what you are”, says Sarah Wallace, 
a microbiologist at NASA’s Johnson Space Center in 
Houston. “Epigenetics refers to changes in an organism 
due to changes in genes being expressed, or turned on 
or off, without altering that blueprint. Think of it as not 
changing where a window is on the wall of a house, but 
adding a curtain over that window for shade.”

GENE GENIES
Gene modification may be key to achieving long duration space journeys. But is 
it an elephant in the room? 
by David Baker

But the space environment changes gene expression. 
Wallace says: “In every organism and cell type we’ve 
sent to space and looked at, we’ve seen that it changes. 
What we don’t always know is how or why, and 
epigenetics could help tell us. Through the study of 
epigenetics, we may be able to delineate the pathway 
that cells use to adapt and survive in microgravity. 
When we understand the mechanics of how and why it 
happens, we can put the process together and learn to 
control positive changes or prevent negative ones.”

And while, as Wallace says, many epigenetic 
changes can be positive, perhaps essential, others are 
quite the reverse. They can be fatal, causing cancer, 
cardiovascular diseases, autoimmune effects and 
even catastrophic collapse of cognitive processing of 
information in the brain. Links to behavioural changes 
at the cellular level are becoming alarmingly prevalent 
in all who travel through space and it is of increasing 
concern to research in biogenetics on the International 
Space Station.   

TWIN TRACKS
For a long time scientists have known that the space 
environment changes gene expression, which is why 
the Twins Study involving Mark and Scott Kelly, both 
astronauts, was so important. In this experiment Scott 
Kelly remained in space for almost a year while Mark 
remained on Earth and acted essentially as a “control” 
on changes observed on his twin during and after the 
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mission. This compared samples and a wide range of 
measurements, and as it turned out, was so important 
for epigenetics research in microgravity. 

The underpinning drive for this was a general 
biophysical comparison but it also allowed a focus on 
epigenetics. Results indicated that Scott did record 
epigenetic changes but only in the same magnitude 
as his brother – until the second six months of the 
mission where significant changes were noted in Scott’s 
responses. Further analysis indicates that biophysical 
changes in general are only observed in astronauts 
conducting flights greater than six months in duration. 
But there is light in this tunnel; unlike a genetic change 
or mutation, an epigenetic change can reverse if an 
organism leaves the environment that caused it.

A study of bone loss that astronauts experience on 
extended missions relies on epigenetics. Researchers who 
evaluated the formation of bone cells in microgravity 
using human blood-derived stem cells (BDSCs) as a 
model have reported specific epigenetic changes in the 
cells in space. The Italian Space Agency investigation 
is called Role of the Endocannabinoid System in 
Pluripotent Human Stem Cell Reprogramming under 
Microgravity Conditions (ERISM)). 

Two specific epigenetic experiments aboard the 
ISS, APEX-03 and APEX-04 are studies of how plants 
grow in microgravity. These studies examined DNA 
methylation and gene expression in Arabidopsis 
thaliana plants grown from seeds aboard the space 
station. A member of the mustard family, this plant 
commonly serves as a model organism for cellular and 
genetic studies of flowering plants.

APEX investigations are sponsored by the Space 
Life and Physical Sciences Research and Applications 
Division of NASA’s Human Exploration and 
Operations Mission Directorate as part of its mission 
to conduct research that enables human space flight 
exploration. In addition to widespread changes 
in patterns of gene expression, researchers found 
epigenetic changes in the space-grown plants. 

“That answers the question of whether epigenetics 
has a role in a plant’s physiological adaptation to 
spaceflight”, says Robert J. Ferl, a researcher at the 
University of Florida. “Plants were using epigenetic 
processes to modify their genome in order to thrive 
in space. In APEX-04, we disrupted a plant’s ability to 
make those epigenetic changes to see if those plants 
suffer stress more in space, and the answer is yes. 
That not only tells us that it happens but also that it is 
important that it happens in space.” 

BASE CHANGE
When plants experience unusual environments, they 
change gene expression patterns. Using epigenetic 
processes to mark genes prepares the next generation 
for encountering the same environment. One type 
of epigenetic process that researchers can detect is 
methylation, or the addition or removal of a methyl 
group (CH3) in DNA, predominantly where C bases 
occur consecutively.

“A specific methylation pattern shows us which 
genes the plant thinks are important in order to 
live in space”, Ferl says. “Using that information, 
we could breed plants better enabled for space, just 
as we can breed plants better adapted for high salt 
environments on Earth.” The next step, he added, is to 
ask whether those markers persist across generations. 
In fact, a hot area of study is whether epigenetics pass 
to subsequent generations – or, as Wallace puts it, 
whether wanting to have a curtain over the window 
passes on to offspring.

“In an upcoming space flight experiment, we are 
testing whether the epigenetic changes induced by 
space flight in one generation of Arabidopsis are 
inherited in the next”, says University of Florida 
researcher Anna-Lisa Paul, co-investigator with Ferl. 
“The big question is whether an inherited epigenome 
confers an advantage to the next generation of space-
grown plants. That’s what we hope to determine.”

Expect to see more research on epigenetics in space. 
“It is the kind of work that begs to be done”, Ferl says. 
“And now, we have capabilities to start doing more 
of this work, such as being able to sequence DNA in 
space.” While changes at the level of DNA in organisms 
exposed to space have always been there, Wallace 
explains, we haven’t always been able to see them. 

“Most traditional DNA sequencers don’t provide 
that level of information without prior processing of 
the sample, but a tool on the space station called the 
MiniON can. We can culture organisms on board 
and see changes in methylation patterns, for example, 
without having to fix or freeze the sample, processes 
that could themselves alter things. We can get a real-
time snapshot to help us define these changes as they 
are happening and potentially how they are passed 
down.”

Ultimately, epigenetics could help scientists put 
curtains over windows that need them and keep them 
off those that don’t. SF 
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Open for
BUSINESS
We are entering a new phase of space activity – call it MOON 2.0 – when 
humans go back to the Moon after 50 years of absence. 
by Derek Webber FBIS, Spaceport Associates

T
hhere are a number of reasons why humans are 
planning to return to the surface of the Moon 
for permanent and peaceful purposes, including 
science, resource extraction, space tourism 
and other governmental and commercial 

endeavours. The Moon has a surface area of about 3,885 
ha, which represents approximately the same coverage 
as the continent of Asia does on Earth. So, there is 
plenty of room for further exploration, and eventual 
exploitation, and there will be an associated need for 
habitation and other infrastructures. And regulation.

In the US, there is a two-pronged approach to 
returning to the Moon: NASA is pursuing EO 13914, 
The Executive Order on Encouraging International 
Support for the Recovery and Use of Space 
Resources (6 April, 2020) in conjunction with the 
Administration’s Artemis programme plans to place 

humans back on the Moon by 2024. In the case of the 
2024 return logistics, the chosen approach will take 
advantage of available commercial technologies, and 
has begun with contracts announced 31 May 2019 for 
precursor robotic landers. With their respective NASA 
contract awards, they are the Astrobotic Peregrine 
($79.5 million), the Intuitive Machines Nova-C ($77 
million), and the Orbit Beyond/Indus lander and rover 
($97 million).   

The Astrobotic and Orbit Beyond landers were 
originally entries to the Google Lunar XPRIZE 
Competition (GLXP), which had offered $40 million 
in prizes for any non-governmental team to land on 
the Moon, travel for 500 m and then send back high 
definition pictures, but which ended without a winner 
in 2018. However, the Orbit Beyond lander, which was 
based on the Team Indus GLXP craft designed and 
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built in Bangalore, India, has now been withdrawn 
from the programme because of a requirement for the 
manufacturing and assembly to be performed in the US.

These robotic lander contracts were followed by 
announced awards on 30 April 2020 for initial studies 
of crewed lander concepts (SpaceFlight Vol 62, No 7, 
p 3). They represent three very different architectures 
for achieving the landing. The SpaceX and Dynetics 

vehicles use the same engines for landing and take-
off, whereas the Blue Origin approach follows the 
Apollo precedent with separate engines for landing 
and leaving. The ultimate decision on the preferred 
approach will not be made until the end of the 
assessment period after ten months. Furthermore, the 
choice of lander design is linked with the choice of 
launch vehicle capable of doing the job and doing it 
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by the 2024 schedule date. 
While these architectural decisions are being made, 

the ground rules for future lunar commerce and 
infrastructures are also being written right now. The 
idea is for this time to achieve sustainable presence for 
long duration missions.

IS MOON BUSINESS POSSIBLE?
Apart from the technological steps, described 
above, there have also been a series of concurrent 
regulatory initiatives and developments, some of 
them interconnected and both domestic US and 
international that aim at authorizing commercial 
business on the Moon: 
1. Artemis Accords  These Heads of Agreement were 
announced on 15 May 2020. They were developed 

by NASA and are intended to form some common 
language in any bi-lateral contracts between NASA and 
any partners, domestic or international, in the joint 
approach to achieving the Artemis objectives of landing 
humans back on the Moon by 2024. They are to some 
degree an amplification, and further interpretation, 
of some aspects of the Outer Space Treaty of 1967. 
They reiterate the need for interoperability, emergency 
assistance, and specifically cite the need for protecting 
lunar heritage sites. They introduce the idea of “safety 
zones” and “de-confliction of activities” requiring a new 
focus on “registration” to avoid harmful interference. 
Also, they reinforce the US position that lunar resource 
extraction and utilization is provided for under the 
auspices of the Outer Space Treaty.   
2. The Hague Group, or to give it its full name The 
Hague International Space Resources Governance 
Working Group, was established in January 2016 trying 
to establish an effective, enforceable and universal 
legal framework to manage and protect humankind’s 
common heritage in outer space. On 12 November 
2019 the group released a set of “19 Draft Building 
Blocks for the Development of an International 
Framework on Space Resources Activities”, and these 
are intended to assemble the areas to be decided in 
international law as an era of space mining approaches. 
The building blocks include recommendations on 
responsibilities, access to, and utilization of space 
resource activities, including avoidance of harmful 
impacts. They embrace the idea of safety zones 
(including around Heritage Sites), benefit sharing, 
registration, and liabilities.
3. ForAllMoonkind is a NGO which has observer status 
at the UNCOPUOS, and has concentrated its efforts 
on assuring the protection of lunar legacy sites. This 
non-profit organization has achieved a great deal in 
its short lifetime since it was created in 2017. In terms 
of US Law, the tenets of the protections advocated by 
ForAllMoonkind are now ensconced within the Artemis 
Accords. With regards to international agreements, the 
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main provisions have now also been accepted within the 
regulatory language being proposed by both The Hague 
Group and the Moon Village Association (MVA). 
Furthermore, ForAllMoonkind has already put in place 
a Registry of all lunar heritage sites (from all nations) 
and peopled it with a wide array of relevant data. This 
Registry may therefore become a good starting point 
for the broader Registry required by the developing 
regulations, both domestic and international. 
4. The Moon Village Association (MVA) is an NGO 
that was established in 2017 in Vienna, Austria, to 
undertake addressing these issues associated with 
mankind’s relatively imminent return to the lunar 
surface for a mixture of governmental, commercial 
and private purposes. The MVA is making progress in 
addressing the interrelated issues by way of a series of 
Working Groups, and has the status of a Permanent 
Observer at the United Nations Committee on the 
Peaceful Uses of Outer Space (UNCOPUOS) in 
Vienna, Austria. Active working groups of the MVA 
include the Architectural Concepts W.G., Coordination 
and Cooperation W.G., and Cultural Considerations 
W.G.  The focus of the work is on getting international 
acceptance of the Moon Village Principles (MVP), 
which are in agreement with, but offer wider scope 
than, the US/NASA Artemis Accords. 
5. Lunar Development Cooperative, LDC, is a 
proposal from a number of authors with a National 
Space Society background (although it is not an 
NSS-endorsed initiative). The idea is to create 
something like a combination of a Port Authority 

and a Hudson’s Bay Company, established via a 
shareholders’ agreement, which would provide a 
range of lunar infrastructure and service offerings 
at sites on the Moon in return for lease charges 
and utilization licenses. The LDC would build and 
operate infrastructure on the Moon while managing 
a potential Lunar Site Registry, which would serve to 
offer protection from interference during the time of 
the licence. Potential services amongst the offerings 
would include emergency rescue services, backup 
reserves of oxygen, water, batteries, trading outposts for 
mining equipment, food, the site-utilization registry, 
and developing common-use infrastructure, e.g. power 
plants and grids, landing pads and protective barriers. 
It is worth mentioning, for the record, that there was an 
earlier attempt, in 1996, by the former United Societies 
in Space organization to offer a similar concept – 
in that case referred to as the Lunar Development 
Authority (LEDA) – and which used the Tennessee 
Valley Authority founding documents as a model.  

WHERE IS THE REGULATION?
These various entities, amongst others, are all trying 
to figure out what needs to be done to support and 
regulate this imminent lunar activity. Ultimately, 
we shall need an internationally agreed Regulatory 
Agency for the Moon. At present it seems that this new 
regulatory regime will have to handle the following 
matters in an international context: Lunar Registry of 
locations and activities; Safety zones and interference 
protection; Protecting special areas (cultural Heritage 
Sites); Sharing of finite resources (e.g. water ice and 
power during the lunar night); Developing support 
services (e.g. common landing zones and rescue 
services); Ensuring use of best practices and common 
interfaces (docking and airlock equipment, life support, 
electrical, navigation, communications, etc) for 
sustainability.

The idea that nation states are responsible, and 
therefore they must register and monitor their 
national commercial entities, is fundamental to all the 
international regulatory initiatives and based upon 
the language of the Outer Space Treaty. We now look 
at each of these key matters in turn, to investigate the 
likely practical issues remaining to be resolved.

As discussed above, the Heritage Sites are examples 
of locations around which there will need to be 
exclusion or safety zones. But, in order for this 
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new phase of lunar commerce and development to 
work, it will be necessary to be able to identify the 
locations of all future operators, and to respect the 
notion of a safety zone around them, so that there are 
no problems of mutual interference. These kinds of 
activities are routinely carried out in Earth orbit by 
the ITU and the associated national regulatory bodies 
regarding locations/orbits and frequency allocations for 
applications satellites.  

Starting with the Lunar Heritage Sites, there will 
need to be agreement on the appropriate safety zone 
dimensions for each site. There has been a good initial 
effort at providing this information, and it is included 
in the joint NASA/Smithsonian document “NASA’s 
Recommendations to Space-Faring Entities: How to 
Protect and Preserve the Historic and Scientific Value 
of US Government Lunar Artifacts, July 20th, 2011”. 
The document provided for different safety zone 
dimensions depending on relative cultural importance 
of the artifact. It also recommended practices for 
avoiding causing damage from lunar dust, including 
speed restrictions on rovers and altitude restrictions for 
hoppers.  

This was used for guidance by the Judges in the 
GLXP competition to ensure that competitors would 
not damage the lunar legacy sites.  It will eventually 
be necessary to establish international agreement, 
however, since there are historical artifacts on the 
Moon delivered by a number of different countries. 
Some sites will carry more cultural and historic 
importance than others, and this can be expected to be 
reflected in the size of their safety zones. 

A key element in regulating lunar activities will be 
the creation of a universally accepted Register of all 
actors and lunar sites. There has been some progress 
in this achieved by the ForAllMoonkind organization, 
focusing on the location and knowledge base at the 
Lunar Legacy sites. The ForAllMoonkind Registry has 
been created in Blockchain to ensure its security. And 
its status thus far, achieved by a volunteer Working 

Group (The Moon Registry Working Group), is that the 
following elements have been included for each of the 
legacy sites:
1. Object Name, COSPAR identity reference, 
mission type, operator, country, launch date, mass, 
dimensions, images, latitude, longitude, hazmat info 
(biological, radiation, propellant), last contact, heritage 
significance, condition report, information sources.

Other elements for inclusion in the Lunar Legacy 
Registry still under consideration are:
2. Place of manufacture, materials, maps, documents, 
site protection boundaries, statements of cultural/
science/engineering significance, craft mobility info, 
deployed equipment data.

Also, a series of Review Processes have been 
established for the Blockchain update procedure to 
ensure that the Lunar Legacy Registry remains valid. 
Clearly, there will eventually have to be established 
an arrangement about who can include and update 
entries, and who can designate the relative merits of a 
site on a cultural or scientific or engineering basis. And 
these arrangements, by their very nature, will need to 
be international to be accepted.

Beyond the need to record the locations of Lunar 
legacy sites, there will be a requirement to add Safety 
Zones for all purposes of activity at all sites on the 
Moon, and to regulate and practice Interference 
Mitigation Measures. What kind of additional 
information will be required for these purposes in the 
eventual Registry? Some suggested headings include: 
location of site boundaries, company, commercial 
purpose, approved activity duration, materials and 
equipment used, environmental impacts. 

There are other Registries, other than the 
ForAllMoonkind Registry, available as starting points 
for creating the definitive Lunar Site Registry, including 
the UN’s Registry of Objects, each having differing 
information content. Initially, therefore, decisions will 
be needed on where to start, what kind of database 
to use, and how to coordinate content across the 
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various source files. There may also be a need while 
operating on the Moon to decide and enforce sharing 
mechanisms for certain rare resources, particularly 
when they are essential for sustaining life on the Moon. 
What are the special areas on the Moon deserving of 
our interest and possible protection or conservation?   

In the eons since the Moon became synchronously 
gravity-locked with Earth, one face has always pointed 
towards Earth. Furthermore, as the Moon rotates once 
per month on its axis, this results in a month-long 
lunar day in which a gradually changing half of the 
Moon is experiencing total darkness (and cold) for 
two weeks each month, and the other half being in 
sunlight (and direct solar radiation). Due to the axis 
of orientation of its spin, and the uneven nature of its 
surface, the consequence is that there are some limited 
key areas at the poles which have either permanent 
sunlight (“Peak of Eternal Light”, PEL) or permanent 
shadow (“Permanently Shadowed Regions”, PSR). 

This situation may have resulted in the existence of 
water ice in these polar lunar craters. If so, this would 
represent a limited and finite resource – when it’s gone, 
it’s gone! Also, solar power could be generated at the 
peaks of perpetual sunlight to service power needs for 
lunar operations elsewhere on the Moon throughout 
the two-week lunar nights. So, these geographic areas 
on the Moon are indeed special, and limited. The lunar 
far-side as a whole represents a zone of special interest 
in that it is permanently blocked from terrestrial 
radio noise and Earthlight. This, and the lack of any 
significant atmosphere, makes the far-side of extreme 
interest to astronomers operating in the radio and 
optical wavelengths. We have a duty to protect, and 
find ways to share, these limited finite natural resources 
of the Moon. 

We have examples on Earth of both the protections 
for the Continent of Antarctica, the working 
arrangements on board the International Space 
Station (ISS), and for the limited resources of the 

radio frequency spectrum and the geostationary 
orbit, both administered by the UN organization the 
ITU (International Telecommunications Union). All 
of these have been successful examples of a global 
approach towards the fair sharing of limited resources, 
whilst simultaneously encouraging the continuing 
development of technologies for both public and private 
commercial purposes. However, almost none of existing 
national terrestrial law applies to the kinds of activities 
currently being envisaged for permanent human 
presence on the Moon. Even international space law has 
limitations to these kinds of activities, referring only 
to State actors, rather than individuals or commercial 
entities, and needs to be further developed and agreed 
in order to enable these future lunar endeavours. 

There is an important question requiring resolution. 
With regard to non-interference arrangements, which 
entity shall do the policing? The preferred approach 
emerging seems to be that the responsibility lies with 
the nation state who issues the licence in the first 
place, and then must monitor its operations, via a state 
regulatory entity, making reference to the centralized 
registry database of lunar activities.

BEST PRACTICES
Setting up business on the Moon, and indeed all 
potential future lunar activities, will require that 
we build upon the lessons learned from our past 
achievements. The ISS was successfully assembled 
and operates by following the tenets of the 1998 
intergovernmental agreement (IGA). Now, this 
agreement forms a good basis for understanding 
and implementing the norms for achieving long 
term and international sustainability during lunar 
operations. The IGA carefully laid out responsibilities 
for integration and testing and common elements, 
including such critical items as docking and airlock 
equipment, life support/oxygen/water supplies, 
electrical/power networks, navigation and 
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communications systems.
For our future purposes, with regard to navigation, 

for instance, it’s all very well to have to avoid safety 
zones, but how do we even know where we are when we 
have no GPS, and no magnetic compass? How can we 
be sure that participants are remaining in their licensed 
zones if we are not sure where the boundaries are? How 
accurate can location and distance measurements on 
the Moon be?  We can start answering this question by 
looking to history and considering how the navigation 
of the Apollo Lunar Roving Vehicle (LRV) worked. It 
used a combination of a directional gyro plus odometers 
and a sundial device, and the resulting accuracy was no 
better than +/- 6 degrees in bearing and +/- 300 m in 
distance travelled during a 5 km traverse. 

The judges in the Google Lunar XPRIZE (GLXP) 
faced this same issue in trying to determine distance 
travelled, because prize money was associated with 
completing a 500 m traverse. During Mission Plan 
Review tests at the Bangalore facility of Team Indus in 
October 2017, the judges observed comparative results 
from alternative measurement approaches (including 
wheel odometry, laser and visual odometry software 
techniques), which resulted in approximately 10 m 
of uncertainty in the 500 m traverse. In the event, the 
GLXP competition ended before any of the competing 
spacecraft were able to affect a Moon landing, but these 
tests were enough for the judges to require the teams 
to travel further than the indicated distance travelled 
by the assumed distance error in order to win a prize. 
Ultimately, however, we shall need the equivalent of a 
Moon GPS system available for all lunar operatives. 

In the case of communications, there are still 
unresolved issues which will require agreement. At 
present, they are not even decided for the Artemis 
project, where it is still being determined whether to 
use an orbiting Lunar Gateway as communications 
hub for high bandwidth communications. As the next 
phase of lunar infrastructure is developed it can be 
expected that this will include coordination and use 
of a dedicated lunar orbit telecommunications satellite 
relay system, using as yet to be decided orbital altitudes 

and frequency allocations.
As the new phase of lunar commerce and 

infrastructure becomes operational, it will become 
clear that several shared support services will be 
required. The precise nature of these services is still 
to be determined, but it would be expected to include 
rescue services and maybe provision of common 
infrastructure such as landing zones.

Planetary protection protocols have been established 
by the Committee on Space Research, referred to 
as the COSPAR Planetary Protection Category II 
Guidelines. They require that a potential operator 
documents an inventory of organic compounds 
carried on, or produced by, any spacecraft – e.g. trace 
organics released by thruster exhaust. In the case of 
US operators, such documentation must be provided 
to the NASA Planetary Protection Officer for review. 
These guidelines were taken into account by the judges 
during the GLXP review process.

There will need to be developed guidelines 
specifically aimed at environmental factors, including 
human safety concerns, and during extraction and 
utilization of lunar resources. Amongst factors to be 
considered will be the impact of lunar strip mining 
activities with respect to visible defacement of the 
nearside of the Moon.

NOW WHAT?
In conclusion, there is a way forward. There are a series 
of working agreements. There exists the basis of the 
necessary regulatory directory. However, there are still 
many gaps – but it is a matter of some satisfaction that 
there are groups of individuals, with international 
perspectives, who are all now working towards the 
opening of the Moon for business! This is the new 
frontier that will occupy us for the next several decades 
– so get involved with the action, and pick a piece of 
the puzzle that requires some fleshing out, roll up your 
sleeves and join in – and ensure your own contribution 
becomes part of the future of living, working and doing 
business on the Moon. After 50 years of absence, we are 
going back – this time for good! SF 
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L
aunched by Jerry Stone FBIS at the BIS 
headquarters in London on 26 June 2013 and 
progressed by BIS fellows and members ably 
supported by the Society’s officers and staff, 
the Project is an update of proposals for space 

settlement developed by Gerard K. O’Neill and co-
workers in the 1970s. The main deliverable to date has 
been the outline design of Avalon: a large space habitat 
supporting a working population – a company town 
in space.

Dreams of living in space have a long pedigree. 
O’Neill’s own work built on more than a century of 
science fiction visions and precursor technical studies 
from around the world. Edward Everett Hale’s The Brick 
Moon, published in 1869-70, a century before Apollo 
11 is probably the first fictional depiction of a habitable 
space station, an artificial satellite in a polar orbit 
intended to provide a longitude fix for mariners. 

It was in the visionary work of Konstantin 
Tsiolkovsky (1857-1935), a Russian scientist and writer, 
that the fundamental principles of space settlement 
were first set out for a general public: that is, the use 
of abundant extraterrestrial solar energy and other 
resources to sustain a large, expansive human future 

The British Interplanetary Society’s SPACE Project is a technical design exercise 
for a very large city in orbit. It’s not a new idea, but this one could work… 
by Stephen Baxter FBIS

beyond the Earth, the basic economic scheme that 
would later underpin O’Neill’s prospectus. 

PRELUDE
After the Second World War, the German legacy of 
large-scale rocketry inspired the first practical space 
programmes, with the work of pre-war visionaries 
revisited and re-evaluated. In 1950s America, in a 
famous study publicised in Collier’s magazine articles, 
Wernher Von Braun and others presented a coherent 
plan for space travel, including a station in Earth orbit, 
a 75 m-diameter wheel occupied by an 80-strong crew. 
In Britain, meanwhile, in 1949 the BIS published its 
own independent space station study by H.E. Ross et al, 
similarly building on pre-war studies. 

By 1970, the achievement of space flight and travel 
far beyond the Earth had provided stern lessons in the 
likely difficulty of space settlement, notably the danger 
of cosmic radiation beyond Earth’s magnetosphere 
and the debilitating effect of long-term microgravity 
on the human body. And by this time space station 
studies were focussing on the near future and were 
extrapolating from the technology to hand. The first US 
space station would of course be Skylab, an extension 

Living SPACE
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of Apollo-Saturn technology, launched in 1973, while 
the Soviet Salyut stations had flown since 1971. 

It was against this background that, from 1969, 
at Princeton, Gerard K. O’Neill had been studying 
designs of more expansive space habitats. In the 1970s, 
in his seminal work The High Frontier (1976), O’Neill 
set out a progressive agenda for an economic and 
social expansion into space, firmly based on achievable 
technology. 

O’Neill’s economic model was founded on initially 
building habitats to house space workers manufacturing 
solar power satellites (SPS), the start-up cost to be 
recovered by selling power back to Earth: a concept that 
dated back to studies from the late 1960s. Arguing from 
a premise that 10,000 workers in space would be needed 
to kick-start a significant industrial presence there, 
O’Neill proposed as a model starter settlement “Island 
One”, a sphere with a diameter of 600 m. 

The SPACE Project integrated design model is an 
update of this study. O’Neill’s stations were the first 
such designs to be based on plausible materials and 
technologies and to address realistically the challenges 
of microgravity and radiation. But for O’Neill, the great 
stations for which he is best known – including the 
paired, rotating cylinders of “Island Three” – were just 
a stepping stone to further expansion, serving as a base 
for “homesteading” the asteroids.

The potential economic justification of space 
habitats has not progressed greatly beyond O’Neill’s 
1970s suggestion of the collection of solar power. 
Indeed, since a reduction in energy costs after the oil 
crises of the 1970s and the failure of the NASA Shuttle 
system to reduce launch costs from Earth, the initial 
investment model for the islands’ development has 
looked less promising.

But O’Neill’s visions retain a currency in terms of 
inspirational engineering and the imagination of the 
public, of all ages. At time of writing a movie featuring 
O’Neill’s life and work is in development. The National 
Space Society/NASA Ames Space Settlement Contest, 
run annually since 1994, is a contest for students up 
to age 18 to “send their designs for homes in space 
for judging by NASA engineers and scientists”. And 
in popular culture, “O’Neill cylinders” have featured, 
often without introductory comment, in such movies 
as Christopher Nolan’s Interstellar (2014). Living in 
space may be harder than we thought in 1970 – but the 
dreams persist.

The central purpose of the SPACE Project has 
been to revisit and rework O’Neill’s vision in the light 
of more than four decades of subsequent economic, 
technical and social developments. Its objectives have 
included:
1.   To revisit O’Neill’s economic justification for 

space habitats
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2.   To revisit technical aspects of the design of such 
habitats, including their building, location in 
space and habitation 

3.   To consider social, legal, ethical and governance 
issues concerning such habitats

4.   To provide a specific and coherent design for 
an inhabited orbital materials processing and 
manufacturing complex (OMPMC) built utilising 
extraterrestrial materials. 

A key objective of the present study has been to 
“drive down the design detail” to a level below that 
which has characterised some previous studies. As 
an example, energy requirements, often previously 
estimated by order of magnitude arguments based 
on terrestrial power usages, have been reconsidered 
to ensure a fuller reflection of all the life-sustaining 
services provided free to inhabitants of Earth, but 
necessarily supported artificially in a space habitat. In 
the course of the SPACE exercise, the team surveyed 
relevant practical precursors, including the ISS, 
Antarctic stations and the Biosphere 2 experiment. 

The general conclusions drawn are that the 
complexity and challenge of the power demands and 
habitability of space habitats, especially regarding 
closed-loop life support systems, may have been 
underestimated in previous design projects, which, 
perhaps, focussed more on details of the structural 
engineering rather than the messiness of life support. 

And the core vision of the project to date has been 
Avalon: a company town in deep space.

DEFINITION
Arriving some decades into the future, a visitor will 
find Avalon located at L5, the fifth Lagrange point of 
the Earth-Moon system. 

The Lagrange points are locations of equilibrium in 
the compound gravitational field of Earth and Moon. 
The L5 position, Earth and Moon make up the three 
corners of an equilateral triangle in space. L5 was the 
location chosen by O’Neill to place his “Island One” in 
his pioneering studies, but it is only one of a number of 
candidate locations, which have competing advantages 
and disadvantages in terms of access to Earth, access to 
resources from the Moon and the near-Earth asteroids 
(NEAs), and such issues as station-keeping costs. 

A geostationary orbit (GEO) might be considered 
for its closeness to Earth, but GEO is crowded, the 
cost of launching materials from Earth to that location 
is prohibitive, and there are safety considerations in 
working so close to a densely inhabited planet. Lunar 
orbits are prone to instability because of the uneven 
gravitational field caused by mascons, although objects 
in certain “frozen” orbits can persist there indefinitely – 
but eclipses of the Earth would be a disadvantage. And 
any gravity well would offer disadvantages in terms of 
receiving resources from NEAs. 

L5 has been chosen as a location where NEA 
materials can be processed safely and economically 
away from Earth’s gravity well. But L5 is outside Earth’s 
magnetosphere, so Avalon and the factory complex it 
serves will need radiation shielding.

Avalon will not drift away from L5 but will orbit 
it in a complex manner. In addition there can be 
gravitational perturbation by other bodies such as the 
Sun and Jupiter. Some station keeping will therefore 
be required (like modern satellites at the unstable 

Lagrange-1 point between Earth and Moon). For 
Avalon such a requirement is met by a solar sail, at 
minimal ongoing cost. And, as Avalon is carried 
around the Sun by Earth and Moon, it rotates slowly so 
that one hub, bearing a solar-cell array, always faces the 
Sun. This slow and steady rotation has been initiated 
by a modest rocket thrust (equivalent to burning the 
Space Shuttle orbital thrusters for about 10 hours), but 
will persist indefinitely.

What strikes the visitor on first approach to Avalon 
is that the central, essentially cylindrical habitat is all 
but lost in a wider infrastructure of support facilities. 
As well as the solar sail, these include an extensive 
radiator farm. With a per-unit-area radiative efficiency 
about that of the radiators used on the ISS, an area 
equivalent to a square panel some 70 m across is 
needed for every dumped megawatt of waste heat. 

The hull itself is wrapped around by annular 
mirrors, one each at either end, each more than a 
hundred metres broad; the mirrors together have an 
area equivalent to about two hundred soccer pitches. 
The mirrors provide the habitat interior with sunlight 
for agriculture. The light paths have multiple reflections 
so that there is no direct path for cosmic radiation to 
reach the inhabited interior. 

One hub, continually pointing at the Sun, glitters 
with solar energy arrays which provide power to 
the colony. Another essential part of the station’s 
infrastructure is a fleet of satellites which supply 
emergency power through narrow-beam transmission; 
rectennas for receipt of this power are visible around 
the habitat.

Considering these huge structures, the visitor gets 
an immediate visual sense of the magnitude of the 
unending energy flow, both input and output, needed 
to sustain Avalon. The habitat itself might strike the 
visitor as surprisingly stubby: at over a kilometre 
in diameter and 700 m in length it is more like a 
tuna can than the slim, elegant cylinder of earlier 
designs. This is a consequence of dynamic stability. 
A tuna-can shape will rotate about its central axis 
stably, but, without constant stabilising correction, 
through frictional forces a pencil-shape will end up 
turning end over end (like the abandoned spacecraft 
Discovery in the movie 2010: The Year We Made 
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Contact, dir. P. Hyams, 1984). 
On the spin axis at both hubs there are spaceports 

and access tubes, long cylinders sticking out of the 
main habitat. On approach, the visitor must negotiate 
a traffic of shuttles carrying workers to and from 
their external assignments, with many working on an 
independent manufacturing complex, and freighters 
carrying supplies to Avalon. Nearing a docking port 
at the axial hub gives an immediate, spectacular 
experience of the habitat’s overall structure. 

The station actually has two cylindrical hulls, one 
turning inside the other, after the manner of a Tibetan 
prayer wheel. The outer hull rotates gracefully at more 
than half a revolution per minute, and the inner hull 
and transfer tubes somewhat faster. However the outer 
docks at the axes counter-rotate to provide a stationary 
target for incoming spacecraft.

FORM
The total mass of the habitat is 60 million tonnes – 
about 150,000 times the mass of the ISS – the bulk 
of which is manufactured from near-Earth asteroid 
resources. Of this total mass, the outer radiation 
shell is mostly anhydrous glass (AG) supported by 
a framework and cladding of steel. Such shielding, 
amounting to 70% of the total station mass, is essential 
for any habitat beyond the Earth’s magnetosphere. 

The interior pressure hull, mostly steel, rotates to 
provide a spin gravity on its inner surface equivalent 
to Earth’s. The radiation shell counter-rotates more 
slowly with a spin gravity of 0.2 g. This design reduces 
the structural loading imposed by the great mass 
of the shielding material on the outer hull and the 
arrangement constitutes a key advantage over the 
O’Neill Island One design. O’Neill had radiation 
shielding over only part of the structure – not over 
the agricultural areas – and, firmly bonded to a fast-
spinning single hull, that shielding exerted excessive 
structural stress. [There is some comparison between 
Avalon and the Stanford Torus study (1974) in which a 
wheel-shaped habitat consisted of a lightweight inner 
compartment rotating within a stationary shield of 
Moon rock shielding.]

The two hulls are dynamically coupled by a system 

of circumferential maglev rails, which maintain the 
hulls’ separation without physical contact or friction. 
The counter-rotation of the hulls is calculated to 
ensure that the station as a whole has zero angular 
momentum, and so has no gyroscopic resistance to 
angular motion. That is, Avalon needs no significant 
external torque to maintain its Sun-facing orientation; 
it spins slowly as it shadows Earth in its year-long orbit 
around the sun. And, on finally entering the habitat 
itself, the visitor passes into a cylinder full of light and 
air. 

Spin gravity is zero at the axis, but even here air 
pressure is lower by only a few per cent compared 
to the hull level, and the air temperature remains 
essentially the same throughout the habitat. Even at 
this level the air is fresh, with a scent of open country. 
Compared to the heavily recycled canned air of a 
transfer ferry, it might be like entering a tremendous 
greenhouse.

As these immediate impressions are sorted out, 
the visitor begins to make out the interior of Avalon, 
bathed in sunlight, with a farmed landscape curving up 
over their head (“just like the movies!”), a spectacular, 
colourful sight. A duct along the spin axis, for access 
and maintenance, draws the eye through the inner 
space. Halfway along the axis, a Y-shaped structure of 
three access towers connects the main axis duct to the 
inner hull: a striking architectural feature spanning the 
volume. Around the centre of the far hub is a sunlight 
window, and around that can be seen the glass wall 
of an enclosed greenhouse. Walkways around the 
rim of the greenhouse, and bridges connecting the 
greenhouse to the three access towers, are visible.

Internally the pressure-hull hubs are actually 
concave, their centres protruding some 60 m into 
the main volume. This is to provide shielded space 
in vacuum for the inner docks, and also for dynamic 
reasons; the more mass is brought towards the central 
plane of the cylindrical habitat the more the rotational 
stability is improved. These concave caps are fronted 
by flat glass sheets: the result is a pair of spectacular 
annular greenhouses, built around the axis facilities 
and used for aquaponic farming. 

A descent to the inner hull makes it apparent that 
people live and work on several levels. Above the main 
floor there can be as many as three raised levels, after 
the manner of terracing, all adding to the available 
surface area. In total, the main floor area is around two 
square kilometres – about 500 acres. Of this about 170 
acres are dedicated to agriculture. Beneath the main 
floor are three lower decks, used for air conditioning 
plant and other equipment, transport, and storage. On 
emerging on the main floor, the visitor finds the air 
moist, fresh, and still more redolent of living things.

FUNCTION
Avalon aims for the (inevitably imperfect) closure of 
recycling loops of water, air and mass. No system is 
entirely closed. A leakage loss of 1% per annum of the 
air (which compares to 10% per annum for Biosphere 
2) necessitates the ongoing delivery of 4,000 tonnes 
per year for replenishment. In addition, raw materials 
must be imported to replace other losses, including 
products such as wood and cotton removed from the 
ecosystem for use by the colonists. 

The habitat must, however, be open to flows of 
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energy. Incoming is sunlight, collected by the mirrors, 
used for photosynthesis (supplemented in places by 
heat-efficient LED lamps), and the hub solar cell farm 
supplies electrical power. Outgoing is waste heat, 
matching the energy inflow, which must be dumped to 
space through the radiator farm. And the extraction of 
most of this waste heat requires air conditioning. 

The air contained by Avalon masses about four 
hundred thousand tonnes, equivalent to more than 
one hundred times that contained by NASA’s Vehicle 
Assembly Building at the Kennedy Space Center. This 
gives some impression of the challenge of the habitat’s 
environmental support. So, inside Avalon, the air you 
breathe out is eventually extracted through ducts at 
the axis and in the floors, and cooled by being forced 
through heat exchangers at the hubs, from which heat 
is transferred by closed-loop systems to the external 
radiators, and dumped to space. Water evaporated 

from the village areas and the farms is condensed 
by this system; the condensate is recycled to provide 
potable water for human and agricultural use. 

Meanwhile the air is revitalised by the cycling of 
carbon dioxide to oxygen by the habitat’s growing 
plants, in the farms and parks and hub aquaponic 
beds, which also purify it of toxins. Solid waste from 
humans and animals is processed using marsh plant 
recycling and composting. Natural systems are used 
as far as possible – but there are back-up mechanical 
systems to ensure balance in a closed ecosystem which, 
compared to Earth, is small and poorly buffered. These 
include mechanical composters, reactors to support 
the carbon cycle, and Haber-Bosch ammonia synthesis 
installations to support the nitrogen cycle.

HEFT
The construction of Avalon, the visitor learns, was a 
heroic ten-year effort. Much of the fixed mass of the 
habitat, some sixty million tonnes, was extracted by 
mining carbonaceous near-Earth asteroids, which also 
provided many volatiles, including water, and nitrogen, 
the bulk of the habitat’s atmosphere. The construction 
proceeded in stages, with the hulls being completed 
and fitted out before spin-up. Extensive use of matter 
printers ensured a robust, integrated structure. Spin-up, 
a triumphant occasion, was achieved using the maglev 
system, with the counter-rotating hulls pushing against 
each other until the correct spin rates were achieved. 

The system’s projected lifetime is 1,000 years. 
With this in mind much effort has been made in 
designing in a high degree of resilience, from multiple 
redundancy to a strategy of using systems easy to 
repair in situ rather than requiring replacement. 
As for hazards, clearly any collision of the coaxial 

BELOW
Deck layouts 

for Avalon with 
tiers dedicated to 
specific functional 

activities and 
gradations of 

g-force according 
to radius. 

ABOVE
A cutaway view of 
Avalon, showing 

the multi-layer hull 
construction.
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hulls would constitute a catastrophic failure. So the 
maglev system has been designed to be resilient to the 
perturbation caused by a docking-speed collision with 
a craft up to the mass of the Space Shuttle, or by the 
shock of a collapse of inner hull structures spanning 
tens of square metres. The maglev system itself is 
failsafe in case of power loss, with magnetic friction 
gradually bringing the hulls to rest. Indeed the bleed-
off of kinetic energy from the hulls can be used as a 
short-term backup power source.

A significant danger scenario is a general loss of 
habitat power. Without air cooling, the inflow of 
heat from sunlight would quickly render the hull 
uninhabitable – so reflective louvres would cover the 
sunlight windows, thus cutting off the inward flow of 
heat. In the longer term, however, with photosynthesis 
stopped, this would lead to a spoiling of the air, and 
ultimately food shortage. Emergency systems of 
independent-power CO2 scrubbers and stored dried 
food are provided to sustain life until an orderly 
evacuation can be completed. 

The purpose of all these systems, of course, 
is the maintenance of a company town in space. 
Legally, politically and economically, the vision of 
the colonisation of space presented here is quite 
different from the American frontier experience – 
an example often cited (including by O’Neill) as a 
precedent for space operations – which was based on 
the sovereignty of the US over the frontier territories, 
which enabled the nation to endorse land claims and 
so encourage a Westward expansion. 

It is our expectation that in Avalon future space 
law will have been developed to a point of maturity 

comparable to that of the current status of the law 
of the sea, which enables the legal extraction of 
resources from the “commons” of the ocean, even 
though nobody owns or has sovereignty over the 
international waters. In practice, from 1994 the 
International Seabed Authority (ISA) has licensed 
exploitation of ocean resources, and imposed levies 
on profits as a gesture towards equitable sharing. So 
we anticipate an analogous development of a full 
space treaty framework and an international regime 
governing the use of space resources, perhaps under 
an International Space Authority. 

As for the habitat itself, although the fabric of 
Avalon may be owned by individuals or corporations, 
nobody owns the location in which it resides. Avalon 
will not be the sovereign territory of any nation. And 
though Avalon might see rebellions, nobody could 
declare it an independent nation; it is not subject to 
sovereignty, and so sovereignty cannot be seized.

But what of the people? Avalon is intended to 
provide a safe, comfortable, living environment for 
thousands of workers and their families. An analogy 
may be “company towns”, planned, built and largely 
owned by a single company (or government agency), 
which becomes the main employer in the town. Many 
such towns were established in the US before the Civil 
War, in Pennsylvania’s mining industry for example, 
and in Russia and later the Soviet Union in remote 
areas of the Arctic. Problems encountered often arose 
from a lack of a democratic voice for the workers; the 
isolation and central control of such communities 
could lead to abuses. The population of Avalon 
will be even more dependent on the facilities and 

TOP RIGHT
The interior of 

Avalon with 
greenhouses 
at each end 

cap, together 
with dedicated 

farmland for self-
sufficiency. 

RIGHT
General 

configuration of 
the Armstrong 
work base with 
berthing ports, 
transfer tubes 
and propulsion 

system for station-
keeping.

ABOVE
Avalon’s entry 

tubes, inner docks, 
hub facilities and 
transfer shafts. 
These together 
allow safe entry 

and egress to and 
from “ground” 
level inside the 
pressure hull.



BIS SPACE PROJECT

SpaceFlight Vol 62 August 2020 29

IL
LU

ST
R

AT
IO

N
S

: S
TE

P
H

E
N

 D
. G

U
N

N
 F

B
IS



BIS SPACE PROJECT

30 Vol 62 August 2020 SpaceFlight

supplies of its “company town in space”, and similar 
threats to life and liberty apply – indeed, more severe 
ones. For example, humans will expire in seconds if 
deprived of oxygen. 

For this reason a clear statement of the colonists’ 
rights will be necessary from the beginning, and 
safeguards built in. This may mandate some aspects 
of the colony’s design. For example, perhaps nobody 
should ever find themselves more than a few seconds 
from an airtight shelter or emergency oxygen supply. 
On the other hand, the citizens may have to accept 
certain responsibilities – for example, a duty to 
shelter strangers in one’s airtight dwelling until a 
decompression crisis has passed.

Avalon’s inhabitants will remain citizens of nations 
on Earth and will by default be governed by their 
home nations’ laws. However, in the habitat they 
will be governed by a ruling Council constrained by 
international law and company policy. 

One precedent for how this might work in practice 
is McMurdo Station in Antarctica, a town that must 
support several hundred inhabitants enduring total 
isolation during the winter-over months. Under the 
auspices of the US National Science Foundation, 
McMurdo is essentially run bureaucratically, but since 
1989 the United States Marshals Service has been 
the official law enforcement agency, in the form of a 
deputy in situ answerable to the District of Hawaii. 

Avalon is a space habitat, however, and in an 
existential emergency special powers might be wielded 
by a single individual – perhaps analogous to the Chief 
Constables of UK police forces, who coordinate other 
agencies in managing local crises.

A LIFE FORETOLD
Within this framework, what is life like in Avalon? 
It is a place where 10,000 people live and work at a 
significant population density, comparable to dense 
urban centres such as Hong Kong. But these people live 
in villages amid farmland. There are vegetable crops 
and fruit trees, and some animals, living mainly on 
waste products: sheep, goats, chicken, and pigs. More 
food production is provided by the hub aquaponic 
farms, which are stocked with fish and shrimp. The 
standard diet is fresh fruit and vegetables, with those 
fish and shrimp; meat and dairy products are used 
more as a garnish or special treat.

Not all the citizens are productive in terms of the 
habitat’s economic function. Roughly one-third of the 
available adult work-days are used on economically 
productive (mostly external) projects, one-third 
are used on agriculture, and one-third on systems 
maintenance and social support. Effort is required of 
the inhabitants to maintain the settlement’s systems, 
as well as the human infrastructure. There is a hospital 
– the latter supported by “ambulance pods” capable of 

ABOVE
Details of inner 

docks, pod docked 
to airlock, hub 
facilities and 

transfer shafts.

TOP RIGHT
Avalon as it 

might appear 
to approaching 
space colonists. 

RIGHT
The outer docking 

area showing 
an approaching 
spacecraft and 
transport rails.

It is like an endless 
summer’s day – all 
in deep space
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bringing in casualties from beyond the hull, even from 
independent manufacturing complexes and the like. 
There are children here; nurseries and schools will be 
needed. And teachers, doctors, nurses will be required 
to run such facilities. 

Just as in McMurdo Station where not everybody 
is a glaciologist, so in Avalon not everyone is an 
astronaut. A plumber with a sense of adventure would 
find a place on Avalon. Beyond that, the visitor soon 
discern that the purpose of Avalon is to provide not 
just a workers’ dormitory, but a congenial environment 
in which to live, work, and raise a family. There are 
public spaces for theatres and movies. Three-kilometre 
running tracks follow the habitat’s circumference, and 
low-gravity sports and dance exercises in the regions 
around the axis are popular. 

There is continuous daylight in Avalon. Residential 
areas provide shade and darkness for human comfort, 
and plants are selected for long-daylight tolerance, or 
are artificially shaded. The temperature is maintained at 
a comfortable sub-tropical 25 deg C, with low humidity. 
It is like an endless summer’s day – all in deep space. SF  
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O
n 10 March, the Bristol-based “new space” 
company B2Space made a successful test 
launch of their Near Space platform, a system 
intended to allow space companies to test 
space hardware, such as solar panels, in 

“near-space-equivalent” conditions, at up to 40 km 
of altitude, without the expense of a full-scale rocket 
launch. Instead, they use balloons.

Co-founder of B2Space, Victor Montero, said 
that this first launch, with four separate experiments 
aboard, had the dual purpose of demonstrating the 
Near Space platform and of evaluating the feasibility 
of Snowdonia Aerospace LLP’s Llanbedr Airfield 
Snowdonia Aerospace Centre for a launch site for 
the system. However, B2Space’s ambitions for the 
use of balloons go much further than the Near Space 
platform. Their aim is to target the small satellite 
launch market by the use of the “Rockoon” concept, 
first used in 1952, in which a balloon carries a rocket 
vehicle up to 35 km altitude for launch. A smaller 
rocket can be used, and the company claims that they 
can re-use the first stage of the rocket, and offer a 
service free of volume constraints for the payload, up 
to 150 kg.

Lee Paul, Chief Executive Officer of Snowdonia 
Aerospace Centre, said that he and his staff had been 
working with the B2Space team for the last three years 

Rising to 
demand

Harnessing a technology that dates back to the earliest days of the  
Space Race, a UK company is launching objects into space – almost. 
by Griffith Ingram

to make this launch happen, and looked forward to 
continuing to do so. The development of Llanbedr 
Airfield into a spaceport has the potential to make a 
significant difference to the economy of the region, 
providing technology-oriented jobs in the years ahead.

GETTING IT ON BOARD
As B2Space defined in the initial approach to the UK 
Space Agency: “Our proposition is to differentiate 
Snowdonia from other UK spaceports by building on 
our heritage in experimental flight testing to develop 
the site as a flexible and multi-use centre for space-
related research, development, test and evaluation, 
training and satellite launch delivery, with an initial 
focus on the rapidly emerging cubesat, nanosatellite 
and small microsatellite platforms. 

“In doing so we will embrace the UK Space Agency 
drive to achieve an early UK-based horizontal launch 
capability with the aim of delivering the first sub-
orbital flights over Cardigan Bay in the 2022-2025 
period. Longer term, our aim is to develop Snowdonia 
Spaceport into a thriving commercial business offering 
a variety of services to multiple users for suborbital 
and orbital horizontal launch activities and associated 
services.”

Co-founder and technical director Valentin Canales 
is keen to point out that, unlike a conventional rocket 

ABOVE
The Llanbedr 

airfield from where 
balloon operations 

are conducted.

The company 
claims that 

they can offer 
a service free 

of volume 
constraints 

for the 
payload, up 
to 150 kg
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launching from the ground up, without aerodynamic 
constraints the shroud covering the payload can be 
any shape. He adds that by carrying the boost rocket 
up to the edge of the atmosphere it can be more 
effectively thermo-stabilised and oriented for the 
propulsive burn to orbit. 

TRIALS
The Shetland Space Centre was an early subscriber to 
B2Space aspirations and together with Newton Launch 
Systems and Spaceflight Academy, B2Space forms a 
consortium with other related business interests at 
Snowdonia. This adds leverage to the application for a 
Spaceport Licence prior to planning applications. 

B2Space carried out its first test ascent in July 2018 
and reached an altitude of 37.5 km from the Snowdonia 
site at Llanbedr airfield experiencing temperatures as low 
as – 45 deg C. “The trajectory predictions were perfect, 
and the data collected very useful”, said Monterro. “This 
was a successful launch, thanks to the collaboration with 
Snowdonia Aerospace Centre. The development of 
B2Space low cost satellite launch capabilities in Wales 
has the potential to create a technology cluster in the 
area, and will open new opportunities of growth; this is 
one of the reasons we are supporting the start of 
operations from the remote Llanbedr airfield, whose 
USP is a segregated airspace.” SF 

1  INFLATION
The B2Space tethered ‘rockoon’ is attached to 
its rocket payload and then inflated with 
helium. Inside the rocket is the test payload, 
which can weigh up to 150 kg. 

2  RELEASE 
Upon release of the tether, the rockoon and 
rocket drift slowly upward to a height of 35 km.

3  IGNITION
At this point, ignition of the rocket is triggered 
to loft the test payload on the rest of its 
journey.

4  DEPLOYMENT
B2B advertises its presence on a recent test 
visit to the stratosphere.

UP, UP AND AWAY

1

2
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K
arlheinz Rohrwild, Director of the Hermann 
Oberth Museum in Feucht, Bavaria, 
Germany, was recently double-honoured 
for his outstanding work over 40 years for 
the Museum that is dedicated to the life 

and achievements of Hermann Oberth (1894-1989), 
world famous as one of the founders of astronautics.

Born in 1965 in Nürnberg near Feucht and 
starting as a volunteer for the Museum, then later 
becoming its leader in 1994 and officially the 
Director in 1996, Rohrwild was bestowed with the 
Ehrenzeichen des Bayerischen Ministerpräsidenten 

Rewards
of the  
JOB
Double honours for the ever-
enthusiastic Director of the 
Oberth Museum in Bavaria. 
by Frank H. Winter

für im Ehrenamt (Badge of Honour of the 
Bavarian Prime Minister) for his considerable 
accomplishments. At the same time, he was also 
awarded the Werhner von Braun Medaille (Wernher 
von Braun Medal) by the Internationalen Förderkreis 
für Raumfahrt – Hermann Oberth – Wernher von 
Braun (IFR, or International Association for the 
Promotion of Spaceflight – Hermann Oberth – 
Wernher von Braun).  

OF HIGHEST MERIT
The IFR became a member organization of the 
International Astronautical Federation (IAF) in 
1971 and was established to pass on the ideas and 
visions of the astronautical pioneers Hermann 
Oberth, Wernher von Braun and Eugen Sänger, 
in order to “generally promote the dissemination 
and public acceptance of spaceflight”.  Their von 
Braun Medal is one their highest medals of merit to 
contributors towards these goals. Besides holding 
annual astronautical conferences designed for the 
general public and presenting top level experts from 
all fields of astronautics, the IFR also pays attention 
to activities for youth and provides, for example, 
support to model rocket sports clubs, besides the 
cultivation space flight presented in museums and 
its promotion of the maintenance of and care of 
historical documentation concerning spaceflight. 

From 1983 to 1986, Rohrwild served an 
apprenticeship as a machine fitter with the firm 
of MAN AG, a corporation based in Munich 
producing commercial trucks, buses, and diesel 
engines. From 1991 to 1993 he studied mechanical 

ABOVE
Karlheinz 

Rohrwild, left, 
receiving one of 
his honours from 

Markus Söder, 
Ministerpräsident 

of Bavaria.

BELOW
Exterior of the 

Oberth Museum in 
Feucht.
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engineering at the Technical University at Munich. 
Yet, Rohrwild already had become fascinated and 
highly knowledgeable about astronomy as well as 
astronautics and from 1978 to 1982 he undertook 
volunteer work at the Nuremberg Observatory, 
conducting guided tours to the planetarium. This led 
to volunteer work at the Herman Oberth Museum 
the following year at the age of 18.  

At the same time he came to revere Oberth 
and thoroughly immersed himself in learning 
details of his life and accomplishments and those 
of other pioneers of the period from the time 
Oberth’s ground-breaking book, Die Rakete zu den 
Ramuschiffahrt (The Rocket into Planetary Space) 
appeared in 1923 and played a major role in leading 
to the Space Age. The Museum is directly adjacent 
to the Oberth home at Feucht which is about 20 km 
southeast of Nürnberg.

In the meantime, Rohrwild advanced in his 
career and is presently the Managing Partner of the 
Dorfner Group, a building services company with 
its headquarters in Nürnberg; he is the grandson 
of the Company’s founder. Yet, his “second and 
simultaneous career” has always been with the 
Oberth Museum.

EXPLAINING THE DETAIL
Rohrwild went far beyond initial clerical duties at the 
Museum and also in 1983 he participated in his first 
International Astronautical Congress that was then 
held in Budapest. Moreover, he attended – and has 
continued to attend and participate – in the History 
sessions of the Congresses. Later, from 1993, he 
began presenting his own papers that have generally 
covered, with rich details, aspects of Oberth’s work 

and other 1920s/1930s rocket pioneers, besides the 
early prominent German space group called the 
Verien für Raumchiffahrt (Society for Space Travel), 
founded in 1927. 

Following the IAF Congress, in 1984, Rohrwild 
became responsible for exhibits in the Museum. As 
part of his avocation and representing the Museum, 
he has been of invaluable assistance in numerous 
book and film projects by others on the history 
of early rocketry and spaceflight. In addition, he 
spearheaded a number of museum events, notably 
the celebration of the centenary of the birth of 
Oberth in 1994 and the 25th anniversary of the 
founding of the Oberth Museum in 1996 – it was 
founded in 1971 – that featured their first “Tag der 
Raumfahrtgeschichte” (“Day of Space History”) in 
which papers were presented. This event was so 
popular it became an Oberth Museum tradition; the 
20th “Tag der Raumfahrtgeschichte” was presented 
in 2019.

Apart from these, Karlheinz has generously and 
highly enthusiastically provided assistance for space 
exhibitions in other museums throughout Germany. 
Since 1986, he has been a member of the Permanent 
Committee on History of the International Academy 
of Astronautics, a Fellow of the British Interplanetary 
Society since 1991 (a member since 1986), a member 
of the IAA (International Astronautical Association) 
Committee on History of Astronautics, and of the 
Nürnberger Astronomischen Arbeitsgemeinschaft 
(Nürnberg Astronomical Working Group) besides 
other groups.  In addition, he is the deputy head 
of the “History of Space” section of the Deutschen 
Gesellschaft für Luft-und Raumfahrt (German 
Aerospace Society) and similar posts.

For a glimpse of the Hermann Oberth Museum, 
consult “Monument to a Space Pioneer” in 
Spaceflight, Vol 40, No 1, pp. 32-33. Later in 1998, the 
writer and two other friends and colleagues were 
treated by Karlheinz to a “grand tour” of several key 
historical rocket sites in Germany that included, 
among other places, Peenemünde, Nordhausen, 
Kummersdorf, and concluding with the Hermann 
Oberth Museum. Therefore, the writer hopes to cover 
this “grand tour” in another, future article for 
SpaceFlight. SF 

ABOVE
A small selection 
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celebrating the 
work of one of 
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BELOW
Oberth (left) 
is presented 

with the  Order 
of Merit of the 

Federal Republic 
of Germany by 
Wernher von 
Braun, 1961.
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MULTI-MEDIA
The latest books, films, TV, models and 
games for space enthusiasts of all ages

SPACE MODELS

T he spacecraft known as MUSTARD – the 
acronym stands for Multi-Unit Space 
Transport And Recovery Device – never 
got off the drawing board, although 
between 1963 and 1970 there were many 

iterations of the basic design. It was begun by 
English Electric and ran through to the formation 
of the British Aircraft Corporation. The one 
featured here is based on the last design from BAC, 
which took up the numbering, MUSTARDs 14 and 
15, and was worked on from around 1966.

This kit of the proposed British space shuttle 
project is a first, and is produced from what are 
generally known as cottage or garage industries – 
invariably “one-man” (and it usually is one man) outfits 
using a much wider range of manufacturing techniques 
and materials than the traditional injection-moulded 
plastic, in which expensive steel tools are placed on 
even more expensive injection moulding machines. 
S&M Models was set up by Mel Bromley to cater for 
models that mainstream manufacturers wouldn’t  
consider worth the cost of the tooling. Instead of 
plastic, MUSTARD is made from resin. This involves 
much cheaper tooling – usually of very hard rubber – 
but the actual manufacturing is more time-consuming 
since each kit has to be made individually by hand.

The idea was initiated by another small kit 
manufacturer, Lost British Projects, which, as its name 
suggests, makes models of British projects that mostly 

Hot Mustard

never got off the ground. Its owner, Rikki Wolfe, also 
made a model of MUSTARD, but Mel thought the 
scale was too large for a commercial kit, and decided 
to scale it down to the 1:144 that is standard for 
spaceplane models of all types.

The kit has only few parts, but the fact that it is in 
resin does call for some slightly specialist modelling 
techniques. Like polystyrene, resin is a polymer. But 
although at a first glance it looks similar to ‘styrene, 
it won’t glue with conventional plastic cement: 
instead you need to use something like cyanoacrylate 
(superglue). Resin parts also tend to need more 
cleaning up than traditional plastic kit, though small 
files and sandpaper (or even emery boards) will do that.  

There is a cockpit interior for two crew. It’s not all 
that apparent through the tiny window openings, but 
at least you know it is there! And there’s no ‘cockpit 
glass’ supplied, although since these parts are circular 
you’re quite likely to have something suitable in your 

RIGHT
MUSTARD compared to 

the Space Shuttle.

BELOW
Full frontal of the 
finished model.

LEFT
What you get – two large 
and several small resin 

parts. No decals are 
supplied – those shown 

here come from the spares 
box. Similarly, the two 

cockpit windows and the 
red instrument ‘window’ 

were once model car 
headlamps!

ABOVE
A rear view of the model 

showing and main skids and 
engine cluster.
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IN JULY, THE PERSEVERANCE ROVER, otherwise known as Mars 
2020, will launch atop an Atlas V rocket, carrying a set of scientific 
experiments that will study the floor of Jezero Crater on Mars. 
Scheduled to arrive in February 2021, it may provide a definitive 
answer to the question we have asked ever since we first saw the 
planet in the night sky – is there life on Mars? I decided to build my 
own Perseverance-style rover in Kerbal Space Program, and take 
it on a journey to the game’s own “Red Planet”. 

Kerbal planets are not nearly as detailed or diverse as real ones, 
but there are still terrain features to be explored, samples to be 
taken, and data to be collected. Since the Perseverance rover is 
going to Mars, let’s focus on the game’s analogue of that planet: 
Duna. While Duna may look very similar to Mars, it has a few 
differences – like every other KSP planet, it is 1/10 the size of its 
real-life counterpart. It also has slightly lower gravity (0.3g vs 
0.37g) and a slightly thicker atmosphere (0.06 atm vs 0.006 atm). 
Overall, these differences make Duna significantly easier to land 
on than Mars – considering how difficult entry, descent and 
landing are at this planet, NASA engineers would love to have 

Duna’s conditions to work with. Duna is also warmer than Mars, at 
-23 degrees Celsius (Mars is –63 C). 

Fortunately for my recreation of Mars 2020, KSP already 
contains parts that can be used to create rovers that look similar to 
Curiosity and Perseverance. The rover body and wheels have 
approximate analogues in-game, and one of KSP’s paid 
expansions, Breaking Ground, contains robotic scanning arms that 
look similar to the example on the rover. However, I wasn’t able to 
accurately create a version of the rocker-bogie suspension that 
has been used on every Mars rover since Sojourner in 1997. This 
system uses multiple independent swing-arms, allowing the rover 
to safely traverse uneven terrain that would be dangerous for a 
rover with a more conventional suspension design. 

Mars is one of the most exciting destinations in the Solar 
System, and it’s great to see a mission heading there to seek 
direct evidence of past (or even present) life. If Perseverance 
finds what it is looking for, it may change our view of the universe 
forever. From the surface of Duna, I wish NASA and 
Perseverance good luck!

G A M E R ' S  C O R N E R  w i t h  H e n r y  P h i l p

Playing the wild rover… on the surface of Mars

Kerbal’s parts-bucket version of the Perserverance rover… …and a NASA artist’s more detailed rendition of the real thing.

spares box. Otherwise, it’s simply a matter of gluing the 
upper and lower hull halves together, fitting the four 
engine bells to the engine plate, and fitting the three 
undercarriage skids. The last are only used for landing: 
MUSTARD, like the Space Shuttle, was intended to 
launch vertically. There were several proposals for 
how to do this, most involving uncrewed versions of 
the same craft. One scheme saw the crewed orbiter 
launched on visually identical reusable boosters that 
returned to base after launch. Sound familiar?

The main decision revolves around the colour 
scheme. The actual craft would almost certainly have 
been black overall – the easiest finish to achieve – but 
the majority of artist’s impressions picture it like the 
Shuttle, with a black undersurface and a white top. 
There were no tiles, though: instead, the surface was 
supposed to absorb the heat of re-entry, leading to the 
oft-quoted description of the craft as “Hot Mustard”.

Here the model was first sprayed matt white, then 
given a coat semi-gloss white on top. When the paint 
was thoroughly dry (after at least a few days), it was 
masked along the lines of the black-white division 

using specialist modelling masking tape (Tamiya’s is 
especially good) and the black paint applied – again 
with a satin finish.

No decals are supplied with the kit, as no markings 
were agreed on; but since it is a British spaceplane, RAF 
roundels are the obvious choice (and if you don’t have 
any, many companies make after-market sets). Line 
decals can also be added for the elevons, fins, and any 
other panel lines you feel are appropriate. Because the 
kit does come with landing skids, a landing scenario 
seems like the best way to display the model – perhaps 
a small base with a suitable “landing strip” finish for the 
just-returned-from-orbit (and very hot) MUSTARD.

Many thanks to Mel Bromley at S&M Models for 
the review kit, which is available direct from www.
sandmmodels.co.uk and specialist suppliers. General 
modelling supplies are available online from Modelling 
Tools (www.modellingtools.co.uk). SF   Mat Irvine FBIS

Much reference can be gleaned from the excellent book, 
Secret British Projects, Vol 5: Britain’s Space Shuttle by Daniel 
Sharp, and published by Crécy Publishing, 2016.

ABOVE
S&M creator Mel Bromley 
and a close-up (below) of 

the MUSTARD parts.
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Satellite Digest is SpaceFlight’s regular listing of world space launches using orbital  
data from the United States Space Command space-track.org website. 

Compiled by Geoff Richards

Satellite Digest 571

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km) 

XZF-SC 2020-027A May 5.42 Wenchang Chang Zheng 5B 21,600 May 7.04 42.85 160.26 523 6,278 [1]

RCSFC-SC 2020-027B     500? May 5.59 41.09 89.73 163 372 [2]

Xingyun 2-01 2020-028A May 12.05 Jiuquan Kuaizhou 1A 93 May 12.32 97.55 95.92 557 573 [3]

Xingyun 2-02 2020-028B     93 May 12.31 97.55 95.91 557 572 [3]

OTV 6 2020-029A May 17.55 ETR Atlas V 501 5,500? May 18.53 45.00 92.23 382 397 [4]

FalconSat 8 2020-029B     136 Orbit similar to 2020-029A    [5]

Kounotori 9 2020-030A May 20.73 Tanegashima H-IIB 304 16,500 May 25.41 51.64 92.84 417 420 [6]

Kosmos 2546 2020-031A May 22.29 Plesetsk Soyuz-2.1b-Fregat-M 2,000? Jun 7.29 63.81 717.37 1,668 38,679 [7]

STARSHINE 4  May 25.83 Mojave LauncherOne 40? Failed to reach orbit     [8]

XJS G 2020-032A May 29.84 Xichang Chang Zheng 11 300? May 30.57 35.03 93.99 467 487 [9]

XJS H 2020-032B     300? May 30.57 35.03 93.98 466 486 [9]

Crew Dragon Demo 2 2020-033A May 30.81 KSC Falcon 9FT 13,000? May 31.28 51.64 92.84 417 420 [10]

Gaofen 9-02 2020-034A May 31.37 Jiuquan Chang Zheng 2D 1000? May 31.97 97.28 94.44 485 501 [11]

HEAD 4 2020-034B     45? May 31.62 97.28 94.48 487 503 [12]

NOTES 
1.  Xinyidai Zairen Feichuan Shiyan Chuan, New Generation Crew 

Vehicle - Test Ship, test of future crewed spacecraft built by CAST 
for CMS consisted of a return capsule (Fanhui cang) with some 
100 experiments including seeds, plants and fungi for effects of 
radiation, additive manufacturing including a Cubesat deployer, 
friction and lubricating materials, acoustic leak detection, three 
methods of acceleration measurement, oil-extraction microbes, 
lithium-carbon-monofluoride batteries, microgravity effects and 
communications techniques, and a propulsion and power module 
(Fuwu cang). Manoeuvred seven times to raise orbit to 8,000 km 
apogee. De-orbited May 8.18 and return capsule landed May 8.24 
at Dongfeng site, Inner Mongolia after three days. Demonstrated 
detachable heat shield for capsule re-usability. New CALT Chang 
Zheng 5B is a Chang Zheng 5 without the second stage.

2.  Rouxing Chongqi Shihuowu Fanhui Cang Shiyan Cang, Flexible 
Inflatable Cargo Return Module - Test Cabin, technology 
development payload built by CASIC with a 3 m inflatable conical 
heat shield. De-orbited for landing at Dongfeng site May 6.22, 
which failed.

3.  Xingyun 2 (Cloud) pair of communications technology development 
satellites built by CASIC for its subsidiary Xingyun Satellite and 
launched by Expace are each carrying an L-band transponder for 
narrow-band IoT communications test, an optical inter-satellite 
communications system and an unspecified hosted payload. Testing 
technology for planned constellation of low-orbit communications 
satellites. Xingyun 2-01 is also named Wuhan, in honour of the 
people of that city who cared for those suffering from the first 
outbreak of Covid-19.

4.  Orbital Test Vehicle-6 or USA 299 is a USSF X-37B winged re-
usable aerospace vehicle with a payload bay like the Shuttle and 
a deployable solar panel. It is a technology test launched by ULA 
including, for the first time, an aft-mounted service module with 
space for additional payloads. Payloads are classified apart from 
materials samples and seeds for effects of space (from NASA) and 
a demonstration of microwave power transmission (PRAM, from US 
Navy). Orbit is classified, that given is from amateur trackers. 

5.  FalconSat 8 or USA 300 is a technology development satellite 
built by USAF Academy with five experiments: Magnetogradient 
Electrostatic Plasma thruster (MEP), a Metamaterials Antenna 
(MMA), CANOE demonstrating RF cabling with carbon nanotube 
braiding, ACES commercial reaction wheel modified into a flywheel 
for energy storage and release and SkyPad off-the-shelf cameras 
and GPUs integrated into a small package. Deployed from OTV 
service module about May 28.

6.  HTV 9 unmanned freighter mission to the International Space 
Station launched by JAXA with 6,200 kg of cargo including batteries, 
an Express rack, a European Draw Rack, a solid combustion 
experiment (SCEM), an Earth imager (iSIM), a biological microscope 
(COSMIC) and the Space Frontier Studio video streaming 
communications unit. Spacecraft captured by the ISS arm May 
25.51 and docked at the ISS/Harmony nadir port May 25.62. Six large 
replacement batteries are to be mounted on the ISS truss and iSIM 
has been transferred to Kibo EF. 

7.  EKS or Tundra early warning satellite built by RKK Energia for MORF, 
fourth member of Kupol (Dome) system to replace the former Oko 
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Starlink 1440 2020-035A Jun 4.06 ETR Falcon 9FT 260 Jun 11.83 53.00 90.14 217 355 [13]

Starlink 1441 2020-035B     260 Jun 11.83 53.00 91.02 292 366 [13]

Starlink 1442 2020-035C     260 Jun 11.83 53.00 91.03 295 366 [13]

Starlink 1443 2020-035D     260 Jun 11.83 53.00 91.03 294 365 [13]

Starlink 1444 2020-035E     260 Jun 11.83 53.00 91.01 300 358 [13]

Starlink 1445 2020-035F     260 Jun 11.83 53.00 91.01 293 364 [13]

Starlink 1446 2020-035G     260 Jun 11.83 53.00 91.01 293 365 [13]

Starlink 1447 2020-035H     260 Jun 11.83 53.00 91.01 292 365 [13]

Starlink 1448 2020-035J     260 Jun 11.83 53.00 91.03 294 366 [13]

Starlink 1449 2020-035K     260 Jun 11.83 53.00 91.04 296 365 [13]

Starlink 1450 2020-035L     260 Jun 11.83 53.00 91.00 294 362 [13]

Starlink 1451 2020-035M     260 Jun 11.83 53.00 91.02 294 365 [13]

Starlink 1452 2020-035N     260 Jun 11.83 53.00 91.01 299 359 [13]

Starlink 1453 2020-035P     260 Jun 11.83 53.00 90.47 245 359 [13]

Starlink 1454 2020-035Q     260 Jun 11.83 53.00 91.02 293 365 [13]

Starlink 1455 2020-035R     260 Jun 11.83 53.00 90.14 223 349 [13]

Starlink 1456 2020-035S     260 Jun 11.83 53.00 91.02 294 365 [13]

Starlink 1457 2020-035T     260 Jun 11.83 53.00 91.03 294 365 [13]

Starlink 1458 2020-035U     260 Jun 11.83 53.00 91.01 293 365 [13]

Starlink 1460 2020-035V     260 Jun 11.83 53.00 91.01 292 365 [13]

Starlink 1392 2020-035W     260 Jun 11.58 53.00 90.94 286 365 [13]

Starlink 1393 2020-035X     260 Jun 11.33 53.00 90.87 281 364 [13]

Starlink 1394 2020-035Y     260 Jun 11.83 53.00 90.97 290 363 [13]

Starlink 1395 2020-035Z     260 Jun 11.83 53.00 90.51 252 356 [13]

Starlink 1396 2020-035AA     260 Jun 11.83 53.00 90.97 290 364 [13]

Starlink 1397 2020-035AB     260 Jun 11.83 53.00 90.98 290 364 [13]

Starlink 1399 2020-035AC     260 Jun 11.83 53.00 90.97 290 364 [13]

Starlink 1401 2020-035AD     260 Jun 11.83 53.00 90.99 291 365 [13]

Starlink 1402 2020-035AE     260 Jun 11.83 53.00 90.99 291 365 [13]

Starlink 1404 2020-035AF     260 Jun 11.83 53.00 90.99 291 365 [13]

Starlink 1406 2020-035AG     260 Jun 11.92 53.00 90.19 225 352 [13]

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km) 

system, with an Irtysh-E infra-red camera system to detect missile 
launches, a Balka photo-sensor system for observing nuclear 
explosions and a communications payload.

8.  Student-Tracked Atmospheric Research Satellite for Heuristic 
International Networking Equipment was a passive educational 
satellite built by NRL and was a sphere carrying mirrors to aid 
optical tracking and retro-reflectors for laser tracking. Payload was 
carried to test separation system and also be tracked by students 
around the world in a project to measure atmospheric density from 
decay rate and spin-rate decay due to magnetic drag. The final stage 
also carried a Virgin Orbit attached educational payload called 
INTERN Sat. First Launch of Virgin Orbit LauncherOne two-stage 
liquid-propellant vehicle, air-launched from a Boeing 747-400 over 
the Pacific Ocean after take-off from Mojave Air and Space Port, 
California. First stage failed shortly after ignition.

9.  Xin Jishu Shiyan Weixing are a pair of technology development 
satellites built by IAMCAS (XJS G or Chuangxin 6-01) and NUDT (XJS 
H) with an inter-satellite link and new Earth observation technology 
for performance test.

10.  Crew Dragon spacecraft, ISS Mission SpX-DM-2 or Endeavour, 
built and launched by SpaceX as part of NASA’s CCDev programme 
for transport of crews to ISS with two-man crew, Spacecraft 
Commander Douglas Hurley and Joint Operations Commander 
Robert Behnken, to join the Expedition 63 crew as Flight Engineers. 
First stage successfully landed on the Of Course I Still Love You 
barge 510 km downrange. Spacecraft docked at ISS IDA-2/PMA-2 
port May 31.59.

11.  Gaofen is an earth resources satellite built using a CAST-3000 
bus by DFH for SASTIND’s CHEOS programme for land survey, city 
planning, land ownership marking, road network planning, crop 
yield assessment and disaster monitoring, carrying high-resolution 
panchromatic and multi-spectral cameras for Earth observation. 

12.  HEAD is a multi-application satellite built by Shanghai Lizheng 
Satellite Application Technology for HEAD Aerospace carrying an 
AIS receiver to track shipping, an ADS-B receiver to track aircraft 
and a transponder for IoT communications.and a transponder for IoT 
communications.
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Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km) 

N
A

SA

Starlink 1408 2020-035AH     260 Jun 11.92 53.00 90.21 226 353 [13]

Starlink 1413 2020-035AJ     260 Jun 11.92 53.00 90.96 288 365 [13]

Starlink 1414 2020-035AK     260 Jun 11.92 53.00 90.95 286 365 [13]

Starlink 1415 2020-035AL     260 Jun 11.92 53.00 90.53 250 361 [13]

Starlink 1416 2020-035AM     260 Jun 11.92 53.00 90.93 286 364 [13]

Starlink 1417 2020-035AN     260 Jun 11.92 53.00 90.96 288 365 [13]

Starlink 1419 2020-035AP     260 Jun 11.92 53.00 90.98 289 366 [13]

Starlink 1420 2020-035AQ     260 Jun 11.92 53.00 90.98 289 366 [13]

Starlink 1422 2020-035AR     260 Jun 11.83 53.00 91.00 292 365 [13]

Starlink 1351 2020-035AS     260 Jun 11.75 53.00 90.99 289 366 [13]

Starlink 1370 2020-035AT     260 Jun 11.58 53.00 90.97 289 365 [13]

Starlink 1398 2020-035AU     260 Jun 11.83 53.00 91.00 294 363 [13]

Starlink 1400 2020-035AV     260 Jun 11.83 53.00 91.01 292 365 [13]

Starlink 1403 2020-035AW     260 Jun 11.83 53.00 91.01 291 367 [13]

Starlink 1405 2020-035AX     260 Jun 11.83 53.00 89.44 201 301 [13]

Starlink 1407 2020-035AY     260 Jun 11.83 53.00 91.01 292 365 [13]

Starlink 1409 2020-035AZ     260 Jun 11.83 53.00 91.02 293 366 [13]

Starlink 1410 2020-035BA     260 Jun 11.83 53.00 91.00 290 366 [13]

Starlink 1411 2020-035BB     260 Jun 11.83 53.00 91.03 292 368 [13]

Starlink 1412 2020-035BC     260 Jun 11.83 53.00 91.03 293 367 [13]

Starlink 1418 2020-035BD     260 Jun 11.83 53.00 91.02 293 366 [13]

Starlink 1421 2020-035BE     260 Jun 11.83 53.00 91.00 291 365 [13]

Starlink 1423 2020-035BF     260 Jun 11.83 53.00 91.01 292 365 [13]

Starlink 1433 2020-035BG     260 Jun 11.83 53.00 91.03 294 365 [13]

Starlink 1434 2020-035BH     260 Jun 11.83 53.00 90.42 240 360 [13]

Starlink 1436 2020-035BJ     260 Jun 11.83 53.00 91.03 296 363 [13]

Starlink 1437 2020-035BK     260 Jun 11.83 53.00 91.03 295 365 [13]

Starlink 1438 2020-035BL     260 Jun 11.83 53.00 91.03 294 366 [13]

Starlink 1439 2020-035BM     260 Jun 11.83 53.00 90.00 211 347 [13]

Haiyang 1D 2020-036A Jun 10.77 Taiyuan Chang Zheng 2C 442 Jun 11.10 98.44 100.37 770 785 [14]

NOTES 
13.    Set of sixty communication satellites built by SpaceX, each 

carrying transponders for communications and an autonomous 
collision avoidance system. Eighth launch in planned Starlink 
broadband system. Starlink 1436, also known as VisorSat, is fitted 
with a sunshade for the main body of the satellite for test as a 
method of reducing observed brightness. Satellites will probably 
manoeuvre to a 380 km holding orbit to allow drift to other planes, 
before manoeuvring to a 550 km operational orbit. First stage, that 
previously flown on fourth Starlink launch, landed on the Just Read 
The Instructions barge 629 km downrange. 

14.  Haiyang ocean survey satellite built by DFH using a CAST-968 bus for 
the MNR with a four-band visible/infra-red scanner (CZI) for coastal-
zone imaging, a ten-channel visible/infra-red ocean colour scanning 
radiometer (COCTS) for ocean pollutants and sediments and sea ice, 
a two-band ultraviolet imager and a ten-band ultraviolet to infra-red 
calibration spectrometer to correct atmospheric effects on scanner 
measurements and an AIS receiver to track shipping. Kounotori 9 nears the ISS prior to being berthed.
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1994-009A  Milstar 1 (USA 99) was manoeuvred off station at 39°W 
May 6 and is drifting to the west.

1998-050A  ASTRA 2A was manoeuvred off station at 100°E May 4 
and is drifting to the west.

2002-035B  N-Star c was manoeuvred off station at 136°E about 
May 11 and is drifting to the west. It appears to have 
been retired.

2002-062A  Nimiq 2 drift rate was reduced May 3 as if to relocate 
near 120°E, but satellite ceased manoeuvring before 
coming to a halt.

2003-007A  Intelsat 907 was manoeuvred off station at 27.5°W 
May 18 and is drifting to the west. It has been retired.

2006-004A  Himawari 7 was manoeuvred off station at 145°E May 
16 and is drifting to the west. It has been retired.

2006-011  FormoSat 3 (COSMIC) operations completed May 1 
with decommissioning of final satellite.

2010-001A Beidou DW3 (G1) was taken out of service May 12.

2014-055A  CLIO (USA 257) has manoeuvred to a slow westward 
drift, according to amateur trackers. 

2014-058A  Luch (Olimp-K) was relocated at 1°W, targetting 
Intelsat 10-02 and Thor 5, 6 and 7, May 12. 

2014-064A  Ekspress AM6 temperature control system failed 
completely March 30, requiring shutdown of all L-band 
and some C-band and Ku-band capability.

2016-016A  Resurs-P 3 was returned to operational use April 22 
following resolution of a software problem which first 
occurred in February 2017.

2016-055A  OSIRIS-REx descended to 250 m above Bennu to 
observe reserve landing site May 26.

2018-042A  InSight HP3 mole resumed moving into the surface 
with the robot arm scoop pressing on its back-cap to 
prevent reversal and top of mole was flush with the 
surface by May 30.

2018-065A  Parker Solar Probe is carrying out its fifth solar 
encounter May 9 to June 28, with perihelion on June 7.

2019-027A  Beidou DW45 (G8) was declared operational May 12, 
replacing Beidou DW3 (G1).

2019-029  Starlink 26 and 61 both appear to have failed. Starlink 25 
began manoeuvring down from 530 km May 21, followed 
by all but one of the remaining 530 km satellites over the 
next few days. Starlink 71 remains at 530 km.

2019-051A  AEHF 5 (USA 292) was manoeuvred off station at 94°W 
May 28 and is drifting to the east.

2019-074  Starlink 1010 moved up to 567 km May 3. Starlink 
1031 moved down to 550 km operational orbit May 10. 
Starlink 1023 moved down to operational orbit by May 27. 

Starlink 1037 and 1065 both appear to have failed.

2019-099AR,AW  SkySat 14 reached the new lower operational orbit in 
March, but SkySat 15 has halted 15 km higher.

2020-001  Starlink 1087 resumed moving down May 2. Third 
batch reached operational 550 km orbit May 17 to 19.

2020-006  Third Starlink batch began moving up from 380 km 
holding orbit May 11 to 19.

2020-011A  ISS crew attached SEOPS payload to hatch of Cygnus 
Robert H. Lawrence which was unberthed from 
ISS/Unity May 11.5 using the ISS arm and released 
May 11.67. It then manoeuvred to a higher orbit and 
deployed ULTP Cubesat May 13.98. Carried out Saffire 
4 and WIDAR tests before de-orbit May 29. Add object 
and orbit:

 ULTP 2020-011D

 May 15.62 51.65° 94.13 min 476 km 486 km

2020-012  Starlink 1228 began moving up, with several halts, May 
7. Second batch reached operational 550 km orbit May 
13 to 15, with Starlink 1201 following May 19. Some of 
third batch (Starlink 1209, 1234, 1235) began moving up 
May 24 to 29.

2020-016  Dragon CRS 20 included a SEOPS/Hypergiant payload 
with a SlingShot deployer for the ULTP Cubesat, 
possibly UbiqitiLink Test Payload, which carried a 
transponder for mobile phone communications for 
Lynk, and the WIDAR attached payload, possibly a 
Lynk payload with a deployable antenna.

2020-019  First Starlink batch reached operational 550 km orbit 
from May 2, with stragglers (Starlink 1278, 1280, 
1286, 1299, 1306 and 1308) going to 555 km by May 
10. Starlink 1268 apparently stopped manoeuvring 
May 7. Starlink 1308 moved down to 550 km May 8. 
Starlink 1283 began to move up from 380 km May 10. 
Remainder of second batch (Starlink 1207, 1258, 1264 
to 1267, 1272, 1274, 1283, 1284, 1289 to 1292, 1297, 1301, 
1303, 1307, 1312 and 1317) began moving up May 18 to 
23. Starlink 1306 moved up from 555 km to 560 km May 
25. Starlink 1278, 1280 and 1299 moved up from 555 km 
to 570 km May 27. 

2020-020  OneWeb satellites had all manoeuvred to holding 
orbits around 600 km by May 21.

2020-025  Fifty-nine Starlink satellites manoeuvred to 380 
km holding orbit May 8 to 12 to drift away from 
deployment plane. Starlink 1367 continued to 390 km 
May 13 before returning to 380 km May 20. First batch 
(Starlink 1329, 1338, 1339, 1341, 1350, 1352, 1353, 1362, 
1365, 1368, 1369, 1371 to 1375, 1377 to 1379 and 1390) to 
move towards operational orbit began manoeuvring 
May 15 to 17.

ADDITIONS AND UPDATES
DESIGNATION COMMENTS DESIGNATION COMMENTS

INTERNATIONAL SPACE STATION ACTIVITY 

There were no orbital manoeuvres of ISS during May.

End-of-May orbital data:
  May 31.78 51.64° 92.84 min 417 km 420 km

RECENTLY DETAILED ORBITAL DECAYS
International Object name Decay
Designation

2002-005E Iridium 96 May 30.2
1998-067PR DebrisSat 2 May 30
2019-029AV Starlink 67 May 27.4
2019-001BD Starlink 1087 May 29.01
2020-011A Robert H. Lawrence May 29.8
2020-027A XZF-SC May 8.24
2020-027B RCSFC-SC May 6.22
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A matter of survival?   

Sir: You recently commented that our planet is 
“stressed by an ever-burgeoning tide of human 
proliferation and the insatiable quest for growth, 
expansion and consumption”, and you went on to 
suggest: “perhaps we should be moved more than ever 
to consider why we are going” into space (SpaceFlight, 
Vol 62, No 7, p.5). Last month Charles Cockell asked 
the same question in lecture 36 on his excellent 
YouTube channel. With a new era of human spaceflight 
about to start, the question is a timely one.

I would like to draw your attention to a related 
question: is it possible for a global industrial civilisation 
to continue to prosper sustainably for timescales of at 
least thousands of years?

Clearly, there is a great deal of awareness nowadays 
of the many threats which could cause societal collapse, 
including climate change (whether natural or induced 
by industrial pollution), super-volcano eruption, 
asteroid impact, nuclear war, ecological breakdown, 
runaway robotic or genetic technologies, and the 
takeover of democracies by authoritarian demagogues. 
It is also clear that, despite political differences among 
the governments of the world’s great powers, all 
countries are linked closer than ever before by ties of 
economics, finance, media, politics, tourism and trade, 
so that even a regional setback can stress countries 
globally. This is now being vividly demonstrated, of 
course, by the Covid-19 pandemic.

Were we to succeed in colonising the Solar System, 
the situation would be different. Barring the invention 
of both improbably powerful propulsion systems 
and improbably cheap energy sources to fuel them, 
the economies of different worlds would be very 
much more loosely connected than those of different 
countries today. Just as in the ancient world the 
Roman Empire could rise and fall with little effect in 
China, and none at all in the Americas, so if in that 
future Solar System, say, civilisation on Earth were 
to collapse, then that would have little effect on Mars 
and even less among the satellites of the giant planets. 
The reason would be the same: the geographical 
spread of the human diaspora would once again have 
outrun easy reach of the transport technologies of 
the day. Of course the pre-industrial human family 
was still vulnerable to a number of potential global 
environmental disasters – but on a Solar System scale 
no such disasters are in sight.

The same would be true – only far more so – of an 
interstellar human diaspora. If this can be achieved, 
then the human heritage is secure for as far into the 
future as one wishes to look. This remains true even if 
every single colony is doomed to ultimate extinction: 
in such a population of loosely related civilisations, 
the overall species prospers so long as each constituent 
society produces during its lifetime at least one 

LETTERS TO 
THE EDITOR

daughter society which creates a new settlement at 
interplanetary or interstellar distance, either to break 
virgin ground, or to replace a civilisation which had 
formerly lived there but had died out. If therefore we 
value our human culture and our heritage, we will see 
expansion of our civilisation into space as essential for 
its long-term preservation as well as for future growth.

In 1989, Mark Hempsell wrote in SpaceFlight (Vol 
31 No 9, p224) that the future facing mankind would 
be either a space age or a stone age. I believe he was 
correct. To put it in terms of popular TV serials: 
the human future will look either like Star Trek, 
or like Game of Thrones. If certain environmental 
campaigners and Marxist sociologists do not hold 
this principle at the forefront of their thinking, if they 
condemn technological progress and yearn for what 
they see as a more natural way of living, then it is 
incumbent upon them to offer a plausible third way 
for our species in the long term. I have not yet seen 
any such alternative scenario.

The stresses on Earth’s biosphere and on human 
society itself caused by continuing economic, 
population and technology growth now come into 
focus: they are the growing pains attendant upon the 
evolution of a new kind of industrial society – one that 
has never existed before – that can prosper sustainably 
both on Earth and at extraterrestrial locations. It 
should be our goal to promote both growth and 
sustainability and, on Earth itself, environmental 
responsibility. Where new technologies and new 
patterns of doing things can contribute to these goals 
they must be embraced.  

Commercial passenger spaceflight, nuclear fusion 
power, artificial intelligence, robotics, artificial meat, 
farming without soil and under artificial light – these 
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are some of the key factors in our progress at present. 
Another would be colonising some of Earth’s desert 
regions – not as a simulation of a Mars expedition for 
half a dozen people for a few weeks, but building for 
permanence and long-term growth.

We go into space, therefore, because only through 
interplanetary and ultimately interstellar growth is the 
human heritage made secure for the long term. The 
alternative, sooner or later, is inevitable decline and 
ultimate extinction.

 
Stephen Ashworth 
(via email)

Charley Brown – again!    

Sir: Sometime in the seventies, an Apollo Command 
Module was on display in the Royal Scottish Museum 
in Edinburgh and later in the Glasgow Transport 
Museum. I presume this is the one now in the Science 
Museum.  At that time I was giving talks on the Apollo 
programme to sixth formers under the auspices of the 
BAAS and was in close contact with Allen Simpson at 
the RSM.  Later, Allen was instrumental in obtaining a 
Blue Streak for the Museum. I was allowed in before 
opening hours to take photographs - which sadly 
have long since disappeared I fear. The CM was 
encase in a perspex case which made photography a 
little difficult.   I subsequently went to Glasgow (not 
something that dwellers in Edinburgh take lightly!) 
and had to queue for about an hour. You were then 
shepherded through in “quick time” so that as 
many people as possible could see it. I also met Neil 
Armstrong at a reception when he visited the RSM, 

but I think that was a separate occasion.
 

John Boyes 
(via email)

The first and the last    

Sir: Embarking into my local town of Mansfield, 
Nottingham during the first week of lockdown for a 
few essential items was a reality check. Seeing from my 
television screen the global contagion bearing upon 
us is one thing, but it hits home when experiencing 
the shutdown effecting our population, which is stark. 
The ambience in the town centre was surreal, being 
practically deserted of people or activity. 

For me it was reminiscent of the 1951 Michael Rennie 
science fiction film “The Day the Earth Stood Still”. 
However this story depicted a disabling halt to Earth’s 
functions, barring essential services for 30 minutes.  
Now, as is currently evident, a longer time phase ensues 
in all our lives, as we are experiencing. The story has an 
uncanny similarity to our current global lockdown.

However, this challenge is from an inner universe 
– an invisible virus – not something from outer space. 
There is a marked distinction between experiencing 
science fiction on TV and enduring this current reality. 
In times of this contagion we summon the best in all of 
us to pull together as one. This is a global challenge and 
an effort of our human race’s ingenuity and scientific 
resources at its limits. It is also is a wakeup call, 
highlighting our fragility as a species. If we fail to pay 
respect to our other bio-systems and species that dwell 
with us on our precious planet then the consequences 
speak for themselves.    

Our front line services are our beacon of light, and 
a pause for thought to think of all the people involved 
with this fight does not go amiss. No matter what 
situations eclipse us, rays of light will prevail. Our 
resilience and adaptation as a human species summons 
all types of strategies that bring us together as one, no 
matter where we are on this planet.

The launch of Dragon2 on 30 May has a special 
significance for me has I witnessed the very first STS 
1 space launch of Columbia on 12 April 1981 and the 
last Shuttle launch STS 135 on 18 July 2011. Making 
this more poignant, astronaut Doug Hurley was pilot 
of Atlantis STS 135 last launch. This last time I was 
watching the Dragon 2 launch from my UK home, 
beamed back to my TV screen from Florida. It was if 
I had never left the Cape Canaveral launch complex. 
The dynamics and awe in witnessing a rocket launch 
live is with you for life even when, for me, this world 
pandemic eludes my chance of a return to Florida.

It brings back to me our determination to challenge 
any adversity that lies before us in all endeavours and 
quests. My chance to witness the first and last US 
Space Shuttle launches showed me at first-hand what is 
possible. Even in the midst of this epic global challenge 
our human resolve is unbounded. The Dragon 2 
astronauts left this troubled world in a crisis due to the 
Covid-19 pandemic but no matter what the challenges, 
humanity’s resolve will soar.           

Michael Knowles
(via email)

The Dragon 2 
astronauts 

left this 
troubled 
world in a 
crisis…but  
no matter 
what the 

challenges, 
humanity’s 
resolve will 

soar
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TRAVEL AND MEETING RESTRICTIONS resulting 
from the emergency caused by Covid-19 meant that 
the annual Sino-Russian Technical Forum, the longest-
running event in the British Interplanetary Society’s 
calendar, could not be held in the normal way.

The plan had been for a wide-ranging conference 
this year as the Forum’s 40th session. This annual 
event is the biggest open gathering of experts 
whose sleuthing skills have uncovered decades of 
secrets from the world’s most elusive space 
programmes. Instead, the 40th conference has 
disappointingly had to be postponed to summer 
2021, and a smaller group of about 20 enthusiasts 
assembled in a virtual meeting on 6 June. Using the 
Zoom video platform managed by Gurbir Singh, 

participants marked the 40th anniversary of the first 
Soviet Technical Forum, as it was then called, in 
January 1980.

Event co-ordinator Dave Shayler and BIS President 
Gerry Webb introduced the meeting, explaining that 
although the Forum had started out studying the 
secretive Soviet space programme, the colossal 
strides of other nations have meant expanding the 
remit to cover the astronautics of China, India, and 
other Asian nations.

Several contributors gave reviews of some of their 
recent activities. Gerry Webb explained that his 
company Commercial Space Technologies (CST), 
now largely in the hands of his son Alan, continues 
to broker launch services in Russia, trade satellite 

SOCIETY NEWS

Trumpet voluntary: Ken McTaggart serenades participants at the ‘virtual’ Sino-Russian meeting.

This year’s Sino-Russian Technical Forum may 
have been postponed – but it is not forgotten!
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components and undertake consultancy work on 
spaceports in Europe.

Sven Grahn outlined his new book on his long 
years of satellite tracking, entitled “Dawn, this is 
Golden Eagle. Listening to Soviet cosmonauts and 
secret satellites by radio”. Chinese enthusiast Andy 
Thomas is turning his attention to the United Arab 
Emirates and alerted the group to the imminent 
launch of the UAE’s first Mars probe, Amal, meaning 
“Hope”, to be launched by Japan.

Gurbir Singh reported completion of his third 
book, which had been trailed at the previous year’s 
forum, “India’s Forgotten Rocket Pioneer”. He is also 
undertaking free online sessions called The New 
Space Age with the Workers Educational 
Association. Phil Mills described a recent trip to 
Moscow to view two fascinating space museums. 

Ken MacTaggart unearthed his trumpet and the 
sheet music for the national anthem of the USSR, 
composed by Alexander Alexandrov, a name very 
familiar to students of Soviet cosmonautics, albeit a 
different person. Ken gave a brief rendition of this 
stirring tune. 

This enjoyable, virtual get-together concluded by 
looking forward to next year’s postponed milestone, 
the 40th forum, when new delegates will be very 
welcome. SF    Ken MacTaggart

THE SPACE ELEVATOR CLIMBER TALK by Peter Robinson to the 
West Midlands branch of the BIS on 16 May drew the largest 
virtual crowd yet for our branch online talk, with over 50 
participants registered. It was good to see such keen interest 
and enthusiasm. Peter is the lead project engineer with the 
International Space Elevator Consortium (ISEC), and he shared 
his talk on space elevator climber requirements first given at 
the ISEC Conference in Seattle last August, which he adapted 
for our eclectic audience.

Peter walked us through the functional and other 
requirements of a 6 tonne space elevator climber. He started 
with the tether and climber interface looking at the options 
of friction and of magnetic drives made possible by the 
characteristics of graphene and other new candidate tether 
materials. Different methods were discussed and evaluated 
culminating in the most promising means of elevator 
motivation, the Electromagnetic Drive.

As Peter stressed, the Climber cannot be designed before 
the tether, as the features of the tether will define many of the 
options for the climber. Next, we looked at safety and reliability 
and how single point failures could be eliminated during 
the design stage, and how redundancy could play a role in 
increasing reliability. A climber with multiple drive units would 
be significantly more reliable than a climber with one.

Failure recovery was examined, and the use of parking brakes 
and emergency eject systems. It was a surprise to see that 
even an electromagnetic climber could need a form of steering 
should there be a power failure. The centre of gravity of the 
climber and load was defined as a key process to be carried out 
at the Earth Port before launch.

Finally, Peter looked at a cost versus risk model, and 
considered the cost models for ascending-only climbers which 
would be retained at geostationary orbit (GEO) or apex, and 
also for multiple climb and descent climbers requiring periodic 
refurbishment.

Following the talk, the questions came thick and fast, and 
the focus slowly moved onto a more general space elevator 
discussion which Peter was happy to field. John Knapman, 
also of ISEC, attended and helped to answer some of the non-
climber questions.

I couldn’t help but think of the fictional Morgan in Arthur C 
Clarke’s book the Fountains of Paradise during this talk. SF  

Bob Stanton, BIS-West Midlands Branch

Going up in the world!

Space elevators: from imagination to reality?

Covered: recent space activities in the UAE (top), India and China. 

U
A

E
SA

IS
R

O
E

SA



SOCIETY NEWS

46 Vol 62 August 2020 SpaceFlight

WE ARE DELIGHTED to publish the following 
contribution by Mark Stewart, in further 
remembrance of a much loved Fellow of the 
BIS. Mark is the former Editor of the Society’s 
Odyssey magazine.

The best of the Apollo astronauts brought 
something back with them from the Moon, a 
creative gift which opened new avenues in their 
lives. Some chose to paint, others to write. Al 
Worden’s book Falling to Earth is one of the most 
convincing accounts of what it was actually like 
to voyage to the Moon and back. 

While Neil Armstrong chose to become a 
virtual recluse after leaving the first set of boot-
prints in the lunar dust, re-engaging with space 
flight only toward the end of his life, Worden 
was a champion of space exploration for the 
rest of his days. He should be remembered and 
celebrated for that. Some men grow in stature 
in the face of adversity and Worden was one of 
them. 

While his companions spent three days on 
the lunar surface, Worden orbited the Moon, 
circling the mysterious far side of the cratered 
globe in a remarkable feat of solo endurance, 
bringing to mind another line from Bowie’s 
Space Oddity: “…here am I floating in my tin 
can.”  Like a character in a J.G. Ballard short 
story, experiencing the dislocating effects of 
being marooned so far from Earth, passing in his 
capsule beyond all hope of rescue and retrieval, 
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his spacecraft a radio beacon passing in and out 
of the lunar night. 

He did come back, of course, along with 
his fellow space voyagers; but the experience 
moved him to reflect that the real purpose of 
the mission had not been to take a closer “look 
at the Moon, but to look back at our home, the 
Earth”. In this he was continuing with a project 
uniquely suited to astronauts, the redrawing 
of interplanetary perspectives, as begun by the 
crew of Apollo 8 with their famous Earthrise 
photo. His comments also prefigured much of the 
Green Movement with its emphasis on seeing 
our one world as an Ark of all living things, a 
repository of the planet’s biomass. 

The long fall back to Earth, so like the descent 
from the summit of a mountain. Worden, space 
walking, suspended above an incalculable abyss, 
tethered to the Moon-vehicle by a single lifeline, 
a technological umbilical. The Earth rising above 
a dark horizon, still impossibly remote, but all the 
while drawing closer through the night of long 
shadows. Worden eventually returning from his 
solo trek, clambering back through the hatch of 
the capsule, a sealed airlock that wouldn’t open 
again until splashdown. All three of the Moon 

Raising  
the bar

The Man Who  
Fell To Earth 
A final goodbye to Al Worden 
1932- 2020
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ON 10 JUNE CHRIS CARBERRY, 
author of the recently published book 
Alcohol in Space, provided a vibrant 
– sometimes tongue-in-cheek – 
streaming talk on the history of imbibing 
above and beyond the Earth and of 
attempts to preserve the distorted 
sense of taste brought about by 
weightlessness.

Chris began by saying that the 
question of alcohol in space is 
something that some companies are 
already actively working upon. Twelve 
bottles of Bordeaux were launched to 
the ISS last year for an aging 
experiment, and there are three or four 
alcohol-related experiments on the ISS 
at present. Chris said that alcohol has 
played a pivotal part in civilisation and 
exploration – Shackleton took alcohol to 
the South Pole! Chris told a number of 
anecdotes concerning alcohol and 
space, and the questions asked were 
very interesting.
Q: Is there a formal prohibition on 
alcohol in space? 
A: There is a prohibition against alcohol 
because gases from alcohol can damage 
the air filtration system. Wine on Skylab 
was stopped because of public 
perception. 
Q: How long before we have an 
official “Astronauts’ Drink”? 
A: Not under current rules – NASA has a 
“no endorsements” policy.
Q: Was the ban on alcohol in space 
originally because of a fear of 
“drunken outbursts” or cost? 

A: Neither – if there had been a 
combination of drink and a disaster, it 
would have ended the programme.
Q: Is it true that there was a drunken 
fight on Mir? 
A: There were arguments, but not 
drunkenness.
Q: Are there any dark corners on the 
station where “homebrew” could be 
produced? 
A: It would be detected because of the 
carbon dioxide. 
Q: Are there any foodstuffs that might 
ferment? 
A: This is unlikely, due to the packaging. 
Q: There is a spinning satellite, for 
plant growing experiments. Whose is 
this? 
A: This is German, and can produce, by 
centrifugal force, “gravity” levels of 1/6 
g (Moon equivalent) and 1/3 g (Mars 
equivalent). Tomatoes are being grown 
aboard. 
Q: Has aging of whisky been tried in 

microgravity? 
A: Yes, Ardbeg whisky has been kept in 
orbit for four years, with wood chips in it 
to simulate the barrel. The results were 
disappointing – it had a fishy taste!
Q: Where can one buy glasses for 
microgravity? 
A: They are not yet available, but a firm 
called Trillium has designed one.
Q: Were NASA aware that Buzz Aldrin 
celebrated Communion on the Moon? 
A: Unofficially, yes. Buzz wanted to do 
this openly, but Deke Slayton said no, 
because of complaints, based on the 
separation of church and State, when 
the Apollo 8 crew read from Genesis. 
The Webster Presbyterian Church in 
Texas celebrates the anniversary of the 
first communion on the Moon each year. 
Q: Why is cognac the drink of choice 
for Russians in space? 
A: Vodka is an everyday drink – cognac is 
special, and has more taste, which is 
important in space! SF    Griffith J Ingram

“Quietly, like a night bird, floating, soaring, wingless. We glide from 
shore to shore, curving and falling but not quite touching; Earth: a 
distant memory seen in an instant of repose, crescent shaped, ethereal, 
beautiful, I wonder which part is home, but I know it doesn’t matter . . . 
the bond is there in my mind and memory; Earth: a small, bubbly balloon 
hanging delicately in the nothingness of space.” 
– Al Worden 

“Planet Earth is blue and there’s nothing I can do.” 
– David Bowie, Space Oddity

QUOTE UNQUOTE

voyagers (Worden, Scott and Irwin) returning as 
changed men, reunited with their home world, 
ready to embark on the true starting point of 
their mission; coming to terms with all that it 
meant to have visited another world.

It’s tempting to view the surviving astronauts 
as a dwindling fraternity. One thinks of the quiet 
demeanour of Michael Collins, the pugnacity 
of Buzz Aldrin (surely the most human of all 
the sons of Apollo), and of the capable and 
resourceful Ken Mattingly who did so much 
from Mission Control to support his fellow 
space-travellers, particularly during the Apollo 13 
incident. But in a very real sense this fraternity 
is not diminishing at all. Those who help to 
shape the course of history (especially explorers) 
never really die. They live on in our collective 
memory, which is perhaps the only true form of 
immortality any of us can hope for. 
By these standards, Al Worden will always be 
with us. Falling back to Earth from his lonely 
outpost circling the Moon as the Command 
Module Pilot on the Apollo 15 expedition. He 
may not have walked on that airless world but in 
travelling to and from that distant goal he took 
giant steps of his own. SF                    Mark Stewart

Host Alistair Scott (left) and speaker Chris Carberry prepare to spread good cheer through the cosmos.
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INDIA’S FORGOTTEN ROCKET PIONEER
18 July 2020, 2:00pm-3:15pm  Streamed via Zoom

VENUE: West Midlands Branch

Gurbir Singh will speak about his new book, India’s 
Forgotten Rocket Pioneer – an account of the work of 
BIS member Stephen H Smith, who who tested solid-fuel 
rockets in Calcutta during the 1930s and ‘40s. 

THE BIS HARRY ROSS/RALPH SMITH MOON SUIT 
22 July 2020, 7:00pm  Live streamed
Stephen Wisdom made the full size replica of the British 
Interplanetary Society’s 1950s Lunar Suit, which is on 
permanent display at The National Space Centre in 
Leicester. His talk will decribe how he effectively had to 
“become” the suit’s designers, Harry Ross and Ralph 
Smith, in order to source and incorporate the materials 
and technologies that were around at the time.

ANNUAL GENERAL MEETING 
1 August 2020, 1:00pm-1:30pm
IMPORTANT NOTICE: Due to the ongoing COVID-19 
situation, the BIS AGM will take place online between 
the times listed above. BIS Fellows are invited to hear 
about our work in 2019. To participate, you must register 
your attendance in advance at www.bis-space.com.

ASTROBIOLOGY
12 August 2020, 7:00pm  Live streamed

Michael Morris Franks will conduct a Q&A on his talk 
surveying the field of astrobiology on his talk on 22 June 
which also examined a range of possibilities for the 
starting point of life including whether it originated in 
hydrothermal vents. 

SKYBOLT, BLUE STEEL & POLITICS!
15 August 2020, 2:00pm-3:15pm  Streamed via Zoom

VENUE: West Midlands Branch 

BIS Vice President Rod Woodcock describes the 
development of the V-bomber, Blue Steel and Skybolt,  
and the bitter political row that ensued on both sides of 
the Atlantic. At the end, Rod will tell a chilling tale of his 
experiences at the time of the Cuban missile crisis.

WORLD SPACE WEEK
4-10 October 2020

As the National Co-ordinators for WSW in the UK, we are 
building our events calendar of UK space related activities, 
and we are encouraging the registration of online events.  
Find out more at: www.bis-space.com/wsw/submissions/

TRAJECTORY SOFTWARE & NITRIC ACID ENGINES
21 November 2020, 1:45pm-4:30pm

VENUE: Gardener’s Arms, Vines Lane, Droitwich, Worcs WR9 8LU

A software engineer who worked in aerospace, Adam 
Hibberd discusses how to get a spacecraft from Earth to 
another body in the solar system and the challenges of 
intercepting interstellar objects. John Harlow follows with 
an overview of UK nitric acid propulsion developments. 

BIS LECTURES & MEETINGS MEMBERSHIP NEWS
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NEW MEMBERS
15 new members in May: 9 from the UK, 3 from Italy, 

2 from the USA and 1 from Spain. Welcome all!

Have you thought about leaving a legacy to the BIS in your will?  
Your donation could provide much needed funds to help the 
Society in its charitable objective and mission:  

The British Interplanetary Society promotes the exploration and use of 
space for the benefit of humanity, by connecting people to create, educate 
and inspire, and advance knowledge in all aspects of astronautics.

Your generosity will contribute to the pioneering work of the Society, 
which, founded in 1933, is the longest-established organisation solely 
devoted to promoting astronautics and space exploration.  

Any amount, large or small, will ensure the BIS is able to continue its 
important work well into the future. The Society is funded almost 
entirely by our Members, and legacies make a vital contribution to our 
ability to operate effectively. 

If you are a Member or Fellow and feel that the Society matters to you, 
please consider us in your will.  We would be very grateful.  

A gift to the Society may also help to reduce the inheritance tax on your 
estate. Inheritance Tax is only due if your estate (including any assets 
held in trust and gifts made within seven years of death) is valued over 
the current Inheritance Tax threshold of £325,000.  

Tax is payable at 40 per cent on the amount over this threshold, but at 
only 36 per cent if the estate qualifies for a reduced rate as a result of a 
larger than 10% charitable donation.

All charitable gifts (including gifts in wills to the Society) are exempt of 
inheritance tax. For more information visit www.hmrc.gov.uk and 
consult your solicitor.

There is no need to tell us if you decide to include the BIS in your will, 
but you are very welcome to contact us to discuss it. We would also like 
to have the opportunity to thank you for your generous gift.

If you have any questions, please contact us on 020 7735 3160, email 
us at info@bis-space.com, or write to us at the address below.

Thank you.

Gerry Webb

President, The British Interplanetary Society
Sir Arthur C Clarke House
27/29 South Lambeth Road
London SW8 1SZ                               Registered Charity Number 250556 
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A WORTHWHILE LEGACY
Leave a gift to the BIS in your will






