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Background and Events Leading up to 
EVA 23 
EV1	(Chris	Cassidy)	had	completed	five	EVA’s,	totaling	almost	30	hours	and	EV2	(Luca	Parmitano)	
had	completed	one	EVA,	las3ng	6	hours	

EVA	23	Crew	

During	EVA	21	on	May	12,	2013,	the	suit	that	leaked	was	used	without	any	issues	
EVA	21	

•  EVA	22	on	July	9,	2013	had	the	same	crew	and	suits	as	on	EVA	23	
•  ½	to	1	liter	of	water	was	found	in	EV2’s	helmet	post	EVA	
•  EV1	reported	not	seeing	any	water	in	EV2’s	helmet	during	airlock	repress	and	EV2	was	looking	
down	and	leaning	forward	during	this	3me	

•  Based	on	this,	the	crew	incorrectly	concluded	the	water	entered	the	helmet	during	repress	as	
EV2	pressed	the	drink	bag	with	his	chest	and	pinched	bite	valve	open	with	his	chin	

•  The	ground	team	accepted	this	theory	and	there	was	no	further	inves<ga<on	
•  There	was	no	discussion	of	water	leakage	during	EVA	23	pre-briefs	

EVA	22	



Events During EVA 23 

•  Roughly	38	minutes	into	the	EVA	23	(July	16,	2013),	Parmitano	had	a	“CO2	Sensor	Bad”	alarm	
•  Another	6	minutes	later,	he	reported	feeling	water	on	the	back	of	head	and	neck	
•  The	water	was	reported	to	increase	over	the	next	10	minutes	
•  	Cassidy	visually	confirmed	the	pooling	of	water	
•  The	source	of	the	water	was	not	iden<fied	by	the	EVA	crew	or	the	ground	and	the	EVA	crew	
con3nued	to	work	

•  The	ground	eventually	called	for	an	EVA	Termina<on	23	minutes	aEer	Parmitano	first	reported	
water		

•  During	transla3on	back	to	airlock,	water	migrated	to	front	of	the	face,	covering	his	eyes,	nose,	
and	ears;	and	soaking	his	communica3ons	cap	

•  This	caused	severe	visibility,	breathing,	and	communica<on	issues	
•  AZer	repress,	the	suit	was	doffed	expedi3ously	and	1	to	1.5	liters	of	water	was	found		

EVA	23	



NASA Investigation 
•  Ini3al	troubleshoo3ng	was	performed	by	the	flight	crew	
•  The	ISS	Program	convened	a	Mishap	Inves3ga3on	Board	(MIB)	to	inves3gate	this	High	Visibility	
Close	Call	(HVCC)	

•  Event	and	Causal	Factor	Tree	(ECFT)	was	developed	which	iden3fied	proximate,	intermediate,	
and	root	causes,	and	contribu3ng	factors	

•  Several	observa<ons	were	made	through	course	of	inves3ga3on	that	could	improve	ISS	
opera3ons	

•  Recommenda<ons	were	drawn	from	these	tasks	
•  Human	factors	analysis	performed	using	DoD	Human	Factors	Analysis	and	Classifica3on	System	
(HFACS)	

•  Mishap	was	found	to	be	due	to	inorganic	materials	blocking	the	drum	holes	in	the	EMU	water	
separator,	resul3ng	in	water	spilling	into	the	vent	loop	

•  Source	of	inorganic	materials	has	not	been	found	
•  MIB	report	and	this	study	focus	on	why	water	intrusion	aEer	EVA	22	was	not	inves<gated	and	
why	EVA	23	was	not	immediately	terminated	



Why do a CAST Analysis? 

•  Enables	one	to	bePer	dissect	the	complex	interconnected	organiza<onal	and	real	<me	
flight	opera<ons	structure	of	the	ISS	Program	

•  This	gives	a	more	realis<c	and	transparent	picture	of	why	this	incident	occurred	
•  It	allows	for	genera3on	of	a	more	comprehensive	list	of	recommenda<ons	
•  Overall,	it	offers	a	clearer	understanding	of	the	mishap	
•  Provides	an	opportunity	to	compare	the	results	of	an	event	based	approach	with	a	
systems	theory	based	one	



Extravehicular Mobility Unit 



Safety Control Structure 



Physical	Safety	Controls	

•  Filter	impuri3es	in	EMU	
•  Keep	water	from	gebng	into	vent	loop	

Constraints	
Violated	

•  CO2	Sensor	
•  EMU	Helmet	Purge	Valve	Safety	Equipment	

•  Inadequate	filtra3on	of	impuri3es	
•  Fan-Pump-Separator	failure	due	to	impuri3es	

Failure/Inadequate	
Controls	

•  EMU	ini3ally	cer3fied	for	single	ShuDle	mission,	is	now	cer3fied	
for	six	years	on	board	ISS	

•  Erroneous	CO2	sensor	reading	normalized	over	3me	

Physical	Contextual	
Factors	



EVA	Crewmembers	

•  Diagnose	EMU	problems	
•  Make	judgement	call	to	abort/terminate	

Safety	
Responsibili3es	

•  Training	did	not	cover	water	in	helmet	
• Water	intrusion	aZer	EVA	22	not	inves3gated	Context	

•  Did	not	communicate	water	temperature	
•  Did	not	request	termina3on	immediately	

Unsafe	Decisions/
Control	Ac3ons	

•  Crew	influenced	by	drink	bag	leakage	theory	
•  Concurred	with	ground’s	recommenda3on	to	con3nue	with	EVA	

Process	Model	
Flaws	



Mission	Control	Center	

•  Diagnose	problems	during	EVA	opera3ons	and	inves3gate	post-
EVA	

•  Constantly	refresh	training	and	system	knowledge	

Safety	
Responsibili3es	

•  Under	extreme	3me	pressures	to	prepare	for	EVA23	aZer	EVA	
22	

• Water	in	helmet	normalized	and	training	did	not	cover	this	
•  There	were	mul3ple	simultaneous	communica3on	loops		

Context	

•  Did	not	inves3gate	water	leak	aZer	EVA	22	
•  Did	not	terminate	EVA	23	as	soon	as	water	was	reported	

Unsafe	Decisions/
Control	Ac3ons	

•  There	was	an	unsubstan3ated	percep3on	that	drink	bags	leak	
•  There	was	a	feeling	that	inves3ga3on	into	EVA	22	water	leak	
would	be	3me	consuming	

Process	Model	Flaws	



Mission	Opera3ons	Directorate	

•  Create	opera3onal	procedures	
•  Train	and	provide	simula3ons	to	Flight	Control	

Safety	
Responsibili3es	

•  Consequences	of	water	leakage	was	not	understood	and	
normalized	

•  Simula3ons	expected	finding	solu3ons	instead	of	termina3ng	
Context	

•  Failure	mode	of	water	leakage	not	covered	in	flight	rules	and	
training	

• MOD	EVA	Lessons	Learned	Archive	lacks	descrip3ons	of	
failures	prior	to	STS-88	

Unsafe	Decisions/
Control	Ac3ons	

Process	Model	
Flaws	



EVA	Office	

•  Iden3fy	hazards	and	provide	QA	in	EMU	and	EVA	
•  Integrate	safety	ac3ons	with	rest	of	ISS	

Safety	
Responsibili3es	

•  Ground	tes3ng	of	behavior	of	water	in	EMU	was	less	severe		
•  ISS	Program	had	no	requirement	to	review	EMU	FMEA/CIL	
•  ADri3on	in	suit	exper3se 		

Context		

•  Did	not	understand	severity	of	water	in	EMU	
•  Updates	to	FMEA/CIL	not	comprehensive	
• Water	in	helmet	and	CO2	sensor	errors	normalized	

Unsafe	Decisions/
Control	Ac3ons	

•  Based	on	ground	tests,	water	in	EMU	was	deemed	to	not	be	a	
hazard	

Process	Model	
Flaws	



ISS	Program	

•  Ensure	all	ISS	systems	have	completed	SMA	processes	
•  Chairing	ISS	Safety	Review	Panel	

Safety	
Responsibili3es	

•  Budget	cuts	affected	planned	review	of	EMU	FMEA/CIL	
•  SMA	process	for	EVA	separate	from	rest	of	ISS	and	is	managed	
by	EVA	Office	

Context	

•  Emphasized	maximizing	crew	3me	for	mission	over	safety	tasks	
•  Did	not	require	periodic	review	of	EMU	FMEA/CIL	
•  No	requirement	for	EVA/EMU	training	of	MER	Safety	Team	

Unsafe	Decisions/
Control	Ac3ons	

•  Upda3ng	FMEA/CIL	was	thought	of	as	mere	paperwork	and	did	
not	receive	the	aDen3on	warranted	

Process	Model	
Flaws	



Recommendations 
• MOD	to	develop	flight	rules	for	water	intrusion	and	train	accordingly.	This	
includes	inves3ga3ng	helmet	purge	valve	opera3on	and	reviewing	and	
detailing	procedures	that	require	crew	to	contact	ground	

• MOD	should	train	FCT	and	EVA	crew	in	prior	EMU	failures	including	using	
simula3ons	

• MOD	should	train	MER	Safety	Team	in	EVA	systems	and	be	made	a	
requirement	by	ISS	Program	

•  Simula3ons	should	allow	for	FCT	to	terminate/abort	an	EVA	
• MOD	should	implement	channels	to	allow	lower	level	flight	control	
elements	to	have	a	more	direct	access	to	Flight	Control	Room	and	Flight	
Director	

•  Flight	Safety	Office	should	enforce	best	prac3ces	to	address	known	failure	
modes	and	normalized	devia3ons	within	MOD	SMA	program	



Recommendations (continued)  
• Possibility	of	asphyxia3on	should	be	included	in	FMEA/CIL	by	EVA	Office	and	
enforced	by	ISS	Program	

•  ISS	Program	along	with	MOD	and	EVA	Office	should	review	cases	where	
devia3ons	are	normalized	(for	instance	presence	of	small	amounts	of	water	in	
helmet	causing	fogging)	and	address	them.	This	should	be	done	for	wider	ISS	
Program.	Other	examples	include	CO2	sensor	and	sublimator	inefficiency.	

•  ISS	Program	along	with	MOD	and	EVA	Office	should	review	and	update	FMEA/
CIL	and	address	failures.	With	resources	from	ISS	Program,	EVA	Office	should	
update	and	release	EMU	lessons	learned,	system	development,	design	and	
flight	procedure	ra3onales.	These	may	be	included	in	training	programs.	

•  ISS	Program	should	have	beDer	oversight	over	FCT	in	repor3ng	anomalies	
•  ISS	Program	should	encourage	culture	of	priori3zing	astronaut	safety	and	of	
anyone	being	able	to	voice	safety	concerns	to	higher	management		



Recommendation (continued) 
•  ISS	Program	should	review	implica3ons	of	changing	water	quality	and	
chemistry	on	ISS	systems	

•  ISS	Program	should	review	acceptability	of	EMU’s	six	year	cer3fica3on	
•  ISS	Program	should	require	periodic	review	of	FMEA/CIL	of	ISS	systems	



Conclusion 

• CAST	provided	a	highly	systema<c	analysis	process	for	a	very	
complex	socio-technical	system	

•  This	resulted	in	a	highly	efficient	process	
• More	number	of	significant	safety	recommenda<ons	were	
generated	using	CAST	than	that	using	event-based	approach	
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