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Advisor	to	Presidents	



…	and	more	



The	government	needs	independent	
experts,	and	we	are	fortunate	that	Sid	
is	both…	

Panofsky	(1998)	



Physics-Based	Policy	for	Nuclear	
Weapons	

1)		Stockpile	stewardship	and	nuclear-
explosion	ban	

	

2)		World	without	nuclear	weapons	“joint	
enterprise”		

	

3)		Nuclear-weapons	safety	&	security	
	



JASON	

•  Founding	member	–	Townes	call	1960	
	
I	personally	think	the	biggest	impact	has	been	creating	
a	generation	of	scientists…	who	have	had	an	impact	
through	their	direct	involvement,	either	because	of	the	
studies	they	did	which	then	caused	defense	scientists	or	
parts	of	the	Defense	Department	to	see	things	better,	
or	because	we've	entered	the	public	debate…	

Drell	(1986)	



“Stewardship”	of	US	nuclear	weapons	
Objective:		Provide	technical	basis	for	US	adopting	
Comprehensive	Nuclear	Test	Ban	Treaty	(CTBT)	



CTBT:	Article	I	
1.  Each	State	Party	undertakes	not	to	carry	out	any	

nuclear	weapon	test	explosion	or	any	other	
nuclear	explosion,	and	to	prohibit	and	prevent	
any	such	nuclear	explosion	at	any	place	under	
its	jurisdiction	or	control.	

2.		Each	State	Party	undertakes,	furthermore,	to	
refrain	from	causing,	encouraging,	or	in	any	way	
participating	in	the	carrying	out	of	any	nuclear	
weapon	test	explosion	or	any	other	nuclear	
explosion.	



Status	of	Stockpile	Stewardship	

Successful	annual	assessments	of	stockpile	
Successful	life-extension	programs	
Re-establishment	of	pit	production	technology	
Retention	of	core	capabilities	
– Advances	in	understanding	weapon	performance	
– Advances	in	understanding	materials	
– Developments	at	experimental	facilities	



Study	starts	2000	
Publication:		2002	

Study	starts	2009	
Publication:		2012	

Available	at	National	Academies	Press		
nap.edu	



Summary	of	National	Academy	of	
Sciences	Studies	

Objectives	
1)  Assess	maintaining	US	nuclear	weapons	capabilities	
2)  Assess	nuclear-explosion	monitoring	
3)  Assess	constraints	on	nuclear	proliferation	

Conclusions	of	studies	
2000:		Adequate	plan	
2009:		Proven	capabilities	better	than	planned	



Treaty	Monitoring	

Kvaerna	&	Ringdal	(2013)	
40	ton	

90%	probability	
recorded	at	3/41	IMS	stations	

100	ton	

International	Monitoring	
System	(IMS)	

	
50	primary	stations	
120	auxiliary	stations	



10/09/2006 	∼ 0.5	kt	
05/25/2009 	∼ 2	
02/12/2013 	∼ 10	
01/06/2016 	∼ 5	
09/09/2016 	∼ 12	
09/03/2017 	∼ 250	

North	Korea	

DigitalGlobe 	–		Commercial	Satellite	Imagery	



Test	

Earthquake	

Dreger	(2016)	 Ford	&	Walter	(2015)	

05/2010	event	
<	0.0005	kt	

							

10/09/2006 	∼ 0.5	kt	
05/25/2009 	∼ 2	
02/12/2013 	∼ 10	
01/06/2016 	∼ 5	
09/09/2016 	∼ 12	
09/03/2017 	∼ 250	

~	1000	stations	
China	Earthquake	Administration	

Richards,	2017	



2)		World	without	nuclear	weapons	
“joint	enterprise”		



“Gang	of	Four”	



“Gang	of	Four”	



“Joint	Enterprise”	

•  Reassertion	of	the	vision	of	a	world	free	of	nuclear	
weapons	and	practical	measures	toward	achieving	that	
goal… a	bold	initiative	consistent	with	America's	moral	
heritage.		

•  Without	the	bold	vision,	the	actions	will	not	be	
perceived	as	fair	or	urgent.		Without	the	actions,	the	
vision	will	not	be	perceived	as	realistic	or	possible.	

•  We	endorse	setting	the	goal	of	a	world	free	of	nuclear	
weapons	and	working	energetically	on	the	actions	
required	to	achieve	that	goal,	beginning	with	the	
measures	outlined	above.	

Shultz,	Perry,	Kissinger	&	Nunn	(2007)	



Steps	would	include…	
•  Changing	the	Cold	War	posture	of	deployed	nuclear	weapons	to	increase	warning	time	and	

thereby	reduce	the	danger	of	an	accidental	or	unauthorized	use	of	a	nuclear	weapon.	
•  Continuing	to	reduce	substantially	the	size	of	nuclear	forces	in	all	states	that	possess	them.	
•  Eliminating	short-range	nuclear	weapons	designed	to	be	forward-deployed.	
•  Initiating	a	bipartisan	process	with	the	Senate,	including	understandings	to	increase	

confidence	and	provide	for	periodic	review,	to	achieve	ratification	of	the	Comprehensive	Test	
Ban	Treaty,	taking	advantage	of	recent	technical	advances,	and	working	to	secure	ratification	
by	other	key	states.	

•  Providing	the	highest	possible	standards	of	security	for	all	stocks	of	weapons,	weapons-
usable	plutonium,	and	highly	enriched	uranium	everywhere	in	the	world.	

•  Getting	control	of	the	uranium	enrichment	process,	combined	with	the	guarantee	that	
uranium	for	nuclear	power	reactors	could	be	obtained	at	a	reasonable	price,	first	from	the	
Nuclear	Suppliers	Group	and	then	from	the	International	Atomic	Energy	Agency	(IAEA)	or	
other	controlled	international	reserves.	It	will	also	be	necessary	to	deal	with	proliferation	
issues	presented	by	spent	fuel	from	reactors	producing	electricity.	

•  Halting	the	production	of	fissile	material	for	weapons	globally;	phasing	out	the	use	of	highly	
enriched	uranium	in	civil	commerce	and	removing	weapons-usable	uranium	from	research	
facilities	around	the	world	and	rendering	the	materials	safe.	

•  Redoubling	our	efforts	to	resolve	regional	confrontations	and	conflicts	that	give	rise	to	new	
nuclear	powers.	

Shultz,	Perry,	Kissinger	&	Nunn	(2007)	



Bundy,	Crowe	&	Drell	(1993)	

Drell	&	Goodby	(2007)	

Drell	&	Goodby	(2003)	



Drell	&	Peurifoy	(1994)	 Wikipedia	

Nuclear	Arsenals	



SEPTEMBER	20,	2017		
Dozens	of	states	sign	nuclear	weapons	ban	
treaty	at	United	Nations	
Reuters		



3)		Nuclear-weapons	safety	&	
security	



Safety	related	technologies	need	to	be	
robust	–	Goldsboro,	NC	Accident	

Jan.	23,	1961	

Every	safety	mechanism	had	failed,	except	one:	the	ready/safe	switch	
in	the	cockpit.		The	switch	was	in	the	SAFE	position	when	the	bomb	
dropped.		Had	the	switch	been	set	to	GROUND	or	AIR,	the	X-unit	
would’ve	charged,	the	detonators	would’ve	triggered,	and	a	
thermonuclear	weapon	would	have	exploded	in	a	field	near	Faro,	North	
Carolina.		When	Air	Force	personnel	found	the	Mark	39	later	that	
morning,	the	bomb	was	harmlessly	stuck	in	the	ground,	nose	first,	its	
parachute	draped	in	the	branches	of	a	tree.	
	
“It	would	have	been	bad	news—in	spades,”	Parker	F.	Jones,	a	safety	
engineer	at	Sandia,	wrote	in	a	memo	about	the	accident.		“One	simple,	
dynamo-technology,	low-voltage	switch	stood	between	the	United	States	
and	a	major	catastrophe!”	
	
	
Eric	Schlosser,		Command	and	Control	(2013)		



Drell,	2012	
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1990	Drell,	Foster,	Townes	Safety	Panel	findings	
reinforced	previous	studies	of	safety	needs	

Concerns	about	the	safety	of	several	of	the	nuclear	weapons	systems	in	the	
U.S.	arsenal	have	led	the	government	to	take	immediate	steps	to	reduce	the	
risk	of	unintended,	accidental	detonations	that	could	result	in	dispersing	
plutonium	into	the	environment	in	potentially	dangerous	amounts	or	even	
generate	a	nuclear	yield.	These	steps	include	temporarily	removing	the	short-
range	air-to	ground	attack	missiles,	SRAM-A,	from	the	alert	bombers	of	the	
Strategic	Air	Command	and	modifying	some	of	the	artillery-fired	atomic	
projectiles	(AFAPs)	deployed	with	U.S.	Forces.	
	
Modernization	and	improvement	programs	gave	priority	to	military	
requirements...	Safety	in	general	was	not	viewed	with	the	same	urgency.	
	
Specifically,	safety,	security	and	use	control	should	be	treated	together	
because	of	their	critical	importance	and	their	interdependence.	
	
	
A	major	consequence	of	these	results	is	a	realization	that	unintended	nuclear	
detonations	present	a	greater	risk	than	previously	estimated	(and	believed)	
for	some	of	the	warheads	in	the	stockpile.	
	
	
	
	

Surety:		Safety		&		Security		



Nuclear	Weapon	Design	Safety	
The	following	are	safety	criteria	design	requirements	for	all	U.S.	
nuclear	weapons:	
	

•  Normal	environment—Prior	to	receipt	of	the	enabling	input	
signals	and	the	arming	signal,	the	probability	of	a	premature	
nuclear	detonation	must	not	exceed	one	in	a	billion	per	
nuclear	weapon	lifetime. 	 	 	 	 	 	 	 	 	1:109	

•  Abnormal	environment—Prior	to	receipt	of	the	enabling	input	
signals,	the	probability	of	a	premature	nuclear	detonation	
must	not	exceed	one	in	a	million	per	credible	nuclear	weapon	
accident	or	exposure	to	abnormal	environments.	 	 	1:106	

•  One-point	safety—The	probability	of	achieving	a	nuclear	yield	
greater	than	four	pounds	of	TNT	equivalent,	in	the	event	of	a	
one-point	initiation	of	the	weapon’s	high	explosive,	must	not	
exceed	one	in	a	million.	 	 	 	 	 	 	 	 	 	1:106	

DoD		Nuclear	Matters	Handbook	2016	



Public	disclosures	helped	to	focus	government	
attention	on	addressing	concerns	



https://nsarchive2.gwu.edu/nukevault/ebb498/	
Always/Never		 	(5	hour	history)	



https://www.acq.osd.mil/ncbdp/nm/NMHB/chapters/chapter_7.htm	

UQS	=	unique	signal	

stronglink	 weaklink	

enhanced	nuclear	detonation	safety	
ENDS	



Nuclear	Weapons	Surety	
(Safety	&	Security)	

1)		Path	to	a	catastrophic	event	
	

2)		Potential	for	nuclear	crisis	
	

3)		Difficult	to	discuss	
	
	




