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	 	 	 	 	 	 AAS	–	Advancing	All	Space

	 	 			 	 	 	
						

	 	 	 	 	 	 Lyn	D.	Wigbels
	 	 	 	 	 	 lyn.wigbels@cox.net

Don’t miss out on the benefits of the ISS!
Doctors	are	employing	space-robotic	techniques	developed	for	and	used	on	the	International	

Space	Station	in	their	operating	rooms	to	remove	brain	tumors.	Complex	plasma	physics	research	
conducted	on	the	station	to	study	crystallization	is	being	demonstrated	on	Earth	to	kill	germs	
and	heal	wounds	and	could	aid	 in	 the	fight	against	 infections	amidst	 the	decreasing	number	
of	effective	antibiotics.	The	Space	Shuttle	and	ISS	together	have	provided	a	fruitful	research	
environment	for	examining	the	causes	and	possible	mitigations	for	bone	and	muscle	wasting	
diseases	and	conditions,	both	on	Earth	and	in	space.	And	a	hyperspectral	space-based	sensor	
flown	on	the	ISS	showed	that	changes	in	coastal	and	estuarine	water	quality	could	be	observed	
across	a	geospatial	scale	not	possible	with	field-based	monitoring,	demonstrating	its	potential	
to	be	a	valuable	monitoring	tool	if	expanded	to	a	constellation	of	sensors.

These	are	just	a	few	of	the	top	station	discoveries,	benefits,	and	applications	that	were	high-
lighted	and	received	AAS	awards	at	the	2nd	annual	AAS	ISS	Research	and	Development	Confer-
ence	held	July	16-18	in	Denver.	Several	parallel	technical	sessions	and	posters	also	highlighted	
findings	resulting	from	the	multitude	of	ISS	utilization	activities	already	undertaken.	In	his	keynote	address,	NASA’s	ISS	Program	
Manager	Michael	Suffredini	said	the	conference	was	the	only	annual	conference	covering	the	full	breadth	of	research	and	technology	
on	the	space	station.	We	were	delighted	to	present	him	the	AAS	Space	Flight	Award	in	recognition	of	his	outstanding	accomplishments	
and	exceptional	technical	leadership	managing	the	ISS.	And	the	first-ever	AAS	ISS	Innovation	Award	was	awarded	to	NanoRacks	for	
extrapolating	the	modular	concept	that	ISS	was	built	on	down	to	the	CubeSat	“form	factor”	–	10	cm	X	10	cm	X	10	cm	with	a	mass	
budget	˂	1	kg	--	enabling	users	to	go	from	suborbital	to	orbital	to	ISS	in	a	single	piece	of	hardware,	significantly	reducing	development	
costs	for	microgravity	research.

We	were	very	pleased	to	welcome	several	special	guests	at	the	conference	including	Associate	Administrator	for	Human	Explora-
tion	and	Operations	William	Gerstenmaier	and	Station	Program	Managers	from	the	Canadian,	European,	Japanese	and	Russian	space	
agencies.	The	Mayor	of	Denver,	Michael	B.	Hancock,	opened	our	conference	and	welcomed	us	to	Denver.	We	listened	to	astronaut	
Don	Pettit	describe	his	experiences	living	and	working	aboard	the	ISS	and	watched	a	video	recording	of	Nobel	Laureate	Samuel	Ting	
presenting	preliminary	results	from	the	Alpha	Magnetic	Spectrometer	experiment	onboard	the	ISS.	We	also	looked	to	the	future	with	
a	workshop	for	potential	future	station	users	to	learn	what	can	be	achieved	using	the	ISS,	how	to	start	the	process	of	getting	onboard,	
and	what	funding	sources	are	available.

It	was	a	very	exciting	conference,	and	the	energy	and	enthusiasm	both	in	and	outside	the	meeting	rooms	was	felt	by	all.	It	was	clear	
that	the	ISS	is	fully	open	for	business,	and	the	time	to	use	this	one-of-a-kind	orbiting	laboratory	is	now!	The	ISS	currently	is	planned	
to	operate	until	2020	and	could	operate	for	eight	more	years	if	the	Space	Station	Partners	decide	to	continue	their	support.	Nonethe-
less,	the	opportunity	to	exploit	its	capabilities	is	finite,	and	there	likely	will	not	be	another	facility	with	these	capabilities	in	orbit	for	
decades	to	come.

An	organizational	meeting	for	the	new	AAS	Utilization	Technical	Committee	was	held	during	the	conference.	Over	100	AAS	mem-
bers	expressed	interest	in	joining,	and	many	of	them	attended	this	first	meeting.	The	room	was	overflowing	with	enthusiasm	and	great	
ideas.	AAS	Vice	President-Technical	David	Spencer	will	chair	the	committee	and	is	leading	the	development	of	its	terms	of	reference.

Many	thanks	to	the	Center	for	the	Advancement	of	Science	in	Space	(CASIS)	and	to	NASA	for	their	collaboration	on	the	Conference,	
and	to	AAS	Executive	Vice	President	Walt	Faulconer,	David	Spencer,	and	AAS	Executive	Director	Jim	Kirkpatrick	for	their	tremendous	
efforts	to	make	this	a	very	successful	event!	A	complete	summary	of	the	conference	is	included	in	this	issue	of	Space	Times,	and	you	
will	find	conference	presentations	and	video	recordings	on	the	AAS	website.	And	start	planning	now	for	the	3rd	Annual	ISS	Research	
and	Development	Conference	which	will	take	place	June	17-19,	2014,	in	Chicago.

On	a	final	note,	nominations	are	now	being	accepted	for	AAS	2013	Awards	and	Fellows,	and	I	want	to	encourage	you	to	visit	the	
AAS	website	to	look	at	the	criteria,	procedures,	and	past	recipients,	and	submit	nominations	for	those	you	believe	are	deserving	of	these	
honors.	The	deadline	is	September	30.
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A Conversation with Erik Lopez, AAS Student 
Member

Keynote Speaker Erik Lopez at the National Space Club’s 56th Goddard Memorial Dinner (Source: 
National Space Club)

Erik Lopez captured the attention of the 
space community as the keynote speaker 
at the National Space Club’s Goddard 
Dinner in March, but the 20 year old 
University of Illinois Urbana-Champaign 
student has been an AAS member for 
two years already. He attended the AAS 
Goddard Memorial Symposium in 2012 
and 2013 as part of the Students for the 
Exploration and Development of Space 
(SEDS) delegation from that university, 
which makes the 12-hour drive every year. 
His easygoing manner and natural com-
munications skills make him an effective 
spokesman for the inspirational value 
of the space program, which captivated 
him when he visited the Jet Propulsion 
Lab as an elementary school student  A 
rising junior in aerospace engineering, 
he spoke with Marcia Smith, AAS Board 
member and editor of SpacePolicyOnline.
com, in May 2013 about how that field trip 
inspired him and his goal to become an 
astronaut and inspire others.

You were inspired by visiting JPL, but 
your goal is to be an astronaut, not to 
build and operate robotic spacecraft 
that explore the solar system. Why do 
people need to go to Mars instead of 
continuing to send robots?
It’s	exciting	when	robots	go	to	Mars,	the	
sky	crane	was	incredible,	but	my	whole	
thing	is	inspiring	the	younger	generation,	
and	 I	don’t	 think	 robots	 can	do	 that	 for	
everyone.	A	robot	was	able	to	inspire	me,	
but	you	can’t	have	robots	go	to	a	confer-
ence	and	speak.	It’s	going	to	be	the	astro-
nauts	who	 inspire	 the	 young	generation	
of	students.
And	there	is	the	whole	exploration	aspect	
of	it,	going	someplace	where	we’ve	never	
been	before.	Where	there	may	be	life	as	
well.	Plus	people	can	do	scientific	experi-
ments	more	quickly	than	robots.	Curiosity	
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Erik Lopez testing tablet computing in micro-
gravity aboard the weightless wonder (aka vomit 
comet) (Source: NASA/JSC Reduced Gravity 
Education Flight Program)

has	only	drilled	into	two	rocks	so	far.	Hu-
mans	could	have	done	much	more	by	now.

Had you watched space launches on 
TV or had other exposure to the space 
program before that field trip?
No,	actually	I	had	not.	I	grew	up	in	a	part	
of	Los	Angeles	that	was	not	the	best.	My	
dad	was	a	housepainter,	and	I	would	go	
with	him	to	work	sometimes,	and	it	gave	
me	a	very	interesting	perspective.	To	see	
the	contrast	between	where	other	people	
lived	and	where	we	lived.	My	dad	taught	
us	the	value	of	hard	work.	But	I	always	
was	interested	in	paper	airplanes	and	toy	
rockets	 and	 things	 like	 that.	 Seeing	 the	
spacecraft	at	JPL	made	it	all	seem	real.

Is anyone else in your family interested 
in the space program?
Not	really,	but	my	two	older	brothers	are	
in	 engineering	 (civil	 and	mechanical).	
My	 older	 sister	 is	 in	 the	 social	 justice	
field.	They	really	did	pave	the	path	for	me	
and	kept	me	on	 the	 straight	and	narrow	
whenever	I	started	to	stray.	My	father	had	
a	tremendous	influence	on	me	because	he	
always	said	that	I	could	achieve	anything	
I	wanted	 as	 long	 as	 I	worked	hard.	My	
family	 has	 been	 very	 supportive	 of	me	
throughout	my	life.

Does it matter to you whether you be-
come a NASA astronaut or a SpaceX 
astronaut or a Bigelow astronaut?
Yes,	to	be	completely	honest.	I’ve	grown	
up	as	a	NASA	kid.	NASA	is	on	the	lead-
ing	edge	of	exploration,	and	that’s	where	
I	want	to	be.	The	commercial	companies	
will	 be	 in	 low	Earth	orbit.	 I	want	 to	be	
on	Mars.

What do you think about the Inspira-
tion Mars and MarsOne ideas?
I	think	it’s	very	ambitious.	I	like	the	idea	
of	people	having	 that	adventurous	spirit	
in	 them.	As	to	whether	 they	can	do	it,	 I	
would	not	say	no,	because	people	told	me	
no	about	what	I	wanted	to	do,	and	I’m	still	
working	towards	it.	But	at	the	moment,	I	
don’t	think	we	know	enough	to	do	such	
trips	safely.	Radiation	is	the	biggest	issue	

and	has	to	be	solved.

Would you be willing to go to Mars 
and never come back, as MarsOne 
proposes?
Actually,	a	 friend	of	mine	asked	me	 re-
cently	how	long	I	would	be	willing	to	stay	
in	space.	And	I	had	to	think	about	it.	I	think	
my	limit	is	about	5	years.	I	wouldn’t	want	
to	be	away	from	my	family	for	much	lon-
ger	than	that.	I’m	very	close	to	my	family	
in	Los	Angeles	and	Guatemala.

If there is life on Mars, do humans have 
a right to go there and interfere with its 
natural evolution? Do you ever think 
about that possibility?
Absolutely.	It’s	a	very	important	issue.	But	
I	think	it’s	important	to	know	if	life	was	
present	on	Mars	in	the	past,	and	that’s	a	
bigger	question	than	what	will	develop	in	
the	next	million	years,	because	for	that	we	
just	have	to	wait.

What have you been doing already to 
get a start on your career goals?
I	was	an	intern	at	JPL	the	summer	after	
high	school	and	developed	a	differential	
scanning	 calorimeter	 for	 a	 project	 on	
whether	carbon	fiber	was	a	good	material	
for	tanks	to	hold	cryogenic	fluids.	I	needed	
to	determine	specific	heat.	I	won	an	award	
for	that.	I	think	they’re	still	using	it.
Last	year	I	was	an	intern	at	Marshall	Space	
Flight	Center.	It	was	incredible.	I	was	part	
of	their	Propulsion	Academy,	an	immer-
sive	10-week	 internship	program	where	
12	students	worked	in	groups	of	four	and	
did	everything	together.	We	got	to	travel	
the	 country	 touring	NASA	 centers	 and	
companies.	That’s	where	I	learned	about	
industry.	Right	now	I’m	a	co-op	at	Johnson	
Space	Center.	 I	was	 there	 for	 5	months	
already,	and	this	summer	I’ll	be	working	
at	the	Neutral	Buoyancy	Laboratory.	If	I	
pass	my	medical,	I’ll	be	able	to	dive	with	
the	astronauts.

What’s next?
I	go	back	to	campus	in	August.	I	realize	
how	much	of	my	career	path	hasn’t	been	
worked	out	yet.	I	need	three	years	of	actual	

experience	before	I	can	even	apply	to	be	
an	astronaut.	I	hope	to	be	able	to	work	at	
JSC.	I	am	also	considering	the	Air	Force	
or	Navy	or	anything	that	would	give	me	
a	flying	slot.

Apart from your family, who influenced 
you the most? Who are your mentors 
today?
More	 than	 anything	 it	 is	 student	men-
tors.	Our	 school	 has	 a	 program	 called	
Engineering	Learning	Assistant	where	an	
upperclassman	 teaches	a	 freshman	class	
on	how	to	succeed	in	the	aerospace	engi-
neering	program		My	teacher	was	a	co-op	
at	JSC,	and	he	became	a	really	good	friend	
of	mine,	 and	 I	 actually	 am	 living	with	
him	down	in	Houston	while	I’m	a	co-op.	
He’s	the	one	who	told	me	about	the	co-op	
program.	He’s	the	one	who	told	me	about	
the	AAS	Goddard	Memorial	Symposium	
where	 I	was	able	 to	attend	 the	Goddard	
Dinner.	I	owe	a	lot	of	my	success	to	him.
More	 generally,	 though,	 even	my	 trip	
to	JPL	would	have	meant	nothing	if	my	
teachers	 in	 high	 school	 and	mentors	 in	
college	weren’t	there	to	guide	me.	If	em-
ployees	at	NASA	hadn’t	taken	the	time	to	
take	an	interest.	I	want	to	communicate	the	
importance	of	reaching	out,	even	if	it’s	a	
little	bit,	you’ll	never	know	what	kind	of	
impact	 it	 can	have.	 I’m	 sure	 the	people	
who	 toured	me	around	JPL	had	no	 idea	
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what	impact	was	being	made.

What do your peers think about the 
space program?
I	tend	to	surround	myself	with	other	people	
who	also	are	interested	in	space.	But	when	
I	go	back	home,	I	find	that	people	are	will-
ing	to	listen	to	what	I	have	to	say	because	
they	don’t	know	very	much	about	space.	
They	don’t	 just	 dismiss	 it	 as	 something	
not	worth	doing.	They’re	shocked	to	hear	
we’ve	had	people	living	in	space	for	13	
years	and	NASA	has	not	closed	its	doors		
They’re	always	willing	to	listen.

Do your parents support spending their 
tax dollars on NASA?
As	far	as	I	know,	I’m	pretty	sure	they	do!	I	
had	a	funny	experience	with	that.	My	dad	
drove	to	Houston	with	me	and	visited	JSC	
and	saw	the	Saturn	V	rocket	there,	and	he	
was	shocked,	and	he	said	‘you’re	telling	
me	we	 actually	went	 to	 the	Moon?”	 It	
seems	that	he	never	really	believed	it	until	
that	moment.

Were they here in the States when the 
Apollo landings took place?
My	dad	was,	but	I	don’t	think	my	mom	
was	here	yet.

And your family in Guatemala? What 
do they think about the space program?
They	know	very	little	about	it.	I	was	just	
there,	and	they	were	asking	me	all	about	
it.	This	is	the	first	time	I	took	a	telescope	
with	me,	 and	 they	 loved	 it.	My	cousins	
were	pushing	each	other	out	of	 the	way	
to	 look	 through	 it.	 It’s	not	 that	 they	are	
not	 interested,	 they	 just	 don’t	 have	 the	
resources	 to	be	knowledgeable	 about	 it.	
It’s	a	remote	mountain	village;	it	may	be	
different	in	the	cities.

People in the space program have been 
trying for decades to communicate the 
value of the space program. What are 
your thoughts on that?
It’s	 frustrating	 because	 it’s	 so	 obvious	
what	the	benefits	are.	I’ve	actually	been	
trying	to	gain	support	for	an	idea	recently	
that	might	 be	 good	 for	 communicating	

how	much	good	NASA	has	done.	When	
you	think	how	the	space	program	started	
in	the	Cold	War	and	there	was	fear	at	that	
time,	and	now	it’s	evolved	into	an	inter-
national	partnership	on	the	International	
Space	Station.	It’s	a	remarkable	transfor-
mation	that	I	think	merits	a	Nobel	Peace	
Prize.	I’m	looking	for	people	to	work	with	
on	that.

What’s the next most important thing 
for the United States to do in space?
Launching	people	from	our	soil	again.	We	
can’t	be	dependent	on	Russia.	If	we	want	
to	go	into	deep	space,	we	first	have	to	be	
able	to	go	into	low	Earth	orbit.	It	doesn’t	
have	to	be	the	government,	of	course.	An-
other	important	thing	is	to	extend	the	life	
of	the	International	Space	Station	beyond	
2020	and	not	allow	it	to	be	deorbited	and	
burn	up	in	the	atmosphere		That	would	be	
a	tragedy.

What if there’s only enough money to 
either extend the ISS or forge a path to 
Mars? If you were the chairman of a 
congressional appropriations commit-
tee and had to make that choice, what 
would you do?
That’s	a	tough	choice.	When	you	phrase	
it	like	that,	absolutely,	on	to	what’s	next.

How did you connect with the National 
Space Club and win their scholarship 
and the opportunity to speak to the 
Goddard Dinner?
It’s	 a	 competition,	 and	 this	 is	 the	 first	
year	 it	was	 awarded.	 I	 actually	made	 a	
$5	bet	with	a	friend	of	mine	at	last	year’s	
(2012)	Goddard	Dinner	 that	 I	would	be	
the	speaker	up	on	 the	podium	 this	year.	
They	didn’t	even	have	a	plan	for	a	student	
keynote	at	that	time.	But	I	won	the	bet.

The Space Club gave you a $10,000 
scholarship. How do you plan to use it?
It	has	to	be	given	to	an	accredited	school,	
but	 I	actually	am	trying	 to	pay	 that	 for-
ward.	I’ve	asked	them	not	to	give	me	that	
scholarship.	 I’m	 talking	 to	 them	 about	
the	possibility	of	using	the	money	to	help	
other	 students	who	 are	 having	 a	 harder	

time	financially	than	I	am.	I	have	already	
worked	out	everything	that	I	need	finan-
cially	to	finish	school.	We’re	still	working	
on	the	details	on	how	that	money	could	be	
used	to	help	others.

You’ve made that 12 hour drive from 
Illinois to Maryland to attend the AAS 
Goddard Memorial Symposium the 
past two years with others from your 
SEDS chapter. That’s quite a journey. 
Why is it important to all of you to at-
tend that conference?
When	 I	went	 to	 the	2012	conference,	 it	
was	 the	first	 time	we	had	 the	chance	 to	
meet	 the	NASA	Administrator	 and	 big	
names	 in	 aerospace.	 It	was	 remarkable;	
my	first	taste	of	what	our	futures	could	be.	
I’ll	never	forget	our	opportunity	to	meet	
with	Charlie	Bolden,	and	AAS	arranged	
that.	 It	was	 incredible.	That	 conference	
helped		me	see	what	others	had	achieved	
and	 to	 set	more	 goals	 for	myself.	 I	 see	
myself	 for	what	 I	could	become,	and	 in	
that	 conference	 I	 could	 see	 reflections	
of	other	people	on	me	and	then	I	would	
try	to	reach	that	goal.	Plus	the	amount	of	
knowledge	I	gained	from	the	lectures	and	
panels	was	incredible.	And	the	cheese	dan-
ish	are	great		The	conference	is	something	
all	the	SEDS	students	look	forward	to.	It’s	
always	worth	it.
I	also	learned	that	students	have	a	golden	
ticket.	The	professionals	are	always	ready	
to	lend	a	helping	hand,	give	advice.	They	
approach	you,	they	take	the	initiative	be-
cause	they	see	you’re	young	and	may	be	
shy.	Students	have	 to	 take	advantage	of	
that	while	they	can.

Note  A video and the printed version of 
Erik’s speech at the 2013 Goddard Dinner 
is available on the National Space Club’s 
website at http://www.spaceclub.org/

March 4-6, 2014
52nd Robert H. Goddard

Memorial Symposium
Greenbelt, Maryland
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The OASIS Solution
Introduction

What	if	we	could	fly	through	the	solar	
system	the	same	way	we	can	drive	across	
America?	Using	 a	 new	 infrastructure	
concept,	a	space	freeway	with	gas	stations,	
allows	 us	 to	 routinely	 go	 from	 one	
destination	 to	 another,	 easier,	 cheaper,	
and	 farther	 than	 before.	Whether	 our	
travel	 purpose	 is	 tourism,	 business,	 or	
exploration,	this	new	highway	system	is	
not	a	dream:	It’s	called	OASIS.

Since	the	beginning	of	the	space	age,	
government	agencies	have	been	the	main	
actors	 in	 space	 exploration,	 enabling	
privileged	access	to	space,	but	with	very	
restricted	 and	 rare	missions.	During	 the	
last	decade,	the	rise	of	space	tourism	and	
the	 founding	of	ambitious	private	 space	

mining	companies	show	the	beginning	of	a	
new	exploration	era	that	is	based	on	more	
generalized	and	regular	access	 to	space,	
and	that	is	not	confined	only	to	Low-Earth	
Orbit	(LEO).	Still,	the	cost	of	launching	
sufficient	mass	into	orbit	to	sustain	these	
inspiring	challenges	is	prohibitive,	and	the	
necessary	infrastructures	to	support	these	
missions	is	still	lacking.

A	 primary	 l imitat ion	 to 	 space	
exploration	is	the	fact	that	all	consumables	
for	any	mission	are	typically	carried	with	
the	spacecraft	from	the	surface	of	the	Earth.	
With	 current	 launch	 systems,	propellant	
occupies	too	much	of	the	spacecraft	mass	
and	volume,	placing	a	great	mass	penalty	
on	 the	mission	 and	 severely	 limiting	
launch	vehicle	 payload	options.	As	part	

of	 the	 International	 Space	University	
(ISU)	Space	Studies	Program	2012,	 the	
international	 team	OASIS	 (Operations	
And	 Service	 Infrastructure	 for	 Space)	
proposed	 a	 solution	 to	 this	 problem:	 an	
in-space	multi-purpose	logistics	network	
to	provide	overall	support	for	exploration	
and	commercial	activities.	The	proposal	
involves	 placing	 propellant	 and	 other	
support	items	in	a	network	of	spaceports	
strategically	 located	 in	 the	 solar	 system	
that	would	be	replenished,	where	possible,	
by	 In-Situ	Resource	Utilization	 (ISRU).	
The	 spaceports	 in	 this	 network	would	
be	 infrastructure	waypoints	 providing	
services	for	spacecraft	and	facilitating	their	
departure	and	arrival.	The	OASIS	team	has	
developed	a	phased	plan	spanning	50	years	

Figure 1: OASIS Network overview
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that	details	the	stepwise	construction	of	the	
different	network	nodes.

The	first	 node,	 located	 in	LEO,	 is	 a	
stopover	 safe	 haven	with	 propellant	 for	
refueling,	services	for	primary	subsystems,	
as	well	 as	 an	 intermediate	 launch	 and	
staging	 location.	To	 further	 reduce	 the	
cost	of	travel	beyond	LEO,	the	subsequent	
nodes	will	 be	 located	 on	 the	 surface	 of	
the	Moon	and	the	surface	of	the	Martian	
moon,	 Phobos.	With	 unique	 resources	
and	 services,	 these	 nodes	will	 provide	
the	means	 to	 further	 the	 reach	of	 future	
missions.	 Figure	 1	 shows	 the	OASIS	
team’s	proposed	spaceport	locations	along	
with	possible	services	and	uses.

The OASIS Solution
The	 International	 Space	 Explora-

tion	Coordination	Group	 (ISECG)	was	
founded	 in	 2006	by	 14	 space	 agencies,	
with	the	goals	of	providing	a	framework	
for	 interagency	 discussion	 and	 creating	
a	 coordinated	 strategy	 for	 space	 explo-
ration.	This	 group	 developed	 a	Global	
Exploration	Roadmap,	which	 identifies	
Mars	as	the	ultimate	near-future	goal	for	
human	exploration	of	 the	Solar	System.	
The	OASIS	spaceport	network	architec-
ture	was	designed	to	support	 the	Global	
Exploration	Roadmap	 and	 its	 ultimate	
destination:	Mars.

The	OASIS	 network	 of	 spaceports	
extends	the	current	terrestrial	architecture	
(Node	 0	 -	Kennedy	Space	Center)	 into	
space	through	three	nodes.	Each	node	op-
tion	was	evaluated	with	the	following	cri-
teria:	accessibility,	potential,	environment,	
costs,	maturity	of	technology	required,	and	
contribution	or	value	of	each	element	for	
the	network.	To	lower	the	risk	of	the	first	
investment,	OASIS	proposes	 to	develop	
the	network	of	spaceports	node	by	node,	
investing	the	commercial	profits	of	each	
one	to	finance	the	next.

The	first	spaceport	node	will	be	estab-
lished	in	LEO	during	a	first	phase	of	the	
network	development	(2015-2025).	This	
node	would	 address	 the	mature	LEO	–	
GEO	market	 with	 orbit-refueling	 and	
‘tugging’	services.

The	 second	 spaceport	 node	will	 be	
placed	on	the	surface	of	the	Moon	in	the	

next	phase	(2025-2045).	With	continuous	
solar	 energy,	 an	 estimated	 600	million	
tons	of	water	ice	at	its	north	pole,	and	a	
resource-rich	 regolith,	 the	Moon	 is	 the	
most	 promising	 and	 accessible	 location	
for	in-situ	production	of	propellants,	solar	
panels,	and	habitation	modules.	The	Moon	
is	also	a	crucial	step	for	the	development	
of	Spaceport	Node	3	on	the	Mars	Moon,	
Phobos.

Phobos	is	a	good	base	from	which	to	
access	Mars	 and	 to	 continue	 extending	
the	 spaceport	 network.	Mining	Phobos,	
or	other	wet	asteroids	such	as	Ceres	could	
transform	Phobos	into	a	port	for	transpor-

tation	of	resources	and	people	throughout	
the	 solar	 system	 in	 a	 third	 phase	 (2045	
-	onwards).

A. Spaceport Node 1 – LEO
Spaceport	Node	1	[Figure	2],	consists	

of	an	unmanned	modular	orbital	platform	
located	 in	LEO.	Each	module	 provides	
supports,	such	as	power	generation,	sta-
tion	 keeping,	 communication,	 naviga-
tion,	propellant	generation,	and	docking	
adapters.	Tanks	full	of	water	are	sent	from	
Earth	 and	 connected	 to	 the	 propellant	
generators.	These	create	cryogenic	(LO2	
and	LH2)	propellants	through	the	process	

Figure 2: Spaceport Node 1

Figure 3: Tug servicer
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of	electrolysis.	To	reduce	storage	needs,	
these	propellants	 are	 created	only	when	
necessary	 for	 a	mission	 and	 are	 stored	
directly	into	the	propellant	tanks	of	the	tug	
servicer	 spacecraft.	Additional	modules	
can	be	stacked	together	if	there	is	a	need	to	
increase	the	overall	capability.	Spacecraft	
Node	1	is	expected	to	support	four	or	five	

missions	per	year	for	the	duration	of	Phase	
1	of	the	network	(2015-2025).

The	tug	servicer	[Figure	3],	 is	a	tele-
operated	spacecraft	with	robotic	arms.	It	
transfers	 spacecraft	 from	LEO	 to	GTO	
(Geostationary	Transfer	Orbit)	for	orbital	
inclinations	of	0°	to	51.6°	(ISS	orbit)	and	
circularizes	their	orbit	to	GEO,	if	neces-

sary.	The	 tug	 carries	 enough	 propellant	
to	deliver	a	nine	 ton	satellite	from	LEO	
to	GEO	and	then	return	to	the	depot	for	
refueling.	The	tug	is	able	to	save	fuel	with	
aero-braking	 by	 deploying	 an	 inflatable	
fixed	cone	on	its	return	from	GTO/GEO	
to	LEO.	The	overall	concept	of	operations	
for	Spaceport	Node	1	is	shown	in	Figure	

Figure 4b: Bat Chart of a Mission with Water Supply from Earth
Legend: 1-Launch of water to LEO; 2-Tug docks with the water tank and takes it to Spaceport Node 1; 3-Water is transferred to main water tank 

and small water tank is de-orbited; 4-Water is converted to cryogenic propellant and transferred to the tug.

Figure 4b: Bat Chart of a Mission with Water Supply from Earth
Legend: 5-Satellite is launched from Earth’s surface to LEO; 6-Tug rendezvous and docks with satellite; 7-Tug moves the satellite to GTO; 

8-Satellite is placed in GTO; 9-Tug returns to LEO; 10-Tug docks with depot and another mission is ready to start.
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4	and	explained	in	the	legend.

B. Spaceport Node 2 – Surface of the 
Moon

Spaceport	Node	2	is	a	stepping	stone	
to	 expand	 human	 presence	 into	 space.	
This	expansion	would	come	in	two	ways:	
First,	 it	would	 be	 important	 for	 the	 de-
velopment	of	technologies	to	be	used	on	
the	third	phase	of	the	network;	second,	it	
would	be	 essential	 to	 provide	 resources	
needed	 during	 the	 implementation	 and	
exploration	of	the	third	phase.	The	water	
excavated	on	the	Moon’s	surface	would	be	
distributed	across	the	network,	especially	
at	Spaceport	Node	1,	to	produce	cheaper	
propellants	 and	 lower	 the	 cost	 of	 space	
access.	It	turns	out	that	it	requires	much	
less	energy	to	send	water	from	the	surface	
of	the	Moon	than	from	the	surface	of	the	
Earth,	so	the	use	of	water	from	the	surface	
of	the	Moon	could	greatly	reduce	the	cost	
of	propellants.

Cheaper	propellants	at	Spaceport	Node	
1	 could	 provide	 the	 revenue	 to	 enable	
new	 services	 and,	 possibly,	 disrupt	 any	
competition.	Spaceport	Node	2	will	be	a	
test	bed	for	critical	technologies	ranging	
from	radiation	mitigation	to	how	to	build	
sustainable	 habitats	 for	 the	first	 human	
settlement.	It	will	allow	launching	heavier	
payloads	to	destinations	beyond	the	Moon.

C. Spaceport Node 3 – Phobos
Phobos	 allows	 an	 easier	 access	 to	

the	Mars	 surface	 and	 access	 to/from	
the	 surface	 of	 Phobos	 is	 facilitated	 by	
its	 low	 gravity	 field.	 Phobos	 provides	
an	 advantage	over	 going	directly	 to	 the	
Mars	surface.	Even	though	the	presence	
of	 resources	on	Phobos	 is	 still	not	 fully	
proven,	 the	 small	∆v	 that	 is	 required	 to	
reach	locations	in	the	asteroid	belt	-where	
we	could	find	useful	resources	for	propel-
lants	 -	makes	 Phobos	 a	 very	 attractive	
location	 for	 Spaceport	Node	 3.	 In-Situ	
Resource	Utilization	 (ISRU)	on	Phobos	
would	allow	sending	significantly	higher	
payload	mass	to	Mars	and/or	reducing	the	
flight	time	for	humans	from	Earth	to	Mars.
Market and Services

The	OASIS	 team	 paid	 a	 great	 deal	
of	 attention	 to	 the	 potential	 markets	

and	 the	 business	 case	 for	 the	 spaceport	
network,	because	its	operational	viability	
is	 highly	 dependent	 on	whether	 or	 not	
the	 network	 can	 build	 on	 its	 profits	 to	
upgrade	 its	 infrastructure	and	expand	 to	
other	locations	in	space.	Sufficient	revenue	
must	be	generated	from	Spaceport	Node	
1	 services	 to	 cover	 the	 operational	 cost	
and	 recover	 the	 initial	 investment	 after	
some	years.

In	 the	 short	 term,	Spaceport	Node	 1	
would	be	used	to	tap	into	the	GEO	satellite	
market.	The	core	service	provided	here	is	
a	tug	service	for	GEO	satellites	from	LEO	
to	GTO	or	to	GEO.	By	using	this	service,	
including	 eventual	 orbit	 inclination	
change,	the	client	would	be	able	to	use	a	
smaller	 and	 cheaper	 launch	vehicle	 like	
the	Soyuz,	because	it	would	not	need	to	
carry	the	upper	stage	and	extra	propellant	
needed	to	reach	GEO.	The	OASIS	team	
sized	Spaceport	Node	1	to	enable	a	client	
to	launch	up	to	nine	tons	into	GEO,	and	
at	a	lower	cost	than	the	currently	available	
launch	 systems.	Table	 1	 shows	 a	 cost	
comparison	 between	 existing	 launch	
systems	 and	 the	 OASIS	 solution	 for	
launching	into	GTO.	The	Spaceport	and	
tug	were	conceived	to	be	generic	enough	

to	provide	additional	services	 if	 there	 is	
a	 demand.	Those	 services	 include	 on-
orbit	refueling	at	LEO,	spacecraft	repair,	
geostationary	orbit	slot	change,	de-orbit,	
salvage,	and	storage	capabilities.

In	 the	medium-term,	 the	 spaceport	
network	would	 expand	with	 the	 second	
node:	a	spaceport	on	the	Moon’s	surface	
with	ISRU	capabilities.	This	node	would	
initially	 be	 used	 to	 extract	water	 from	
mining	operations	on	the	Moon’s	surface	
and	provide	propellants	to	Spaceport	Node	
1.	This	would	decrease	the	operating	cost	
of	 Spaceport	Node	 1	 by	 an	 estimated	
38%	compared	to	the	short-term	solution	
of	 supplying	water	 from	Earth.	 In	 the	
medium-term,	Node	1	would	also	provide	
a	tug	service	from	LEO	to	Lunar	orbit.	This	
service,	coupled	with	the	establishment	of	
Spaceport	Node	 2,	 has	 the	 potential	 to	
greatly	reduce	the	cost	of	future	missions	
to	the	Moon,	and	enable	the	emergence	of	
new	markets	related	to	human	and	robotic	
lunar	operations.

In	the	long-term,	with	the	establishment	
of	Spaceport	Node	3	on	Phobos,	a	new	tug	
service	could	be	added	 to	 the	 repertoire	
to	 provide	 transfer	 from	LEO	 to	Mars	
orbit.	The	goal	here	would	be	to	support	

Table 1: Price per Kilogram Charged to Customers by Existing Launch Organizations
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robotic	missions	to	and	beyond	Mars	and	
eventually	 facilitate	 human	missions	 to	
Mars.	Part	 of	 the	 long	 term	plan	would	
also	be	to	further	develop	Spaceport	Node	
2.	This	 node	would	 eventually	 support	
human	activities	on	the	Moon,	like	mining	
or	tourism.

Legal and Societal Issues
Unlike	 ISS	 management,	 OASIS	

requires	 the	creation	of	a	 legal	entity	 to	
provide	commercial	services.	Taking	into	
consideration	the	variety	of	services	pro-
vided	and	the	need	for	long-term	support,	
the	legal	entity	for	OASIS	has	to	combine	
state	reliability	and	private	management	
flexibility	on	an	international	level.	OASIS	
suggests	the	creation	of	a	new	governmen-
tal	authority,	the	International	Spaceports	
Authority	(ISPA)	to	assemble	and	operate	
the	spaceports.

OASIS	proposes	the	creation	of	a	pri-
vate	 transnational	 company	 -	Spaceport	
Company	(SPC)	with	ISPA	member	states	
as	shareholders.	Given	the	financial	and	
legal	scope	of	the	Spaceport	Company,	a	
fully	private	investment	is	not	a	realistic	
option.	The	 proposed	model	 allows	 a	
public	entity	to	plan,	facilitate,	and	regu-
late	the	initial	construction	and	spaceport	
extension	 at	 a	 time	when	 the	 operators	
cannot	provide	the	required	large	capital	
outlay.	The	operator,	a	private	entity,	op-
erates,	develops,	and	provides	services	to	
its	customers.	By	carrying	out	activities	in	
outer	space,	ISPA	and	Spaceport	Company	
will	face	different	legal	issues.

First,	damages	caused	by	space	debris	
or	 other	 space	 objects	 to	 facilities	 of	
OASIS	in	space,	and	damage	caused	by	
spacecraft	 of	OASIS	on	 the	Earth	 shall	
fall	into	the	legal	regime	of	the	Liability	
Convention.	 Second,	Spaceport	Node	1	
is	located	in	LEO	where	the	majority	of	
space	 debris	 accumulates;	 therefore	 a	
joint	 effort	 shall	 be	made	 together	with	
the	Inter-Agency	Space	Debris	Coopera-
tion	Committee	 (IADC)	 and	 the	United	
Nations	Committee	on	the	Peaceful	Uses	
of	Outer	 Space	 (UNCOPUOS),	mainly	
to	 follow	 the	 space	 debris	mitigation	
guidelines	for	the	benefit	of	facilities	and	
infrastructures	in	orbit.	Finally,	in	order	to	

resolve	the	issue	of	use	and	exploitation	
of	resources	from	celestial	bodies,	OASIS	
suggests	 the	 establishment	 of	 another	
international	 authority,	 the	 International	
Space	Resources	Exploration	Authority	
(ISREA),	 like	 the	 International	Sea-bed	
Authority	 governing	 the	 “area”	 of	 the	
high	seas.

Space	exploration,	especially	bases	on	
the	Moon	or	Mars	moons,	can	raise	many	
ethical	 issues.	 Planetary	 protection	will	
continue	to	be	a	concern	for	missions	to	
other	 celestial	 bodies.	As	 soon	 as	 com-
mercial	exploitation	of	moons	or	planets	
becomes	 a	 reality,	 space	 environmental	
organizations	will	emerge.	The	two	main	
concerns	within	planetary	protection	dis-
cussions	are	related	to	forward	and	back-
ward	 contamination	 of	 in-situ	 resource	
utilization.	 It	 is	 important	 to	 assure	 our	
environmental	awareness	to	the	public	and	
transparently	present	the	proven	solutions	
used	to	prevent	issues.

Conclusion
The	 conquest	 of	 space	will	 not	 be	

achievable	without	a	significant	reduction	
in	the	effort	and	cost	required	for	access.	
Team	OASIS	has	 created	 a	 concept	 for	
a	 network	 of	 spaceports	 extending	 the	
existing	 transportation	 and	 logistics	
infrastructure	on	Earth	into	space,	which	
has	the	potential	to	significantly	reduce	the	
cost	of	robotic	and	human	space	missions,	
as	well	as	to	act	as	a	platform	for	more	cost	
effective	space	exploration.	The	network	
described	 here	 is	 not	 exclusive	 to	 rare	
and	 expensive	 government	 programs,	
but	can	be	shared	by	private	enterprises	
on	 a	 large	 scale.	This	 initiative	 can	 be	
compared	 to	 the	 construction	 of	 roads	
and	 service	 stations	 in	 isolated	 regions	
on	Earth.	Only	an	infrastructure	network	
using	in	situ	resources	and	financed	step	
by	step	by	a	public	and	private	partnership	
can	enable	the	long	term	development	of	
the	region	it	serves.	It	is	the	hope	of	the	
authors	and	the	ISU	Team	OASIS	that	this	
vision	and	implementation	strategy	will	be	
at	the	heart	of	a	new	and	ambitious	space	
exploration	effort	in	the	near	future.
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Calling for a Coast Guard in Space

The	DSER	Strategy	Group	is	a	private	consultancy	company	that	specializes	in	analyzing	processes	both	large	and	small.	“We	
look	at	problems	from	a	different	perspective,”	explains	co-founder	Gordon	Smith,	“and	find	answers	to	what	was	previously	
thought	impossible.”

In	the	mid	1990’s,	DSER	turned	its	sights	on	the	space	industry.	“We	were	looking	at	investment	opportunities	in	the	space	
industry,”	says	Smith.	“We	looked	at	the	publicly	released	industry	data,	and	to	our	surprise,	the	same	data	could	yield	a	business	
model	that	would	fantastically	succeed,	and	another	that	would	dismally	fail.”

DSER	spent	a	few	years	poring	over	the	available	data,	ultimately	deciding	that	the	lack	of	consistency	in	reporting	of	costs	
was	a	fundamental	barrier	to	their	analysis.	“We	shifted	to	commission	reports,	industry	outlooks,	and	other	policy	influences	on	
the	industry,	and	applied	tools	from	our	experience	in	the	automotive	industry	–	an	affinity	analysis	which	is	a	useful	method	to	
understand	large	amounts	of	qualitative	information,”	reported	Smith.	“Here	we	started	to	see	repeated	calls	for	commercializa-
tion,	and	concerns	over	sustainability.”

That’s	when	things	started	to	get	interesting.	The	new	analysis	showed	that	various	elements	of	the	space	industry	had	become	
sustainable.	Satellites	were	a	prime	example	of	a	component	of	the	space	industry	that	had	developed	a	profitable	operational	
model	independent	of	government	funding.	Suborbital	flights	seem	to	be	headed	in	the	same	direction.	But	orbital	manned	flight	
was	a	glaring	exception.	“We	realized	that	something	had	to	be	fundamentally	different	with	manned	orbital	spaceflight	compared	
to	the	rest	of	the	industry;	otherwise,	manned	orbital	spaceflight	should	have	responded	in	a	similar	fashion	and	started	to	reach	
toward	sustainability,”	says	Smith.

by	Merryl	Azriel	

Figure 1: In 2002, STS-109 performed in orbit repair of the Hubble Space Telescope. Could quick response repair capability pave the way for commercial 
spaceflight? (Source: NASA)
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Figure 2: Would mass production of automobiles have occurred if each vehicle was expected to meet the saffety and reliability standards applied to 
spacecraft? (Ford Europe Assembly Line (c.a. 1950’s) pictured) (Source: Ford Motor Company)

Space and the Transportation Model
The	core	issue,	Smith	explained,	is	that	the	space	industry	is	broadly	based	on	an	airline	model.	“Operationally,	you	work	under	

the	assumption	that	you	start	from	some	location,	travel	on	to	your	destination,	and	there’s	no	chance	to	stop	if	things	go	wrong.		
This	leads	to	certain	preconceptions	about	how	to	approach	safety	and	reliability	within	the	industry	–	everything	must	be	addressed	
within	the	design	of	the	craft,	typically	through	damage-tolerant	design	and	multiple	redundancies.”

But	is	that	model	entirely	appropriate	when	it	comes	to	space?	Manned	orbital	spaceflight	launches	just	like	any	other	rocket,	
but	the	situation	changes	when	they	successfully	reach	orbit,	an	environment	where	a	spacecraft	could	also	undergo	servicing	
and	repair.	Recognizing	this	difference,	DSER	began	to	think	that	automotive	and	maritime	transportation	might	offer	a	better	
model	for	manned	spaceflight.	“Other	transportation	industries	travel	from	a	certain	location	to	remote	environments	where	they	
may	pause,”	explained	Smith.	“While	they	address	safety	and	reliability	through	damage	tolerant	design	practices,	they	also	take	
advantage	of	the	fact	that	they	operate	where	government-funded	help	can	be	dispatched	to	render	assistance.”

The	current	space	model	assumption	that	there	is	no	opportunity	to	pause	for	repairs	or	assistance	“leads	to	certain	preconcep-
tions	about	how	to	approach	safety	and	reliability	within	the	industry,”	said	Smith.	“Everything	must	be	addressed	within	the	
design	of	the	craft,	typically	through	damage-tolerant	design	and	multiple	redundancies.”	Adopting	this	preconception	leads	to	
more	expensive	spaceflight	–	and	severely	limits	the	development	of	a	profitable,	non-government	supported	industry.

According	to	DSER,	the	limitations	of	the	current	approach	to	spaceflight	can	be	illustrated	by	drawing	parallels	to	the	dawn	
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Figure 3: U.S. Coast Guard rescue swimmers train off of the coast of Atlantic City, NJ. (Source: U.S. Coast Guard)

of	the	automotive	age	–	with	some	twists.		They	paint	an	interesting	“what	if”	scenario,	considering	a	first-generation	automobile	
operating	under	many	of	the	same	issues	faced	by	the	present	day	manned	orbital	spaceflight	industry.		Each	hypothetical	automo-
bile	would	be	required	to	store	weeks’	worth	of	fuel,	as	well	as	food,	water,	and	air	for	its	occupants.	As	a	pioneering	method	of	
transportation,	all	components	would	also	have	to	be	custom-built,	without	the	benefits	of	mass	production.		According	to	DSER,	
these	requirements	would	probably	have	been	manageable	for	the	manufacturers	of	the	time.	

But	here	DSER	posits	the	twist;	and	though	a	car	obviously	differs	from	an	orbital	vehicle,	what	if	the	same	effective	safety	and	
reliability	considerations	faced	by	manned	orbital	spaceflight	were	imposed?		Imagine	that	this	prototypical	vehicle	were	designed	
under	the	assumption	that	every	potential	situation	had	to	be	handled	solely	in	the	design	of	the	vehicle,	no	matter	how	remote	the	
likelihood	of	its	occurrence.			“How	much	would	that	car	cost,”	DSER	asks,	“compared	to	one	that	was	designed	knowing	there	
would	be	access	to	a	tow	truck	or	other	emergency	services,	and	how would that affect the sustainability of an emerging automo-
tive industry?”

The	resulting	early-generation	vehicle	would	be	full	of	the	promise	of	new	technologies	and	hint	at	the	possibilities	of	a	new	
economic	and	scientific	industry	capable	of	positively	impacting	others.		However,	the	manner	in	which	these	first	vehicles	ap-
proached	safety	and	reliability	actually	would	make	it	much	harder	for	the	industry	itself	to	grow	beyond	an	adventurous	(and	
wealthy)	few.		As	DSER	points	out,	such	an	onerous	risk	mitigation	burden	might	have	resulted	in	the	production	of	no	cars	at	all.

Once	DSER	identified	the	problem,	they	began	to	wonder	whether	manned	spaceflight	could	be	made	to	operate	more	like	the	
maritime	or	automotive	industries.	Smith	and	DSER	partner	Alan	Thompson	addressed	this	issue	in	the	article	“Creating	a	Sus-
tainable	Manned	Orbital	Spaceflight	Industry”	published	in	Astropolitics:	The	International	Journal	of	Space	Politics	&	Policy	in	
March,	calling	for	a	government	agency	serving	a	similar	industrial	role	for	manned	orbital	spaceflight	as	the	Coast	Guard	does	
for	the	maritime	industry.	

The	United	States	Coast	Guard	began	in	1790	as	 the	Revenue	Cutter	Service	to	control	piracy	and	collect	maritime	taxes.	
Today,	it	maintains	responsibility	for	maritime	safety,	security,	and	stewardship	in	both	domestic	and	international	waters.	This	
includes	management	of	lighthouses,	monitoring	of	chemical	spills,	cargo	inspection,	and	search	and	rescue.		The	Coast	Guard	is	
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Merryl Azriel is Business Development & Communication Manager at INNOVIM, LLC outside Washington, D.C., and 
Vice President of Public Relations of the International Space Safety Foundation. She holds degrees in Chemical Engineer-
ing from Rutgers University and Space Studies from the International Space University. Views expressed are not reflective 
of these affiliations and should not be construed as an endorsement of the Space Coastguard concept.

best	known	for	this	latter	role,	although	it	is	actually	part	of	the	United	States	armed	forces	and	can	be	called	into	military	service	
at	need.	The	Coast	Guard’s	motto	is	Semper Paratus,	Latin	for	“Always	Ready,”	an	appropriate	slogan	for	an	emergency	response	
institution.	“By	incorporating	a	similar	capability	within	the	manned	orbital	space	flight	industry,	pictured	simply	as	‘the	Coast	
Guard	in	Space,’	we	reduce	the	excessive	degree	to	which	zero-failure	engineering	and	system	redundancy	must	be	applied,	which	
in	turn	reduces	the	asset	cost	and	industry	risk,”	says	Smith.		“In	short,	we’re	adjusting	the	industry	model	that’s	applied	to	manned	
orbital	spaceflight,	and	providing	a	missing	element	whose	absence	had	worked	against	sustainability	from	the	beginning.”Not	only	
would	this	capability	adjust	the	industry	model,	DSER	also	believes	it	is	timely,	providing	a	much-needed	justification	for	contin-
ued	government	operations	and	technology	development	for	low-earth	orbit	access	as	private	systems	begin	to	enter	the	market.

How	would	such	a	“Coast	Guard”	analogue	work	in	space?	DSER	has	ideas,	but	they’re	not	telling	–	yet.	“Before	we	contribute	
to	technical	discussions,	we	first	want	to	get	a	broader	agreement	on	the	strategy,”	says	Smith.	“Without	consensus	on	the	underlying	
strategy,	it’s	too	easy	to	get	tangled	up	in	competing	details.”	Broadly	speaking,	however,	Smith	envisions	a	focused	capability	that	
could	provide	assistance	or	stabilize	and	transport	an	endangered		individual	or	spacecraft.	Likely	architectures	would	incorporate	
both	ground	and	orbital	based	components.	Smith	also	sees	a	place	for	orbital	robotic	spacecraft.	But	at	the	end	of	the	day,	the	goal	
is	to	relocate	emergency	response	from	each	individual	spacecraft	into	a	centralized	rescue	infrastructure.

“Instead	of	addressing	every	conceivable	situation,	and	including	a	safety	factor	appropriate	for	orbital	operations,	companies	
may	focus	their	efforts	on	a	more	limited	series	of	responses	that	merely	ensure	that	the	occupants	are	safely	protected	until	help	
arrives.”	

Smith	points	out	that	the	profile	of	the	typical	space	traveler	is	about	to	change,	and	so	is	the	risk	model.		At	the	moment,	“we	
send	highly	qualified	people	into	orbit,	and	leave	them	there	for	relatively	short	periods	of	time	while	they	work	on	a	narrow	range	
of	problems	in	space	that	they’ve	spent	months	or	years	training	for.”	

The	picture	may	change	dramatically	with	the	advent	of	space	tourism	and	manufacturing.		“There	will	be	new	risks	directly	
associated	with	operating	space	factories,	repairing	assets,	taking	vacations,	as	well	as	risks	from	related	issues	such	as	fire,	col-
lision,	or	injury,	not	to	mention	risks	associated	with	simply	operating	in	larger	and	more-amateur	groups,”	details	Smith.	Today,	
the	most	common	source	of	risk	in	spaceflight	focuses	on	equipment	failure;	that	won’t	be	the	case	for	long.	Rather	than	waiting	
for	a	tragedy	or	loss	of	human	life,	though,	DSER	believes	the	industry	can	be	more	proactive.

The Chicken or the Egg?
Smith	finds	that	when	he	discusses	this	concept	with	members	of	the	space	industry,	he	often	hears	the	response	that	while	the	

proposal	makes	sense,	they	don’t	feel	that	need	for	such	an	organization	can	be	justified	until	manned	orbital	flight	becomes	more	
commonplace,	with	a	large	commercial	market	to	support	the	initiative.	After	all,	that	was	how	the	maritime	coastguard	came	
into	being.	However,	Smith	disagrees	with	this	assessment.	In	his	view,	the	dangers	facing	orbital	ventures	will	discourage	a	large	
scale,	independent	orbital	commercial	market.	It	is	DSER’s	belief	that	the	current	approach	will	more	likely	nurture	a	limited	
market	of	singular	visionaries.		Refocusing	safety	and	risk	management	solutions	from	individual	spacecraft	to	include	a	central-
ized	entity	changes	the	balance	while	further	justifying	continued	government	operations	on-orbit.	“Given	the	extreme	nature	of	
the	environment,	the	capability	itself	is	required	for	the	future	commercial	market	we	all	desire,”	concludes	Smith.	“Beyond	the	
obvious	safety	aspects,	that’s	probably	the	most	compelling	reason	for	this	capability	of	all.”

For	more	information	about	the	DSER	Strategy	Group	and	their	proposal	for	a	sustainable	manned	orbital	spaceflight	industry,	
visit	www.dserstrategy.com

Mark Your Calendar
June 17-19, 2014

3rd Annual International Space Station Research and Development Conference
Hyatt Regency McCormick Place ♦ Chicago, Illinois
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Monday, October 7
5:30	pm		 Kick-off Networking Reception
  University	Center,	Exhibit	Hall	- sponsored by Orbital Sciences Corporation

Tuesday, October 8
7:15	am		 AAS	Corporate	Members	Breakfast	(Invitation Only)
7:30	am		 Registration Opens / Networking / Continental Breakfast
	 	 Business	Administration	Building,	Lobby	- sponsored by SpaceX
8:30	am		 Welcome to Campus	-	Chan	Auditorium
	 	 Dr.	Robert	Altenkirch,	President,	The	University	of	Alabama	in	Huntsville
	 	 Remarks by AAS Executive Vice President
  Walt	Faulconer,	President,	Strategic	Space	Solutions,	LLC
8:45	am		 Marshall Space Flight Center Update
  Patrick	Scheuermann,	Director,	NASA	Marshall	Space	Flight	Center
9:00	am		 Keynote
  Charlie	Bolden,	NASA	Administrator
9:45	am		 Break - sponsored by SpaceX
10:00	am	 Roundtable: Exploration Going Forward with SLS and Orion - 2020 and Beyond
  Moderator:	Mary	Lynne	Dittmar,	CEO,	Dittmar	Associates,	Inc.

Panelists:
	 -	Dan	Dumbacher,	Deputy	Associate	Administrator	for	Exploration	Systems	Development,
	 		NASA	Headquarters
	 -	Julie	Van	Kleeck,	Vice	President,	Space	Advanced	Programs,	Aerojet	Rocketdyne
	 -	Charlie	Precourt,	Vice	President	&	General	Manager,	Space	Launch	Division,	Aerospace	Group,	ATK
	 -	Virginia	Barnes,	Vice	President	&	Program	Manager,	Exploration	Launch	Systems,	Boeing
	 -	Kim	Doering,	Manager,	Space	Science	Division,	Dynetics
	 -	Micheline	Tabache,	Head,	Washington	Office,	European	Space	Agency
	 -	Jim	Crocker,	Vice	President	of	Civil	Space,	Lockheed	Martin	Space	Systems	Company

12:00	pm	 Luncheon - University	Center,	Exhibit	Hall	- sponsored by Lockheed Martin
  Guest	Speaker:	Mike	Gazarik,	Associate	Administrator	for	Space	Technology,	NASA	Headquarters
1:30	pm		 Panel: Industry Perspectives from Washington Operations Executives
  Moderator:	Dale	Thomas,	Associate	Center	Director,	Technical,	NASA	Marshall	Space	Flight	Center

Panelists:
	 -	John	Schumacher,	Vice	President	for	Business	Relations,	GenCorp/Aerojet	Rocketdyne
	 -	Bill	Johnson,	Vice	President,	Government	Operations,	ATK
	 -	Pat	Schondel,	Vice	President	for	Homeland	Security,	NASA,	and	Science	&	Technology,	Boeing
	 -	Carol	Lane,	Vice	President	and	Lead	Executive,	Civil	and	Commercial	Space,	Ball	Aerospace	&
	 		Technologies	Corp.
	 -	Eric	Thoemmes,	Vice	President,	Space	and	Missile	Defense	Programs,	Lockhheed	Martin
	 		Washington	Operations
	 -	Mark	Bitterman,	Vice	President,	Government	Affairs	and	Communications,	ULA
	 -	Beth	Rossman,	Vice	President,	Government	Relations,	Honeywell

3:15	pm		 Break - sponsored by SpaceX
3:30	pm	 Panel: Perspectives on Exploration
  Moderator:	Gene	Goldman,	Executive	Director,	Space	Program,	Aerojet	Rocketdyne

Panelists:
	 -	Bill	Gerstenmaier,	Associate	Administrator,	Human	Exploration	and	Operations	Directorate,
	 		NASA	Headquarters
	 -	Doug	Cooke,	Owner,	Cooke	Concepts	and	Solutions
	 -	Ellen	Stofan,	Chief	Scientist,	NASA	Headquarters
	 -	Mike	Griffin,	Chairman	&	CEO,	Schafer	Corporation

6th WERNHER VON BRAUN MEMORIAL SYMPOSIUM
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5:30	pm		 Reception & Student Poster Displays
Burritt	on	the	Mountain	-	Baron	Bluff	Building	- sponsored by United Launch Alliance
Special	Guest:		Dennis	Tito

Wednesday, October 9
7:15	am		 Registration Opens / Networking / Continental Breakfast

Business	Administration	Building,	Lobby	- sponsored by Northrop Grumman
8:00	am		 Panel: Status of Commercial Cargo and Crew

Moderator:	Ed	Mango,	Program	Manager,	Commercial	Crew	Program,	NASA	Kennedy	Space	Center
Panelists:
	 -	John	Mulholland,	Vice	President	and	Program	Manager,	Commercial	Programs,	Space	Exploration,
	 		Boeing
	 -	Frank	Culbertson,	Executive	Vice	President	and	General	Manager,	Advanced	Programs	Group,
	 		Orbital	Sciences	Corporation
	 -	John	Olson,	Vice	President,	Space	Systems,	Sierra	Nevada	Corporation
	 -	Rob	Meyerson,	President	and	Program	Manager,	Blue	Origin
	 -	Garrett	Reisman,	Commercial	Crew	Program	Manager,	SpaceX

10:00	am	 Break - sponsored by Northrop Grumman
10:15	am	 Panel: The Role of Higher Education in Space Exploration

Moderator:	John	Horack,	Vice	President,	Space	Systems	Group,	Teledyne	Brown	Engineering
Panelists:
	 -	Dan	Dumbacher,	Deputy	Associate	Administrator	for	Exploration	Systems	Development,
	 		NASA	Headquarters
	 -	Colleen	Hartman,	Deputy	Director	for	Science,	Operations,	and	Program	Performance,	
	 			NASA	Goddard	Space	Flight	Center			invited
	 -	Johann-Dietrich	Wörner,	Chairman	of	the	Executive	Board,	German	Aerospace	Center	(DLR)			invited
	 -	Gary	Zank,	Director,	Center	for	Space	Plasma	and	Aeronomic	Research;	Chair,	Department	of
	 		Physics,	The	University	of	Alabama	in	Huntsville

11:45	am	 Luncheon - University	Center,	Exhibit	Hall	- sponsored by Boeing
  Guest	Speaker:	Fuk	Li,	Director	of	Mars	Exploration,	NASA	Jet	Propulsion	Laboratory
	 	 “Latest	Results	from	Curiosity”
	 	 Announcement of Student Poster Awards
1:45	pm		 Panel: Privately Funded Space Activities
  Moderator:	Jason	Hundley,	Founder,	Zeropoint	Frontiers

Panelists:
	 -	Will	Pomerantz,	Vice	President	for	Special	Projects,	Virgin	Galactic
	 -	Pam	Underwood,	Deputy	Manager,	Operations	Integration	Division,	FAA
	 -	Hoyt	Davidson,	Founder	&	Managing	Partner,	Near	Earth	LLC
	 -	Taber	MacCallum,	Golden	Spike	Program	and	Inspiration	Mars	Foundation
	 -	Tim	Pickens,	Chief	Propulsion	Engineer,	Moon	Express
	 -	John	Horack,	Vice	President,	Space	Systems	Group,	Teledyne	Brown	Engineering

3:45	pm		 Adjourn - Winning Student Poster Displays	-	Lobby

WERNHER VON BRAUN MEMORIAL DINNER
New	Davidson	Center	at	the	U.S.	Space	and	Rocket	Center

5:30	pm		 Reception
7:00	pm		 Dinner
	 	 Special	Guest	Speaker:	Dennis	Tito
Note: The Von Braun dinner is a separate event and is not included as part of the
symposium registration. For information on the dinner go to www.spaceclub-hsv.org

Thursday, October 10
8:30	am	-	12:00	pm

Optional:	Tour	of	United	Launch	Alliance	Atlas	and	Delta	Rocket	Production	Facility

For additional information about the tour, please contact Larry Richardson at ULA at
larry.richardson2@ulalaunch.com or 303-269-5505.
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Awards and Fellows Nominations Deadline – September 30
Fellows	are	members	of	the	Society	who	have	made	significant	scientific,	engineering,	aca-
demic	and/or	management	contributions	to	astronautics	and	space.	In	addition,	contributions	
to	AAS	will	be	considered.	Only	current	AAS	members	will	be	considered	for	AAS	Fellows,	and	
nominations	will	be	accepted	from	any	active	AAS	member.	For	a	complete	list	of	Fellows,	click	
on	AAS	Fellows	in	the	scroll	down	menu	under	the	Membership	button	on	the	AAS	website.
AAS	presents	awards	to	recognize	the	excellence	and	professional	service	of	our	own	member-
ship	and	members	of	the	space	community.	AAS	members	(and	non-members)	are	invited	and	
strongly	encouraged	to	nominate	worthwhile	candidates	for	this	year’s	awards.	Award	descrip-
tions,	previous	recipients	and	nomination	procedures	can	be	viewed	on	the	AAS	website.	The	
Awards	Committee	will	review	submissions	and	forward	names	of	recommended	candidates	
to	the	officers	and	directors	for	approval.

www.astronautical.org

Membership Application
Membership Type
       Member.........................................$100

 Senior Member..................... $115  
 Fellow (renewal only)............ $115   
 Retired................................. $50  
 Teacher (K-12)...................... $45  
 Student (full-time)................. $45  

 ___________________________________________________________________________________________
Mr./Mrs./Ms./Dr.	 																		Last	Name	 	 First	Name

 ___________________________________________________________________________________________
Title	 Organization

 ___________________________________________________________________________________________
Address	

 ___________________________________________________________________________________________
City	 State	 Zip	Code

 ___________________________________________________________________________________________

703-866-0020

. Payment Method
  Check
	 	 	VISA		 	AMEX		 	MasterCard
			___________________________________
Credit Card Number

	____________________________________
Expiration Date

	____________________________________
Signature 

Mail to:	 AAS
	 6352	Rolling	Mill	Place,	Suite	102
	 Springfield,	VA	22152-2370
Fax to:		 703-866-3526

Membership Benefits Include: Subscriptions	 to	The Journal of the Astronautical Sciences 
(quarterly)	and	SPACE TIMES magazine	(bi-monthly),	as	well	as	reduced	rates	at	all	AAS	events.	
Visit	the	AAS	website	for	additional	information	about	benefits.

www.astronautical.org          www.twitter.com/astrosociety
www.facebook.com/AmericanAstronauticalSociety
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2nd ANNUAL ISS RESEARCH & DEVELOPMENT CONFERENCE

AAS heartily thanks the sponsors who made this year’s ISS Conference possible…

...and the support of...
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ISS Conference Delivers the Goods
The	 2nd	 International	 Space	 Station	

Research	 and	Development	Conference	
delivered	on	its	promise	to	feature	the	top	
results	from	the	ISS	as	related	to	applica-
tions	 and	discoveries,	 and	 also	 highlight	
future	opportunities.	As	noted	in	this	issue,	
awards	were	presented	in	a	number	of	spe-
cific	categories,	as	well	as	a	special	award	
for	 the	 top	 innovation.	These	 new	AAS	
awards	will	be	a	fixture	at	all	 future	 ISS	
conferences	and	will	continue	to	recognize	
the	best	results	from	the	previous	year.

Astronaut Don Pettit
Mike Suffredini, Manager, ISS Program Office, NASA 
Johnson Space Center, receives AAS Space Flight 
Award from Lyn Wigbels, AAS President

Audience

Conference	attendees	were	exposed	to	
the	full	breadth	of	research	and	technology	
development	 on	 the	 ISS.	The	 advertised	
goal	for	this	conference	is	to	be	the	“one	
stop	for	understanding	the	full	suite	of	op-
portunities	available	now,”	and	the	program	
delivered	on	this	promise.	Four	comprehen-
sive	plenary	sessions	were	featured,	and	all	
the	speakers	made	a	point	to	present	their	
results	at	a	level	that	could	be	understood	
by	both	technical	experts	and	laypersons.	
The	three	parallel	technical	sessions	pro-

Duane Ratliff, COO, NASA Liaison, CASIS

Bill Gerstenmaier, NASA Associate Administrator, 
Human Exploration and Operations Directorate

Steve Volz, NASA Associate Director for Flight 
Programs, Earth Science Division

vided	tracks	for	scientists	to	be	updated	on	
significant	accomplishments	to	date	within	
their	disciplines	and	with	sufficient	detail.	
The	luncheon	on	the	first	day	with	Astro-
naut	Don	Pettit	allowed	him	to	describe	his	
experiences	on	the	ISS	with	details	on	the	
experiments	he	conducted,	providing	hard	
scientific	 results	with	 a	 humorous	 touch.	
The	international	roundtable	working	lunch	
provided	relevant	information	from	the	ma-
jor	ISS	partners	while	a	workshop	focused	
on	helping	new	users	take	the	information	
they	heard	and	develop	their	own	ideas	for	
experiments	using	the	unique	capabilities	
of	the	ISS	National	Laboratory.

Apart	from	presenting	the	latest	results,	
future	 ISS	Research	 and	Development	
Conferences	will	continue	to	answer	two	
key	questions	for	potential	ISS	users	who	

attend:	“What	can	I	do	on	the	ISS?			How	
can	I	do	it?”	Full	video	coverage	of	keynote	
speeches	and	plenary	sessions,	as	well	as	
specific	 presentations,	 are	 available	 for	
viewing	on	the	AAS	website.		Next	year’s	
conference	is	set	for	June	17-19	in	Chicago.	
(Photos	courtesy	of	CASIS.)
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Congratulations to teams and organizations who received the first AAS Awards 
recognizing innovation, discoveries, and applications on the ISS. The following 
awards were presented at this year’s ISS Conference recognizing top results in 2012.

Innovation of the Year Award for 2012
NanoRacks LLC

Top Discoveries Award
Preventing Bone Loss in Long-Duration Spaceflight - Thomas Lang

Cool Flames in Space - Vedha Nayagam
T-cell Activation in Space - Millie Hughes-Fulford

Top Applications Award
Hyperspectral Imaging for Ocean Protection - Darryl Keith

Colloid Self Assembly - Eric Furst

Top Education Application Award
YouTube Space Lab Project - Zahaan Bharmal

Top Medical Applications Award
Plasma Applications for Wound Healing - Hubertus Thomas

Advancing Neurosurgery through Space Technology - Garnette Sutherland
Bone Loss Studies with AMGEN - Louis Stodieck

Top Exploration Technology Applications Award
ISS Environment Control & Life Support System - Robyn Carrasquillo
Space Communications and Navigation Testbed - Richard Reinhart

Robotic Refueling Mission - Jill Mcguire

Jeff Manber, NanoRacks LLC

Left to right: Thomas Lang, University of California San Francisco; 
Vedha Nayagam, National Center for Space Exploration Research/Case 
Western Reserve University; Millie Hughes-Fulford, San Francisco VA 
Hospital and University of California San Francisco

Darryl Keith, EPA

Left to right: Hubertus Thomas, Max Planck Institute for Extraterrestrial 
Physics; Garnette Sutherland, University of Calgary; Louis Stodieck, 
BioServe Space Technologies, University of Colorado at Boulder

Zahaan Bharmal, Google

Left to right: Robyn Carrasquillo, NASA Headquarters; Richard 
Reinhart, NASA Glenn Research Center; Jill Mcguire, NASA Goddard 
Space Flight Center

Eric Furst, University of 
Delaware
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UPCOMING EVENTS

AAS Events Schedule
September	23-27,	2013
International Astronautical Congress (IAC)
Beijing,	China
www.iafastro.com

October	7-10,	2013
6th Wernher von Braun Memorial Symposium
Bringing Exploration Forward
The	University	of	Alabama	in	Huntsville
Chan	Auditorium,	Business	Administration	Building
Huntsville,	Alabama
www.astronautical.org

January	26-30,	2014
* 24th AAS/AIAA Space Flight Mechanics Meeting
La	Fonda	on	the	Plaza
Santa	Fe,	New	Mexico
www.space-flight.org

January	31-February	5,	2014
37th Annual Guidance and Control Conference
Beaver	Run	Resort
Breckenridge,	Colorado
www.aas-rocky-mountain-section.org

March	4-6,	2014
52nd Robert H. Goddard Memorial Symposium
Greenbelt	Marriott
Greenbelt,	Maryland
www.astronautical.org

June	17-19,	2014
3rd Annual International Space Station (ISS)
Research and Development Conference
Hyatt	Regency	McCormick	Place
Chicago,	Illinois
www.astronautical.org
Call for Papers:	September	2013
Abstract Deadline:	March	1,	2014

* AAS Co-sponsored Meetings

    AAS Corporate Members
    a.i. solutions, Inc.
    Aerojet
    The Aerospace Corporation
    Air Force Institute of  Technology
    Analytical Graphics, Inc.
    Applied Defense Solutions, Inc.
    Arianespace
    Auburn University
    Ball Aerospace & Technologies Corp.
    The Boeing Company
    CASIS
    Colorado Center for Astrodynamics Research (CCAR)
    dataCon, Inc.
    Dittmar Associates, Inc.
    Dynetics
    Edge Space Systems, Inc.
    Embry-Riddle Aeronautical University
    Euroconsult USA, Inc.
    Honeywell Technology Solutions, Inc.
    International Space University
    Jet Propulsion Laboratory
    JHU / Applied Physics Laboratory
    KinetX, Inc.
    Leverage Dynamics LLC
    Lockheed Martin Corporation
    Marquette University
    Noblis
    Northrop Grumman
    Orbital Sciences Corporation
    The Pennsylvania State University
    Phillips & Company
    Qwaltec
    RWI International Consulting Services
    Science Applications International Corporation
    SGT, Inc.
    Space and Technology Policy Group, LLC
    Space Dynamics Lab / Utah State University
    SpaceX
    The Tauri Group
    Technica, Inc.
    Texas A&M University
    United Launch Alliance
    Univelt, Inc.
    Universities Space Research Association
    University of  Alabama in Huntsville
    University of  Florida
    University of  Texas at Austin
    Virginia Commercial Space Flight Authority /

    Mid-Atlantic Regional Spaceport
    Women in Aerospace

   Thank you for your continued support!
Former JPL Director Bruce Murray died August 29th. (Source: NASA/JPL-
Caltech)
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BOOK REVIEW

Reviewed	by	Lisa	Westwood
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When Biospheres Collide: A History of NASA’s 
Planetary Protection Programs

When Biospheres Collide: A History of NASA’s 
Planetary Protection Programs	 by	Michael	
Meltzer.	Washington,	D.C.:	U.S.	Government	
Printing	Office,	 2011.	 522	pages.	 ISBN	978-
0-16-085327-2.	 $57.00	US	 (hardcover	with	
dustjacket,	illustrations,	notes,	index).

Official	description	(GPO):	“This	book	pres-
ents	the	history	of	planetary	protection	by	tracing	
the	responses	to	the	concerns	on	NASA’s	mis-
sions	to	the	Moon,	Mars,	Venus,	Jupiter,	Saturn,	
and	many	smaller	bodies	of	our	solar	system.	
The	book	relates	the	extensive	efforts	put	forth	
by	NASA	to	plan	operations	and	prepare	space	
vehicles	that	return	exemplary	science	without	
contaminating	the	biospheres	of	other	worlds	or	
our	own.	To	protect	irreplaceable	environments,	
NASA	has	committed	to	conducting	space	ex-
ploration	in	a	manner	that	 is	protective	of	the	
bodies	visited,	as	well	as	of	our	own	planet.”

The	 historic	 return	 of	 the	Apollo	 11	 crew	
to	 earth	 on	 July	 24,	 1969	was	memorialized	
through	 an	 iconic	 photograph	 of	 President	
Richard	Nixon	aboard	the	USS Hornet.	Stand-
ing	only	 inches	away	 from	 the	“Hornet	+	3,”	
the	President	addressed	Neil	Armstrong,	Buzz	
Aldrin,	 and	Michael	Collins	 from	behind	 the	
safety	afforded	by	the	thick	glass	window	of	the	
Mobile	Quarantine	Facility.	This	photograph	not	
only	symbolized	an	historic	human	achievement	
in	space	exploration,	but	it	also	reflected	a	grow-
ing	worldview:	we	are	not	alone.	

to	contend	with	an	unknown	–	and	undefined	
–	enemy.	As	NASA	explored	this	new	territory,	
the	fear	of	earth’s	contamination	by	returning	
spacecraft	and	astronauts	developed	into	a	moral	
debate	 over	 the	 protection	of	 pristine	worlds,	
the	preservation	of	independently	evolved	life,	
and	 the	 ramifications	 that	 could	 occur	when	
biospheres	collide.

Michael	Meltzer’s	 diachronic	 overview	of	
the	development	of	planetary	protection	theory,	
research,	 and	development	within	NASA	and	
among	the	international	and	scientific	commu-
nities	 provides	 valuable	 insight	 into	NASA’s	
decision-making	process.	In	his	well-researched	
and	annotated	book,	titled	When Bioshperes Col-
lide: A History of NASA’s Planetary Protection 
Programs,	Meltzer	provides	a	detailed	chronol-
ogy	of	planetary	protection	theory	between	1956	
and	present-day	 that	plunges	 into	 the	 founda-
tions	 of	 this	 new	 paradigm	of	 “responsible”	
space	exploration.

In	Chapter	 1,	Meltzer	 poses	 the	 ultimate	
question:	do	we	have	an	ethical	obligation	to	pre-
serve	an	extraterrestrial	planetary	environment	
to	the	same	degree	that	we	seek	to	protect	Earth’s	
environment?	With	this	fundamental	question	in	
mind,	and	set	among	the	tense	historic	context	
of	the	Cold	War-era	space	race,	Meltzer	intro-
duces	the	field	of	planetary	protection	from	its	
infancy	in	Chapter	2.	The	sheer	magnitude	of	
the	challenges	faced	by	NASA	in	minimizing	
inter-planetary	contamination	risk	is	presented	in	
Chapter	3,	followed	by	a	detailed	account	of	the	
first	true	test	of	the	program,	during	the	Apollo	
missions,	 in	Chapter	 4.	Meltzer	 continues	 in	
Chapter	5	with	a	review	of	the	programs	related	
to	the	Viking	Mars	missions	and	tackles	another	
question:	 how	much	 protection	 is	 “enough?”	
Chapter	6	considers	protection	programs	related	
to	our	solar	system’s	smaller	bodies,	such	as	sat-
ellites,	asteroids,	comets,	and	meteoroids,	which	
challenge	long-standing	views	of	vector	control.	
Chapter	7	 returns	 to	Mars	 for	a	discussion	of	
more	recent	and	future	mission	considerations,	
including	how	to	prepare	the	public	for	the	dis-
covery	of	life	on	another	planet.	Finally,	Meltzer	
concludes	in	Chapter	8	by	revisiting	the	broader	
ethical	and	legal	questions,	including	the	ques-
tion	of	whether	all	life	forms,	not	just	sentient	
ones,	are	worthy	of	protection.

Throughout	 the	 book,	Meltzer	 cleverly	
avoids	a	common	pitfall	of	many	other	histori-
cal	accounts,	which	often	focus	exclusively	on	

milestones	and	deliverables	that	occur	within	an	
historic	context.	Rather	than	simply	reporting	on	
specific	achievements	in	spacecraft	sterilization,	
for	example,	Meltzer	first	describes	the	strate-
gies	and	the	failures	that	eventually	led	to	the	
achievement,	 and	 how	 contamination	 theory	
affected	 equipment	 design	 and	manufacture,	
and	 even	mission	operations.	Given	 the	 past-
faced	nature	of	primary	aerospace	engineering	
research	 in	 the	mid-	 to	 late-20th	 century,	 the	
reasons	for	success	and	failure	are	often	lost	to	
history.	As	a	result,	Meltzer’s	reconstruction	of	
the	process,	not	just	the	outcome,	is	an	important	
contribution	to	the	field.

On	a	broader	level,	Meltzer’s	book	serves	to	
widely	 expand	 the	 reader’s	view	of	planetary	
protection	 and	 contamination,	 and	provides	 a	
well-needed	perspective	on	the	challenges	faced	
by	NASA	over	 the	decades.	The	 text	 is	well-
supported	with	 scientific	 and	 historical	 data,	
and	its	use	of	descriptive	subheadings,	bulleted	
lists,	and	a	story-like	feel	make	it	an	easy	read.	

As	 our	 national	 space	 program	 reaches	
further	into	our	solar	system	and	beyond,	this	
book	raises	an	important	ethical	dilemma	that	
conjures	up	images	of	our	nation’s	past	policy	of	
manifest	destiny.	Had	that	policy	been	checked	
by	the	same	ethical	considerations,	how	might	
the	course	of	human	history	been	altered?	We	
can’t	 predict	 the	 long	 range	outcomes	of	 our	
current	 policies	 in	 planetary	 protection,	 but	
Meltzer	shows	that	we	are	obligated	to	make	a	
good-faith	effort	to	avoid	mistakes	of	the	past	
and	to	explore	our	universe	responsibly.

Lisa Westwood is a Registered Professional 
Archaeologist, a Cultural Resources Manager 
at ECORP Consulting, Inc., and serves on the 
Apollo 11 Preservation Task Force in Rocklin, 
California.

President Richard Nixon welcoming Neil Armstrong, Buzz 
Aldrin, and Michael Collins back to Earth aboard the USS 
Hornet on July 24, 1969 (Source: NASA)

Fueled	 by	 the	 unexpected	 combination	 of	
mid-20th	century	popular	culture	and	advance-
ments	 in	 scientific	 research	 in	 biology	 and	
chemistry,	the	rising	fear	of	“moon	germs”	and	
other	 extraterrestrial	 pathogens	 forced	NASA	
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