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The	Nuclear	Rocket:	Integrating	Earth	into	the	Solar	System	

	
This	article	is	about	assumptions	and	how	changing	them	leads	to	different	conclusions.	This	is	
so	obvious	that	it	is	absurd	and	banal	even	to	write	it.	Yet	among	nuclear	rocket	proponents	
and	space	advocates	it	is	not	because	ever	since	1960,	when	NASA	banned	using	nuclear	
rockets	to	reach	orbit,	the	program	has	always	been	in	search	of	a	mission.	That	has	always	
been	away	from	Earth	where	it	could	“pose	no	harm.”	(That	new	NASA	orthodoxy	came	
without	any	data	or	studies	to	justify	it;	it	was	the	result	of	an	emotional	luncheon	between	the	
National	Aeronautics	and	Space	Administration	(NASA)	and	Atomic	Energy	Commission	(AEC)	
officials).1	That	left	its	supporters	scrambling	to	find	some	mission	to	justify	the	program	and	
for	decades	it	has	been	manned	Mars.	That	proved	to	be	a	poison	pill	for	60-years	so	deep	
space	missions	were	advanced,	also	to	no	avail.	It’s	mission	thinking	repeated	over	and	over	
and	over	and,	as	you	will	see,	it’s	back	again.	Something	better	is	needed.	
	
What	are	better	assumptions?	What	new	reasoning	should	be	followed?	What	is	a	better	
justification?	I’ll	answer	those	by	considering	four	questions.	First,	what	exactly	is	being	
proposed	to	develop?	Second,	can	it	be	adapted	for	other	uses?	Third,	can	it	serve	many	
national	goals	and	objectives	rather	than	just	manned	Mars	or	deep	space?	In	other	words,	can	
the	nuclear	rocket	integrate	our	planet	into	the	Solar	System	and	if	so,	how?	Fourth,	can	the	
nation	and	its	citizens	profit	from	it	without	it	being	a	drain	on	the	Federal	budget?		
	

Part	1	
	

1. What	exactly	is	being	proposed	to	develop?	
	
Answer:	an	ultra-compact,	ultra-high	temperature	solid	core	reactor	for	rocket	engine	
application.	Note	the	two	ultras:	the	first	implies	very	small	dimensions	yet	high	power	
and	that	in	turn	implies	inexpensive	development,	fabrication,	and	operating	costs;	the	

																																																								
1	Their	words	summarize	the	dispute.	T.	Keith	Glennan,	NASA	Administrator:	“The	(AEC)	
commissioners	want	to	use	it	(a	nuclear	rocket)	as	a	first	stage	rocket	vehicle.	Just	where	one	
would	launch	a	beast	with	its	ever-present	possibility	of	a	catastrophic	explosion	resulting	in	
the	spreading	of	radioactive	materials	over	the	landscape	is	not	clear.”	T.	Keith	Glennan,	The	
Birth	of	NASA:	The	Diary	of	T.	Keith	Glennan,	(Washington:	NASA	History	Series,	1993,	p.	73.	
Compare	John	W.	Simpson	(a	Westinghouse	Vice	President):	“On	the	basis	of	directions	from	
(the)	Space	Nuclear	Propulsion	Office	(the	NASA-AEC	joint	office	developing	nuclear	rockets),	
we	never	contemplated	a	launch	from	the	ground	mode,	all	operations	intended	to	commence	
after	a	chemical	boost	put	the	engine/vehicle	into	orbit.	Neither	we	nor	the	AEC	could	see	any	
insurmountable	problems	with	a	launch.”	John	W.	Simpson,	Nuclear	Power	from	Underseas	to	
Outer	Space,	(LaGrange	Park,	IL,	American	Nuclear	Society,	1994,	p.	425.	
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second	implies	very	high	operating	temperatures	and	thus	efficiencies,	or	getting	most	
possible	output	from	a	given	input.		
	
Why	do	it?	The	boilerplate	answer	is	the	rocket	equations	prohibit	any	meaningful	
improvement	in	chemical	rocket	performance,	meaning	the	space	program	is	forever	
stuck	where	it	is.	The	usual	measure	of	performance	during	a	propulsion	“burn”	is	the	
so-called	delta-V	or	the	velocity	change	produced	by	that	burn.	A	given	mission	will	have	
a	minimum	delta-V	requirement	and	higher	delta-V	implies	reduced	mission	transit	
times	or	other	improved	performance	measures.	The	delta-V	is	proportional	to	the	
product	of	C	(Exhaust	Velocity)	and	the	natural	logarithm	of	the	mass	ratio	(MR)	of	the	
vehicle	during	the	burn.	C	is	the	velocity	of	the	exhaust	stream	as	it	exits	the	motor	or	
nozzle	chamber	and	MR	is	the	fully	fueled	vehicle	mass	divided	by	the	vehicle	mass	after	
propellant	consumption	during	the	burn.	Therefore,	the	delta-V	is	directly	proportional	
to	C.	This	is	important	because	C	is	proportional	to	the	square	root	of	the	absolute	
exhaust	temperature	(T)	as	it	enters	the	nozzle,	over	the	average	molecular	mass	(M)	of	
the	exhaust	stream.	The	upshot	of	all	this	is	attaining	the	highest	T	and	lowest	M	
possible	results	in	the	highest	possible	C	and	thus	the	highest	delta-V.			
	
In	short,	to	get	more	powerful	engines	and	higher	specific	impulses,	increase	T	and	
decrease	M	for	better	C.	Liquid	oxygen	(LOX)	has	a	molecular	weight	of	16	and	liquid	
hydrogen	(LH2)	of	2	and	they	give	the	best	performance	of	chemical	engines	-	470	
seconds	of	specific	impulse.	Other	chemical	rocket	fuels	have	lower	Ts	and	higher	Ms	so	
they	give	specific	impulses	in	the	300s.	T/M	and	C	is	the	guillotine	clause	of	the	rocket	
equations	and	hence,	any	space	program.	To	get	around	it,	gains	have	been	sought	by	
making	marginal	improvements,	e.g.,	reducing	weight,	and	by	eliminating	the	
ammunition	philosophy,	where	the	rocket	is	used	once	then	discarded,	in	favor	of	reuse.	
The	space	shuttle	and	current	private	sector	endeavors	are	examples	this	thinking.	The	
first	did	not	live	up	to	expectations	and	the	jury	is	out	on	others.		
	
With	nuclear	rockets,	T	is	unlimited,	to	the	temperature	of	the	Sun.	How	to	harness	it	is	
the	problem	and	many	ways	exist	though	most	are	now	impractical	or	not	funded.	But	
not	the	solid	core	nuclear	rocket;	it	contains	U-235	in	a	matrix	material	such	as	graphite	
and	uses	a	fission	reaction	to	heat	hydrogen	to	high	temperatures	and	then	ejects	it	out	
the	nozzle.	That’s	straightforward.	Hydrogen	has	a	M	of	2	and	a	first-generation	nuclear	
rocket	engine	would	operate	at	a	T	of	2000°C+,	giving	specific	impulse	of	800+	seconds,	
about	double	that	of	the	best	chemical	system.	As	noted,	other	nuclear	rocket	systems	
exist	theoretically,	but	only	the	solid	core	is	feasible	now.	It	has	significant	potential.	
	
Thus,	the	baseload	for	nuclear	rockets	seems	to	be	the	specifications	for	the	NERVA	
proposed	50-years	ago	in	1970.	Why	develop	today	something	inferior	to	50-years	ago	
seems	logical.	Back	then	NERVA	was	to	be	quite	powerful:	1500MW	in	power	(1MW=50	
pounds	of	thrust	or	75,000	pounds	of	thrust)	from	a	35x52-inch	core	size,	825	seconds	
of	specific	impulse,	15,000-pound	weight,	10-hours	of	full	power	operation	with	one	
hour	at	full	power,	and	60	recycles	(or	stops	and	starts),	a	0.997	reliability	(meaning	
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three	times	out	of	a	thousand	would	it	not	operate	as	designed,	not	that	it	would	blow	
up).	On	the	drawing	boards	was	a	second-generation	NERVA	with	the	same	core	size	
and	weight,	but	at	2500MW	(125,000	pounds	of	thrust),	two	hours	of	full	power	
operation	instead	of	one,	but	with	10-total,	and	at	925	seconds	of	specific	impulse.	
Quite	a	jump	from	one	generation	to	the	next.	But	more	generations	are	possible.	
	
Since	1970,	what	improvements	can	be	foreseen	and	what	is	the	solid	core’s	technical	
limit?	This	is	easy	and	hard	to	answer.	Most	heat	resistant	materials	melt	by	3800°C	and	
when	mixed	with	uranium,	which	melts	at	1132°C,	that	lowers	the	overall	temperature.	
Yet	the	fuel	element	must	maintain	its	structural	integrity	at	the	highest	temperature	
possible.	So,	around	3200°C	seems	to	be	the	Temperature	limit.	This	gives	a	specific	
impulse	of	a	1000-1200	seconds.	However,	nuclear	rockets	also	feature	power	density,	
the	amount	of	thrust	possible	from	a	given	core	volume.	Back	then	the	rocketeers	once	
thought	the	35x52-inch	core	could	give	4000MW	of	power	or	200,000	pounds	of	thrust,	
a	huge	increase	from	the	original	75,000-pounds.	Feasible?	Who	knows.	If	it	was,	how	
impressive!	200,000	pounds	of	thrust,	1000+seconds	of	specific	impulse,	still	in	a	35x52-
inch	core	weighing	around	15,000-pounds.	So,	temperature	is	not	the	only	trick	here.	
	
Other	add-ons	have	been	identified:	a	dual-purpose	engine	to	provide	propulsion	and	
electrical	power;	LOX	afterburners;	cluster-ability	or	assembling	several	engines	to	form	
a	stage	for	greater	thrust;	use	of	water,	ammonia	or	methane	as	propellants,	slush	
hydrogen.	There’s	more	to	add,	but	what’s	the	limit?	That’s	the	hard	question.	Some	of	
the	earlier	rocketeers	had	a	“gut	feeling”	1600-1800	seconds	was	the	limit;	to	achieve	
that	probably	involves	splitting	the	hydrogen	molecule	into	two	atoms,	perhaps	using	
radiation	to	weaken	the	atom’s	bond	to	each	other.	So,	instead	of	a	M	of	2,	now	it’s	1.	If	
achievable,	and	it	wouldn’t	be	easy,	it	gives	a	totally	different	space	program	than	now.		
	
Unfortunately,	it	appears	today’s	nuclear	rocketeers	ignore	what	was	achieved	to	go	
down	different	development	paths,	using	the	same	mission	thinking	mindset	that	
produced	nothing	in	60-years.	I	will	discuss	this	as	appropriate	throughout	this	article.		

	
Part	2	

	
2. Can	it	be	adapted	for	other	uses?		

	
Yes.	Running	up	to	3200°C	is	operating	at	the	red	line	of	a	reactor’s	performance	and	
that	cannot	last	long.	However,	the	same	technologies	can	be	de-rated	to	develop	
reactors	operating	at	1000-1200°C,	giving	higher	efficiencies	than	light	water	reactors	
(LWRs)	with	longer	operating	life	yet	remaining	in	a	small	package.	How	small?	Reactor	
cores	from	Rover/NERVA	measured	55x52-inches	(5000MW	or	250,000	pounds	of	
thrust),	35x52-inches	(1500MW+	or	75,000+	pounds	of	thrust)	and	20x52-inches	
(500MW	or	25,000	pounds	of	thrust).	The	Nuclear	Furnace,	a	fuel	test	reactor,	had	a	
13x60-inch	core	(44MW).	Something	comparable	–	a	core	measured	in	inches,	not	feet	-	
could	be	developed	and	that	implies	economy	to	fabricate,	site,	operate,	maintain	and	
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secure.	This	is	not	new;	Los	Alamos	derived	its	Ultra-High	Temperature	Reactor	
Experiment	from	its	nuclear	rocket	work.	In	1969,	it	malfunctioned	and	the	program	was	
cancelled.	Here	are	three	earth-bound	uses	for	an	ultra-compact	high	temperature	solid	
core	reactor:	electrical	production;	process	heat;	and	maritime	propulsion.	

	
A. Electrical	production.	Since	the	1950s	the	US	and	others	had	high	temperature	

gas	reactor	programs	(HTGR)	for	producing	electricity,	seeking	higher	efficiencies	
from	operating	at	1000°C.	The	LWR	operated	around	300°C.	Good	technically,	
they	never	achieved	commercial	success;	perhaps	their	large	core	size,	similar	to	
the	LWR	which	measures	in	tens	of	feet,	offset	any	efficiency	advantage.		
	
A	smaller	core	size,	measured	in	inches,	might	fill	a	large	niche	market.	The	
Army’s	ill-fated	SL-1	reactor	may	be	a	starting	point.	It	was	a	3MW	boiling	water	
reactor	with	highly	enriched	uranium	(HEU)	fuel	contained	in	a	7.5x9x20	foot	
package(s)	that	weighed	20,000	pounds,	suitable	for	air	transport.	(It	suffered	a	
catastrophic	accident	in	1961,	killing	three,	the	ultimate	cause	of	which	is	still	
debated).	Thus,	the	design	objective	might	be	a	10-20MWe	container	system	
with	dimensions	comparable	to	those	above	–	something	easily	transportable.	
That	would	allow	its	use	in	rural	areas,	e.g.,	Alaska	and	Canada	or	to	be	brought	
on-line	to	the	grid	in	brown-outs	or	kept	in	reserve	by	governments	or	utilities	
for	weather	emergencies.	It	might	prove	attractive	to	countries	that	cannot	use	
full	size	nuclear	power	plants	yet	want	to	transition	their	electrical	grid	away	
from	fossil	fuels,	a	major	environmental	objective.	Security	anywhere	would	be	a	
concern,	yet	protecting	a	container-size	system	should	be	doable	anywhere.	
	
This	seems	to	be	what	Project	Pele	is	all	about.	DARPA	(Defense	Advanced	
Research	Projects	Agency)	gave	two	firms	$30	million	each	to	develop	truck	
mounted,	portable	systems	producing	1-5MW	of	electricity	in	5	years.	Both	
would	use	the	TRISO	fuel,	a	coated	particle	capable	of	operating	up	to	1800°C.	In	
addition,	Pele	reactors	would	use	20%	enriched	uranium,	touted	as	reducing	the	
risks	of	diversion	and	proliferation,	and	the	TRISO	particle	contains	the	fission	
products	within	itself,	thus	deterring	their	use	as	a	dirty	bomb	while	keeping	said	
fission	products	in	situ	in	the	event	the	containment	vessel	was	breached.	So,	
minimal	or	no	radiation	contamination	if	a	bomb	or	terrorist	hit	the	system.		
	
Permit	a	long	digression	on	the	nonproliferation	arguments	as	they	will	recur.	
The	20%	LEU-HEU	distinction	means	it	is	easier	to	get	a	predictable	nuclear	yield,	
which	the	military	want,	the	higher	the	enrichment	above	20%.	(Enrichment	
means	how	much	U-235	is	in	a	given	amount	of	uranium;	weapons	grade	is	93%	
so	nearly	all	is	U-235	which	fissions	or	splits	in	two;	20%	means	only	a	fifth	is	U-
235,	the	other	is	U-238	which	does	not	split).	Below	20%	to	natural	at	0.711%	is	
the	so-called	safe	area.	So,	moving	upwards	from	20%,	one	progresses	from	an	
uncertain	nuclear	fizzle	or	fart	to	a	reproducible	bang	and	downward	from	20%	a	
chemical	explosion	and	uranium	scattered	about.	This	rationale	was	developed	
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much	earlier	since	it	was	used	in	Washington	when	I	joined	the	AEC	in	1972.	To	
my	knowledge	it	has	never	been	revisited	though	the	explosives	used	in	
developing	the	20%	point	were	less	energetic	than	those	now,	implying	getting	a	
nuclear	yield	is	possible	from	enrichments	less	than	20%.	(I’ll	spare	the	weapons-
geek	speak	on	why,	as	I	don’t	remember	the	classification	rules,	though	I	think	
demarcation	point	was	developed	via	implosion,	not	a	gun-assembled	device	as	
that	is	inefficient	in	its	“burn”	of	U-235).	However,	a	new	demarcation	point	can	
lead	to	fantasy	land:	terrorists	constructing	a	reactor	with	natural	uranium	and	
water	to	make	both	a	dirty	bomb	and	plutonium,	mimicking	the	Oklo	reactor	
discovered	in	1972	-	a	reactor	that	operated	two	billion	years	ago.	Does	the	
danger	from	uranium	never	end,	or	is	this	just	the	imagination	running	wild?	This	
suggests	the	20%	figure	should	be	set	aside	as	archaic	and	technologists	develop	
the	best	cores	possible	based	on	output,	lifespan,	compactness,	maintenance,	
cost,	durability,	reliability,	etc.	If	a	better	system	can	be	developed	at	93%,	63%,	
33%	or	13%	enrichment,	let	the	chips	fall	where	they	may.	Then	make	informed	
decisions	on	security.	Don’t	be	hamstrung	or	lulled	to	sleep	by	a	distinction	
seventy	years	old.	This	should	be	foundational	for	all	uses	discussed	here	–	
rocketry,	electricity,	process	heat,	maritime.		
	
Furthermore,	India,	Pakistan	and	North	Korea	developed	nuclear	weapons	post-
1970	for	reasons	other	than	the	availability	of	HEU;	they	had	full-fledged	nuclear	
weapons	programs	with	enrichment	and	plutonium	reactors	and	reprocessing	
capabilities	and	test	sites.	Iran	and	Israel	are	question	marks.	South	Korea,	
Taiwan	and	South	Africa	gave	up	their	intentions	for	internal	reasons.	The	only	
country	today	that	can	make	nuclear	weapons	quickly	and	easily	is	Japan	and	
China’s	aggressiveness	may	be	pushing	them	in	that	direction.	(The	thought	that	
Japan	has	a	nuclear	allergy	since	it	was	bombed	is	unrealistic;	they	have	had	a	
quiet	interest	in	nuclear	weapons	since	the	1950s).	Finally,	with	Iran,	since	it’s	
the	current	subject	of	this	20%	figure,	the	object	should	be	to	create	a	space	
realm	so	enticing	and	prosperous	that	it	is	exceedingly	painful	to	be	excluded.	As	
shall	be	seen,	that’s	what	nuclear	rockets	can	do	under	the	right	assumptions.		
	
The	dirty	bomb	and	radiological	weapons	(RW)	justifications	are	a	tangle	of	
worms	and	fantasy	and	both	terms	are	somewhat	synonymous.	In	the	mid-
1980’s,	Vice	President	George	H.W.	Bush	proposed	a	treaty	banning	RWs	and	the	
national	security	agencies	had	to	determine	what	that	meant.	Long	story	short,	
the	initiative	floundered	and	quietly	disappeared	for	the	simple	reason	that	no	
one	could	define	an	RW.	The	cobalt	bomb	was	closest;	popular	in	the	1950s	it	
featured	a	layer	of	it	around	to	absorb	neutrons	from	the	explosion	to	form	
cobalt-60,	which	gives	off	a	hard	gamma.	Supposedly	that	kills	soldiers	or	denies	
an	area	to	an	adversary.	Three	big	problems	here:	people	move,	area	denial	is	
transitory	at	best,	and	to	be	effective	a	cobalt	bomb	needs	neutrons	from	a	
thermonuclear	[TN]	detonation.	But	why	bother	when	one	has	TN	weapons.	
Then	the	neutron	bomb	the	DOD	proposed	to	field	in	the	1970s	is	not	a	RW,	but	
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a	nuclear	weapon	designed	to	maximize	neutron	output	to	kill	whatever	is	in	its	
blast	zone	but	minimize	collateral	damage.	This	never	made	operational	status.	
In	short,	the	military	considered	RWs	for	offensive	(a	weapon)	and	defensive	
(area	denial)	purposes	and	dismissed	it	as	impractical	and	unrealistic.		
	
A	dirty	bomb	implies	a	sub-national	group	using	a	(modular)	reactor	and/or	its	
spent	fuel	rods	containing	gamma,	X-ray,	neutrons	(alpha	and	beta	particles	are	
not	a	threat)	and	then	detonating	an	explosive	on	them	to	spread	radioactivity	
over	an	area,	rural	or	urban.	Big	problems	here:	obtaining	the	materials	in	
quantity;	carrying	them	to	the	target	area,	(tons	of	shielding	are	needed	or	those	
carrying	the	material	will	get	lethal	doses)	and	detonating	explosives	on	them	to	
contaminate	an	area.	This	is	a	contradiction	in	terms.	To	be	harmful	radiation	
should	be	concentrated,	scattering	it	around	the	countryside	or	among	buildings	
dilutes	it,	making	it	ever	less	harmful,	especially	after	a	firehose,	rain	and	the	air	
disperse	it	further.	For	example,	Rover/NERVA	vented	a	radioactive	cloud	to	the	
atmosphere;	planes	tracked	it	until	its	radiation	became	indistinguishable	from	
background	radiation	in	several	hours.	This	is	a	fantasy	nonproliferation	threat.	
	
Another	dirty	bomb/RW	concept	involves	a	threatened	state	constructing	a	
“nuclear	fence	or	minefield”	on	its	border,	irradiating	any	terrorist	who	moves	
into	it.	There	are	two	ways	to	do	it,	permanent	and	retractable.	The	former	
would	involve	stacking	spent	fuel	rods	above	ground	over	an	area,	mimicking	the	
“dragon	teeth”	of	the	Siegfried	Line.	Would	it	work?	Suppose	a	fence	is	25-feet	
wide,	a	lethal	dose	would	require	in	situ	time	for	the	infiltrator	measured	in	
hours	or	days.	Depends	on	many	factors.	Yet	crossing	a	25-foot	zone,	or	even	a	
50-foot	or	100-foot	would	require	a	minute	or	so,	not	enough	time	to	get	a	lethal	
or	harmful	dose.	And	that’s	on	foot,	a	jeep	or	tank	would	cross	even	faster.	Not	
much	of	a	deterrent.	The	second	is	akin	to	the	Brookhaven	National	Laboratory’s	
“dead	forest”	that	had	retractable	cesium-137	isotopes	buried	in	the	ground	and	
raised	and	lowered	them	at	specified	intervals.	The	hard	gammas,	as	expected,	
killed	the	trees.	But	terrorists	are	not	trees.	In	Rover/NERVA,	some	stuck	bolts	
held	a	hot	KIWI-A	it	to	its	cart,	so	volunteers,	a	rope	tied	around	their	waist,	ran	
from	behind	a	wall	to	the	cart,	wrench	in	hand,	and	unloosened	a	bolt.	Then	
after	a	minute,	his	comrades	“reeled”	him	in.	This	continued	till	all	the	bolts	
were	loosened.	The	average	exposure	was	less	then	5	rem/year,	the	standard	
then	and	now.	This	was	real	world,	not	make	believe.	In	sum,	any	dirty	
bomb/RW	justification	for	20%	fuel	is	at	best	weak,	at	worst	ridiculous;	threat	
assessments	must	be	credible,	not	fanciful,	Harry	Potter	feats	of	magic.	
.	

B. Process	Heat.	Many	industries	such	as	steel/aluminum,	chemical	and	
petrochemical	require	large	amounts	process	heat	for	their	operation	either	
from	carbon	based	sources	or	from	electricity	generated	from	carbon	burning	
power	plants.	Now,	however,	with	the	emphasis	to	reduce	or	eliminate	the	
carbon	footprint,	alternate	sources	are	needed.	(Such	industries	cannot	run	on	
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solar	and	wind).	The	aforementioned	HTGRs	were	built	primarily	for	producing	
electricity	but	process	heat	also	was	considered.	Though	they	succeeded	
technically	nothing	happened	afterwards,	perhaps	because	of	the	abundance	of	
inexpensive	carbon	fuels.	Today,	the	nuclear	industry	recognizes	HTGRs	could	
make	a	contribution	for	electrical	production	and	not	process	heat.		
	
Here	the	container	concept	mentioned	earlier	may	fill	a	need,	a	module	
providing	a	1000-1200°C	gas	(e.g.,	inert	helium)	for	process	heat	that	can	be	
sited	at	the	particular	industry.	This	is	a	large	market:	about	30%	of	all	fuels	used	
in	the	manufacturing	sector	are	for	process	heat.	It	could	be	a	one-size	fits-all	
system	or	individually	sized	systems	to	meet	the	specific	needs	of	the	industry.			
	
An	even	bigger	market	with	tremendous	economic	and	political	potential	would	
be	using	gas	cores	to	tackle	the	growing	waste	problem	in	the	US	and	overseas.	
Only	two	options	now	exist:	recycle	what	one	can	and	bury	the	rest.	Burning	the	
wastes	to	produce	electricity	uses	carbon	fuels	and	is	not	a	long-term	solution.	
Dumping	at	sea	is	the	out	of	sight	out	of	mind	solution.	It	solves	nothing.		
	
Using	process	heat	from	a	gas	core	seems	straightforward	and	simple:	melt	the	
wastes	into	a	liquid,	then	use	chemical	and/or	mechanical	means	to	separate	it	
into	the	commercially	valuable	and	the	true	waste	which	would	be	packaged	for	
permanent	disposal.	This	requires	study	leading	to	a	demonstration	of	feasibility,	
a	first	major	step	in	declaring	a	technology	viable.	If	it	could	work,	it	would	have	
major	political	appeal	by	offering	jobs	and	industries	-	always	national	objectives	
-	to	rust	belt	states	by	taking	the	wastes	from	urban	areas	and	processing	them	
there.	Overseas	the	same	could	happen,	the	US	having	a	large	export	market	for	
this	technology.	Diplomatically,	this	would	be	a	major	step	toward	reaching	
several	of	the	UN’s	Sustainable	Development	goals.	When	a	mature	nuclear	
rocket	space	program	exists,	send	the	true	wastes	to	a	remote	area	of	the	Solar	
System.	Gone	permanently.	This	idea	has	been	around	since	the	1950s,	but	the	
high	cost	of	a	chemical	rocket	space	program	prohibits	its	implementation.	
	

C. Maritime	propulsion.	The	US	has	a	large	nuclear	Navy	and	other	countries	also	
have	nuclear	powered	warships	using	classified	reactor	technologies.	However,	
the	civil	maritime	industry	decades	ago	had	nuclear	powered	vessels	-	the	
American	NS	Savannah,	the	German	Otto	Hahn,	the	Japanese	Mutsu	and	the	
Russian	Sevmorput.	The	first	three	sailed	hundreds	of	thousands	of	miles	to	
demonstrate	the	technology	then	were	decommissioned	and	the	maritime	
industry	forgot	about	them.	Too	costly	to	operate.	The	Sevmorput	is	a	cargo/ice	
breaker	still	operating	in	the	Russian	Artic.	Excluding	it,	the	keels	were	laid	for	
these	vessels	in	the	1950-60s;	they	were	between	425	and	600	feet	long,	from	
8700	to	17,000	gross	tons.	All	used	that	era’s	light	water	reactor	technology.	
(Since	1959	Russia	has	operated	a	fleet	of	nuclear	icebreakers	in	the	Artic;	the	
Coast	Guard	rejected	a	White	House	bid	to	build	a	nuclear	icebreaker	in	2019).	
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Today,	over	a	hundred	extremely	large	commercial	vessels	are	plying	the	oceans,	
e.g.,	container	ships	and	crude	oil	tankers	over	1200-feet	long	and	200,000	gross	
tons.	Carbon	fuels	power	all	of	them.	So,	renewed	interest	exists	in	nuclear	
propulsion	either	because	of	environmental	concerns	or	rising	fuel	costs	or	
because	these	giants	need	large	fuel	tanks	to	supply	the	thirsty	engines,	thereby	
taking	up	space	that	could	be	dedicated	to	cargo.	That	limits	profitability.		
	
Currently,	over	twenty	concepts	exist	worldwide	for	small	modular	reactors,	
implying	a	large	market;	most	use	LWR	technology	while	others	use	sodium	or	
lead	as	coolants.	Some	use	spent	fuel	rods	from	other	power	plants.	Power	
levels	vary	from	several	MW	to	500MW	for	producing	electricity.	None	are	
operational.	Of	these,	several	might	be	adapted	for	maritime	use.	NuScale’s	
reactor	is	65	feet	tall	by	9	feet	in	diameter,	housed	in	a	76-foot	tall	containment	
vessel	and	producing	60MW.	X-energy	has	a	76MW	helium	cooled	pebble-bed	
HTGR	mentioned	in	Project	Pele	for	electrical	energy	production.	Could	they	be	
adapted	for	maritime	uses?	Don’t	know,	that	hasn’t	been	studied.		
	
Whether	technology	derived	from	a	reestablished	nuclear	rocket	program	could	
be	also	adapted	is	unknown.	No	one	has	considered	it.	Could	it	have	promise?	
Maybe.	The	Pewee	reactor	might	be	a	starting	point:	its	core	was	20x52-inches,	
produced	500MW	of	power	(25,000	pounds	of	thrust)	and	ran	stably	for	an	hour	
at	2265°C	in	1968,	the	highest	temperature	ever	reached	by	a	non-fusion	reactor	
with	2600-2800°C	on	the	horizon.	It	contained	534	fuel	elements,	each	costing	
$1000	to	fabricate,	meaning	the	core	itself	cost	just	over	a	half	million.		
	
Though	that	was	in	1970	dollars,	it	illustrates	the	potential	of	the	two	ultras	for	
adapting	nuclear	rocket	technology	to	terrestrial	uses.	Different	justifications	
now	exist	for	the	program,	a	giant	step	back	from	mission	thinking	to	a	more	
balanced	approach,	one	that	can	gain	allies	for	the	fights	involved	in	establishing	
new	initiatives.	Even	the	Greens	may	support	it	not	just	tepidly	but	fiercely.	
What?	Outrageous,	they	are	the	enemy!	OK,	how?	What	if	a	reestablished	
program	included	making	a	nuclear	propelled	1000-foot	tanker	sized	skimmer	to	
rid	the	oceans	of	plastic?	Tiny	skimmers	exist	for	harbors,	but	nothing	exists	to	
fight	the	growing	Great	Pacific	Garbage	Patch,	an	area	twice	the	size	of	Texas.	
This	can	be	action,	not	hand-wringing	and	posturing.	
	

Part	3	
	

3. Can	It	Serve	Many	National	Goals	and	Objectives	–	Integrating	Earth	into	the	Solar	
System	Rather	Than	Just	Manned	Mars	and	Deep	Space?	

	
A	definite	yes	for	nuclear	rocket	propulsion	if	it	initially	centers	on	the	progress	made	
50-years	earlier,	and	a	qualified	yes	for	the	others.	How,	then,	is	this	translated	into	
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reality?	One	way	not	to	do	it	is	assign	a	mission,	e.g.,	manned	Mars	or	deep	space.	
That’s	highly	irresponsible	for	Mars	since	human	life	is	at	stake	and	it’s	irresponsible	for	
deep	space	since	the	system	has	not	been	vetted	and	an	organization	trained	to	support	
it	is	non-existent.	Politically,	such	missions	have	razor-thin	support	and	will	face	the	
traditional	criticism	of	space	spending.	“Spend	the	money	on	Earth,	not	Mars.”	That	
makes	getting	federal	tax	dollars	a	troubled	annual	event.	Witness	the	earlier	program,	
starting	in	1955	when	space	and	rockets	were	in	their	ascendancy	and	ending	in	1973	
cause	the	lunar	landing	“won”	the	Cold	War	competition.	Time	to	come	home	and	focus	
on	other	problems	and	here	the	environmental	movement	was	in	the	ascendancy.	It	still	
is	today,	and	rightly	so.	
	
So,	any	solution	must	focus	on	the	three	earthly	goals	and	objectives,	not	only	space	
ones,	and	it	should	be	as	light	as	possible	on	the	federal	pocket	book	yet	it	must	
emphasize	the	profit	motif.	The	first	step	is	psychological,	to	recognize	synergy	between	
the	four	will	exist	and	grow	stronger	the	longer	the	program	continues,	particularly	as	
new	test	facilities	are	introduced.	This	does	not	really	exist	as	nuclear	rockets,	nuclear	
electrical	power,	nuclear	process	heat	and	nuclear	maritime	propulsion	seem	to	be	their	
own	stand-alone	discipline.	No	synergy	seems	to	exist	as	each	has	its	own	reactor	type.	
None	looks	at	the	ultra-high	temperature,	ultra-compact	solid	core	nuclear	rocket	as	the	
pacing	item.	Its	history	seems	forgotten.	For	example,	consider	the	praise	given	to	the	
Chinese	for	their	HTR-PM	process	heat	demonstration	unit:	two	250MWt	reactors	
producing	a	750°C	gas.	Most	commendable	but	50-years	ago	the	500MW	Pewee	ran	at	
2265°C	for	an	hour.	That	situation	must	change	and	today’s	nuclear	rocket	community	
must	broaden	its	work	to	show	how	this	technology	can	be	adapted	to	terrestrial	uses	
and	then	be	used	to	integrate	Earth	into	the	Solar	System.		
	
The	second	and	subsequent	steps	are	fairly	straightforward.	The	past	must	be	
recaptured,	particularly	for	its	examples	of	modular	thinking.	Already	mentioned:	the	
containerized	Army	SL-1;	the	Savannah	and	other	nuclear	ships.	I’ll	add	several	more.	
Though	it	wasn’t	compact,	the	USS	Sturgis,	a	WWII	Liberty	ship	housed	a	10MW	reactor	
in	a	350-ton	containment	vessel	and	produced	electricity	for	the	Panama	Canal	Zone	for	
years.	Then	there’s	tungsten	–	melting	point	3422°C	–	and	several	concepts	for	using	it.	
I’ll	spend	a	little	time	on	Dumbo,	a	laminar	flow	system,	meaning	the	hydrogen	
molecules	are	lined	up	like	soldiers	and	pass	through	an	extraordinarily	narrow	opening	
and	heated	to	high	temperature	in	an	ultra-short	space.	Each	fuel	element	would	be	
0.425-inches	long,	with	a	propellant	passage	way	of	0.0055-inches	wide,	and	an	inlet	
width	of	0.00126.	A	0.001-inch	coating	of	U-235	would	be	“sprayed”	on	it.	Thousands	
would	be	stacked	atop	each	other	to	form	a	fuel	tube.	(Rover/NERVA	had	turbulent	flow	
-	the	hydrogen	molecule	bounced	along	the	sides	of	the	52-inch	long	fuel	element	as	it	
was	heated).	Dumbo’s	principal	advantage	was	its	lightness.	A	0.001-inch	dusting	of	
uranium	does	not	add	a	lot	of	weight	and	it	would	be	impossible	to	obtain	HEU	in	
weapons	useable	quantities,	a	current	nonproliferation	concern.	However,	in	1959	the	
technology	to	fabricate	tungsten	was	non-existent	and	the	program	cancelled.		
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Then	there’s	the	Lewis	Research	Center’s	(now	Glenn	Research	Center)	tungsten-184	
concept.	Lewis	conducted	fuel	test	experiments	and	found	hydrogen	corroded	the	
uranium	oxide	in	the	tungsten	element,	causing	cracks.	Moreover,	tungsten	is	a	poison,	
meaning	it	absorbs	neutrons	though	the	isotope	tungsten-184	does	not.	Extracting	it	
though	would	add	cost	to	using	it.	So,	this	concept	for	rocket	use	never	progressed	far.	
However,	operating	at	1200°C	with	inert	helium,	the	Lewis	concept	might	have	merit.	It	
featured	the	unusual	design	of	using	water	as	the	coolant/moderator,	and	recirculating	
it	in	a	heat	exchanger.	Could	this	make	for	an	inexpensive,	simple	system	for	non-
nuclear	rocket	uses?	Who	knows,	it	has	been	forgotten	for	decades.		
	
Public	relations	will	be	an	important	component	of	any	reestablished	program	so	fear	of	
nuclear	must	be	addressed,	starting	with	the	Japanese	Fukushima	accident.	Today,	
many	believe	the	Pacific	Ocean	is	contaminated	by	its	radiation,	conveniently	ignoring	
the	facts	the	oceans	are	naturally	radioactive	and	some	of	the	most	attractive	beaches	
in	the	world	are	radioactive,	neutrons	from	space	create	radioactive	particles	in	the	
upper	atmosphere	that	then	fall	to	Earth	daily,	different	Soviet	reactors	lie	on	the	ocean	
floors	and	two	US	nuclear	submarines	and	the	fallout	debris	of	atmospheric	nuclear	
weapons	testing.	Here	underwater	nuclear	explosions	occurred	as	well	as	those	that	
wiped	out	atolls.	Yet	the	healthiest	places	for	marine	life	are,	most	ironically,	in	the	
underwater	hollows	left	by	the	explosions.	In	space,	loitering	in	the	Van	Allen	belt	
means	death,	solar	flares	can	be	unhealthy	and	destructive	in	space	and	on	Earth	and	
radiation	from	space	bombards	us	continuously,	but	the	atmosphere	absorbs	much	but	
not	all	of	it.	That’s	a	cause	of	skin	cancer.	Face	it,	radioactivity	cannot	be	avoided.	
	
Then	there’s	the	ever-present	“What	if	it	blows	up?”	The	corporate	memory	may	be	dim	
but	Rover/NERVA	had	critics	who	worried	over	this.	So,	they	blew	one	up,	a	1000MW	
full-size	reactor,	super-critical	in	156	milliseconds,	the	explosion	equal	to	200-300-
pounds	of	black	powder	which	burns	slower	than	modern	explosives.	Broke	some	
windows	in	a	building	several	blocks	away.	Then	they,	humans,	picked	up	the	pieces.	
Next	a	reactor	ran	out	of	hydrogen	propellant/coolant	at	full	power	and	ejected	a	third	
of	its	core	on	the	test	pad.	Crews	with	tongs	and	a	200HP	truck-mounted	vacuum	
removed	the	radioactivity.	Then	a	full-size	mockup	(no	HEU)	reactor	was	rammed	into	a	
concrete	wall	by	a	rocket	sled	at	300mph.	Dented	the	pressure	vessel	slightly.	So	much	
for	NASA’s	fear	of	“a	beast”	scattering	radioactivity	all	over	the	landscape.	Some	broken	
windows,	guys	with	tongs,	a	dent	in	the	pressure	vessel,	really!	This	corporate	memory	
is	important	for	public	relations,	as	it	applies	to	all	four	reactor	initiatives,	but	the	best	
way	to	banish	fear	is	for	citizens	to	profit	from	the	program.	The	prospect	of	gain	always	
banishes	fear:	witness	the	gold	miners	in	California	and	the	Klondike	and	the	pioneers	
on	the	Oregon	trail.	Hardship,	toil,	illness,	accident,	death	–	yes,	but	the	promise	of	gain	
was	too	great.	(Allowing	public	participation	will	be	discussed	below).	
	
The	third	step	is	creating	awareness	among	nuclear	rocket	proponents	of	the	necessity	
of	incorporating	their	work	into	electrical	production,	process	heat	and	maritime	
applications.	This	implies	structure	and	organization:	someone	or	some	group	must	take	
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the	lead.	Perhaps	the	STAIF	II,	the	successor	to	the	Space	Technology	and	Applications	
International	Forum	at	the	University	of	New	Mexico	in	Albuquerque,	NM,	might	be	that	
one	though	it	appears	to	be	focused	on	advanced	nuclear	rocket	concepts.	It	could	be	as	
simple	as	establishing	three	panels	and	issuing	a	call	for	technical	papers	on	adapting	
nuclear	rocket	technology	for	them,	but	also	adding	marketing	data.		
	
However,	these	three	prongs	of	justification	should	not	obscure	the	primary	one	and	
that	is	the	nuclear	rocket.	Care	should	be	taken	to	document	how	improvements	can	
lead	to	an	enhanced	space	program,	being	improved	in	ways	that	now	seem	only	on	a	
wish	list	or	are	not	even	thought	of.	Here	Walt	Esselman’s	advice	given	in	1968	is	
instructive	(he	was	the	Westinghouse	manager	of	the	NERVA	program):	
	 	

“We	are	at	a	very	early	stage	in	our	knowledge	of	the	potential	of	nuclear	
propulsion	systems	and	we	must	anticipate	vast	improvements.	We	should	
expect	future	increases	in	temperature	of	operation,	increased	thrust,	and	
increased	power	per	unit	volume	of	our	present	reactors.	Any	of	these	
achievements	which	will	come	with	normal	development	progress	will	improve	
even	further	the	present	payload	advantages	of	the	nuclear	system	over	
conventional	systems.	We	also	foresee	the	possibility	of	future	improvements	in	
concept	which	can	result	in	reductions	in	size	and	weight.	As	we	proceed	in	this	
program	we	find	that	each	technical	advance	opens	up	new	possibilities	for	
improvement	so	that	we	feel	the	ultimate	performance	potential	of	NERVA	
cannot	be	fully	envisioned	at	this	time.”2	

	
What	might	some	of	these	capabilities	be?	Early	on,	when	the	Air	Force	sought	a	nuclear	
rocket	ICBM,	ammonia	and	methane	were	considered	as	propellants.	I’ll	also	add	water.	
They	have	molecular	weights	between	16-18,	but	are	cheap,	easy	to	handle	and	dense	
so	no	problem	pumping	them	compared	with	LH2	(it’s	like	whipped	cream).	Also,	their	
use	implies	means	smaller,	lighter	tanks	with	less	stringent	insulation	requirements.	LH2	
was	chosen	cause	of	its	high	specific	impulse	though	no	one	knew	how	to	pump	it	then.	
So,	these	were	forgotten	since	a	nuclear	rocket	running	at	2000°C	using	them	had	no	
advantage.	However,	running	at	3000°C	and	with	an	engine	initially	capable	of	60	starts	
and	stops	changes	the	situation.	Now	private	sector	and	government	missions	loom,	
particularly	with	methane	that	disassociates	into	its	five	constitute	atoms	around	
2700°C,	with	M	going	from	16	to	about	3:	orbital	maneuvering,	including	LEO	to	GEO	
and	back;	satellite	emplacement,	repair	and	retrieval;	space	debris	cleanup;	a	shuttle	
between	Earth	and	a	lunar	base.	There’s	money	to	be	made	here.	Moreover,	Space	
Command	and	other	national	security	agencies	will	have	their	perspective.		
	
DARPA	awarded	contracts	with	three	companies	to	test	nuclear	rockets	for	cislunar	
missions:	the	DRACO	program	(the	Demonstration	Rocket	for	Agile	Cislunar	Operations).	

																																																								
2	W.	H.	Esselman,	“NERVA	Development	Status,”	American	Nuclear	Society	Presentation,	
February	23,	1968.	
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In	short:	the	area	between	Earth	and	the	Moon.	This	seems	an	application	of	recycle	
capability,	but	whether	it’s	the	60	stops	and	starts	of	NERVA	is	unknown.	The	effort	is	
several	months	old	but	hydrogen	seems	to	be	the	propellant	and	not	any	of	those	
mentioned	above,	probably	cause	a	nuclear	engine	has	yet	to	run	at	3000°C.	Moreover,	
only	national	security	applications	are	to	be	considered	here,	but	once	this	capability	
exists,	the	private	sector	will	push	for	inclusion	and	the	missions	aforementioned	
become	economic	reality.	But	the	program	seems	bogged	down	in	nonproliferation	
issues,	the	20%	figure,	and	the	siren	call	of	new	fuels.	Those	imply	new	core	designs.	
This	raises	the	hardest	nuclear	rocketry	task,	solving	“core	pressure	drop.”	This	means	
hydrogen	enters	the	top	of	the	core	at	high	pressure	and	exits	inches	later	at	low,	
creating	a	force	trying	to	blow	the	core	out	the	nozzle.	It	took	nine	years	to	solve	in	
Rover/NERVA.	New	fuel	element	materials	are	touted	now	as	operating	at	very	high	
temperatures,	but	that’s	not	a	core,	which	is	a	complete	assembly	of	fuel	elements.		
	
Then	there’s	the	heavy	lifter	mission,	which	is	where	the	money	really	is.	Rocketdyne	
studied	using	NERVA	as	the	third	stage	of	the	Saturn	V	to	carry	payloads	to	LEO	and	
found	it	doubled,	from	250,000	pounds	to	500,000	pounds	for	the	nuclear	hybrid.	In	
comparison,	the	International	Space	Station	(ISS)	weighs	900,000	pounds.	NASA	wasn’t	
interested	in	this	1968	idea.	I	do	not	advocate	a	Saturn	V-NERVA	revival,	but	use	it	to	
illustrate	the	potential	of	creating	new	industries.	The	ever-increasing	power	of	solid	
core	engines	ever	lowers	the	costs	of	taking	payloads	to	LEO	and	that	probably	will	
follow	a	two-track	course.	First	will	be	just	heavier	and	heavier	payloads	at	less	and	less	
cost	for	science	or	commerce	or	for	citizens	who	have	ideas	they	think	meritorious	but	
lack	the	wherewithal	to	implement.	This	is	the	“free	launch”	I	discussed	in	my	book	The	
Nuclear	Rocket:	Making	Our	Planet	Green,	Peaceful	and	Prosperous.	
	
The	second	will	take	longer	to	develop	as	it’s	a	much	tougher	problem	-	large	space	
stations	weighing	thousands	of	tons.	The	ISS	weighs	900,000-pounds	and	took	40	flights	
to	construct,	36	by	space	shuttles	that	had	a	maximum	payload	of	65,000-pounds,	
making	the	station	quite	expensive.	(That’s	why	it	required	international	participation).	
Here	a	new	industry	broader	and	deeper	than	that	for	the	ISS	will	develop	but	it	will	be	
paced	by	heavy	lifter	improvements	and	by	its	internal	state	of	development.	In	other	
words,	having	the	potential	to	carry	thousands	of	tons	into	space	in	ever	larger	amounts	
but	at	ever	reduced	costs	will	give	great	latitude	for	creativity,	but	it	must	be	thought	
through.	Ideally,	the	goal	would	be	the	artificial	gravity	station	from	the	movie	2001:	A	
Space	Odyssey,	but	I	am	not	naïve	to	assume	it	would	come	into	existence	quickly	but	I	
must	temper	that.	Once	Rover/NERVA	took	root,	with	test	facilities	and	trained	
personnel,	it	“took	off,”	giving	more	and	more	capability	and	soon	out-paced	the	
politicians	and	mission	planners.	I	suspect,	but	cannot	prove,	the	same	will	happen	here	
and	when	it	does,	not	if,	it	will	set	the	space	program	on	a	trajectory	for	2001	stations.	
	
That	brings	major	economic	benefits:	manufacturing	centers	in	space	(and	on	Earth);	
science,	environmental	and	solar	weather	stations	to	monitor	and	remedy	the	Earth’s	
health;	departure	points	to	send	dangerous	and	hazardous	wastes	to	remote	parts	of	
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the	Solar	System	where	such	can	“pose	no	harm;”	“gas”	stations	for	nuclear	rockets	to	
refuel	and	refit;	space	tourism,	which	is	in	vogue	now;	and	lunar	bases.	And	Oh!	Lest	I	
forget,	a	jumping	off	point	for	manned	Mars	and	deep	space	missions.	More	can	be	
added	to	this	list,	including	NASA	and	DOE	who	would	have	new	missions	assigned	
them,	using	space	to	improve	or	solve	problems	on	Earth.	Not	just	science,	not	just	
bureaucratic	adventure	as	in	manned	Mars.	I	discuss	them	in	my	book.	In	sum,	this	isn’t	
pie	in	the	sky	nonsense	but	the	most	basic	economic	truth:	as	the	cost	of	something	
decreases,	demand	for	it	increases,	particularly	if	it’s	desirable	and	profitable.	
	
Any	bold	soul	studying	such	missions	(must	be	bold	to	challenge	NASA	orthodoxy)	must	
assume	a	nuclear	rocket	startup	above	most	of	the	earth’s	atmosphere,	from	50,000	to	
200,000	feet.	(That	solves	problems	such	as	air	scattering,	where	neutrons,	which	like	to	
fly	in	straight	lines,	hit	air	molecules	and	bounce	back	into	the	ship	and	nozzle	design	
(space	only)	and	startup	time	(60-seconds).	So,	a	boost	is	needed	to	altitude	-	a	
dedicated	cargo	plane;	a	ship	launched	system	or	if	need	be,	a	fixed	site.	This	opens	up	
the	Pacific	Ocean	for	launch	and	recovery	operations,	not	anywhere	in	the	continental	
US.	So,	the	sheer	isolation	and	vastness	of	the	Pacific	becomes	critical	in	ensuring	public	
safety.	In	my	final	tip	of	my	hat	to	Walt	Esselman	and	also	to	Robert	W.	Bussard,	the	
father	of	the	nuclear	rocket,	I	note	a	SSTO	(Single	Stage	to	Orbit)	is	inherent	in	nuclear	
rocket	technology.	Bussard	called	it	ASPEN,	but	when	it	makes	its	appearance	is	unclear.	
It	needs	powerful	engines,	perhaps	those	with	1600-1800	seconds	of	specific	impulse	or	
perhaps	it	requires	something	even	more	powerful	such	as	gas	core	nuclear	rockets.		
	
But	what	is	NASA	doing	here?	Any	starts	and	stops?	No.	Any	heavy	lifters?	No.	Just	the	
“same	old,	same	old.”	Yes	-	manned	Mars	is	back.	NASA	issued	study	contracts	to	design	
nuclear	engines,	using	20%	fuel,	for	manned	Mars	missions	in	the	2030s.	These	designs	
will	lead	to	further	designs	for	a	new	engine,	assuming,	of	course,	these	studies	solve	
“core	pressure	drop.”	The	20%	figure	bows	to	nonproliferation	concerns,	but	perhaps	
more	important,	allows	facilities	at	NASA	and	private	firms	to	be	used	in	fuel	testing	and	
reactor	development,	since	more	stringent	HEU	physical	security	measures	need	not	be	
in	place.	Sounds	good,	but	is	it	really?	In	Rover/NERVA,	three	entities	conducted	fuel	
testing	at	their	sites	using	electrical	resistance	heating.	Hook	grips	up	to	a	fuel	element	
and	pump	1-MW	of	electricity	into	it.	It	worked,	but	the	data	became	unreliable	as	
temperatures	and	fluxes	increased.	Why	is	simple:	electrical	resistance	heating	started	
where	the	grips	were	attached	to	ends	of	the	52-inch	fuel	element	and	progressed	
toward	the	middle.	But	in	a	reactor	with	thermal	heating	and	radiation	the	element	is	
heated	all	over	and	from	the	inside	out.	You	need	high	temperature	and	high	flux	for	
accurate	data;	that’s	why	the	Nuclear	Furnace	was	developed,	with	a	scrubber,	for	
testing	at	the	Nevada	Test	Site.	Such	testing	in	non-isolated	areas	will	not	be	allowed.		
	
There’s	more.	NASA	plans	to	use	a	“better	corrosion	resistant	fuel	element	matrix	
material”	and	has	denigrated	graphite	as	prone	to	corrosion.	Never	mind	that	NERVA	
graphite	fuels	were	to	operate	one	hour	at	full	power,	with	ten-total,	along	with	60	
stops	and	starts	(that’s	hard	on	fuel	elements),	giving	825	seconds	of	specific	impulse.	A	
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second	generation	would	have	all	this,	but	with	two	hours	of	full	power	operation	at	
925	seconds	of	specific	impulse.	This	with	a	core	that	would	stay	in	the	pressure	vessel	
and	that	had	maximum	versatility	–	its	core	design	allowed	different	sized	engines	to	be	
developed	quickly.	Pewee	took	just	19	months,	from	authorization	to	hot	test.	So	now	
studies	will	lead	to	studies	of	new	core	designs	for	manned	Mars	missions	of	the	2030s,	
bearing	in	mind	that	it	took	nine	years	to	solve	“core	pressure	drop.”		

	
Obviously,	the	60-year	old	NASA	ban	on	near-Earth	operations	would	require	revision	
but	its	already	started	with	a	hilarious	incongruity:	NASA	doing	manned	Mars,	where	a	
nuclear	rocket	can	“pose	no	harm,”	while	DARPA	funding	nuclear	rockets	for	near	Earth	
uses	for	national	security.	Is	NASA	that	incompetent	that	it	can	only	use	nuclear	rockets	
away	from	Earth	or	has	DARPA	put	on	its	big	boy	pants	and	figured	out	a	way	to	do	it?	
While	that’s	informal,	any	change	must	be	formal	and	a	good	way	to	start	is	to	Blue	
Team-Red	Team	it.	Issue	study	contracts	to	qualified	firms	to	analyze	the	risks	and	
benefits	from	ending	the	ban	and	the	concomitant	requirement	for	Presidential	
approval	for	launching	even	radioisotope	power	sources.	The	Navy	could	never	operate	
if	the	President	had	to	approve	each	nuclear	ship	leaving	port	for	patrol.	And	the	DOE	
and	DOD	could	never	move	nuclear	weapons	around	the	country	and	overseas	if	every	
shipment	needed	presidential	approval.	This	is	emotion	run-amuck	and	it	has	been	
unchallenged	far	too	long	–	where’s	the	science	to	support	it?	Where’s	the	confidence	
in	our	ability	to	make	it	happen?	I	suspect	the	analysis	would	formally	conclude	heavy	
lifters	and	Earth	orbital	operations	could	be	conducted	quite	safely	and	achieve	many	
national	goals	and	objectives	and	informally	imply	that	this	is	where	the	money	is.	
	
All	this	suggests	the	fourth	prong	in	the	program’s	justification:	it	forever	changes	the	
space	program	by	ever	lowering	the	costs	of	taking	ever	larger	payloads	into	space	and	
with	ever	faster	transit	times	to	all	points	imagined,	opening	up	the	Solar	System	for	
future	generations.	What	those	missions	may	be	twenty+	years	in	the	future,	after	the	
program	takes	hold,	no	one	can	say	now,	but	it	truly	integrates	Earth	into	the	Solar	
System	for	nearly	all	human	endeavors.	And	here	is	a	powerful	foreign	policy	tool,	
infinitely	better	than	diplomatically	fighting	over	a	20%	enrichment	figure,	to	wield	
against	potential	proliferators:	you’re	excluded	from	it	from	this	new	reality.		
	
Linked	to	the	above	is	a	scholarly	argument:	technology’s	apex	and	nadir,	promise	and	
limits.	Every	technology	has	it,	from	the	simplest	such	as	the	hammer	that	allows	a	man	
to	bang	in	perhaps	20	nails	per	minute	tops	to	the	pneumatic	gun	that	can	slam	nails	
into	wood	as	fast	as	one	can	pull	the	trigger.	Then	a	propeller	driven	airplane	cannot	
exceed	the	speed	of	sound	without	real	danger,	but	jet	engines	can	safely.	All	space	
programs	are	based	on	the	rocket	equations	and	its	guillotine	clause,	like	it	or	not.	With	
chemical	propulsion	that	blade	has	dropped,	it’s	never	going	exceed	what	has	been	
achieved	except	marginally.	With	nuclear	rocket	propulsion,	the	limits	are	endless,	if	
one	views	them	as	a	continuum.	The	solid	core	has	its	limits,	as	noted,	but	then	more	
advanced	systems	can	step	forward,	such	as	the	gaseous	core	engine:	its	8000+	seconds	
of	specific	impulse	means	Mars	in	a	month	or	extremely	heavy	payloads	into	Earth	orbit.	
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How	robust	is	this	from	mere	mission	thinking	-	manned	Mars	or	deep	space.	Here	are	
four	prongs	going	forward,	one	for	space	and	three	for	Earth,	all	four-combined	making	
a	much	more	solid	justification.	Still,	though,	a	nuclear	rocket	prototype	must	be	built,	
but	the	Navy’s	example	with	the	Nautilus	should	be	followed.	Approved	in	1949,	
launched	in	1954,	it	had	no	real	mission,	some	torpedo	tubes	only;	it	was	to	
demonstrate	the	technology	and	several	years	later	it	sailed	under	the	North	Pole.	It	
was	a	training	tool	to	allow	the	military,	the	political	leaders	and	the	diplomats	to	see	its	
potential.	Soon	many	missions	were	found	for	successor	subs	such	as	the	Triton	that	
sailed	submerged	around	the	world	in	1960.	Thus,	the	nuclear	Navy	was	created,	with	a	
trained	infrastructure	to	operate	it	safely,	and	it	has	been	a	critical	element	of	US	
defense	ever	since,	with	broad	public	acceptance.	Only	two	subs	were	lost	(none	due	to	
reactor	failure)	in	almost	seventy	years	while	the	Russians	have	lost	six.		
	
What	this	nuclear	rocket	Nautilus	would	look	like	is	uncertain,	but	it	should	be	designed	
to	accomplish	the	most	possible	objectives	at	the	least	possible	cost.	That	suggests	a	
small	system	based	on	a	proven	core	design.	The	cost	of	developing	a	flight-rated	
NERVA	in	1970	was	ten	years	and	a	billion;	the	Small	Engine	(a	37x37-inch	core	based	on	
Pewee	and	carried	in	the	cargo	bay	of	the	space	shuttle)	was	ten	years	and	$500	million.	
Both	are	too	much.	A	better	solution	might	be	using	the	Nuclear	Furnace	as	a	model	to	
begin	and	develop	into	this	nuclear	rocket	Nautilus.	(Its	13x60-inch	core	ran	at	44MW	at	
2154°C	for	almost	2	hours.	This	is	about	the	smallest	core	one	can	have	and	still	achieve	
criticality).	On	the	surface,	this	has	advantages;	it	could	be	rail-mounted,	fired	
horizontally	and	have	a	scrubber	to	remove	radioactivity	from	the	exhaust	plume.	It	
should	be	designed	to	be	developed	into	a	flight-rated	system,	but	with	sisters	to	test	
different	core	concepts	as	well	as	fuels	and	advanced	ideas,	including	those	for	
electrical,	process	heat	and	maritime	uses.	This	may	be	too	many	objectives,	but	it’s	a	
starting	point	for	study	and	certainly	not	some	dash	to	Mars.	The	object	is	to	fly	and	fly	
quickly,	and	demonstrate	safety	and	potential	to	the	space	community,	government	and	
public,	highlighting	this	as	the	first	concrete	step	integrating	Earth	into	the	Solar	System.	
Doing	anything	mission	meaningful	is	unnecessary,	just	“Beep,	Beep,	Beep”	like	Sputnik.	
	
A	need	would	still	exist	to	demonstrate	the	other	three	prongs	and	that	needs	debate	
on	the	best	way.	Perhaps	a	return	to	the	thinking	of	1955	offers	a	hint,	the	start	of	three	
Power	Reactor	Demonstration	Programs	to	encourage	utilities	to	finance	large	nuclear	
power	plants,	with	the	government	defraying	some	of	the	costs.	(It	was	also	designed	to	
catch	up	to	other	countries	that	were	out-pacing	the	US	is	such	development).	Along	
with	the	Price-Anderson	law	that	indemnified	utilities,	it	proved	highly	successful	and	
within	a	decade	it	was	a	money-maker	for	the	US	Export-Import	bank	as	many	nations	
adopted	it	and	it	was	a	vital	tool	for	US	diplomacy.	The	LWR	dominated	while	
communist	nuclear	power	programs	faltered	and	suffered	severe	accidents.	Here	a	
small	system	might	be	developed	not	only	to	test	its	ability	to	produce	electricity,	
provide	process	heat,	and	propel	a	ship	but	also	to	be	hauled	to	various	locations	to	
demonstrate	the	technology	to	the	public.		
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Finally,	in	several	decades	the	nuclear	electric	and	process	heat	plants	might	have	
matured,	with	reliable	plug	and	play	systems,	a	timely	occurrence	coinciding	with	the	
push	for	several	thousand-ton	space	stations.	They	would	need	power,	well	in	excess	of	
that	derived	from	solar	collectors,	and	perhaps	process	heat	to	support	manufacturing	-	
though	clear	demand	here	would	stem	from	lunar	or	Martian	bases.	Such	are	impossible	
unless	an	infrastructure	exists	to	support	them	and	that	means	heavy	lifters,	space	
stations	as	points	of	embarkation	and	a	fleet	of	nuclear	rockets.	

	
Part	4	

	
4. Can	the	nation	and	its	citizens	profit	from	it	without	it	being	a	drain	on	the	Federal	

budget?	
	

Yes,	provided	new	thinking	moves	away	from	the	old	where	NASA	holds	a	competition	
and	awards	a	contract	to	the	winner.	Today,	with	trillion-dollar	spending	plans,	that	
model	is	not	sustainable,	particularly	since	NASA’s	budget	is	in	the	discretionary	
spending	category,	not	mandatory/entitlement;	and,	it’s	tied	to	the	federal	budget	
process	which	involves	due	deliberation	of	many	officials	-	career,	appointed	and	
elected.	Here	the	technology	promises	to	develop	quickly,	outpacing	the	politics	and	
mission	planners	(it	certainly	did	in	Rover/NERVA),	and	to	be	profitable	often	means	
moving	swiftly.	Businesses	can	do	that,	not	governments,	as	banks	can	issue	loans	
quickly.	Moreover,	the	government	approach	risks	giving	all	four	initiatives	to	a	single	
firm,	thus	giving	one	preferential	treatment,	and	conversely,	it	risks	failure	as	a	single	
firm	cannot	have	all	the	expertise.	And	it	ignores	the	interest	in	friendly	countries.	
Finally,	and	most	important,	citizens	seem	excluded	from	this	process	and	hence	their	
support	is	jeopardized:	“What’s	in	it	for	me?”	Answer:	“little	to	nothing.”	Here	it	can	be	
“Money	in	your	pocket.”	So,	a	new	arrangement	is	required.		
	
In	our	nation’s	history,	many	examples	exist	of	government	fostered	relationships	with	
the	private	sector:	government	partnerships	for	railroad	expansion	in	the	19th	century;	
the	Homestead	Acts	for	development	of	federal	land	by	people	without	capital;	the	
Tennessee	Valley	Authority,	a	semi-private	corporation	to	provide	electricity	and	jobs	
beginning	in	the	1930s;	the	aforementioned	Power	Reactor	Demonstration	Programs;	in	
the	space	age,	the	creation	of	Comsat	for	international	participation	in	communication	
satellites.	So,	something	like	that	for	ultra-high	temperature	ultra-compact	reactors	is	
neither	new	or	novel.	What	is	needed	is	debate	and	dialogue	on	the	best	structure.	
	
I’ve	proposed	a	marker	(bureaucratize	for	a	paper	for	discussion)	in	my	book;	here	is	a	
thumbnail	sketch	of	it.	Congress	must	create	a	government-private	sector	corporation	in	
which	the	private	sector	has	the	lead,	but	uses/leases	NASA	and	DOE	assets.	The	
government	would	provide	a	contribution	in	kind,	e.g.,	isolated	test	sites	and	facilities,	
technical	expertise	as	needed,	the	security	apparatus	and	the	uranium,	particularly	HEU	
if	needed.	This	could	be	as	simple	as	a	dollar	a	year	contract	(ironically	the	fee	given	to	
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such	firms	as	DuPont,	Union	Carbide,	and	AT&T	for	operating	DOE	facilities).	A	private	
group	composed	of	individuals	from	different	companies	would	supply	the	men,	money	
and	material	to	carry	out	development	of	all	four	technologies;	it	would	market	them	
within	the	US	and	overseas	to	countries	enjoying	good	relations	with	the	US.	Profits	
would	be	distributed	to	stockholders	as	appropriate.	The	government	would	have	the	
right	to	purchase	them	at	cost	for	governmental	uses.	So,	a	win-win	situation	is	created,	
government	does	this,	this	corporation	does	that,	both	profit.	And	this	government-
private	sector	organization	would	be	structured	to	allow	citizen	participation	in	the	
traditional	way,	such	as	buying	stock	and	receiving	dividends,	and	also	by	being	able	to	
fund/participate	in	missions.	That	would	be	a	new	feature.	More	on	that	below.	
	
Looking	at	the	corporation	itself,	its	employees	would	come	from	the	industries	that	
join.	A	government	official	would	not	be	heading	it.	That	ensures	that	people	with	profit	
mentalities	will	be	running	it.	All	US	industries	and	many	close	allies	would	be	allowed	to	
join	after	paying	an	initiation	fee,	e.g.,	$25	million,	that	would	be	used	to	upgrade	
facilities	needed	for	development	or	to	construct	new	ones.	If	ten	firms	join,	the	
organization	would	have	$250-million	of	non-taxpayer	money	to	get	things	started,	
money	under	private	sector	contracting	rules.	Each	firm	could	join	one	or	all	four	of	the	
efforts.	This	may	seem	counter-intuitive	–	the	profit	motif	means	competition	and	often	
cut-throat	at	that.	However,	that	all	changes	after	each	of	the	four	has	demonstrated	
itself.	Then	each	firm	will	be	free	to	add	its	own	unique	touches.	A	useful	way	of	
thinking	about	this	is	to	compare	it	to	Ford	or	General	Motors	that	are	in	competition	
with	each	other	but	have	individual	divisions	in	competition	with	others	of	the	parent	
firm	(Chevrolet	with	Buick	with	Cadillac	and	the	defunct	Pontiac	and	Oldsmobile).		
	
This	corporation’s	first	task	will	be	to	develop	each	of	the	four	technologies	to	the	point	
of	demonstration	of	feasibility.	The	purpose	here	is	to	test	as	much	as	possible	in	the	
least	expensive	and	fastest	ways	possible.	With	the	nuclear	rocket,	test	flights	would	be	
a	concern,	with	the	prevailing	view	it	must	be	done	in	space	away	from	Earth;	the	RIFT	
(Reactor-In-Flight	Test)	would	have	flight-tested	the	nuclear	engine	on	a	Saturn	rocket	
lob	shot	from	the	Cape	to	an	isolated	ocean	area	where	it	would	sink	to	the	ocean	floor.	
That	is	not	acceptable	now,	but	landings	of	crew	capsules	are	fairly	routine	and	accurate	
so	isolated	areas	likely	could	be	found,	e.g.,	in	the	Pacific	or	in	the	sparsely	settled	
interior	of	Australia	to	recover	the	engine.	Then	drone	technology	is	mature,	so	it	might	
be	used	to	test	flights	here	as	an	auxiliary	engine	or	as	a	major	power	plant	of	the	drone	
itself.	The	need	for	test	flights	is	not	a	show	stopper,	only	a	call	for	creative	thinking.	
	
The	specifics	for	the	other	three	systems	are	somewhat	different	–	the	need	for	several	
demonstrations	would	exist,	one	at	an	isolated	area	for	the	technologists	and	others	in	
areas	of	need	for	the	public	and	local	leaders.	For	example,	systems	for	processing	
municipal	wastes	might	be	demonstrated	first	at	a	DOE	site	and	then	in	different	areas	
of	the	country	where	statewide	or	regional	centers	might	be	developed.	With	
something	demonstrated	then	the	industries	could	go	their	own	way.	If	they’re	
modular,	this	shows	the	public	how	easily	and	quickly	they	can	be	transported,	installed,	
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secured	and	operated,	and	then	with	industries	developing	to	manufacture	the	
recovered	product	into	commercially	valuable	items.	It’s	not	talk,	but	action.		
	
For	all	systems,	here	is	the	path	to	stamp	out	fear:	the	public	must	be	allowed	to	
participate,	like	a	GoFundMe	website,	each	donation	buying	a	share	of	the	project	for	
development	and	actual	use.	This	gives	dividends,	profit,	jobs	and	policy	access.	For	
example,	would	greens	would	donate	to	building	and	operating	1000-foot	ocean	
skimmer?	Why	not:	they	have	anti-whaling	ships.	Would	others	fund	power	plants	or	
waste	recycling	in	their	areas?	Probably:	jobs.	For	nuclear	rockets	this	could	be	most	
important	to	the	firms	developing	the	rockets	as	well	as	those	using	them.	Another	
source	of	funding	would	exist	beyond	the	government	or	private	billionaires:	the	public	
now	has	access.	A	“free	launch,”	the	ability	to	propose	missions,	supply	funding	and	
then	select	a	firm	to	carry	it	out	and	when	nuclear	rockets	mature,	the	ability	to	fund	
space	stations	and	go	into	space.	It	may	sound	far-fetched,	but	it’s	accurate	historically.	
Government	entities	discovered	the	New	World,	but	private	firms	and	individuals	
carried	out	its	development.	Elon	Musk	wants	to	go	to	Mars;	here	he	could	faster,	
cheaper	and	safer	than	with	his	chemical	rockets,	and	make	even	more	money.	

	
Conclusion	

	
This	paper	has	covered	a	lot,	but	hopefully	it	illustrates	what	occurs	when	assumptions	
are	changed:	a	new	space	program	emerges	based	on	science,	not	emotion,	one	that	
maximizes	the	technology	for	terrestrial	applications,	one	that	neuters	the	rocket	
equations	and	democratizes	the	space	program,	allowing	citizens	to	participate	and	
profit,	and	one	that	ever	integrates	Earth	into	the	Solar	System.	Space	becomes	the	end	
point	for	civilization’s	debris,	not	a	land	fill	or	ocean,	and	the	starting	point	for	a	new	era	
in	human	history	where	two	perspectives	exist	side	by	side:	Earth	and	Space,	using	the	
latter	to	solve	problems	with	the	former	while	allowing	an	expansive	human	presence	
there.	How	compelling	is	this	thinking	compared	to	manned	Mars	and	deep	space.	
	
Yet,	these	ideas	are	descriptive,	not	prescriptive,	and	except,	of	course,	for	the	need	for	
the	private	sector	and	public	participation	taking	the	lead	with	the	government	a	
supporting	role.	They	must	be	debated,	tested,	modified	in	the	public	arena	by	citizens,	
private	sector	experts,	and	governmental	officials.	From	that,	a	Group	of	Leaders	must	
emerge	like	Robert	Goddard	and	Wernher	von	Braun	for	chemical	space	and	Hyman	G.	
Rickover	and	Congress	for	the	Navy.	Their	task:	to	articulate	the	vision	and	usher	the	
creation	of	this	new	corporation	through	the	Congress	in	a	visible,	insightful	and	
comprehensive	way.	Its	far,	far	beyond	what	can	be	accomplished	with	chemical	
propulsion	and	has	even	more	profound	implications	than	I’ve	mentioned	here,	so	the	
use	of	the	atom	for	space	must	be	made	law,	with	a	thorough	and	exhaustive	legislative	
history	to	establish	Congressional	intent,	as	happened	in	1958	with	NASA’s	creation.	
Perhaps	this	new	law	could	be	called	the	Homesteading	the	Solar	System	Act	or	Building	
a	Railroad	to	the	Planets	Act.	Government	can’t	do	it	all	and	perhaps	not	even	do	it	well,	
something	communist	states	never	learned.		


