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Preface 

" I  have always w a n t e d t o be a n  a s t r o n a u t . Every kid gr o w i n g u p d u r i n g the space 

race w a n t e d t o be a n a s t r o n a u t . Un l i k e m o s t kids, however, I nev e r vaci l l a t e d i n my 

ca r e e r choices. I have a vivid me m o ry o f  si t t i n g o n  th e lo u n g e fl o o r , wa t c h i n g th e 

first l u n a r l a n d i n g o n  my p a r e n t s ' b l a c k a n d  white television set. W a t c h i n g the 

images o f  t h e Saturn Von t h e l a u n c h p a d  a n d a s t r o n a u t s b o u n d i n g acro s s th e l u n a r 

surf a c e , I resolved t o become a n  a s t r o n a u t . On ly 5 ye a rs o l d a t  th e time , the ini t i a l 

a p p e a l f o r me o f  bec o m i n g a n  a s t r o n a u t was rid i n g a r o c k e t a n d  walking o n  the 

M o o n . 

As I l e a r n e d m o r e a b o u t  w h a t was r e q u i r e d t o be selected as a n  a s t r o n a u t , I 

focused inc r e a s i n g ly o n  achi e v i n g my dr e a m . I n 1987, k n o w i n g m a ny a s t r o n a u t s h a d 

a mil i t a ry b a c k g r o u n d , I j o i n e d th e 2n d B a t t a l i o n o f  th e P a r a c h u t e Regi m e n t . F o r ty•

thre e r e c r u i t s s t a r t e d t h e 27-week basi c t r a i n i n g t o become a ' P a r a ' . J u s t th r e e o f  us 

were succe s sful. I was o n e o f  t h e three. 

D u r i n g my time in th e P a r a s , I was t r a i n e d by the Speci a l A i r Service (SAS) in 

ju n g l e a n d d e s e r t wa r f a r e , m a d e ni g h t j u m p s f r o m C h i n o o k he l i c o p t e r s , a n d j u m p e d 

o u t o f  a He r c u l e s C-130 m o r e times t h a n  I c a n rem e m b e r . I als o e n d u r e d a n n u a l 80-

km m a r c h e s with a 20-kg p a c k o n  my ba c k a n d a c q u i r e d a d v a n c e d sur v i v a l 

tec h n i q u e s in th e ju n g l e s o f  Belize a n d th e de s e r t o f  n o r t h e r n Cypru s . D u r i n g 

o p e r a t i o n a l d e p l oyme n t s , I ga i n e d extensive experienc e o p e r a t i n g in th e cohesive 

e n v i r o n m e n t o f  a small te a m , while u n d e r c o n s i d e r a b l e a n d p r o l o n g e d s t r e ss. I 

enjoyed th e t r a i n i n g immensely , especially kn o w i n g i t p r o v i d e d excellent experi e n c e 

for be c o m i n g a n  a s t r o n a u t . 

My first p o s t g r a d u a t e degree was a M a s t e r ' s in Me d i c a l Science a t  Sheffield 

Unive r s i ty. R a t h e r  t h a n  c h o o s e o n e o f  th e r e s e a r c h o p t i o n s off e r e d by the co u r s e , I 

decided t o p ay D r . D a v i d G r u n dy a visit. D a v i d was D i r e c t o r o f  the I n s t i t u t e for 

Space Biomedicine. T o g e t h e r , we f o r m u l a t e d a space life-sciences re s e a r c h p r o p o s a l 

focusing o n  h e a d-do w n-ti l t , t h e o u t c o m e o f  which was a n  a rticle pu b l i s h e d i n th e 

Physiologist in 1991. While a t  Sh e ffield, I b e g a n t o focus m o r e o n  s p o r t s , wi t h th e 

goal o f  bec o m i n g a p r o f e s s i o n a l at h l e t e . 

O n  c o m p l e t i n g my M a s t e r ' s degree, I mo v e d o n  t o w o r k in a P u l m o n a ry F u n c t i o n 



xn P r e f a c e 

L a b o r a t o ry a n d  l e a r n e d h o w to b a l a n c e b u d g e t s a n d  de v e l o p te s t p r o t o c o l s . S h o r t ly 

a f t e r s t a r t i n g w o r k a t  the l a b o r a t o ry in M a r c h , 1992, I a p p l i e d t o th e C a n a d i a n  

A s t r o n a u t  P r o g r a m . Since I h a d n o t  yet a c c u m u l a t e d th e myr i a d q u a l i f i c a t i o n s 

r e q u i r e d for a c o m p e t i t i v e a p p l i c a t i o n , my obj e c t i v e was to i n d i c a t e t o th e C S A my 

i n t e r e s t in b e c o m i n g a n  a s t r o n a u t , w i t h th e i n t e n t i o n o f  b e i n g abl e to s u b m i t a m o r e 

c o m p e t i t i v e a p p l i c a t i o n wh e n th e n ext sele c t i o n was a d v e r t i s e d . 

A l t h o u g h I realized th e n ext sel e c t i o n m i g h t be m a ny years aw ay, my focus never 

wa v e r e d . My next go a l was to exper i e n c e m i c r o g r a v i ty a n d , to t h a t  e n d , I 

v o l u n t e e r e d t o be a su b j e c t in a s t u dy c o n d u c t e d by a co l l e a g u e o f  D r . G r u n dy . In 

Ap r i l , 1995, I p a r t i c i p a t e d as a su b j e c t in th e E u r o p e a n Sp a c e A g e n cy's 22nd 

P a r a b o l i c F l i g h t C a m p a i g n , wh i c h p r o v i d e d me w i t h v a l u a b l e exper i e n c e in 

p e r f o r m i n g e q u i p m e n t s e t-u p , c a l i b r a t i o n , a n d m o n i t o r i n g in s u p p o r t  o f  physi o l o•

gical test i n g . T h e d a t a  c o l l e c t i o n for th e s t u dy t o o k pla c e o v e r a 5-day pe r i o d , flying 

30 p a r a b o l a s da i ly ov e r t h e Bay o f  Biscay, p r o v i d i n g me wit h a m p l e o p p o r t u n i ty to 

experi e n c e m i c r o g r a v i ty. 

My in c r e a s i n g i n v o l v e m e n t in c o m p e t i t i v e s p o r t s c u l m i n a t e d in my ach i e v i n g a 

key am b i t i o n : t h a t  o f  b e c o m i n g a p r o f e s s i o n a l a t h l e t e . T h i s g o a l was a c c o m p l i s h e d 

a f t e r wi n n i n g th e W o r l d E n d u r a n c e T r i a t h l o n C h a m p i o n s h i p s in 1995 . D u r i n g my 

t r i a t h l o n c a r e e r , I r e p e a t e d ly d e m o n s t r a t e d my c o m m i t m e n t t o my c o r p o r a t e 

s p o n s o r s , a n e n d u r i n g resolve, a n d th e m e n t a l a n d physica l f o r t i t u d e e n a b l i n g me to 

win w h a t m a ny co n s i d e r e d i m p o s s i b l e races. W i n n i n g w o r l d c h a m p i o n s h i p races was 

ac h i e v e d by a d h e r i n g t o a s t r i c t a n d  r i g o r o u s t r a i n i n g regi m e a n d wit h th e 

m o t i v a t i o n t o achiev e d i s t i n c t i o n , a t r a i t I c o n s i d e r a n  a s s e t to a ny as p i r i n g 

a s t r o n a u t . F u r t h e r m o r e , d u e t o my success, I was in r e g u l a r d e m a n d by the m e d i a 

f o r inte r v i e w s a n d  g a i n e d i n v a l u a b l e exper i e n c e as a r e p r e s e n t a t i v e f o r my c o r p o r a t e 

s p o n s o r s . 

S h o r t ly a f t e r b e c o m i n g a p r o f e s s i o n a l t r i a t h l e t e , I m o v e d t o G e r m a ny, c o u r t e sy o f  

a $50,000 ESA g r a n t . Whi l e s t u dyin g for my P h . D . a t  th e I n s t i t u t e f o r Space 

Me d i c i n e , I h a d  t h e o p p o r t u n i ty to a c q u i r e a w o r k i n g k n o w l e d g e o f  E S A ' s p r o g r a m 

o f  o p e r a t i o n . My w o r k a t  th e I n s t i t u t e al s o p r o v i d e d me wit h experi e n c e r e l a t e d t o a 

va r i e ty o f  sp a c e p r o g r a m  d e v e l o p m e n t p r a c t i c e s a n d exte n d e d my ab i l i ty t o i n t e r a c t 

w i t h exte r n a l a n d i n t e r n a t i o n a l scienti f i c c o u n t e r p a r t s . I p u r s u e d my P h . D . st u d i e s 

s i m u l t a n e o u s ly with my s p o r t s c a r e e r - a c o m b i n a t i o n r e q u i r i n g me to w o r k 70 o r  

m o r e h o u r s a week. A p a r t  f r o m be i n g a n  id e a l pla c e to c o n d u c t r e s e a r c h , the 

I n s t i t u t e al s o p r o v i d e d a n  o u t s t a n d i n g o p p o r t u n i ty to a c c u m u l a t e exper t i s e in spa c e 

p r o g r a m p r o c e d u r e s a n d  a c q u i r e a w o r k i n g k n o w l e d g e o f  spa c e medicine. 

U p o n  r e t i r i n g as a t r i a t h l e t e in 1999, I p u r s u e d my p o s t- d o c t o r a l q u a l i f i c a t i o n a t  

S i m o n F r a s e r U n i v e r s i ty' s ( S F U ) E n v i r o n m e n t a l P hysi o l o gy U n i t ( E P U ) . While 

th e r e , I e n v i s i o n e d t h e Extr e m e Physio l o gy P r o g r a m  ( E P P ) a n d  i n i t i a t e d field 

r e s e a r c h t r i p s t o M o u n t  M c K i n l ey a n d  A c o n c a g u a . T h e E P P was en v i s a g e d a s a 

mul t i-sci e n c e / t e c h n o l o gy re s e a r c h a n d  d e v e l o p m e n t p r o g r a m in whic h st u d i e s o f  

h u m a n  p hysi o l o gy in st r e s s f u l e n v i r o n m e n t s w o u l d be c o n d u c t e d . Th e s e st u d i e s 

i n c l u d e d l a b expe r i m e n t s ( s i m u l a t e d space , hig h a l t i t u d e , a n d de e p sea) a n d field 

st u d i e s (u s i n g wireless te c h n o l o g i e s ) , th e fir s t o f  whic h was a s i m u l a t e d 5-day st ay 

o n b o a r d  th e I n t e r n a t i o n a l Sp a c e S t a t i o n . L a t e r (field) st u d i e s i n c l u d e d a s c e n t s o f  M t . 
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McK i n l ey a n d A c o n c a g u a to in v e s t i g a t e t h e differences in physio l o g i c a l re s p o n s e s 

between a t h l e t e s a n d n o n-a t h l e t e s . As a C o-D i r e c t o r o f  the EP P , I di r e c t e d , 

i m p l e m e n t e d , m a n a g e d , a n d m o n i t o r e d r e s e a r c h p r o g r a m s , a n d de v e l o p e d the 

p r i o r i t i e s a n d objectives fo r r e s e a r c h p r o j e c t s wi t h i n the p r o g r a m . 

In 2005, I was r e c r u i t e d by Bigelow A e r o s p a c e , Las Vegas , as a n A s t r o n a u t 

T r a i n i n g C o n s u l t a n t . D u r i n g my time a t  Bigelow A e r o s p a c e , I designed, wr o t e , a n d 

e d i t e d the Spaceflight Participants Training Manual, d e s i g n e d med i c a l a l g o r i t h m s fo r 

sp a c e f l i g h t med i c a l emergen c i e s , a n d  de v e l o p e d i n s t r u c t i o n a l m a t e r i a l s . I also 

desi g n e d , wr o t e , a n d e d i t e d the Chief Medical Officer's Manual f o r spa c e f l i g h t 

p a r t i c i p a n t sel e c t i o n a n d desi g n e d a n d  e d i t e d a s t r o n a u t  c e r t i f i c a t i o n s t a n d a r d s fo r 

spa c e f l i g h t p a r t i c i p a n t s . 

I n 2007, I j o i n e d the A e r o s p a c e G r o u p  a t  the Defen c e a n d R e s e a r c h D e v e l o p m e n t 

C a n a d a  ( D R D C )  i n T o r o n t o , to w o r k as a p r o g r a m m a n a g e r ove r s e e i n g specialized 

re s e a r c h d e v e l o p m e n t pro j e c t s . 

C u r i o s i ty ha s always g o t t e n t h e b e t t e r o f  me. I enjoy scu b a-div i n g , climbing 

m o u n t a i n s , w r i t i n g b o o k s , ra c i n g I r o n m a n  t r i a t h l o n s , flying my Ces s n a , a n d writ i n g 

a n d d i r e c t i n g movies . My q u i r k is t h a t I p r e f e r te c h n i c a l m a n u a l s to television a n d I 

h a t e si t t i n g still. I c a n n o t  resi s t new activ i t i e s a n d enj oy squeezing as m a ny pr o j e c t s 

i n t o my life as possible. I c o n s i d e r the ab i l i ty t o di s p l ay com p e t e n c e , self-reliance, 

a n d the ab i l i ty t o w o r k effectively even u n d e r the m o s t ch a l l e n g i n g c o n d i t i o n s as 

t r a i t s r e q u i r e d by an a s t r o n a u t  a n d I believe I possess th o s e qua l i t i e s . H a v i n g va r i e d 

experiences a n d a d a p t i n g well to t h e i r d e m a n d s is a de s i r a b l e c h a r a c t e r i s t i c for an 

a s t r o n a u t  a n d I c o n s i d e r my b a c k g r o u n d s u p p o r t s this r e q u i r e m e n t . 

My va r i e d w o r k experi e n c e h a s p r o v i d e d me with t h e o p p o r t u n i ty to de v e l o p 

excelle n t c o m m u n i c a t i o n skills, b o t h w r i t t e n a n d ve r b a l . I ha v e c o n t r i b u t e d 

extensively t o Spaceflight m a g azin e , been int e r v i e w e d o n n u m e r o u s oc c a s i o n s , 

p u b l i s h e d f o u r b o o k s , a n d ha v e w o r k e d as a m o t i v a t i o n a l sp e a k e r . As a n expe d i t i o n 

le a d e r , I utilized logisti c a l skills to achieve successful o u t c o m e s in dyna m i c a n d 

ch a l l e n g i n g e n v i r o n m e n t s . I c o n s i d e r these a n d the o t h e r a f o r e m e n t i o n e d skills to be 

key to my effective c o n t r i b u t i o n to t h e CSA a n d I a m c o n f i d e n t i n my abi l i ty t o 

r e s p o n d to t h e chal l e n g e s o f  being a C a n a d i a n a s t r o n a u t . 

As a p o t e n t i a l a s t r o n a u t , I have d e m o n s t r a t e d a willingness to ac c e p t physica l 

h az a r d s , a c a p a c i ty to t o l e r a t e r i g o r o u s a n d  severe e n v i r o n m e n t a l c o n d i t i o n s , a n d the 

abi l i ty to r e a c t assertively u n d e r c o n d i t i o n s o f  dures s . Thes e abilit i e s ha v e been 

d e m o n s t r a t e d d u r i n g p a r a c h u t e j u m p s , m o u n t a i n e e r i n g , diving , t r i a t h l o n , mi c r o•

gr a v i ty res e a r c h , a n d as a n i n s t r u c t o r d u r i n g h i g h-a l t i t u d e i n d o c t r i n a t i o n t r a i n i n g . 

As a n a s t r o n a u t , I believe I will be a n  asset t o t h e CSA . My va r i e d scientific 

experi e n c e , c o m b i n e d wi t h my at h l e t i c c a r e e r a n d mi l i t a ry tr a i n i n g , have p r o v i d e d 

me wi t h a u n i q u e b a c k g r o u n d t h a t  h a s i n c u l c a t e d a cal m , m e t h o d i c a l , a n d c a u t i o n e d 

a p p r o a c h t o p r o b l e m solving, w h e t h e r i n a l a b o r a t o ry o r  u n d e r c o n d i t i o n s o f  

p r o l o n g e d physica l a n d m e n t a l dures s . I a m easy to w o r k w i t h a n d i n t e g r a t e easily 

wit h i n a t e a m a n d  I believe I c a n p r o v i d e t h e sa m e s u p p o r t , e n c o u r a g e m e n t , a n d 

h o n e s ty to fellow co -wo r k e r s a n d a s t r o n a u t s . 

T h r o u g h o u t  my ca r e e r , I have m a i n t a i n e d a n  e n d u r i n g , pos i t i v e c o m m i t m e n t to 

m a n n e d spa c e f l i g h t , my life's o n e o v e r r i d i n g pa s s i o n . I have been r e a d i n g a b o u t  a n d 
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s t u dyin g s p a c e f l i g h t since t h a t  d ay I w a t c h e d th e M o o n  l a n d i n g s . I w a n t t o j o i n  the 

C a n a d i a n  A s t r o n a u t  T e a m be c a u s e it is th e b e s t o c c u p a t i o n t o fully utilize my 

pr o f e s s i o n a l skills a n d  experi e n c e , a n d  be c a u s e it is a p r o f e s s i o n in whic h I c o u l d 

c o n t r i b u t e th e m o s t t o th e C S A in its exec u t i o n o f  C a n a d a ' s  spa c e policy. I wo u l d be 

priv i l e g e d t o j o i n  th e C a n a d i a n  A s t r o n a u t  T e a m , wh o h a v e ra i s e d t e a m w o r k t o a 

new level, m a d e excellence a given, a n d c h a l l e n g e d c o n v e n t i o n a l t h i n k i n g w i t h 

c o u r a g e a n d i m a g i n a t i o n . I a m re a dy a n d e a g e r to be a p a r t  o f  t h a t  t e a m . " 

O n e o f  th e first st a g e s o f  th e C S A ' s 2008 A s t r o n a u t  R e c r u i t m e n t C a m p a i g n r e q u i r e d 

a p p l i c a n t s t o w r i t e a n  ess ay expl a i n i n g why they w a n t e d t o be a n a s t r o n a u t . T h e 

essay you hav e j u s t  r e a d was t h e o n e I s u b m i t t e d . A f t e r a yea r o f  sel e c t i o n tes t s , 

i n c l u d i n g sea su r v i v a l , fi g h t i n g fires, r o b o t i c s as s e s s m e n t , a n d  a myri a d o t h e r  t r i a l s 

a n d  e v a l u a t i o n s , I m a d e it t o th e final 30. U n f o r t u n a t e ly, I d i d n ' t  m a k e it a ny 

fu r t h e r . F o r  t h o s e a p p l i c a n t s wh o h a d d e d i c a t e d 20 year s o r  m o r e to th e go a l o f  

b e c o m i n g a n a s t r o n a u t , th e b l o w was d e v a s t a t i n g t o p u t  it mild ly . U n l i k e N A S A , 

whi c h r o u t i n e ly re c r u i t s a s t r o n a u t s , th e C S A ' s c a m p a i g n was on ly the t h i r d since 

1983. F o r  m a ny o f  t h o s e desel e c t e d a t  th e final s t a g e w h o h a d w a i t e d 16 years since 

th e C S A ' s 1992 c a m p a i g n , it was th e e n d o f  th e r o a d . T h e lucky few wh o w o r k e d in 

th e US i n d i c a t e d th ey wo u l d a p p ly fo r a G r e e n C a r d  wit h th e i n t e n t o f  a p p lyin g t o 

N A S A a t  th e next c a m p a i g n . O t h e r s r e t u r n e d t o t h e i r j o b s  in a c a d e m i a , flying j e t s , o r  

p e r f o r m i n g r e s e a r c h . A small n u m b e r f o u n d thems e l v e s r e c a l i b r a t i n g t h e i r life, t ryin g 

t o find a n o t h e r  cha l l e n g e . F o r  examp l e , o n e o f  th e m o s t highly qu a l i f i e d c a n d i d a t e s 

c o n f i d e d t o me he really d i d n ' t  like his j o b  (he is o n e o f  th e w o r l d ' s l e a d i n g 

em e r g e n cy physi c i a n s a n d  a n Ev e r e s t s u m m i t e e r ) a n d  was c o n s i d e r i n g cl i m b i n g K2. 

So m e reflect e d o n  th e hig h pric e th ey h a d p a i d in th e p e r s o n a l lives ( m a ny h a d 

b u r n e d t h r o u g h m o r e t h a n o n e m a r r i a g e ) by follo w i n g a d r e a m d e m a n d i n g sacrifices 

few c a n  f a t h o m . T h e n t h e r e were c a n d i d a t e s su c h as myse l f wh o set t h e i r sig h t s o n 

ac h i e v i n g t h e i r g o a l by ga i n i n g e m p l oym e n t ( a n d h o p e f u l ly a flight!) wit h o n e o f  th e 

fledgling p r i v a t e spa c e c o m p a n i e s s u c h a s Virgin G a l a c t i c a n d  S p a c e X . 

T h e r o a d t o b e c o m i n g a n a s t r o n a u t  is o n e d e m a n d i n g t r e m e n d o u s sense o f  

d i r e c t i o n , pe r s p e c t i v e , resolve, a n d  ext r a o r d i n a ry self-conf i d e n c e . While m a ny have 

e n t e r t a i n e d t h o u g h t s o f  b e c o m i n g a n  a s t r o n a u t , few eve r e m b a r k u p o n th e j o u r n ey 

re q u i r i n g t h e m to a c c u m u l a t e th e myri a d q u a l i f i c a t i o n s es s e n t i a l for a c o m p e t i t i v e 

a p p l i c a t i o n . T h o s e u l t i m a t e ly selected a r e a l r e a dy some o f  th e m o s t hig h ly tr a i n e d 

h u m a n s o n th e p l a n e t , yet th e p r e p a r a t i o n  for t h e i r new o c c u p a t i o n h a s n ' t  even 

begun! H e r e , in t h i s b o o k , you will l e a r n ho w these ext r a o r d i n a r i ly qu a l i f i e d a n d  

u n i q u e ly gift e d p e o p l e l e a r n t o be a s t r o n a u t s  a n d  ho w t h e i r u n i q u e t r a i n i n g p r e p a r e s 

t h e m t o d o t h e m o s t exciti n g , r e w a r d i n g , a n d  fulfilling j o b  o n a n d  o f f  th e E a r t h . 

Outline of the Chapters 

T h e r e h a v e be e n sev e r a l b o o k s w r i t t e n by a s t r o n a u t s d e s c r i b i n g th e ch a l l e n g e s o f  

t r a i n i n g a n d  p r e p a r i n g for sp a c e f l i g h t , b u t  m o s t o f  the s e ha v e fo c u s e d o n time in 

o r b i t . T h a n k s t o f i r s t-p e r s o n a c c o u n t s su c h as Sky Walking by T o m  J o n e s , a n d 
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Riding Rockets by Mi k e M u l l a n e , a r m c h a i r sp a c e f a r e r s h a v e th e o p p o r t u n i ty to g a i n 

a n i n s i g h t i n t o th e o r b i t a l a d v e n t u r e s o f  a s t r o n a u t s . T h e obje c t i v e o f  this b o o k , 

howe v e r , is t o desc r i b e t h e n u t s a n d b o l t s o f  a s t r o n a u t t r a i n i n g , s t a r t i n g wi t h th e 

a p p l i c a t i o n pro c e s s a n d  finishing with th e cl i m a c t i c ride i n t o sp a c e . 

Sec t i o n I s t a r t s w i t h t h e a p p l i c a t i o n a n d  selection process. As a two-tim e 

a p p l i c a n t t o become a n  a s t r o n a u t  wi t h th e C a n a d i a n Space Agency (CSA), th e 

a u t h o r reveals w h a t i t  t a k e s t o assemble a co m p e t i t i v e a p p l i c a t i o n a n d describes the 

s t r i n g e n t sele c t i o n c r i t e r i a use d by space agencies t o select f u t u r e a s t r o n a u t s . 

Sec t i o n I I  begins wi t h a generic c h r o n o l o gy o f  a n  a s t r o n a u t ' s p r o b a t i o n a ry 

tr a i n i n g a t  J o h n s o n Sp a c e C e n t e r (JSC). F r o m  s p e n d i n g freezing ni g h t s in the 

A b s a r o k a  M o u n t a i n s l e a r n i n g h o w t o survive o n  r a b b i t stew , t o pu l l i n g G s in T-38s, 

t h e a u t h o r  de s c r i b e s t h e myri a d t r a i n i n g e l e m e n t s c o m p r i s i n g a n  a s t r o n a u t  

c a n d i d a t e ' s (as c a n ) first s t e p t o w a r d s bec o m i n g a fully fledged a s t r o n a u t . Section 

I I  also p r o v i d e s a n  i n s i g h t i n t o the w o r l d o f  techn i c a l as s i g n m e n t s , th e seemingly 

neve r-end i n g w a i t for a flight , a n d  a n  overview o f  th e types o f  missions a s t r o n a u t s 

will be flying ove r t h e n ext tw o dec a de s . F o l l o w i n g a de t a i l e d a c c o u n t o f  th e 

m u l t i t u d e o f  t r a i n i n g elem e n t s c o m p r i s i n g mis s i o n t r a i n i n g , th e a u t h o r  peers i n t o th e 

f u t u r e by desc r i b i n g t h e a d v a n t a g e s o f  h i b e r n a t i o n a n d  th e challenges o f  bioethics 

tr a i n i n g . 

Before Se c t i o n I I I delves i n t o th e hi g h-in t e n s i ty wor l d o f  p r e-l a u n c h p r e p a r a t i o n , 

th e a u t h o r  pr o v i d e s a n  overview o f  N A S A ' s new family o f  l a u n c h vehicles a n d  

s p a c e c r a f t t h a t will t r a n s p o r t a s t r o n a u t s t o th e I n t e r n a t i o n a l Space S t a t i o n (ISS), th e 

M o o n a n d , eve n t u a l ly, M a r s . F o l l o w i n g a " b e h i n d-t h e-s c e n e s " glimpse o f  th e l a u n c h 

team, th e r e a d e r is gu i d e d t h r o u g h th e final I 0 weeks o f  mission t r a i n i n g a n d 

p r e p a r a t i o n u l t i m a t e ly le a d i n g t o l a u n c h day. 
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Section I 

Astronaut Selection 

W h e n t h e f i r s t M e r c u ry a s t r o n a u t s dazzled t h e w o r l d w i t h t h e i r s p e c t a c u l a r 

ac h i e v e m e n t s , they be c a m e i n s t a n t her o e s . T o  t h e a d m i r i n g pub l i c , the j o b  o f  

a s t r o n a u t  a p p e a r e d t o be a g l a m o r o u s on e , c o m b i n i n g t h e skills o f  a fig h t e r p i l o t a n d  

the t e n a c i ty o f  a n  expl o r e r w i t h t h e fame n o r m a l ly reserv e d f o r movie st a r s . T h i s 

p e r c e p t i o n was re i n f o r c e d by t h e fac t m a ny o f  t h e ea r ly flights r o u t i n e ly co n c l u d e d 

w i t h visits t o t h e Ova l Office a n d  t i c k e r-t a p e p a r a d e s . H o w e v e r , de s p i t e a s t r o n a u t s ' 

sp e n d i n g so m u c h time i n t h e p u b l i c eye, few p e o p l e ever s t o p p e d to w o n d e r h o w the 

role o f  t h e a s t r o n a u t  c a m e t o be def i n e d a n d  how t h e a p p l i c a t i o n a n d selec t i o n 

r e q u i r e m e n t s were d e v e l o p e d . Even t o d ay, a f t e r s e v e r a l m a n n e d s p a c e f l i g h t 

p r o g r a m s , a n d  de s p i t e t h e j o b  o f  a s t r o n a u t  be i n g p e r h a p s t h e m o s t well k n o w n o f  

all fe d e r a l j o b s , few p e o p l e u n d e r s t a n d h o w a s t r o n a u t s a r e selected a n d t r a i n e d . 

Se c t i o n I first exami n e s t h e h i s t o ry o f  a s t r o n a u t  r e c r u i t m e n t a n d t h e selection 

pro c e s s f r o m t h e pe r s p e c t i v e s o f  N A S A , t h e E u r o p e a n Sp a c e Agency (ESA), a n d  t h e 

C a n a d i a n S p a c e Agency (CSA) . T h e se c t i o n t h e n examin e s t h e c u r r e n t a p p l i c a t i o n 

p r o c e d u r e s , be f o r e foc u s i n g o n  the pr o c e s s o f  selecting t h e a s t r o n a u t s w h o will 

e v e n t u a l ly e m b a r k u p o n  mi s s i o n s to t h e M o o n  a n d  M a r s . 
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N A S A  

N A S A  b e g a n  i t s s e a r c h  f o r  a s t r o n a u t  c a n d i d a t e s s h o r t ly a f t e r  t h e  s p a c e  a g e n cy w a s  

c r e a t e d  i n  J u ly , 1958. I n  O c t o b e r ,  1958 , t h e  f a t h e r  o f  A m e r i c a n  m a n n e d  s p a c e f l i g h t , 

R o b e r t  R. G i l r u t h ,  r e c e i v e d a p p r o v a l  f o r  P r o j e c t  M e r c u ry , a p r o g r a m  r e q u i r i n g  t h e  

c r e a t i o n  o f  a n  a s t r o n a u t  c o r p s .  S e l e c t i o n c r i t e r i a  f o r  t h e  f i r s t A m e r i c a n  a s t r o n a u t s  

w e r e q u i t e  s i m p l e , s i n c e P r e s i d e n t  D w i g h t  D .  E i s e n h o w e r  d i r e c t e d  t h a t  t h e  a s t r o n a u t s  

b e  s e l e c t e d f r o m  t h e  m i l i t a ry ' s p o o l  o f  t e s t  p i l o t s . D u e  t o  t h e  i n h e r e n t  d a n g e r s  o f  

s p a c e f l i g h t  ( F i g u r e  1.1 a n d  T a b l e  1.1) , a n d  t h e  p o t e n t i a l  s e c u r i ty i m p l i c a t i o n s  o f  t h e  

p r o g r a m ,  t h e  d e c i s i o n  t o  o n ly s e l e c t m i l i t a ry p i l o t s  w a s a l o g i c a l o n e , a s  c o n c l u d e d  by 

s p a c e  h i s t o r i a n ,  M a r g a r e t  W e i t e k a m p :  

" F r o m  t h e  m i l i t a ry t e s t  f lyi n g exp e r i e n c e , t h e  j e t  p i l o t s  a l s o  m a s t e r e d  v a l u a b l e  

s k i l l s t h a t  N A S A  w a n t e d  i t s  a s t r o n a u t s  t o  p o s s e s s . T e s t  p i l o t s  w e r e  a c c u s t o m e d  

t o  f lyi n g h i g h- p e r f o r m a n c e  a i r c r a f t , d e t e c t i n g  a p r o b l e m , d i a g n o s i n g  t h e  c a u s e , 

a n d  c o m m u n i c a t i n g  t h a t  a n a lys i s t o  t h e e n g i n e e r s  a n d  m e c h a n i c s c l e a r ly. I n  

a d d i t i o n , t h ey w e r e u se d t o  m i l i t a ry d i s c i p l i n e , r a n k  a n d  o r d e r . T h ey w o u l d  b e  

a b l e t o  t a k e  o r d e r s .  S e l e c t i n g m i l i t a ry j e t  t e s t  p i l o t s  a s  t h e i r  p o t e n t i a l  a s t r o n a u t s  

a l l o w e d  N A S A  t o  c h o o s e  f r o m  a c a d r e  o f  h i g h ly m o t i v a t e d ,  t e c h n i c a l ly s k i l l e d , 

a n d  ex t r e m e ly d i s c i p l i n e d p i l o t s . "  1 

Table 1.1. H a z a r d s o f  m a n n e d space f l i g h t . 

E q u i p m e n t  m a l f u n c t i o n 

T u r b u l e n c e a n d  i m p a c t forces 

I m p a c t forces d u r i n g l a u n c h a n d  re-ent ry 

Physiol o g i c a l effects o f  m i c r o g r a v i ty 

Psycho l o g i c a l effects o f  i s o l a t i o n a n d  

c o n f i n e m e n t 

F i re a n d  e xpl o s i o n s 

H i g h g r a v i t a ti o n a l forces 

H az a r d s o f  e m e r g e n cy egre s s 

Effect s o f  r a d i a t i o n expo s ur e 

Effect s o f  t e m p e r a t u r e f l u c t u a t i o n s 

R a p i d a n d / o r  explosive d e c o m p r e s s i o n o f  

s p a c e c r a ft 

C r a sh d u e t o pil o t e r r o r  

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_1,  
© Springer Science + Business Media, LLC 2010 
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Figure 1.1. D u e  t o t h e h az a r d s o f  sp a c e f l i g h t a n d se c u r i ty im p l i c a t i o n s o f  th e M e r c u ry 

a n d G e m i n i P r o g r a m s , t h e firs t a s t r o n a u t s selected were m i l i t a ry pilo t s . I n thi s p h o t o ,  

E d Wh i t e , a n  A i r F o r c e L i e u t e n a n t C o l o n e l r e c r u i t e d for t h e G e m i n i P r o g r a m , p e r f o r m s 

A m e r i c a ' s firs t sp a c e w a l k . I m a g e co u r t e sy: N A S A . 

Selecting the Mercury astronauts 

P a r t  o f  N A S A ' s first a s t r o n a u t  de s c r i p t i o n : 

" A l t h o u g h the e n t i r e sa t e l l i t e o p e r a t i o n will be poss i b l e , in the ea r ly pha s e s , 

w i t h o u t the pre s e n c e o f  m a n , the a s t r o n a u t  will p l ay a n i m p o r t a n t role d u r i n g 

the flight. H e will c o n t r i b u t e by m o n i t o r i n g the c a b i n e n v i r o n m e n t a n d m a k i n g 

necess a ry ad j u s t m e n t s . He will ha v e c o n t i n u o u s displ ays o f  his p o s i t i o n a n d 
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a t t i t u d e  a n d  o t h e r  i n s t r u m e n t  r e a d i n g s , a n d  will h a v e t h e c a p a b i l i ty o f  

o p e r a t i n g t h e r e a c t i o n c o n t r o l s , a n d  o f  i n i t i a t i n g t h e d e s c e n t f r o m o r b i t . H e will 

c o n t r i b u t e  t o t h e o p e r a t i o n  o f  t h e c o m m u n i c a t i o n s syste m . I n  a d d i t i o n ,  t h e 

a s t r o n a u t  will m a k e  r e s e a r c h o b s e r v a t i o n s t h a t  c a n n o t  be m a d e  by i n s t r u m e n t s ; 

th e s e i n c l u d e p hysi o l o g i c a l , a s t r o n o m i c a l a n d  m e t e o r o l o g i c a l o b s e r v a t i o n s . "  

B a s e d o n  N A S A ' s  j o b  d e s c r i p t i o n , m a ny expe r i e n c e d p i l o t s bel i e v e d N A S A  was 

r e c r u i t i n g p a s s e n g e r s , n o t  p i l o t s . A l s o , sin c e r o c k e t s we r e c o n s i d e r e d t o b e a n  

es p e c i a l ly ri s ky m o d e o f  t r a v e l , s o m e p i l o t s d u b b e d  t h e a s t r o n a u t s  " h a m  in a c a n " . 

N e v e r t h e l e s s , m o r e t h a n  500 m i l i t a ry p i l o t s r e s p o n d e d t o N A S A ' s  fi r s t r e q u e s t f o r 

a s t r o n a u t  c a n d i d a t e s . F r o m  a t o t a l o f  508 serv i c e r e c o r d s s c r e e n e d in J a n u a ry , 1959, 

N A S A  f o u n d 110 t h a t  m e t t h e m i n i m u m s t a n d a r d s  e s t a b l i s h e d f o r M e r c u ry: 

• Age - less t h a n  40 

• H e i g h t - less t h a n  1.80 m 

• Exce l l e n t p hysi c a l c o n d i t i o n  

• B a c h e l o r ' s d e g r e e o r  e q u i v a l e n t 

• G r a d u a t e  o f  t e s t p i l o t s c h o o l 

• l , 500 h r  t o t a l flying t i m e 

• Q u a l i f i e d j e t  p i l o t . 

A t  t h e ti m e o f  P r o j e c t M e r c u ry, t h e r e were n o s t a n d a r d i z e d t e s t s f o r se l e c t i n g 

a s p i r i n g a s t r o n a u t s .  A l t h o u g h  t e s t s were d e v e l o p e d d u r i n g t h e fi r s t se l e c t i o n a n d  

s u b s e q u e n t r e c r u i t m e n t c a m p a i g n s , P r o j e c t M e r c u ry wa s p e r h a p s  m o s t  n o t a b l e f o r 

t h e ro l e p l aye d by m i l i t a ry hi e r a r c h i e s . I n fa c t , s o m e p r o s p e c t i v e c a n d i d a t e s were 

e l i m i n a t e d as t h e m i l i t a ry servi c e s vied f o r a b a l a n c e b e t w e e n t h e d i f f e r e n t b r a n c h e s 

o f  t h e servi c e s r e p r e s e n t e d . I n  s o m e ca s e s , a d m i r a l s a n d  g e n e r a l s even s p o n s o r e d 

t h e i r f a v o r i t e c a n d i d a t e s  a n d  s o m e t o p- r a n k i n g  l e a d e r s t o o k  a c c e p t a n c e o r  r e j e c t i o n 

o f  t h e i r c a n d i d a t e  p e r s o n a l ly . 

E a c h  o f  t h e 110 c a n d i d a t e s  w e n t t o th e L o v e l a c e C l i n i c i n A l b u q u e r q u e , N e w 

M exic o , f o r m e d i c a l t e s t i n g . T h e  m e d i c a l a s s e s s m e n t i n c l u d e d e n c e p h a l o g r a p hy, 

c a r d i o g r a p hy , a n d  X- r ay ex a m i n a t i o n s  in a d d i t i o n  t o  o p h t h a l m o l o gy a n d  

o t o l a ryn g o l o gy e v a l u a t i o n . P hysi o l o g i c a l exa m i n a t i o n s i n c l u d e d bicycle e r g o m e t e r 

t e s t s , c a l c u l a t i o n o f  t h e spe c i f i c g r a v i ty o f  t h e b o dy , a n d  ev e n t o t a l- b o dy r a d i a t i o n  

c o u n t .  A t  t h e e n d o f  t h e serie s o f  t e s t s , t h e L o v e l a c e p hysi c i a n s h a d  p r o b a b ly 

p e r f o r m e d t h e m o s t  c o m p l e t e m e d i c a l a s s e s s m e n t s i n h i s t o ry. 

N ext fo r t h e M e r c u ry c a n d i d a t e s  c a m e a n  e l a b o r a t e  seri e s o f  e n v i r o n m e n t a l 

s t u d i e s , p hys i c a l e n d u r a n c e  t e s t s , a n d  p syc h i a t r i c s t u d i e s , c o n d u c t e d  a t  t h e 

A e r o m e d i c a l L a b o r a t o ry o f  t h e W r i g h t  A i r  D e v e l o p m e n t C e n t e r , D ay t o n , O h i o . 

D u r i n g  M a r c h ,  1959, c a n d i d a t e s we r e s u b j e c t e d t o  a n  a r r ay o f  e v a l u a t i o n s , i n c l u d i n g 

p r e s s u r e s u i t te s t s , v i b r a t i o n t e s t s , n o i s e t e s t s , n o t  t o  m e n t i o n a b a r r a g e  o f  

p syc h o l o g i c a l t e s t s d e s i g n e d t o  ass e s s p e r s o n a l i ty a n d  m o t i v a t i o n . O c c a s i o n a l ly, t h e 

c a n d i d a t e s  w o u l d p l ay g a m e s w i t h t h e i r e v a l u a t o r s - a t a c t i c t h a t  m ay ha v e r e s u l t e d 

i n C h a r l e s " P e t e "  C o n r a d  ( F i g u r e 1.2) b e i n g d e s e l e c t e d f o r P r o j e c t M e r c u ry (he was 

e v e n t u a l ly sel e c t e d as a n  a s t r o n a u t  in 1962 f o r P r o j e c t G e m i n i ) . F o r  exam p l e , o n e o f  

th e p sych o l o g i c a l e v a l u a t i o n s i n v o l v e d a p syc h o l o g i s t s h o w i n g a c a n d i d a t e  a b l a n k  
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Figure 1.2. Pete C o n r a d was initially cons i d e r e d for the M e r c u ry Pr o g r a m , b u t was 

even t u a l ly selected for Pr o j e c t Gemini. Image courtesy: NASA. 

white c a r d a n d  aski n g hi m w h a t he saw. C o n r a d , when p r e s e n t e d with the test, 

simply ans w e r e d t h a t the c a r d was ups i d e down! O n a n o t h e r oc c a s i o n , when as k e d to 

deliver a s t o o l sam p l e to th e on-site lab, C o n r a d placed it in a gift box an d tied a red 

r i b b o n a r o u n d  it! Ev e n t u a l ly, he decided h e ' d h a d eno u g h . A f t e r d r o p p i n g his full 

e n e m a bag o n  th e desk o f  the l a b ' s c o m m a n d i n g officer, C o n r a d walked o u t . His 
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P r o j e c t M e r c u ry a p p l i c a t i o n was s u b s e q u e n t ly de n i e d , w i t h t h e n o t a t i o n  " n o t  

s u i t a b l e f o r l o n g- d u r a t i o n  fl i g h t " .  

F o l l o w i n g t h e t e s t s i n D ay t o n , N A S A  w h i t t l e d t h e g r o u p  d o w n t o j u s t  18 

c a n d i d a t e s , a n d , a f t e r e v a l u a t i o n o f  t e c h n i c a l q u a l i f i c a t i o n s a g a i n s t t h e t e c h n i c a l 

r e q u i r e m e n t s o f  t h e p r o g r a m ,  seve n m e n were c h o s e n . T h ey wer e p r e s e n t e d t o t h e 

p u b l i c as t h e fi r s t A m e r i c a n s t o  fly i n t o s p a c e o n  A p r i l 9 t h , 1959 , a n d  b e c a m e h e r o e s 

a l m o s t i m m e d i a t e ly: 

• Lt. C o l . J o h n  H. G l e n n  J r . ( M a r i n e  C o r p s ) 

• Lt. C d r . W a l t e r  M . S c h i r r a , J r . ( N a vy) 

• Lt. C d r . A l a n  B. S h e p a r d , J r . ( N a vy) 

• Lt. M . S c o t t C a r p e n t e r  ( N a vy) 

• C a p t .  L. G o r d o n  C o o p e r  ( A i r F o r c e ) 

• C a p t .  Virgil I . " G u s "  G r i s s o m ( A i r F o r c e ) 

• C a p t . D o n a l d  " D e k e "  S l ayt o n ( A i r F o r c e ) . 

T h e fa m e o f  t h e M e r c u ry 7 q u i c k ly grew b eyo n d all p r o p o r t i o n  t o t h e i r a c t i v i t i e s , 

w h i c h w a s n ' t  s u r p r i s i n g gi v e n t h e h i g h p r o f i l e o f  th e p r o g r a m .  T h e  f u n d a m e n t a l 

p u r p o s e  o f  P r o j e c t M e r c u ry was t o d e t e r m i n e w h e t h e r h u m a n s  c o u l d s u r v i v e t h e 

d e m a n d s  o f  l a u n c h a n d  o r b i t  i n t h e i n h o s p i t a b l e e n v i r o n m e n t  o f  sp a c e . F r o m  t h i s 

p e r s p e c t i v e , t h e a s t r o n a u t s  w e r e n ' t  c o m p a r a b l e  t o  t r a d i t i o n a l  exp l o r e r s li k e 

S h a c k l e t o n , Byrd , o r  H i l l a ry. I n fa c t , in t h e eyes o f  t h e p u b l i c a n d  t h e m e d i a , t h e 

a s t r o n a u t s  left c o n v e n t i o n a l exp l o r e r s in t h e s h a d e . * 

Female astronauts 

I n  1960, N A S A  b e g a n a p r o g r a m  t o d e t e r m i n e w h e t h e r w o m e n c o u l d q u a l i fy a s 

a s t r o n a u t s . T w e n ty-fi v e fe m a l e p i l o t s were i n v i t e d by N A S A t o u n d e r g o t h e s a m e 

p hysi c a l a n d  p sych o l o g i c a l e v a l u a t i o n s as t h o s e e n d u r e d  by t h e m a l e a s t r o n a u t s  w h o 

h a d  q u a l i f i e d f o r t h e M e r c u ry p r o g r a m . O f  t h o s e i n v i t e d , 13 w o m e n p a s s e d t h e t e s t s 

a n d  we r e e n r o l l e d in a n " u n o f f i c i a l " a s t r o n a u t  t r a i n i n g p r o g r a m .  W h i l e t h e 13 were 

s u b j e c t e d t o  m a ny o f  t h e s a m e t e s t s , e v a l u a t i o n s , a n d  t r a i n i n g as t h e i r m a l e 

c o u n t e r p a r t s , t h e s e w o m e n were n e v e r of f i c i a l ly d e c l a r e d a s t r o n a u t  c a n d i d a t e s , n o r  

were t h ey s c h e d u l e d f o r s p a c e fl i g h t s . N A S A  m a n a g e m e n t  r e p o r t e d ly bel i e v e d t h a t  

d a m a g i n g  n e g a t i v e p u b l i c i ty w o u l d be g e n e r a t e d i f  a w o m a n  we r e i n j u r e d o r  kille d 

d u r i n g a s p a c e f l i g h t . I t w a s a l s o bel i e v e d t h e p a r t i c i p a t i o n  o f  fe m a l e a s t r o n a u t s  in t h e 

e a r ly s p a c e p r o g r a m  w o u l d d i v e r t s c a r c e r e s o u r c e s a n d  a t t e n t i o n  a w ay f r o m m a l e 

a s t r o n a u t s .  U l t i m a t e ly , t h e i n i t i a l N A S A t r a i n i n g o f  fe m a l e a s t r o n a u t s  c e a s e d in 

1963 , a n d  t h e p r o g r a m  q u i c k ly fa d e d i n t o h i s t o ry. I r o n i c a l ly, t h e s a m e ye a r , t h e 

S o v i e t U n i o n  l a u n c h e d t h e fi r s t w o m a n , V a l e n t i n a V . T e r e s h k o v a , i n t o s p a c e . 

* T h e mythological dime n s i o n o f  the j o b  o f  a n a s t r o n a u t was late r c a p t u r e d in T o m Wo l f e ' s epic 

novel , The Right Stuff, a b o o k t h a t acc u r a t e ly described how the c r e a t i o n o f  the a s t r o n a u t 

c o r p s helped galvanize s u p p o r t for the m a n n e d spaceflight p r o g r a m they repre s e n t e d . 
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Fro m Gemini t o S h u t t l e 

T h e s i n g l e-a s t r o n a u t P r o j e c t M e r c u ry pa v e d th e way fo r th e m o r e a m b i t i o u s tw o•

a s t r o n a u t  P r o j e c t G e m i n i , r e q u i r i n g N A S A to issue a se c o n d call f o r a s t r o n a u t  

c a n d i d a t e s . Whi l e the q u a l i f i c a t i o n s for th e G e m i n i a s t r o n a u t  c a n d i d a t e s r e m a i n e d 

m o s t ly the s a m e a s t h o s e for th e M e r c u ry 7, th e c r i t e r i a were b r o a d e n e d slightly. F o r  

examp l e , th e m axi m u m h e i g h t r e q u i r e m e n t was rai s e d f r o m 5 fo o t , 11 inche s to a n 

even 6 f o o t , m i n i m u m flight tim e was r e d u c e d f r o m 1, 500 t o 1,000 h r , a n d m axim u m 

age was r e d u c e d t o n o t  o l d e r t h a n 35 . F o r  t h e first tim e , civ i l i a n a n d female pi l o t s 

were a c c e p t e d as a s t r o n a u t  a p p l i c a n t s b u t , while thi s a n d  f u t u r e a s t r o n a u t  d r a f t s 

were o p e n t o w o m e n , n o w o m e n were selected as a s t r o n a u t  c a n d i d a t e s u n t i l 1978. 

F r o m  th e s e c o n d a s t r o n a u t  d r a f t , nine were selected . 

USAF X-20 "Dyna-Soar" 

W h i l e th e N A S A m a n n e d s p a c e f l i g h t p r o g r a m was still in its i n f a n cy , th e U n i t e d 

S t a t e s A i r F o r c e ( U S A F ) h a d be g u n its o w n r e s e a r c h p r o g r a m d e v e l o p i n g a m a n n e d 

m u l t i-u s e o r b i t i n g s p a c e p l a n e . T h e X-20 was n i c k n a m e d t h e " Dy n a -S o a r " , s h o r t for 

" dyn a m i c s o a r i n g " . Dyn a m i c s o a r i n g is a pr i n c i p l e w h e r e by a n ob j e c t c a n achieve 

hig h a l t i t u d e s using a c o m b i n a t i o n o f  r o c k e t p r o p u l s i o n a n d  a e r o dyn a m i c lif t i n g 

a b i l i ty . A l t h o u g h th e p r o j e c t was ca n c e l e d b e f o r e a single t e s t flight was c o n d u c t e d , 

th e U S A F  as s i g n e d six Pi l o t A s t r o n a u t s t o t h e p r o j e c t . 

NASA Group 3 

While P r o j e c t G e m i n i was u n d e r d e v e l o p m e n t , N A S A p r e p a r e d for th e m o r e 

a m b i t i o u s t h r e e- a s t r o n a u t A p o l l o p r o g r a m . A p o l l o was de s i g n e d t o c a r ry a s t r o n a u t s 

t o th e M o o n  a n d  b a c k , whi c h r e q u i r e d even m o r e a s t r o n a u t s , so a t h i r d a s t r o n a u t  

se l e c t i o n c a m p a i g n was iss u e d . R e q u i r e m e n t s f o r th e b u d d i n g A p o l l o a s t r o n a u t  

c a n d i d a t e s were i d e n t i c a l t o t h o s e selected in N A S A G r o u p  2. F r o m  a t o t a l o f  a b o u t  

400 a s t r o n a u t  c a n d i d a t e s , 14 were selected. 

NASA Group 4 

As t h e A p o l l o p r o g r a m  evolv e d , N A S A faced a n  i n c r e a s i n g ti d e o f  cri t i c i s m t h a t  the 

a s t r o n a u t  c o r p s was d o m i n a t e d by mi l i t a ry pi l o t s . R e s p o n d i n g t o thi s d i s a p p r o v a l , 

N A S A iss u e d a call for a s t r o n a u t  c a n d i d a t e s wh o w o u l d serve as " S c i e n t i s t 

A s t r o n a u t s " . W h i l e ba s i c se l e c t i o n r e q u i r e m e n t s were si m i l a r t o t h o s e o f  p r e v i o u s 

sele c t i o n c a m p a i g n s , t h e m i n i m u m flight tim e c r i t e r i o n was waive d . I n s t e a d , sc i e n t i s t 

a s t r o n a u t s were r e q u i r e d t o posse s s a d o c t o r a t e de g r e e in th e n a t u r a l sciences , 

medic i n e , e n g i n e e r i n g , o r  e q u i v a l e n t exper i e n c e . A b o u t  1,500 Sc i e n t i s t A s t r o n a u t  

c a n d i d a t e s a p p l i e d for N A S A ' s  f o u r t h a s t r o n a u t  c a m p a i g n , o f  whic h several were 
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rejected im m e d i a t e ly because they wore glasses. Ul t i m a t e ly, only six Scientist 

A s t r o n a u t s were selected. 

USAF Manned Orbiting Laboratory 

J u s t as they h a d a t t e m p t e d to develop the first sp a c e p l a n e , th e U S A F also a t t e m p t e d 

to develop the first US space s t a t i o n , k n o w n as the M a n n e d O r b i t i n g L a b o r a t o ry 

(MO L ) , bu t , like the X-20, th e M O L was de s t i n e d never to fly. 

The p r o g r a m was officially acknowledged by Secretary o f  Defense, R o b e r t 

M c N a m a r a , o n Dece m b e r lOth , 1963 - a dat e which, ironically, was the same day 

M c N a m a r a axed the X-20 pr o g r a m . The U S A F pla n n e d for the M O L to be lau n c h e d 

a n d o p e r a t i o n a l by 1971. Envisioned as a l a b o r a t o ry module, the M O L would provide 

a crew o f  two a s t r o n a u t s with a shirt-sleeve worki n g env i r o n m e n t . A s t r o n a u t s were to 

be ferried to an d from the M O L by a modified Gemini i n c o r p o r a t i n g a ha t c h in the a f t 

h e a t shield t h a t would be ma t e d t o a crew t r a n s f e r tun n e l on the MOL . Since the M O L 

involved m a n n e d space flight, the p r o g r a m requir e d Pil o t A s t r o n a u t s a n d so more 

a s t r o n a u t s were selected. The requir e m e n t s for M O L Pil o t A s t r o n a u t s were quite 

similar t o those o f  N A S A ' s Pil o t A s t r o n a u t , al t h o u g h , once selected, the M O L 

a s t r o n a u t s were sent b a c k to the Aeros p a c e Research Pil o t School for tr a i n i n g suited 

to the M O L p r o g r a m , r a t h e r t h a n re g u l a r a s t r o n a u t training. 

NASA Group 5 

As the Apollo p r o g r a m progressed, NA S A requir e d mo r e a s t r o n a u t pilots an d a fifth 

a s t r o n a u t selection c a m p a i g n was c o n d u c t e d , from which 19 ca n d i d a t e s were selected. 

USAF MOL Groups 2 and 3 

As the U S A F p r e p a r e d for its first p l a n n e d series o f  M O L re s e a r c h a n d de v e l o p m e n t 

test flights, a second g r o u p o f  M O L Pi l o t A s t r o n a u t s was d r a f t e d . W i t h two g r o u p s 

o f  M O L P i l o t A s t r o n a u t s a l r e a dy in tr a i n i n g , the first test flight o f  the M O L 

p r o g r a m was successfully co n d u c t e d . O n N o v e m b e r 3r d , 1966, a T i t a n 111-C was 

la u n c h e d fr o m C a p e C a n a v e r a l c a r ryin g a n u n m a n n e d Ge m i n i capsule. T h e T i t a n 

I I I-C c a r r i e d the ca p s u l e t o space before p r o p e l l i n g it o n a high -speed ballistic re•

e n t ry tra j e c t o ry. Th e success o f  the first M O L mission, co u p l e d with the m o m e n t u m 

o f  th e p r o g r a m , p r o m p t e d the U S A F to d r a f t a t h i r d g r o u p o f  P i l o t A s t r o n a u t s . 

Scientist Astronaut 

Since N A S A h a d been d i s a p p o i n t e d wi t h the q u a l i ty o f  Scientist A s t r o n a u t 

c a n d i d a t e s in th e f o u r t h a s t r o n a u t d r a f t , a n o t h e r selection c a m p a i g n was i n s t i g a t e d 
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Figure 1.3. Bob C r i p p e n examines a spa c e s u i t designed for the M a n n e d O r b i t i n g 

L a b o r a t o ry p r o g r a m . C r i p p e n was s elected as a M O L a s t r o n a u t before the p r o g r a m was 

c a ncelled . He l a t e r flew on the first Space Sh u t t l e mission for N A S A in Apr i l , 1981. 

Image courtesy: NASA. 

t o select m o r e a s t r o n a u t s  w i t h sc i e n t i f i c exper t i s e . F r o m  t h i s c a m p a i g n , I I  

c a n d i d a t e s were selected. M e a n w h i l e , th e M O L  p r o g r a m  was a b r u p t ly can c e l e d in 

1969 , since the P e n t a g o n  j u d g e d th e p r o g r a m w o u l d n o t  p e r f o r m re l a t i v e t o its hig h 

co s t , a n d  w o u l d p o s e a t h r e a t t o N A S A  scienti f i c p r o g r a m s u n d e r d e v e l o p m e n t a t  the 

sa m e time. Seven o f  th e M O L  P i l o t A s t r o n a u t s were t r a n s f e r r e d t o N A S A , som e o f  

w h o m , su c h as Bo b C r i p p i n ( F i g u r e 1.3) , w o u l d go o n t o m a k e si g n i f i c a n t 

c o n t r i b u t i o n s in th e d e v e l o p m e n t a n d  e v o l u t i o n o f  th e Sp a c e S h u t t l e p r o g r a m . 

Space Shuttle astronauts 

T h e d a w n o f  th e Sp a c e S h u t t l e ( F i g u r e 1.4) p r o g r a m  r e q u i r e d a fresh c r o p o f  

a s t r o n a u t  c a n d i d a t e s . Whi l e N A S A h a d  m a i n t a i n e d a n u m b e r o f  a s t r o n a u t  h o l d•

ove r s f r o m p r e v i o u s p r o g r a m s , a n  a m b i t i o u s i n i t i a l f o r e c a s t o f  u p t o 60 S h u t t l e 

mi s s i o n s p e r year* r e q u i r e d m o r e a s t r o n a u t s t h a n  were av a i l a b l e . 

N A S A g r o u p e d S h u t t l e a s t r o n a u t s i n t o t h r e e ca t e g o r i e s . T h e s e i n c l u d e d P i l o t 

A s t r o n a u t s , M i s s i o n Spec i a l i s t s , a n d  P ayl o a d Specia l i s t s . P i l o t A s t r o n a u t s were 

* T h e highest n u m b e r o f  s h u t t l e missions flown in one year was nine, in 1985. 
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Fig u r e 1.4. T h e d a w n o f  t h e Sp a c e S h u t t l e p r o g r a m r e q u i r e d a fresh c r o p o f  a s t r o n a u t s , 

b e g i n n i n g wi t h t h e N A S A G r o u p  8 in 1978. I m a g e co u r t e sy: N A S A . 

f u r t h e r divided i n t o Space S h u t t l e C o m m a n d e r s a n d Space S h u t t l e Pilots. T h e 

selection cr i t e r i a es t a b l i s h e d for th e Space S h u t t l e a s t r o n a u t s have ch a n g e d little 

since N A S A G r o u p  8 in 1978 , which selected the first a s t r o n a u t s to fly o n the 

Shutt l e . 

T h e selection c r i t e r i a for P i l o t A s t r o n a u t s requ i r e a p p l i c a n t s t o possess a 

b a c h e l o r ' s degree from a n ac c r e d i t e d i n s t i t u t i o n in engineering, biological science, 

physical science, o r  m a t h e m a t i c s . A n a d v a n c e d degree is also desi r a b l e , as are a t least 

1, 000 h r o f  p i l o t-i n-c o m m a n d flight time, a n d flight test experience. P i l o t A s t r o n a u t s 

a r e also re q u i r e d to pas s a N A S A Class I space physical, in c l u d i n g a mi n i m u m 20 / 50 

u n c o r r e c t e d vision, c o r r e c t a b l e t o 20/20, a n d a m axim u m bl o o d pr e s s u r e o f  140/ 

90 m m H g in the sit t i n g p o s i t i o n . H e i g h t re q u i r e m e n t s are a min i m u m o f  5 foot , 

4 inches a n d a m axim u m o f  6 f o o t , 4 inches. 

M i s s i o n Sp e c i a l i s t s m u s t possess a b a c h e l o r ' s degre e f r o m a n  a c c r e d i t e d 

i n s t i t u t i o n in engineering, biological science, physical science, o r  ma t h e m a t i c s . This 

degree m u s t be followed by a t least thr e e years o f  re l a t e d pr o f e s s i o n a l experience, 

a l t h o u g h a d v a n c e d degrees may be s u b s t i t u t e d for pr o f e s s i o n a l experience. Mis s i o n 

Specialist c a n d i d a t e s m u s t pas s a N A S A Class II space physical, in c l u d i n g a 

m i n i m u m 20 / 150 u n c o r r e c t e d vision, c o r r e c t a b l e to 20 / 20, a n d a m axim u m b l o o d 

pr e s s u r e o f  140 / 90 m m H g in a si t t i n g p o s i t i o n . As p e r federal re g u l a t i o n , N A S A is 

n o t allowed to specify a n age r a n g e for a s t r o n a u t c a n d i d a t e s . 
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P aylo a d Specialists ar e n o t m a i n t a i n e d as NA S A a s t r o n a u t s b u t ar e employed by 

NA S A for ind i v i d u a l missions. P aylo a d Specialists possess knowledge a n d expertise 

uniq u e to a p a r t i c u l a r p aylo a d a n d t r a i n al o n g with a n assigned crew for ea c h mission. 

F o r  t h a t reas o n , specific qu a l i f i c a t i o n s for P aylo a d Specialists vary. A s t r o n a u t s flown 

as Payloa d Specialists (some wo u l d ar g u e as passengers) have incl u d e d US S e n a t o r 

J a k e G a r n , US Re p r e s e n t a t i v e Bill Nel s o n , a n d US S e n a t o r J o h n G l e n n . 

CANADIAN SPACE AGENCY 

I n 1983, following a n of f e r by NA S A t o fly C a n a d i a n a s t r o n a u t s as P aylo a d 

Specialists a b o a r d  the Space S h u t t l e , a scr e e n i n g c o m m i t t e e fr o m the N a t i o n a l 

R e s e a r c h C o u n c i l o f  C a n a d a  ( N R C ) c o n d u c t e d C a n a d a ' s  first a s t r o n a u t  selection 

c a m p a i g n , re s u l t i n g in the selection o f  six a s t r o n a u t s . C a n a d a ' s  se c o n d g r o u p o f  

a s t r o n a u t s was selected in J u n e , 1992, followin g a fi v e-mo n t h selec t i o n pro c e s s 

c o n d u c t e d by the C a n a d i a n Space Agency (CSA). F o u r  a s t r o n a u t s were selected 

fr o m this c a m p a i g n . In M ay, 2008 , the CSA l a u n c h e d its t h i r d selec t i o n c a m p a i g n to 

r e c r u i t two new m e m b e r s to the C a n a d i a n A s t r o n a u t C o r p s . Th e agency received 

5,351 ap p l i c a t i o n s fo r the yea r-lo n g selec t i o n process - th e m o s t r i g o r o u s a n d 

d e m a n d i n g selection yet em p l oyed by a n a t i o n a l space agency. A year l a t e r , o n M ay 

13th, 2009 , t h e CSA a n n o u n c e d the successful c a n d i d a t e s who co m m e n c e d t r a i n i n g 

wi t h N A S A ' s new a s t r o n a u t  class in A u g u s t 2009. 

EUROPEAN ASTRONAUT SELECTION 

I n 1978 , E u r o p e c r e a t e d its ow n h u m a n spa c e f l i g h t h i s t o ry when Si g m u n d J a h n  fro m 

G e r m a ny (f o r m e r G D R )  bec a m e the first E u r o p e a n in space a f t e r being l a u n c h e d o n 

t h e R u s s i a n Soyuz 31 sp a c e c r a f t t o the Sa lyut 6 space s t a t i o n . T h e E u r o p e a n Space 

Agency (ESA) c o n d u c t e d its first a s t r o n a u t  selection in 1977 - 1978. T h e c a m p a i g n 

o r i g i n a t e d f r o m a 1973 a g r e e m e n t ESA h a d wi t h N A S A to s u p p l y the first S p a c e l a b 

re u s a b l e science l a b o r a t o ry (ca r r i e d in t h e S h u t t l e ' s c a r g o bay) in exchan g e fo r flight 

o p p o r t u n i t i e s fo r E u r o p e a n a s t r o n a u t s . F r o m  the 1977-1978 selection c a m p a i g n , 

ESA chose t h r e e a s t r o n a u t s , on e o f  w h o m was U l f M e r b o l d , who h a d the h o n o r o f  

being the first ESA a s t r o n a u t  t o u n d e r t a k e a mis s i o n o n the Space S h u t t l e (STS-9) o n 

the 10-day Spacelab-1 mission. 

D u r i n g t h e 1980s , while ESA a s t r o n a u t s were u n d e r t a k i n g S h u t t l e missions, o t h e r 

M e m b e r S t a t e s o f  ESA c o n d u c t e d th e i r ow n a s t r o n a u t  r e c r u i t m e n t . M a ny o f  thos e 

a s t r o n a u t s r e c r u i t e d by these n a t i o n a l p r o g r a m s flew o n R u s s i a n Soyuz missi o n s t o 

the M i r Space S t a t i o n o r o n A m e r i c a n Space S h u t t l e missions as P ayl o a d Specialists. 

I n 1990, ESA reco g n ized the need to incr e a s e the size o f  its A s t r o n a u t C o r p s a n d the 

E u r o p e a n A s t r o n a u t  C e n t r e ( E A C ) was fo u n d e d . T h i s was in re s p o n s e t o pr o j e c t s 

a n d stu d i e s t h a t  w o u l d ev e n t u a l ly be alig n e d wi t h E u r o p e ' s c o n t r i b u t i o n to the 

I n t e r n a t i o n a l Space S t a t i o n (ISS) , in c l u d i n g the Columbus l a b o r a t o ry, whic h was 

l a u n c h e d a n d a t t a c h e d to the ISS in F e b r u a ry, 2008. 
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In 19 91-199 2 , a new a s t r o n a u t  se l e c t i o n was c o n d u c t e d . F i r s t , t h e r e was a 

n a t i o n a l se l e c t i o n u n d e r th e p u r v i e w o f  e a c h ESA M e m b e r S t a t e t h a t  h a d  th e 

o p p o r t u n i ty to p r e s e n t u p to five c a n d i d a t e s t o ESA for final sel e c t i o n . Collectively, 

th e M e m b e r S t a t e s received m o r e t h a n  22 , 0 0 0 a p p l i c a t i o n s , f r o m wh i c h n e a r ly 5,50 0 

m e t i n i t i a l se l e c t i o n c r i t e r i a . F o l l o w i n g a n a t i o n a l p sycho l o g i c a l , me d i c a l , a n d  

p r o f e s s i o n a l sc r e e n i n g pr o c e s s , ESA id e n t i f i e d 59 c a n d i d a t e s f o r th e s e c o n d st e p , th e 

final E S A select i o n . F r o m  th e final g r o u p , ESA r e c r u i t e d six a s t r o n a u t s . F o u r  o f  

t h e m s t a r t e d basic t r a i n i n g a t  E A C a n d were l a t e r t r a i n e d for R u s s i a n Soyuz flights 

t o th e R u s s i a n M i r  s p a c e s t a t i o n . T h e o t h e r t w o were s e n t t o N A S A  to s t a r t  S h u t t l e 

M i s s i o n Sp e c i a l i s t t r a i n i n g , be i n g i n c o r p o r a t e d i n t o th e N A S A a s t r o n a u t  c o r p s . 

I n 1998, the yea r wi t n e s s i n g t h e l a u n c h o f  th e first t w o el e m e n t s o f  th e ISS, ESA 

dec i d e d t o i n t e g r a t e m o s t o f  th e n a t i o n a l a s t r o n a u t s i n t o a single E u r o p e a n 

A s t r o n a u t  C o r p s . T e n years l a t e r , th e n u m b e r o f  a s t r o n a u t s in th e E u r o p e a n 

A s t r o n a u t  C o r p s h a d  d w i n d l e d t o j u s t  e i g h t du e to a s t r o n a u t s r e t i r i n g a n d a s s u m i n g 

o t h e r du t i e s w i t h i n ESA. W i t h m a n n e d mi s s i o n s t o the M o o n  p l a n n e d , ESA decided 

i t was time for a n o t h e r  a s t r o n a u t  se l e c t i o n c a m p a i g n . E S A ' s 2008 a s t r o n a u t  sele c t i o n 

c a m p a i g n was th e fir s t time a sel e c t i o n h a d  been p e r f o r m e d by ES A all o v e r E u r o p e 

o n a we b-ba s e d a p p l i c a t i o n p r o c e d u r e w i t h o u t a ny n a t i o n a l pr e-se l e c t i o n . M o r e t h a n  

8,0 0 0 a p p l i c a t i o n s were received, f r o m which six a s t r o n a u t s were selected in M ay, 

2009. W i t h th e p r o s p e c t o f  f u t u r e h u m a n  exp l o r a t i o n mi s s i o n s t o th e M o o n  a n d  

M a r s , ESA h a s a l r e a dy i n d i c a t e d its p l a n s f o r a n o t h e r a s t r o n a u t  sele c t i o n c a m p a i g n 

in 2014 . 

Wh i l e the first a s t r o n a u t  g r o u p s were exclusively male m i l i t a ry te s t pi l o t s , t o d ay' s 

a s t r o n a u t  g r o u p s a r e a n i n t e g r a t e d g r o u p o f  p i l o t s , sci e n t i s t s , a n d mi s s i o n specialists. 

H o w e v e r , all a s t r o n a u t s , w h e t h e r th ey were ch o s e n 50 years ag o o r  were selected in 

th e l a t e s t r o u n d  o f  r e c r u i t m e n t c a m p a i g n s , were c h o s e n be c a u s e they were highly 

ca p a b l e , hig h ly skill e d , a n d  hig h ly t r a i n e d . T h ey bel o n g to a u n i q u e a n d  elite g r o u p 

wh o r i g h t f u l ly id e n t i fy themse l v e s w i t h th e p r i d e a nyo n e w o u l d feel in be l o n g i n g t o 

su c h a n est e e m e d g r o u p a n d , as we shall see in th e n ext c h a p t e r , th e cha l l e n g e s o f  

b e c o m i n g a m e m b e r a r e j u s t  as di f f i c u l t t o d ay as they were in t h e d ays o f  J o h n G l e n n 

a n d P e t e C o n r a d . 
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Applying to become an astronaut 

" T h e C a n a d i a n Space Agency (CSA) is l o o k i n g for in d i v i d u a l s who w a n t to be 

p a r t  o f  the next g e n e r a t i o n o f  space explore r s . Two a p p l i c a n t s will be selected 

to j o i n the CS A A s t r o n a u t corps . A pool o f  qualifi e d c a n d i d a t e s will also be 

cr e a t e d for fu t u r e needs . 

T h e CSA is seeking o u t s t a n d i n g scientists , engineers a n d / o r medical d o c t o r s 

with a wide var i e ty o f  b a c k g r o u n d s . C r e a t i v i ty , diver s i ty , t e a m w o r k , a n d a 

p r o b i n g mi n d a r e qu a l i t i e s r e q u i r e d to j o i n the C S A ' s A s t r o n a u t C o r p s . T o 

w i t h s t a n d the physical d e m a n d s o f  t r a i n i n g a n d space flight , c a n d i d a t e s mu s t 

also d e m o n s t r a te a high level o f  fitness a n d a clea n bill o f  h e a l t h . " 

A d v e r t i s e m e n t p o s t e d by the CSA , J u n e 26th, 2008 

I t ' s the wo r l d ' s m o s t u n u s u a l w a n t ad. Say the wo r d " a s t r o n a u t " ,  a n d people 

imm e d i a t e ly th i n k o f  Neil A r m s t r o n g wal k i n g on the M o o n o r  a s t r o n a u t s being 

l a u n c h e d a t o p the Space Sh u t t l e . I t ' s  a j o b t h a t has always co n j u r e d up visions o f  

heroe s a n d her o i c feats. B u t being a n a s t r o n a u t is n o t all g l a m o u r a n d glory . And , 

mo r e o f t e n t h a n n o t , being a n a s t r o n a u t is n o t a b o u t sp e n d i n g t h a t mu c h time in 

space . In fact , t h e m o s t time sp e n t in sp a c e by one a s t r o n a u t (Sergei Kr i k a l e v ) is j u s t 

803 days , which wo r k s o u t  t o be j u s t s h o r t o f  2.5 years . Wh e n you co n s i d e r ma ny 

peo p l e spend 30 o r  m o r e years in th e i r pr o f e s s i o n a l c a r e e r , 2.5 years d o e s n ' t s o u n d 

t h a t much. W h a t d o a s t r o n a u t s d o with the rest o f  the i r time? 

M o s t a s t r o n a u t s a r e civil se r v a n t s . As civil se r v a n t s , they have to a t t e n d meetings , 

go to t r a i ning sessions, a n d write r e p o r t s , j u s t like any o t h e r office wor k e r . They d o , 

however , possess several specialized skills u n i q u e to th e i r t r a d e . A n d they enjoy , 

alb e i t rarely, o p p o r t u n i t i e s to travel a n d wo r k in space! F r o m  t h a t perspe c t i v e , 

a s t r o n a u t s co u l d be co n s i d e r e d as re g u l a r , o r d i n a ry go v e r n m e n t employees who get 

to trav e l extensively, b o t h a r o u n d the world a n d in space. Ho w e v e r , in reality , ther e 

is n o t h i n g r e g u l a r a b o u t  this j o b , a n d no o c c u p a t i o n co u l d be less o r d i n a ry. 

F i r s t , c o n s i d e r th e risk . O f  th e 500 people* who have been la u n c h e d i n t o space as 

* T h e SOOth p e r s o n in s p a c e was N A S A mi s s i o n sp e c i a l i s t , C h r i s Ca s s i dy, a Na vy SE A L•

t u r n e d- a s t r o n a u t , w h o l a u n c h e d o n b o a r d  t h e Sp a c e S h u t t l e Endeavour's STS-127 o n July 

15th , 2009. 

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_ ,  
© Springer Science + Business Media, LLC 2010 

152



16 Applying t o become an a s t r o n a u t 

" 01 
! ! c 

2 
" A. 

NASA Astronaut Applicant Selectivity 
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F i g u r e 2.1. N A S A a s t r o n a u t  a p p l i c a n t selectivity . Im a g e co u r t e sy: N A S A . 

o f  July, 2009, 18 have die d d u r i n g the mission. T h i s m o r t a l i ty r a t e o f  3.7 4 % m a k e s 
being a n a s t r o n a u t  o n e o f  t h e m o s t d a n g e r o u s pro f e s s i o n s a nyon e co u l d con s i d e r . * 

By c o m p a r i s o n , A m e r i c a n c o m b a t t r o o p s suff e r e d a 0 . 39% m o r t a l i ty r a t e in I r a q  
between 2003 a n d  2006 a n d  2 . 18% in Vi e t n a m between 1966 a n d  1972. A p a r t  fr o m 

the h o r r e n d o u s risks , th e j o b  comes wi t h c r azy wor k h o u r s , g r i n d i n g tr a v e l (alb e i t , 

some o f  i t in space!) a n d d e c e n t , t h o u g h n o t  excep t i o n a l , pay. A d d e d t o this l ess•

t h a n-d e s i r a b l e wo r k d e s c r i p t i o n a r e th e d a u n t i n g o d d s o f  selection, which in e v i t a b ly 

fuels th e qu e s t i o n : Why? 

P e r h a p s th e m o s t d o m i n a n t f a c t o r dr i v i n g w a n n a b e a s t r o n a u t s to s u b m i t t o a 

year-lon g r e c r u i t m e n t a n d  selection pro c e s s is simply a love f o r space, followed a 

* T h e ri s k is e q u i v a l e n t t o 400 Bo e i n g 747s c r a s h i n g eve ry day, o r  197,000 pas s e n g e r s bein g 

killed every day! 
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close s e c o n d by th e de s i r e t o c o n t r i b u t e t o a g r e a t e n d e a v o r . A t h i r d m o t i v a t i n g 

f a c t o r is b e i n g a b l e t o w o r k w i t h exce p t i o n a l p e o p l e w h o s h a r e t h e s a m e visi o n a n d  

t o p l ay a p a r t  in c o n t i n u i n g t o p u s h o u t w a r d  t h e b o u n d a r i e s o f  h u m a n  s p a c e t r a v e l . 

G i v e n the s e m o t i v a t i n g f a c t o r s , t h e risk s a n d  t h e l o n g h o u r s a r e c o n s i d e r e d m i n o r 

in c o n v e n i e n c e s . T h i s is a l s o why , de s p i t e t h e o c c u p a t i o n a l c h a l l e n g e s , a n d  the o d d s 

o f  b e i n g select e d n o t w i t h s t a n d i n g ( F i g u r e 2.1), N A S A , t h e C a n a d i a n  S p a c e Agency 

(CS A ) , a n d  t h e E u r o p e a n  S p a c e Ag e n cy (ES A ) h a v e nev e r h a d a p r o b l e m filling t h e i r 

a s t r o n a u t  r a n k s . 

B A S I C Q U A L I F Y I N G  C R I T E R I A  

T h o s e s e r i o u s a b o u t  s u b m i t t i n g a n  a p p l i c a t i o n h a v e us u a l ly s p e n t a t  le a s t a d e c a d e o r  

m o r e a c q u i r i n g t h e q u a l i f i c a t i o n s ne c e s s a ry to be c o n s i d e r e d . H o w e v e r , a s t e l l a r 

e d u c a t i o n b a c k g r o u n d isn ' t s u f f i c i e n t t o c a t c h t h e eye o f  the s e l e c t i o n c o m m i t t e e . 

T h e m u l t i t u d e o f  t a s k s a s t r o n a u t s  m u s t p e r f o r m as p a r t  o f  t h e i r j o b  d e m a n d s 

m u l t i t a l e n t e d p e o p l e . 

E d u c a t i o n 

A l t h o u g h t h e m i n i m u m e d u c a t i o n a l r e q u i r e m e n t s fo r a s t r o n a u t  a p p l i c a t i o n i n c l u d e a 

b a c h e l o r ' s d e g r e e ( P a n e l 2 .1 ) , in re a l i ty, t h e m i n i m u m r e q u i r e m e n t fo r a c o m p e t i t i v e 

a p p l i c a t i o n is a P h . D . ( s o m e c a n d i d a t e s h a v e a P h . D . and a m e d i c a l degree!), unl e s s 

you h a p p e n t o be a p i l o t . I n  fa c t , j u s t  h a v i n g a P h . D . i s n ' t s u f f i c i e n t t o g u a r a n t e e a 

c a n d i d a t e will p r o g r e s s t o t h e p r e l i m i n a ry in t e r v i e w p h a s e . T o  h a v e a ny c h a n c e o f  

b e i n g c o n s i d e r e d a s e r i o u s c a n d i d a t e , a P h . D . ne e d s t o be c o u p l e d w i t h a n  

o u t s t a n d i n g p r o f e s s i o n a l b a c k g r o u n d  in r e s e a r c h . I f  t h e a p p l i c a n t h a s a s p i r a t i o n s t o 

be o n e o f  t h e 15 - 20 c a n d i d a t e s select e d fo r t h e final p a n e l i n t e r v i e w , e v e n a n  

o u t s t a n d i n g p r o f e s s i o n a l b a c k g r o u n d  is i n a d e q u a t e . F o r  t h e se l e c t o r s t o t a k e n o t e , 

t h e a p p l i c a n t h a s t o i n d i c a t e in t h e i r r e s u m e they h a v e p u b l i s h e d r e s e a r c h p a p e r s , 

p e r h a p s a u t h o r e d  a few b o o k s , p r e s e n t e d p a p e r s a t  c o n f e r e n c e s , p i o n e e r e d new 

r e s e a r c h , a n d  m ayb e even filed t h e o d d  p a t e n t  o r  two. 

H e a l t h and fitness 

E q u a l ly es s e n t i a l is excel l e n t p hysi c a l c o n d i t i o n . A s t r o n a u t s  m u s t u n d e r g o i n t e n s i v e 

p e r i o d s o f  t r a i n i n g a n d  m ay p a r t i c i p a t e in s p a c e f l i g h t s l a s t i n g 6 m o n t h s  o r  m o r e , 

d u r i n g w h i c h t h e i r b o dy will be s u b j e c t t o a g r e a t de a l o f  s t r e s s s u c h as b o n e 

d e m i n e r a l iz a t i o n a n d  m u s c l e a t r o p hy. Being a b l e t o d e a l wi t h t h i s s t r e s s o b v i o u s ly 

re q u i r e s a h e a l t hy b o dy a n d  a s o u n d  m i n d , so a p p l i c a n t s nee d t o h a v e a b o v e a v e r a g e 

h e a l t h . W h i l e s o m e m e d i c a l s t a n d a r d s  wer e r e l axed d u r i n g t h e S h u t t l e e r a , d u e t o t h e 

s h o r t  d u r a t i o n s  o f  typi c a l S h u t t l e mi s s i o n s , w i t h t h e d a w n o f  Exp e d i t i o n-C l a s s 

m i s s i o n s t o t h e ISS , m e d i c a l s t a n d a r d s  will be m o r e s t r i n g e n t t h a n  ev e r . T h e s e 
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P a n e l  2.1. C S A  g e n e r a l se l e c t i o n r e q u i r e m e n t s 

• T h e  a p p l i c a n t  m u t be a C a n a d i a n  c i t iz e n o r  a re i d e n t  o f  C a n a d a .  

• B e c a u s e a t r o n a u t  a r e  r e q u i r e d t o p e r f o r m  a b r o a d  r a n g e  o f  c i e n t i l i c a n d  

t e c h n i c a l w o r k ,  p r o  p e c t i v e c a n d i d a t e  m u t h o l d a b a c h e l o r '  d e g r e e 

r e c o g n iz e d in C a n a d a ,  in o n e  o f  t h e fo ll o w i n g  a r e a  : 

o E n g i n e e r i n g  o r  A p p l i e d  S c i e n c e . 

o S c i e n c e (e. g . P hy ic , C h e m i s t ry , B io l o gy, G e o l o gy , M a t h e m a t i c  , 

C o m p u t e r  S c i e n c e , e t c . ) . 

o T h e  b a c h e l o r ' s  d e g r e e m u s t  be fo ll o w e d by a t  lea t t w o ye a r o f  r e l a t e d 

p r o f e s s i o n a l exp e r i e n c e . 

O R : 

A b a c h e l o r '  d e g r e e a l o n g  w i t h a rna t e r '  d e g r e e o r  a d o c t o r a l  d e g r e e 

r e c o g n iz e d in C a n a d a ,  in o n e  o f  t h e f o l l o w i n g a r e a  : 

o E n g i n e e r i n g  o r  A p p l i e d S c i e n c e . 

o S c i e n c e (e. g . P hy ic , C h e m i s t ry, B i o l o gy , G e o l o gy , M a t h e m a t i c s , 

C o m p u t e r  S c i e n c e , e t c . ) . 

O R : 

o A licen e to p r a c t i c e m e d i c i n e in a p r o v i n c e  o r  a t e r r i t o ry o f  C a n a d a .  

M e d i c a l r e q u i r e m e n t s 

T o  b e e l e c t e d , a p p l i c a n t  m u t m e e t s t r i n g e n t  m e d i c a l c r i t e r i a . A p p l i c a n t  will 

b e r e q u i r e d t o u n d e r g o  C a n a d i a n  S p a c e  A g e n cy m e d i c a l p hys i c a l exa m , w h i c h 

i n c l u d e t h e f o l l o w i n g p e c i l i c r e q u i r e m e n t s :  

• S t a n d i n g  h e i g h t m u t be b e t w e e n 149. 5 a n d  190.5 e m . 

• Vi ua l a c u i ty m u s t  be 20 / 20 (6 / 6) o r  b e t t e r  in e a c h eye, w i t h o r  w i t h o u t  

c o r r e c t i o n .  

• M ax i m u m  l i m i t f o r cyc l o p l e g i c r e f r a c t i v e e r r o r  a n d  a t i g m a t i s m  c o r r e c t i o n  

al o a p p l y. 

• T h e  r e f r a c t i v e c o r r e c t i v e  u r g i c a l p r o c e d u r e  P R K  o r  L A S I K  a r e  a l l o w e d . 

F o r  t h o  e c a n d i d a t e  u n d e r  l i n a l c o n  i d e r a t i o n ,  a n  o p e r a t i v e  r e p o r t  o n  t h e 

u r g i c a l p r o c e d u r e  w ill b e r e q u e s t e d . T h e  SA d o e  n o t  r e c o m m e n d  t h a t  

p o t e n t i a l  c a n d i d a t e  u n d e r g o  Ia e r  r e f r a c t i v e u r g e ry f o r t h e o l e p u r p o  e 

o f  a p p ly i n g  f o r e m p l oy m e n t  a a n  a t r o n a u t .  

• B l o o d p r e u r e m u t n o t  exce e d 140 / 90 m m H g , m e a u r e d in a i t t i n g 

p o  i t i o n . 

• M e e t  t h e f o l l o w i n g p u r e  t o n e  a u d i o m e t ry h e a r i n g  t h r e  h o l d s : 

F r e q u e n cy ( H e r tz ) : 500 1000 200 0 3 0 0 0 4 0 0 0 

E i t h e r  e a r  ( d e c i b e l ): 30 25 25 35 50 

C o n d i t i o n o f  e m p l oym e n t 

• T h e  p o  i t i o n will r e q u i r e  f r e q u e n t  t r a v e l a n d  r e l o c a t i o n . 

• T h e  p o  i t i o n i u b j e c t to p r e- e m p l oy m e n t  s e c u r i ty c l e a r a n c e . 

• C a n d i d a t e  m u t u n d e r g o  p r e- e m p l oy m e n t  m e d i c a l ex a m i n a t i o n  
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s t a n d a r d s sim p ly reflect t h e fact t h a t  s t a t i s t i c a l risk for a me d i c a l e v e n t in c r e a s e s wit h 

miss i o n d u r a t i o n . F o r  examp l e , a n  ep i s o d e o f  re n a l colic in a mi s s i o n sp e c i a l i s t m ay 

hav e be e n a c c e p t a b l e f o r a s h o r t- d u r a t i o n Sp a c e S h u t t l e mi s s i o n , b u t  is d i s q u a l i fyin g 

for a n Exp l o r a t i o n- C l a s s mission. T h i s is be c a u s e p r e-fl i g h t u l t r a s o u n d sc r e e n i n g c a n 

rule o u t  s i g n i f i c a n t r e t a i n e d cal c u l i a n d  th e p r o b a b i l i ty o f  d e v e l o p i n g a ca l c u l u s 

d u r i n g a 10-14-day S h u t t l e mi s s i o n is very low. Whi l e m o s t p e o p l e as s u m e th ey ar e 

h e a l t hy , it is w o r t h h i g h l i g h t i n g som e s t a t i s t i c s f r o m th e C S A ' s 1992 a s t r o n a u t  

r e c r u i t m e n t c a m p a i g n ( T a b l e 2.1 ), whic h s e n t o u t  337 q u e s t i o n n a i r e s t o the m o s t 

qu a l i f i e d a p p l i c a n t s . 

Tab l e 2.1. Med i c a l d i s q u a l i f i c a t i o n d u r i n g 1992 CSA a s t r o n a u t re c r u i t m e n t . * 

Reason for disqualification Number Percent disqualified 

Vision 105 31 

Mig r a i n e h i s t o ry 12 3 . 6 

T hyr o i d d i s o r d e r s 5 1.5 

E a r s / he a ring 4 1.2 

L u n g s / a s t h m a 3 0.8 

Misc . ( I  e a c h ) , inc. H o d g k i n ' s , MS , 

C r o h n ' s , epilepsy , obe s i ty , ve r t i g o , o t h e r s 16 4 . 7 

T o t a l s 145 43 

* Based o n 337 medical q u e s t i o n n a i r e s received d u r i n g the C S A ' s 1992 R e c r u i t m e n t 

C a m p a i g n . 

Misc e l l a n e o u s experie n c e 

I n th e re s u m e I s u b m i t t e d as p a r t  o f  my a s t r o n a u t  a p p l i c a t i o n , I e n t i t l e d thi s se c t i o n 

avocational experience. P e r h a p s o n e o f  th e m o s t i m p o r t a n t  skills spa c e agencies l o o k 

for a f t e r e d u c a t i o n is flying experi e n c e . A t  th e very mi n i m u m , t h ey expec t a p p l i c a n t s 

t o posse s s a t  le a s t a p r i v a t e p i l o t ' s license (e i g h t o f  th e 16 final c a n d i d a t e s in t h e CSA 

sele c t i o n were p r o f e s s i o n a l pi l o t s ) . I f  a p p l i c a n t s h a p p e n t o ha v e a mu l t i-en g i n e a n d / 

o r  i n s t r u m e n t r a t i n g in a d d i t i o n t o a c o m m e r c i a l r a t i n g , so m u c h th e b e t t e r . P r e v i o u s 

experi e n c e w i t h a i r c r a f t o p e r a t i o n s is a b o n u s , p a r t i c u l a r ly i f  it in v o l v e d t a s k s su c h as 

be i n g a te s t p i l o t o r  flight eng i n e e r . 

N ext, agen c i e s l o o k f o r skills r e l e v a n t t o the j o b  o f  being a n  a s t r o n a u t . 

P a r a c h u t i n g exper i e n c e is a n as s e t , since, in th e e v e n t o f  so m e a b o r t  co n t i n g e n c i e s , 

this is a skill a s t r o n a u t s m ay hav e to use. A n o t h e r skill used extensively by 

a s t r o n a u t s is s c u b a-d i v i n g wh e n p r a c t i c i n g in th e N e u t r a l B u oyan cy L a b o r a t o ry 

(N B L ) . I n fact , f o r t h o s e few a s t r o n a u t s wh o d o n o t  ha v e s c u b a-d i v i n g c e r t i f i c a t i o n , 

thi s is o n e o f  th e fir s t t h i n g s th ey le a r n d u r i n g basic t r a i n i n g . 
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DESIRABLE QUALITIES 

I n  a d d i t i o n  t o  t h e v e r i t a b l e s h o p p i n g l i s t o f  q u a l i f i c a t i o n s a p o t e n t i a l a s t r o n a u t  

c a n d i d a t e  m u s t  po s s e s s , s p a c e ag e n c i e s a l s o l o o k f o r c e r t a i n q u a l i t i e s t h ey c o n s i d e r 

m a k e  u p  a n  i d e a l s p a c e f a r e r . 

Patience 

O n e  v i r t u e r e q u i r e d by all a s t r o n a u t s  is p a t i e n c e . H a v i n g  s p e n t  m o r e  t h a n  a d e c a d e 

a c c u m u l a t i n g  t h e  n e c e s s a ry q u a l i f i c a t i o n s  f o r  t h e a p p l i c a t i o n  p r o c e s s , m o s t  

a p p l i c a n t s h a v e a l r e a dy d e m o n s t r a t e d  t h i s q u a l i ty! I n  a d d i t i o n  t o  e m b a r k i n g  u p o n  

a l e n g t hy p r o b a t i o n a ry t r a i n i n g s c h e d u l e , a s t r o n a u t s  m u s t  a l s o be p r e p a r e d  t o  s p e n d 

s e v e r a l yea r s w o r k i n g v a r i o u s t e c h n i c a l a s s i g n m e n t s b e f o r e b e i n g s e l e c t e d f o r a 

m i s s i o n , w h i c h m e a n s m o r e  t r a i n i n g l a s t i n g 18 m o n t h s  o r  m o r e . By t h e t i m e l a u n c h 

d ay fi n a l ly ro l l s a r o u n d ,  s o m e a s t r o n a u t s  h a v e w a i t e d 10 yea r s o r  m o r e sinc e b e i n g 

se l e c t e d ( R o b e r t  T h i r s k  ( F i g u r e  2 . 2 ) w a i t e d n e a r ly 13 yea r s f o r his fi r s t flight!). E v e n 

t h o s e l u c ky t o  fly t h r e e o r  f o u r  ti m e s i n a c a r e e r h a v e r o u t i n e ly w a i t e d 5 o r  6 yea r s 

b e t w e e n fl i g h t s . I n  t h e  p o s t- S h u t t l e e r a , p o s s e s s i n g a r e s e r v o i r o f  p a t i e n c e will be 

ev e n m o r e  i m p o r t a n t  d u e  t o  e v e n fewer fl i g h t o p p o r t u n i t i e s  b e i n g a v a i l a b l e . W h i l e 

t h e S h u t t l e w a s flying, ne w a s t r o n a u t s  c o u l d exp e c t t o m a k e  t w o t o  f o u r fl i g h t s i n a 

c a r e e r t h a t  n o r m a l ly s t r e t c h e d 10-12 year s . I n  s o m e yea r s , a s  m a ny a s 50 a s t r o n a u t s  

flew i n s p a c e , b u t  w i t h t h e r e t i r e m e n t o f  t h e S h u t t l e i n 2 010 a n d  t h e a d v e n t  o f  ISS 

Exp e d i t i o n i n c r e m e n t s , t h a t  n u m b e r  will be m o r e li k e a d oz e n . F o r  t h e ne w 

g e n e r a t i o n o f  a s t r o n a u t s ,  a typi c a l c a r e e r m ay o f f e r o n ly o n e o r  t w o f l i g h t 

o p p o r t u n i t i e s . I t m i g h t s o u n d  li k e a l o t o f  w o r k  f o r l i t t l e r e w a r d , b u t ,  j u d g i n g  by t h e 

n u m b e r  o f  a p p l i c a t i o n s , t h e l a c k o f  fl i g h t o p p o r t u n i t i e s  h a d  l i t t l e i m p a c t  u p o n  t h e 

r e c r u i t m e n t c a m p a i g n s c o n d u c t e d  by N A S A ,  t h e C S A , a n d  t h e E S A i n 20 0 8 - 200 9 . 

Versatility 

" A  h u m a n  b e i n g s h o u l d  b e a b l e t o c h a n g e  a d i a p e r , p l a n  a n  i n v a s i o n , b u t c h e r  a 

h o g , c o n n  a s h i p , d e s i g n a b u i l d i n g , w r i t e a s o n n e t , b a l a n c e a c c o u n t s , b u i l d a 

wal l , s e t a b o n e , c o m f o r t  t h e dyin g , t a k e  o r d e r s , give o r d e r s , c o o p e r a t e , a c t  

a l o n e , s o l v e e q u a t i o n s , a n a lyze a new p r o b l e m , p i t c h m a n u r e , p r o g r a m  a 

c o m p u t e r ,  c o o k  a t a s ty m e a l , f i g h t e f f i c i e n t ly, di e g a l l a n t ly. S p e c i a l iz a t i o n is f o r 

i n s e c t s . " 

R o b e r t  A. H e i n l e i n , Time Enough for Love 

W h i l e a n  a s t r o n a u t  d o e s n ' t  n e e d t o  be p r o f i c i e n t i n all t h e t a s k s i t e m ize d by H e i n l e i n , 

v e r s a t i l i ty is a k ey q u a l i ty d e m a n d e d  by s p a c e ag e n c i e s r e c r u i t i n g a s t r o n a u t s .  N A S A ,  

t h e C S A , a n d  t h e E S A l o o k  f o r v e r s a t i l e i n d i v i d u a l s w h o h a v e h i g h t e c h n i c a l 

c o m p e t e n c e a n d  t h e a b i l i ty t o  w o r k i n a t e a m . T h e  s e l e c t i o n t e a m  a l s o l o o k s f o r a 

hybr i d : a r e s e a r c h e r w h o c a n  h a n d l e t h e sc i e n c e a n d  o p e r a t e  m a n i p u l a t o r s  s u c h as 
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Figure 2.2. T h e w a i t f o r a flig h t c a n be a l o n g one. C a n a d i a n Sp a c e Agency a s t r o n a u t , 

B o b T h i r s k , s h o w n h e r e d u r i n g a s t r o n a u t t r a i n i n g , wa s selected in D e c e m b e r , 1983 b u t  

h a d t o w a i t u n t i l J u n e , 1996 fo r his first flight. I m a g e cou r t e sy: CSA. 

the C a n a d a r m 2  a n d w h o al s o h a s the physic a l a b i l i ty t o e n d u r e gr u e l i n g sp a c e w a l k s . 

G i v e n th e s e r e q u i r e m e n t s, it is t o u g h f o r a p p l i c a n t s to m e e t t h e g r a d e a n d s h o w t h e y 

possess all t h o s e qu a l i t i e s . B u t t h e myri a d q u a l i f i c a t i o n s a r e necessary, since t r a i n i n g 

a n a s t r o n a u t  is a c o n s i d e r a b l e i n v e s t m e n t f o r a ny agency a n d  t h e s u p p o r t  nee d e d 

b o t h b e f o r e a n d d u r i n g a sp a c e mission is costly; for examp l e , t h e R u s s i a n s will be 

c h a r g i n g N A S A $51 mi l l i o n a ticket*(!) o n b o a r d  th e i r Soyuz following t h e S h u t t l e ' s 

r e t i r e m e n t . F u r t h e r m o r e , it t a k e s years t o p l a n a n d o r g a n ize a spa c e mis s i o n a n d 

* I n  c o m p a r i s o n , Space A d v e n t u r e s c h a r g e s rich bus i n e s s m e n $30 mi l l i o n for t h e s a m e flight. 
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h u n d r e d s o f  p e o p l e a r e invo l v e d in p r e p a r i n g the a s t r o n a u t s a n d th e s p a c e c r a f t ; since 

a s t r o n a u t s  a r e p i v o t a l t o th e success o f  a missi o n a n d flight o p p o r t u n i t i e s a r e so 

li m i t e d , s p a c e agencies o b v i o u s ly w a n t to en s u r e t h o s e selected will m a k e th e be s t 

p o s s i b l e use o f  th e p r e c i o u s time they will s p e n d in spa c e . 

High achiever 

A ver s a t i l e , p a t i e n t , ce r t i f i e d p i l o t , sky-dive r , s c u b a-d i v e r wit h a Ph.D. who al s o 

posses s e s th e r e q u i s i t e myr i a d q u a l i f i c a t i o n s d e s c r i b e d e a r l i e r is o f f  to a g o o d s t a r t , 

b u t  eve n thi s list o f  c r e d e n t i a l s w o n ' t  be su f f i c i e n t t o eve n g u a r a n t e e a n int e r v i e w . 

T h o s e selected as a s t r o n a u t s  al s o need t o be high ac h i e v e r s . Y o u m i g h t be t h i n k i n g 

t h a t  co l l e c t i n g all t h o s e q u a l i f i c a t i o n s w o u l d su r e ly p u t  a p e r s o n in t h a t  c a t e g o ry , b u t 

th e age n c i e s a r e l o o k i n g f o r s o m e t h i n g extr a ; t h ey' r e l o o k i n g f o r some n o t e w o r t hy 

a c c o m p l i s h m e n t o u t s i d e t h e i r p r o f e s s i o n a l field o f  exper t i s e . F o r  examp l e , d u r i n g th e 

CSA c a m p a i g n , t h e r e was o n e a p p l i c a n t w h o h a d  cl i m b e d M o u n t  Ev e r e s t in a d d i t i o n 

t o be i n g a p hysi c i a n a n d  t h e r e was a n o t h e r  wh o h a d  r a c e d in th e Olympic s as well as 

be i n g a f i g h t e r p i l o t . 

Psychological disposition 

A n o t h e r q u a l i ty t h e age n c i e s p ay p a r t i c u l a r a t t e n t i o n t o is p sych o l o g i c a l d i s p o s i t i o n . 

T h e new class o f  a s t r o n a u t s will s p e n d several m o n t h s in a c o n f i n e d spa c e wit h five 

o t h e r  c r e w m e m b e r s . Ne e d l e s s t o say, t h e psycho l o g i c a l q u a l i t i e s r e q u i r e d will in c l u d e 

a n  a b i l i ty t o get o n well wit h o t h e r  c r e w m e m b e r s a n d  a n af f i n i ty for t e a m w o r k a n d  

a d a p t a b i l i ty . T o  ha v e a c h a n c e o f  m a k i n g i t t o th e final pa n e l in t e r v i e w t h e r e f o r e , 

a s p i r i n g a s t r o n a u t s need to d e m o n s t r a t e a n e q u a b l e t e m p e r a m e n t a n d a hig h level o f  

se l f-co n t r o l . F r o m  a n o p e r a t i o n a l p e r s p e c t i v e , agencies seek t h o s e w i t h a n ab i l i ty t o 

a d a p t  qu i c k ly t o c h a n g i n g s i t u a t i o n s a n d  t h o s e wh o exercise m a t u r e  j u d g m e n t , since 

the s e a r e t h e q u a l i t i e s t h a t  will be hel p f u l in p e r f o r m i n g t a s k s a n d  o p t i m izi n g on•

o r b i t  r o u t i n e s a n d  p r o c e d u r e s . Agencies al s o l o o k f o r s o m e o n e wh o m a n a g e s his / h e r 

a d r e n a l i n e well a n d in a flight s i t u a t i o n wh e r e th ey ar e p u t  i n t o a d a n g e r o u s 

s i t u a t i o n , d o e s th e s a m e t h i n g . F o r  some a p p l i c a n t s , su c h a s fig h t e r p i l o t s a n d  

em e r g e n cy physi c i a n s , p sycho l o g i c a l a p t i t u d e is a l r e a dy a p r o v e n q u a l i ty ; it was n o 

co i n c i d e n c e th e two c a n d i d a t e s c h o s e n by the CSA in 2009 h a p p e n e d t o be a p i l o t 

a n d a physician! 

Public relations 

A s t r o n a u t s  s p e n d on ly a f r a c t i o n o f  t h e i r tim e in spa c e a n d  when t h ey' r e n o t  t r a i n i n g 

f o r t h e i r next mis s i o n , th ey a r e o f t e n d o i n g p u b l i c r e l a t i o n s for t h e spa c e agency. T h e 

ro l e o f  a n a s t r o n a u t  a s a p u b l i c r e l a t i o n s off i c e r is a n a t u r a l on e , since th e me d i a a n d 

th e p u b l i c a r e n a t u r a l ly c u r i o u s a b o u t  t h e i r life a n d  mi s s i o n s . T h i s m e a n s a s t r o n a u t s 
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m u s t en j oy me e t i n g t h e p u b l i c a n d  th e pres s , a n d be abl e to c o m m u n i c a t e t h e 

i m p o r t a n c e o f  t h e i r t a s k s in space. Since a s t r o n a u t s a r e o f t e n th e p u b l i c face o f  th e 

agen cy they re p r e s e n t , p e r s o n a l i ty in e v i t a b ly is a si g n i f i c a n t se l e c t i o n c r i t e r i o n when 

it com e s d o w n t o t h e final few c a n d i d a t e s . N o t  on ly m u s t a s t r o n a u t s serve as 

a m b a s s a d o r s f o r t h e i r ag e n cy a n d c o u n t ry i n t e r n a t i o n a l ly, they m u s t also t a k e 

c o m p l ex issues o f  science, t e c h n o l o gy, a n d exp l o r a t i o n a n d  expl a i n th e m in a way 

t h a t  excites you n g kids a t  sc h o o l . 

I n a d d i t i o n t o be i n g a b l e t o c o m m u n i c a t e in t h e i r m o t h e r t o n g u e , a s t r o n a u t s a r e 

also expec t e d t o ha v e l a n g u a g e a b i l i ty in a t  le a s t o n e o t h e r l a n g u a g e . L a n g u a g e skills 

a r e necess a ry, given th e i n t e r n a t i o n a l c o l l a b o r a t i o n t h a t  exists be t w e e n spa c e 

agencies t o d ay. F l u e n cy in E n g l i s h is m a n d a t o ry a n d a g o o d k n o w l e d g e o f  R u s s i a n is 

a n as s e t , as it fa c i l i t a t e s t r a i n i n g a t  th e c o s m o n a u t  c e n t e r in Ru s s i a . I n t e r e s t in, a n d 

kn o w l e d g e of, A m e r i c a n , R u s s i a n , a n d J a p a n e s e c u l t u r e is al s o useful, as it fac i l i t a t e s 

g o o d r e l a t i o n s w i t h i n t e r n a t i o n a l p a r t n e r s o n  th e ISS. 

THE APPLICATION PROCESS 

O n c e a c a n d i d a t e h a s a c q u i r e d th e ba s i c q u a l i fyin g c r i t e r i a a n d  c o n s i d e r s they hav e 

th e d e s i r a b l e qu a l i t i e s , th ey c a n begin th e a r d u o u s a p p l i c a t i o n pr o c e s s . Ev e n f o r 

t h o s e wh o ha v e h a d  t h e i r sig h t s set o n b e c o m i n g a n  a s t r o n a u t  for de c a d e s , th e 

a p p l i c a t i o n pr o c e s s c a n a p p e a r  d a u n t i n g , especially i f  you h a p p e n t o be a n o n-U S 

cit izen ( t h e o d d s o f  be i n g selected as a C S A o r  E S A a s t r o n a u t  a r e by m o r e t h a n  10 

o r d e r s o f  m a g n i t u d e worse). H a v i n g s p e n t th e b e s t p a r t  o f  two de c a d e s o r  m o r e 

a c c u m u l a t i n g t h e exper i e n c e a n d q u a l i f i c a t i o n s j u s t  t o be a b l e t o s u b m i t a 

c o m p e t i t i v e a p p l i c a t i o n , a p p l i c a n t s m u s t t h e n u n d e r g o a series o f  p r e l i m i n a ry 

inte r v i e w s , physic a l a n d  p sych o l o g i c a l tests in a d d i t i o n t o all s o r t s o f  o t h e r  

e v a l u a t i o n s . Ev e n f o r these s u p r e m e ly qu a l i f i e d a p p l i c a n t s , th e c h a n c e s o f  a c t u a l ly 

be c o m i n g a n  a s t r o n a u t  a r e a s t a t i s t i c a l l o n g s h o t , b u t  n o t  as lo n g as s o m e o n e wh o 

d o e s n ' t ap p ly; i f  you d o n ' t  s u b m i t a n  a p p l i c a t i o n , yo u ha v e a 100% c h a n c e o f  n o t  

m a k i n g it. T h a t ' s  a n  in v i o l a b l e stat i s t i c ! 

O n c e t h e a p p l i c a t i o n h a s be e n s u b m i t t e d , i t ' s a cas e o f  w a i t i n g f o r th e call to th e 

fir s t s t a g e o f  select i o n . While spa c e agencies l o o k f o r the be s t p e o p l e pos s i b l e , t h e i r 

m e t h o d s o f  sel e c t i o n differ. N A S A , for examp l e , c o n d u c t s a p a n e l in t e r v i e w t o g e t h e r 

w i t h r o u t i n e fitness, me d i c a l , a n d c o o r d i n a t i o n tes t s , wh i c h is a n  a p p r o a c h  s i m i l a r t o 

t h e se l e c t i o n p e r f o r m e d by t h e ESA. I n c o n t r a s t , th e CSA , whi c h h a s by fa r th e m o s t 

r i g o r o u s se l e c t i o n o f  a ny age n cy in th e w o r l d , * r e q u i r e s a p p l i c a n t s t o s u b m i t t o 

myr i a d tes t s , m a ny o f  wh i c h w o u l d n ' t be o u t  o f  pla c e i n m i l i t a ry b o o t  c a m p , as 

d e s c r i b e d in t h e n ext c h a p t e r . 

* I n 2009, NA S A , the ESA, a n d the J a p a n e s e space agency sent obser v e r s to wat c h how 

C a n a d a selects its a s t r o n a u t s . 
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I t ' s extre m e ly dif f i c u l t t o be selected as a N A S A a s t r o n a u t , b u t  i f  you h a p p e n t o be a 

C a n a d i a n o r  a E u r o p e a n , t h e o d d s ar e a l m o s t n o n-exist e n t . W h e r e a s t h e A m e r i c a n s 

have t h e l uxury o f  ha v i n g a spa c e agency t h a t  a n n o u n c e s a s t r o n a u t  selec t i o n 

c a m p a i g n s eve ry fo u r year s o r  so , C a n a d i a n s a n d  E u r o p e a n s c o n t e n d wi t h selections 
o c c u r r i n g w i t h f r u s t r a t i n g i n f r e q u e n cy . T h ey als o face d a u n t i n g s t a t i s t i c a l o d d s . 

I n 2008, N A S A , t h e C a n a d i a n  Space Agency (CSA) , a n d  t h e E u r o p e a n Space 
Ag e n cy (E S A ) i n i t i a t e d a s t r o n a u t  s e l e c t i o n c a m p a i g n s . F o r A m e r i c a n s w i t h 
a m b i t i o n s t o fly to space , t h e w a i t f o r sel e c t i o n h a d o n ly been f o u r years. F o r  the 

E u r o p e a n s a n d  t h e C a n a d i a n s , whose la s t sel e c t i o n h a d  been in 1992, t h e w a i t h a d 

been c o n s i d e r a b ly longe r . M a k i n g the ch a l l e n g e o f  be c o m i n g a n  a s t r o n a u t  even m o r e 
d a u n t i n g was t h e f a c t t h e C S A was p l a n n i n g o n selec t i n g o n ly two a s t r o n a u t s 
whe r e a s N A S A ' s  call was fo r 15 a s t r o n a u t s ( t h e A m e r i c a n sp a c e agency ev e n t u a l ly 
selected nine a s t r o n a u t s i n a d d i t i o n t o seven E d u c a t o r  A s t r o n a u t s ) . M e a n w h i l e , o n  
the o t h e r  side o f  t h e A t l a n t i c , the ESA a n n o u n c e d i t w o u l d select o n ly f o u r 

c a n d i d a t e s (it en d e d u p selec t i n g six). F o l l o w i n g the a p p l i c a t i o n dea d l i n e s , i t was 
pos s i b l e t o c a l c u l a t e t h e o d d s o f  be c o m i n g a n  a s t r o n a u t , d e p e n d i n g o n  w h e t h e r you 
lived i n t h e US, C a n a d a ,  o r  E u r o p e . N A S A received 3,535 a p p l i c a n t s f o r 16 

p o s i t i o n s , m e a n i n g p r o s p e c t i v e a s t r o n a u t s faced a 0.4% c h a n c e o f  be i n g selected ( o r 

235 p e o p l e c h a s i n g e a c h a s t r o n a u t  p o s i t i o n ) . T h e ESA received 8,413 a p p l i c a n t s fo r 

j u s t  f o u r p o s i t i o n s , m e a n i n g f u t u r e E u r o p e a n s p a c e f a r e r s h a d  a 0.04'Yo c h a n c e o f  

being selected ( o r 2, I 03 p e o p l e c h a s i n g e a c h a s t r o n a u t  p o s i t i o n ) . H o w e v e r , t h e 

a p p l i c a n t s w i t h the h i g h e s t o d d s a g a i n s t t h e m were the p o o r  C a n a d i a n s , who s e 

agency received 5,351 a p p l i c a n t s fo r j u s t  two p o s i t i o n s ( o r 2,676 p e o p l e c h a s i n g e a c h 

a s t r o n a u t  po s i t i o n ! ) . 
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N A S A S E L E C T I O N  

F o l l o w i n g a n  i n i t i a l review o f  3 , 535 a p p l i c a n t s , h u n d r e d s  o f  a p p l i c a n t s wer e 

d i s q u a l i f i e d b a s e d o n  t h e a p p l i c a t i o n i n f o r m a t i o n . F o l l o w i n g a m o r e t h o r o u g h  

review o f  t h e i n f o r m a t i o n , 120 a p p l i c a n t s wer e i n v i t e d t o vi s i t J o h n s o n  S p a c e C e n t e r 

( J S C ) i n  O c t o b e r ,  2008. T h e s e a p p l i c a n t s wer e c o n t a c t e d by t h e A s t r o n a u t  S e l e c t i o n 

Office a week b e f o r e t h ey we r e s c h e d u l e d t o a r r i v e a t  J S C . D u r i n g  th i s p h a s e o f  

se l e c t i o n , t w o g r o u p s o f  10 c a n d i d a t e s wer e as s e s s e d e a c h we e k , fo r a t o t a l  o f  six 

weeks o f  a s s e s s m e n t . 

2008 se l e c t i o n proc e s s 

T h e f i r s t i t e m o n  t h e a s s e s s m e n t a g e n d a ( T a b l e 3.1) was a n  o r i e n t a t i o n a n d  we l c o m e 

by t h e s e l e c t i o n office. T h i s w a s u s u a l ly c o n d u c t e d by t h e c h a i r a n d  d e p u ty c h a i r  o f  

t h e a s t r o n a u t ' s  s e l e c t i o n b o a r d , a s t r o n a u t s  Peg gy W h i t s o n a n d  S t e v e n L i n d s ay. T h ey 

expl a i n e d t o t h e g r o u p  w h a t  i t w a s like t o be a n  a s t r o n a u t  a n d  w h a t  t h e c h a n c e s o f  a n  

e a r ly de m i s e were! F o l l o w i n g t h e b r i e f o v e r v i e w o f  t h e a s t r o n a u t  o c c u p a t i o n , 

c a n d i d a t e s wer e d i v i d e d i n t o  t w o g r o u p s o f  five a n d  t a k e n  o n  t o u r s o f  M i s s i o n 

C o n t r o l ,  a n d  m o c k u p s o f  t h e I n t e r n a t i o n a l  S p a c e S t a t i o n  (ISS) a n d  t h e S p a c e 

S h u t t l e . N ex t was a se r i e s o f  a n t h r o p o m e t r i c  m e a s u r e m e n t s u s i n g a 3 D  l a s e r 

m e a s u r i n g syst e m , t o m a k e  s u r e e a c h c a n d i d a t e  w o u l d fit i n t o  t h e S oyuz ca p s u l e . 

F o l l o w i n g t h e a n t h r o p o m e t r i c  a s s e s s m e n t wa s a r o b o t i c s e v a l u a t i o n t h a t  d e t e r m i n e d 

3 D r e a s o n i n g skills, s i t u a t i o n a l a w a r e n e s s , a n d  t h e a b i l i ty t o m u l t i t a s k . 

T h e  n ext d ay s t a r t e d w i t h a series o f  w r i t t e n p sych o l o g i c a l exam s , r e q u i r i n g 

a p p l i c a n t s t o a n s w e r t h o u s a n d s  o f  s h o r t  q u e s t i o n s t o assess s o c i a b i l i ty, t e a m w o r k , 

a n d  a myr i a d o t h e r  p syc h o l o g i c a l p a r a m e t e r s . A f t e r s p e n d i n g five h o u r s  a n s w e r i n g 

p sych o l o g i c a l q u e s t i o n s , a p p l i c a n t s r e p o r t e d f o r a m e d i c a l q u e s t i o n n a i r e review, 

a f t e r w h i c h t h e r e wa s t h e o p p o r t u n i ty f o r a p hysi c a l w o r k- o u t  w i t h t h e A s t r o n a u t  

S t r e n g t h a n d  C o n d i t i o n i n g T e a m . 

T h e  t h i r d d ay in c l u d e d a 1-hr p a n e l i n t e r v i e w a d m i n i s t e r e d by t h e a s t r o n a u t  

s e l e c t i o n b o a r d .  T o  i n t r o d u c e  th e m s e l v e s t o  t h e 12-pe r s o n b o a r d ,  e a c h a p p l i c a n t 

w r o t e d o w n  t h r e e t o five r e a s o n s why t h ey w a n t e d  t o b e a n  a s t r o n a u t  ( t h e C a n a d i a n  

a p p l i c a n t s , in c o n t r a s t , h a d  t o wr i t e a 1 ,0 0 0-w o r d essay!). T h e  i n t e r v i e w u s u a l ly 

s t a r t e d w i t h t h e p r e d i c t a b l e " T e l l us a b o u t  yo u r s e l f s t a r t i n g w i t h h i g h s c h o o l " 

q u e s t i o n , b e f o r e exp l o r i n g t h e t h e m e s a p p l i c a n t s h a d i n d i c a t e d in t h e i r r e a s o n s f o r 

b e c o m i n g a n  a s t r o n a u t .  

I n  M a r c h ,  40 c a n d i d a t e s w e r e sel e c t e d f o r t h e n ext p h a s e o f  se l e c t i o n , c o m p r i s i n g 

a w e e k-l o n g m e d i c a l ( T a b l e 3.2) . A g a i n , t h e 40 c a n d i d a t e s w e r e d i v i d e d i n t o  t w o 

g r o u p s , w i t h o n e  g r o u p  p e r f o r m i n g t h e i r m e d i c a l te s t s o n e wee k a n d  t h e s e c o n d 

g r o u p  t h e f o l l o w i n g week. 
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Table 3 .1. N A S A a s t r o n a u t  se l e c t i o n sc h e d u l e . 

Dates Selection process 

S e p t e m b e r , 2007 

J u ly 1st , 2008 

S e p t e m b e r to 

N o v e m b e r , 2008 

V a c a n cy a n n o u n c e m e n t in U S A J O B S 

V a c a n cy a n n o u n c e m e n t closes. 3 , 535 a p p l i c a t i o n s received 

Q u a l i f i e d a p p l i c a n t s reviewed t o d e t e r m i n e H i g h ly 

Qu a l i f i e d a p p l i c a n t s . 450 selected . Q u a l i f i c a t i o n s I n q u i ry f o r m s e n t 

t o S u p e r v i s o r s / R e f e r e n c e s a n d ci v i l i a n a p p l i c a n t s c o n t a c t e d by 

ma i l t o  o b t a i n  a n  F A A  me d i c a l exam 

O c t o b e r t o 

J a n u a ry , 2009 

N o v e m b e r , 2008 t o 

J a n u a ry , 2009 

F e b r u a ry, 2009 

F e b r u a ry to A p r i l , 2009 

J u n e , 2009 

A u g u s t , 2009 

120 H i g h ly Qu a l i f i e d a p p l i c a t i o n s reviewed t o  d e t e r m i n e 

in t e r v i e w e e s 

I n t e r v i e w e e s a t t e n d J S C f o r p r e l i m i n a ry int e r v i e w , m e d i c a l 

e v a l u a t i o n , a n d  o r i e n t a t i o n in g r o u p s o f  I 0 fo r 2.5 d ays . 

In t e r v i e w e e s sele c t e d fro m H i g h ly Qu a l i f i e d g r o u p  a n d c o n t a c t e d 

o n  a week-by-we e k ba s i s 

40 fi n a l i s t s selected 

F i n a l i s t s a t t e n d J S C f o r a d d i t i o n a l i n t e r v i e w a n d  m e d i c a l 

e v a l u a t i o n ( I week lo n g ) 

A s t r o n a u t  C a n d i d a t e  C l a s s o f  2009 a n n o u n c e d 

A s t r o n a u t  C a n d i d a t e  C l a s s o f  2009 r e p o r t e d t o J S C 

Table 3.2. N A S A  m e d i c a l exa m i n a t i o n s a n d  p a r a m e t e r s . 

Item Description 

1 M e d i c a l h i s t o ry 

a. N A S A  m e d i c a l s u r v ey 

b. Q u e s t i o n n a i r e 

2 P hysic a l exa m i n a t i o n 

a. G e n e r a l p hysi c a l 

b. A n t h r o p o m e t ry ( b i o m e t r i c a s s e s s m e n t o f  t h e b o dy) 

c . M u s c l e m a s s 

d . Pelvic exa m a n d  P a p  s m e a r 

e . P r o c t o  s i g m o i d o s c o py (inv a s i v e exa m i n a t i o n o f  t h e l a rge i n t e s t i n e f r o m the 

r e c t u m t h r o u g h t h e la s t p a r t  o f  t h e c o l o n ) 

3 C a r d i o  p u l m o n a ry e v a l u a t i o n 

a . H i s t o ry a n d  exa m i n a t i o n 

b. Physic a l fitness t e s t 

c. Exercis e st r e s s t e s t 

d. B l o o d p r e s s u r e 

e . R e s t i n g a n d  2 4-h r e l e c t r o c a r d i o g r a p h 

f. E c h o c a r d i o g r a m ( u l t r a s o u n d t e c h n i q u e used t o g e n e r a t e 3 D im a g e o f  t h e h e a r t ) 

4 E a r , nos e a n d  t h r o a t  ( E N T )  e v a l u a t i o n 

a. H i s t o ry a n d  exa m i n a t i o n 

b. A u d i o m e t ry 

c . Tym p a n o m e t ry ( a n o b j e c t i v e t e s t o f  m i d d l e-e a r f u n c t i o n . I t is n o t  a h e a r i n g test, 

b u t  a m e a s u r e o f  en e r gy t r a n s m i s s i o n t h r o u g h  t h e m i d d l e e a r ) 

5 O p h t h a l m o l o g i c a l e v a l u a t i o n 

a. Visu a l a c u i ty , r e f r a c t i o n , a n d a c c o m m o d a t i o n 
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b . C o l o r  a n d  d e p t h  p e r c e p t i o n 

c . P h o r i a s  ( t h e r e l a t i v e d i r e c t i o n s o f  t h e eyes d u r i n g  b i n o c u l a r f ixat i o n o n  a given 

o b j e c t in t h e a b s e n c e o f  a n a d e q u a t e  s t i m u l u s ) 

d . T o n o m e t ry ( p r o c e d u r e o p h t h a l m o l o g i s t s p e r f o r m t o  d e t e r m i n e t h e i n t r a o c u l a r  

p r e s s u r e ( l O P )  - t h e flui d p r e s s u r e in s i d e t h e eye) 

e. P e r i m e t ry ( syst e m a t i c m e a s u r e m e n t o f  d i f f e r e n t i a l l i g h t s e n s i t i v i ty i n th e vi s u a l 

field by t h e d e t e c t i o n o f  th e p r e s e n c e o f  t e s t t a r g e t s o n  a d e f i n e d b a c k g r o u n d )  

a n d  r e t i n a l p h o t o g r a p h  

f. E n d o s c o py 

6 D e n t a l  exa m i n a t i o n  

a. P a n o r ex (a l s o k n o w n  as a n  " o r t h o p a n t o g r a m " , a p a n o r ex is a p a n o r a m i c  

s c a n n i n g d e n t a l X- r ay o f  t h e u p p e r a n d  l o w e r j a w  s h o w i n g a 2 D  view o f  a ha l f•

cir c l e f r o m e a r  to e a r ) a n d  full d e n t a l X-r ays w i t h i n l a s t 2 yea r s 

7 N e u r o l o g i c a l exa m i n a t i o n 

a. H i s t o ry a n d  exa m i n a t i o n 

b. E E G  a t  r e s t 

8 P syc h i a t r i c / p syc h o l o g i c a l e v a l u a t i o n 

a. P syc h i a t r i c i n t e r v i e w s 

b . P sych o l o g i c a l te s t s 

9 R a d i o g r a p h i c  e v a l u a t i o n 

a. C h e s t X- r ay 

b. X- r ay D N S  

c . M a m m o g r a p hy 

d. M e d i c a l r a d i a t i o n  exp o s u r e h i s t o ry a n d  i n t e r v i e w 

e. A b d o m i n a l  a n d  u r o g e n i t a l u l t r a s o n o g r a p hy ( a n u l t r a s o u n d- b a s e d d i a g n o s t i c 

i m a g i n g t e c h n i q u e used t o vi s u a l ize s u b c u t a n e o u s b o dy s t r u c t u r e s ) 

10 L a b o r a t o ry i n v e s t i g a t i o n 

a . C o m p l e t e h e m o g r a m  ( b l o o d t e s t , i n c l u d i n g a n  e s t i m a t e o f  t h e b l o o d 

h e m o g l o b i n level , p a c k e d cell v o l u m e , a n d  b l o o d c o u n t )  

b. B l o o d b i o c h e m i s t ry 

c. I m m u n o l o gy 

d . S e r o l o gy (sc i e n t i f i c s t u dy o f  b l o o d s e r u m . T h e  t e r m u s u a l ly refe r s t o t h e 

d i a g n o s t i c i d e n t i f i c a t i o n o f  a n t i b o d i e s in t h e s e r u m ) 

e . E n d o c r i n o l o gy 

f. U r i n a n a lys i s 

g. 2 4- h r c h e m i s t ry 

h. R e n a l s t o n e p r o f i l e 

1. U r i n e  e n d o c r i n o l o gy 

J . U r i n e R E  

k. S t o o l R E  

I. O c c u l t b l o o d  

m . O v a  a n d  p a r a s i t e s 

11 O t h e r  t e s t s 

a . D r u g  s c r e e n 

b. M o n t o ux te s t ( t e s t f o r t u b e r c u l o s i s ) 

c. M i c r o b i o l o g i c a l , f u n g a l , a n d  vi r a l te s t s 

d. P r e g n a n cy te s t 

e . S c r e e n i n g f o r S T D  

f. A b d o m i n a l  u l t r a s o n o g r a p hy 
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Figure 3.1. NA S A ' s Class o f  2009 E d u c a t o r A s t r o n a u t s . S t a n d i n g left to right: Mi k e 

Schm i d t , St e p h e n Heck , S t u a r t W i t t (M o j a v e Ai r a n d Space P o r t G e n e r a l M a n a g e r ) ,  

Jim Ku h l . Seated left t o right: L a n e t t e Oliver , C h a n t e l l e Rose, Rach a e l M a nze r , 

M a u r e e n Ada m s . Image courtesy: NASA. 

Fi n a l ly, o n J u n e 29th, 2009, N A S A selected nine a s t r o n a u t c a n d i d a t e s (Ta b l e 3.3) 

a n d , 3 weeks la t e r , the agency a n n o u n c e d a n a d d i t i o n a l seven c a n d i d a t e s (M i k e 

Sch m i d t , St e p h e n Heck , Ji m K u h l , L a n e t t e Oliver, C h a n t e l l e Rose, Ra c h a e l M a nze r , 

an d M a u r e e n A d a m s ) as p a r t  o f  the E d u c a t o r A s t r o n a u t selection ( F i g u r e 3.1). 

ESA A S T R O N A U T R E C R U I T M E N T C A M P A I G N 

T h e ES A ' s first a s t r o n a u t selection was held between 1977 a n d 1978, following a 

1973 ag r e e m e n t the ESA h a d with N A S A to sup p ly the first Sp a c e l a b re u s a b l e 

science l a b o r a t o ry . Sp a c e l a b was c a r r i e d in th e Space S h u t t l e ' s c a r g o bay in exchange 

for flight o p p o r t u n i t i e s for E u r o p e a n a s t r o n a u t s . T h e 1977 - 1978 selection was 

followed by a n o t h e r c a m p a i g n in 1991 - 1992, which received a re c o r d 22,000 

a p p l i c a t i o n s . E u r o p e a n a s t r o n a u t c a n d i d a t e s t h e n h a d t o wai t 16 years bef o r e the 

ESA ' s 2008 c a m p a i g n (T a b l e s 3.4 a n d 3.5) , a selection process t h a t  st r e t c h e d for 10 

mo n t h s . 
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Name 

S e r e n a M .  A u n o n  

J e a n e t t e J. E p p s  

J a c k D .  F i s c h e r 

M i c h a e l S. H o p k i n s  

Kjel l N . L i n d g r e n 

K a t h l e e n R u b i n s  

S c o t t D . T i n g l e 

M a r k  T. V a n d e H e i  

G r e g o ry R . W i s e m a n 

Table 3 . 3 . N A S A ' s  C l a s s o f  2009. 

Age 

3 3 

38 

35 

40 

36 

30 

43 

42 

33 

Background 

Wyle fl i g h t s u r g e o n fo r N A S A ' s  S p a c e S h u t t l e , ISS, a n d  

C o n s t e l l a t i o n P r o g r a m s . H o l d s  de g r e e s fro m T h e  G e o r g e 

W a s h i n g t o n U n i v e r s i ty , U n i v e r s i ty o f  T exa s H e a l t h  

Sciences C e n t e r in H o u s t o n ,  a n d  U T M B  

T e c h n i c a l in t e l l i g e n c e of f i c e r w i t h t h e C I A . H o l d s  de g r e e s 

f r o m L e M oyn e Co l l e g e a n d  t h e U n i v e r s i ty o f  M a ry l a n d  

T e s t p i l o t a n d  US A i r F o r c e S t r a t e g i c Policy i n t e r n a t  t h e 

P e n t a g o n . G r a d u a t e  o f  t h e U S A i r F o r c e  A c a d e my a n d  

M a s s a c h u s e t t s I n s t i t u t e o f  T e c h n o l o gy ( M I T )  

Lt. C o l o n e l U S A i r F o r c e . Sp e c i a l a s s i s t a n t t o  t h e Vice 

C h a i r m a n  ( J o i n t C h i e f s o f  S t a f f ) a t  t h e P e n t a g o n . H o l d s  

de g r e e s f r o m t h e U n i v e r s i ty o f  I l l i n o i s a n d  S t a n f o r d  

U n i v e r s i ty 

Wyle fli g h t s u r g e o n f o r N A S A ' s  S p a c e S h u t t l e , ISS , a n d  

C o n s t e l l a t i o n P r o g r a m s . D e g r e e s f r o m t h e U S A i r F o r c e 

A c a d e my, C o l o r a d o  S t a t e U n i v e r s i ty , U n i v e r s i ty o f  

C o l o r a d o ,  t h e U n i v e r s i ty o f  M i n n e s o t a , a n d  U T M B  

P r i n c i p a l i n v e s t i g a t o r a n d  fellow, W h i t e h e a d I n s t i t u t e f o r 

B i o m e d i c a l R e s e a r c h a t  M I T ,  a n d  c o n d u c t s r e s e a r c h t r i p s 

t o  the C o n g o . D e g r e e s f r o m t h e U n i v e r s i ty o f  C a l i f o r n i a •

S a n  D i e g o a n d  S t a n f o r d  U n i v e r s i ty 

C o m m a n d e r  US N a vy. T e s t p i l o t a n d  A s s i s t a n t P r o g r a m  

M a n a g e r - Syste m s E n g i n e e r i n g a t  N a v a l  A i r S t a t i o n 

P a t uxe n t River. Degrees f r o m S o u t h e a s t e r n M a s s a c h u s e t t s 

Un i v e r s i ty a n d  P u r d u e  Un i v e r s i ty 

Lt. C o l o n e l US A r my. F l i g h t c o n t r o l l e r fo r t h e ISS a t  

N A S A ' s  J o h n s o n  S p a c e C e n t e r , as p a r t  o f  U S A r my 

N A S A D e t a c h m e n t . G r a d u a t e  o f  S a i n t J o h n ' s  U n i v e r s i ty 

a n d  S t a n f o r d  U n i v e r s i ty 

Lt . C o m m a n d e r  U S N a vy. T e s t p i l o t . D e p a r t m e n t  H e a d ,  

S t r i k e F i g h t e r S q u a d r o n  103, U S S D w i g h t D . E i s e n h o w e r . 

G r a d u a t e  o f  R e n s s e l a e r P o lyt e c h n i c I n s t i t u t e a n d  J o h n s  

H o p k i n s  U n i v e r s i ty 
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Table 3.4. T h e  E S A ' s a s t r o n a u t  s e l e c t i o n s c h e d u l e . 

Dates 

M ay 19th t o J u n e  18th , 2008 

J u ly t o A u g u s t , 2008 

S e p t e m b e r t o D e c e m b e r , 2008 

J a n u a ry to F e b r u a ry , 2009 

A p r i l / M ay , 2009 

S e p t e m b e r , 2009 

Selection process 

A p p l i c a t i o n p e r i o d w i t h a v a l i d m e d i c a l c e r t i f i c a t e 

F i r s t  s t e p o f  p sych o l o g i c a l t e s t i n g ( H a m b u r g )  

(1 d ay fo r e a c h a p p l i c a n t ) 

S e c o n d s t e p o f  ps ych o l o g i c a l t e s t i n g ( C o l o g n e ) 

( I  d ay fo r e a c h a p p l i c a n t ) 

M e d i c a l t e s t i n g ( T o u l o u s e o r  C o l o g n e ) 

(5 d ays fo r e a c h a p p l i c a n t ) 

D e c i s i o n a n d  a p p o i n t m e n t  by D i r e c t o r  G e n e r a l , ES A 

S t a r t  o f  b a s i c t r a i n i n g 

Table 3 . 5 . T o t a l  n u m b e r  o f  E S A a p p l i c a n t s a t  t h e c l o s u r e o f  t h e a p p l i c a t i o n p e r i o d . 

Country No . of Percent of As 2nd 
applicants total applicants citizenship1 Men2 Women 2 

A u s t r i a 210 2.5 8 195 23 

Be l g i u m 253 3.0 8 224 37 

D e n m a r k  35 0. 4 4 34 5 

F i n l a n d  336 4.0 5 283 58 

F r a n c e  1, 860 22.1 58 1,616 302 

G e r m a ny 1,798 21.4 35 1,523 310 

G r e e c e 159 1.9 14 152 21 

I r e l a n d 128 1.5 11 110 29 

I t a ly 927 11.0 39 815 151 

L uxe m b o u r g  14 0.2 0 14 0 

N o r w ay 74 0.9 2 67 9 
O t h e r  72 0.9 309 301 80 

P o r t u g a l  210 2.5 10 192 28 

S p a i n 789 9.4 21 707 103 

Sw e d e n 172 2.0 9 156 25 

S w i tz e r l a n d 351 4.2 26 325 52 

T h e  N e t h e r l a n d s  203 2.4 2 175 30 

U n i t e d  K i n g d o m  822 9.8 42 697 167 

Total 8,413 100.0 603 7,586 1,430 

1 N u m b e r  o f  a p p l i c a n t s h a v i n g s t a t e d t h i s c o u n t ry as t h e i r s e c o n d c i t ize n s h i p . 
2 N u m b e r  o f  a p p l i c a n t s b e i n g a c i t ize n o f  t h i s c o u n t ry e i t h e r as u n i q u e o r  s e c o n d c i t ize n s h i p . 

The selection process 

One o f  the first goals o f  the pr o s p e c t i v e a p p l i c a n t s was to o b t a i n a J A R- F C L  3, Class 

2 medical exam i n a t i o n . T h e J A R- F C L  3 Class 2 was selected by the ESA as a 
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m e d i c a l exa m i n a t i o n  c a p a b l e o f  ef f i c i e n t ly a n d  r e l a t i v e ly in expe n s i v e ly d e t e c t i n g 

m a ny o f  t h e m o s t  c o m m o n  h e a l t h- r e l a t e d f a c t o r s p r e v e n t i n g a n  a p p l i c a n t  f r o m 

b e c o m i n g a p r i v a t e p i l o t , a n d  h e n c e a l s o a n  a s t r o n a u t . T h e c h o i c e o f  t h e J A R- F C L  3 

( P a n e l 3.1 a n d  T a b l e 3.6) a l s o s t r e a m l i n e d t h e s e l e c t i o n p r o c e s s a n d  e n s u r e d 

a p p l i c a n t s w i t h t h e m o s t  lik e ly c h a n c e f o r success were a p p r o v e d  t o c o n t i n u e t o t h e 

n ext p h a s e o f  t h e s e l e c t i o n p r o c e s s . 

Panel 3.1. JAR-FCL 3 Class 2 medical 

T h e  J A R- F C L  3 Ci a 2 me d i c a l c e r t i f i c a t e i a E u r o p e a n- w i d e a c c e p t e d 

s t a n d a r d  d e v e l o p e d by the J o i n t A v i a t i o n A u t h o r i ty ( J A A ). I t c a n o n ly be 

i su e d by spe c ifi c a l ly ce r t i f i e d a e r o m e d i c a l exa m i n e r . R e c o g n izi n g it m i g h t 

n o t  h a v e been feasib l e for e a c h a p p l i c a n t to o b t a i n a J A R - F C L  3 Cl a s s 2 

me d i c a l c e r t i f i c a t e , t h e ESA al s o a c c e p t e d a n e q u i v a l e n t  med i c a l t a t e m e n t 

t h a t  h a d been a u t h o r iz e d by a physi c i a n . 

Table 3.6. ESA medical exami n a t i o n s a n d p a r a m e t e r s . 

Item Description 
1 I n t e r v i e w / q u e s t i o n n a i r e e v a l u a t i o n o f  family his t o ry , pe r s o n a l his t o ry , a n d medical 

h i s t o ry 

2 Ge n e r a l physical exam i n a t i o n , including: 

a. all m a j o r o r g a n systems, incl u d i n g skin; 

b. mob i l i ty o f  extremities, j o i n t s a n d spine ; 

c. r o u t i n e ear s - n o s e- t h r o a t  exami n a t i o n : 

1. H e a r i n g analysis a p p l i c a n t m u s t be able to u n d e r s t a n d cor r e c t ly or d i n a ry 

co n v e r s a t i o n a l speech a t a dist a n c e o f  2 m from a n d with his b a c k t u r n e d 

t o w a r d s the examiner; 

d . basic neu r o l o gy assessment ; 

e. g e n i t o-ur i n a ry ev a l u a t i o n ; 

f. f o r females: gynecologic e v a l u a t i o n ; 

g. resting h e a r t r a t e a n d bl o o d pressure. 

3 S t a n d a r d 12-lead resting E C G  

4 Blood analysis for he m o g l o b i n (H b ) , lipids a n d cho l e s t e r o l 

5 U r i n e stick analysis, inclu d i n g glucose , leucocytes , e ryth r o cyte s , p r o t e i n 

6 O p h t h a l m o l o g i c analysis : 

a. vision in b o t h eyes; 

b. d i s t a n t visual acuity with o r w i t h o u t c o r r e c t i o n o f  0.5 (6/12) o r b e t t e r in each 

eye se p a r a t e ly a n d with b o t h  eyes 1.0 (6/6) o r better: 

i. Ref r a c t i v e e r r o r shall n o t exceed + 5 to - 8 di o p t e r s ; 

ii . As t i g m a t i s m shall n o t exceed 3 di o p t e r s ; 

c. n o r m a l c o l o r pe r c e p t i o n ( I s h i h a r a o r N a g e l ' s an o m a l o s c o p e ) . 
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F o l l o w i n g t h e fi r s t r o u n d  o f  e v a l u a t i o n , t h e ESA selected 918 c a n d i d a t e s f o r 

c o m p u t e r- b a s e d p sych o l o g i c a l tes t i n g . F r o m  t h i s first b a t c h o f 91 8 , t h e E S A selecte d 

192 c a n d i d a t e s . T h e s e c a n d i d a t e s were i n v i t e d t o the s e c o n d st a g e o f  p sych o l o g i c a l 

t e s t i n g , wh i c h c o m m e n c e d in t h e E u r o p e a n  A s t r o n a u t  C e n t e r ( E A C ) , C o l o g n e , 

G e r m a ny, i n S e p t e m b e r , a n d  c o n t i n u e d u n t i l D e c e m b e r . W h i l e a t  E A C , a s t r o n a u t  

c a n d i d a t e s were e v a l u a t e d by m o r e p sych o l o g i c a l t e s t i n g a n d  were asse s s e d in role•

p l ayin g exercises . T h ey a l s o c o n d u c t e d c o m p u t e r  s i m u l a t i o n s a n d  wer e in t e r v i e w e d . 

F r o m  the 192 h o p e f u l s , t h e E S A sel e c t e d 80 to r e t u r n f o r extens i v e me d i c a l 

e v a l u a t i o n , wh i c h t o o k  p l a c e in J a n u a ry a n d  F e b r u a ry. F o l l o w i n g th i s s t a g e , 40 

c a n d i d a tes were i n v i t e d f o r a f o r m a l p a n e l i n t e r v i e w f r o m wh i c h six c a n d i d a t e s 

( T a b l e 3.7) wer e sel e c t e d ( t h e E S A h a d o r i g i n a l ly a n n o u n c e d  i t w o u l d select f o u r 

a s t r o n a u t s ) in M ay , 2009 ( F i g u r e 3 . 2). 

Figure 3.2. Th e E S A ' s A s t r o n a u t Cl a ss o f  2009. Th e six indiv i d u a l s who will become 

E u r o p e ' s  new a s t r o n a u t s  were p r e s e n t e d a t  a pr e s s c o n f e r e n c e h e l d a t ESA 

H e a d q u a r t e r s in P a r i s , F r a n c e , on May 20th, 2009 . F r o m  left to right: Luca P a r m i t a n o 

( I t ) , A l exand e r G e r s t (Ger) , A n d r e a s Mo g e n s e n (De n ) , S a m a n t h a C r i s t o f o r e t t i ( I t ) , 

T i m o t hy Pea k e ( U K ) , a n d T h o m a s Pe s q u e t ( F r ) . Image courtesy: ESA - S. C o r v a j a , 

2009. 
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Table 3.7. T h e six c a n d i d a t e s selected a f t e r fo r m a l p a n e l interview. 

Name Age 

S a m a n t h a C r i s t o f o r e t t i 32 

( I t a l i a n ) 

A l exan d e r G e r s t 33 

( G e r m a n ) 

A n d r e a s M o g e n s e n 33 

( D a n i s h ) 

L u c a P a r m i t a n o 33 

( I t a l i a n ) 

T i m o t hy P e a k e 37 

(British) 

T h o m a s P e s q u e t 31 

(F r e n c h ) 

M a s t e r ' s degrees in eng i n e e r i n g a n d  in a e r o n a u t i c a l 

sciences f r o m t h e Un i v e r s i ty o f  N a p l e s F e d e r i c o I I in It a ly. 

W o r k s a s a fig h t e r p i l o t wi t h t h e I t a l i a n A i r F o r c e 

D i p l o m a i n geophysics. S t u d i e d E a r t h  science a t  Vi c t o r i a 

Uni v e r s i ty o f  We l l i n g t o n in New Z e a l a n d , whe r e he was 

a w a r d e d a M a s t e r o f  Science. W o r k i n g as a re s e a r c h e r 

since 2001 

M a s t e r ' s degr e e in en g i n e e r i n g f r o m I m p e r i a l College, 

L o n d o n , a n d  a d o c t o r a t e in en g i n e e r i n g from the 

Un i v e r s i ty o f  Texas. W o r k e d a s a n a t t i t u d e a n d  o r b i t 

c o n t r o l system a n d  gu i d a n c e , n a v i g a t i o n a n d c o n t r o l 

en g i n e e r f o r H E  Sp a c e O p e r a t i o n s 

H o l d s a d i p l o m a in a e r o n a u t i c a l sciences fr o m t h e I t a l i a n 

A i r F o r c e Aca d e my. T r a i n e d as a F u l l Expe r i m e n t a l T e s t 

P i l o t a t  E P N E R , t h e F r e n c h te s t p i l o t sc h o o l in l s t r e s . 

P i l o t wi t h t h e I t a l i a n A i r F o r c e 

Degree in flig h t dyna m i c s a n d  qu a l i f i e d as a F u l l 

Expe r i m e n t a l T e s t P i l o t a t  t h e U K ' s  E m p i r e T e s t P i l o t s ' 

School. Offi c e r se r v i n g with H e r M a j e s ty' s F o r c e s a s a n  

Expe r i m e n t a l T e s t P i l o t 

M a s t e r ' s degr e e from the Ecol e N a t i o n a l e S u p e r i e u r e de 

l ' A e r o n a u t i q u e e t d e l ' E s p a c e in T o u l o u s e , F r a n c e . 

W o r k e d a t  the F r e n c h sp a c e agency, C N E S , as a re s e a r c h 

engin e e r . C u r r e n t ly flies A i r b u s A320s for A i r F r a n c e 

CANADIAN SPACE AGENCY 

C a n a d a ' s  t h i r d  a s t r o n a u t  r e c r u i t m e n t  c a m p a i g n  ( T a b l e 3 . 8 ) w a s  by f a r t h e  m o s t  

c h a l l e n g i n g o f  a ny a s t r o n a u t  s e l e c t i o n t o  d a t e .  N o t  o n ly d i d  a p p l i c a n t s  fa c e d a u n t i n g  

s t a t i s t i c a l o d d s ,  b u t  t h e  s e l e c t i o n p r o c e s s s u b j e c t e d t h e m  t o  a se r i e s o f  r i g o r o u s  a n d  

g r u e l i n g e v a l u a t i o n s ,  m a ny o f  w h i c h h a d  a p p l i c a n t s  fe e l i n g t h ey w e r e i n b o o t  c a m p ! 

A f t e r  t h e  c u l l f o l l o w i n g t h e  p r e l i m i n a ry i n t e r v i e w , 4 0 a p p l i c a n t s  ( T a b l e  3.9 ) w e r e 

s e l e c t e d t o  t r a v e l t o S a i n t  H u b e r t ,  Q u e b e c , h o m e  o f  t h e  C S A , f o r a s e r i e s o f  t e s t s 

r a n g i n g  f r o m  " f ly i n g "  t h e  C a n a d a r m 2  t o u n d e r w a t e r  p r o b l e m- s o l v i n g . 

Saint-Hubert 

T h e  S a i n t- H u b e r t  t e s t i n g p h a s e  w a s  d i v i d e d i n t o  t w o  g r o u p s ,  o n e  g r o u p  a r r i v i n g  o n  a 

S a t u r d ay e v e n i n g a n d  t h e  o t h e r  o n  t h e S u n d ay . T h e  f i r s t e v e n i n g w a s a s o c i a l e v e n t  

f e a t u r i n g  a n  i n t r o d u c t i o n  by J e a n  M a r c  C o m t o i s ,  H e a d  o f  O p e r a t i o n a l  S p a c e 

M e d i c i n e , w h o  exp l a i n e d t h e  s i g n i f i c a n c e o f  t h e  s e l e c t i o n a n d  o u t l i n e d  w h a t  t e s t s a n d  
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T a b l e 3.8. C a n a d i a n  Sp a c e Ag e n cy a s t r o n a u t  sel e c t i o n sch e d u l e . 

Dates 

M ay, 2008 

O c t o b e r t o  

D e c e m b e r , 2008 

J a n u a ry, 2009 

F e b r u a ry, 2009 

M a r c h , 2009 

M ay, 2009 

J u n e , 2009 

A u g u s t , 2009 

Selection process 

C a m p a i g n  l a u n c h 

A p p l i c a t i o n de a d l i n e . 5,351 a p p l i c a t i o n s received 

P r e l i m i n a ry interviews. 79 c a n d i d a t e s 

R o b o t i c s , fl i g h t o p e r a t i o n s , a n d  physica l tests. 39 c a n d i d a t e s 

S u r v i v a l a n d  d a m a g e c o n t r o l t e s t s . 31 c a n d i d a t e s 

M e d i c a l a n d  psycho l o g i c a l test s . 16 c a n d i d a t e s ( a v e r a g e age: 36 years) 

A n n o u n c e m e n t o f  two succe s s f u l c a n d i d a t e s 

A s t r o n a u t s  r e p o r t  t o  S a i n t H u b e r t , Que b e c , f o r d u ty 

A s t r o n a u t s  r e p o r t  t o  J S C f o r t r a i n i n g w i t h N A S A ' s  2009 A s t r o n a u t  

C l a s s 

T a b l e 3.9. B r e a k d o w n o f  th e t o p  40 a s t r o n a u t  c a n d i d a t e s by reg i o n . 

Region Candidates Region Candidates 

A t l a n t i c P r o v i n c e s W e s t e r n ( B r i t i s h C o l u m b i a ) 4 

C e n t r a l ( Q u e b e c ) 8 N o r t h e r n  C a n a d a  0 

C e n t r a l ( O n t a r i o ) 10 O u t s i d e C a n a d a  1 I I  

P r a i r i e s 6 

1 C a n a d i a n  cit izens r e s i d i n g o u t s i d e t h e c o u n t ry. 

as s e s s m e n t s we h a d  t o  l o o k  f o r w a r d t o . M o r e  t h a n  a q u a r t e r  o f  t h e c a n d i d a t e s a t  t h i s 

s t a g e wer e m i l i t a ry pi l o t s , w i t h medic a l d o c t o r s c o m i n g in a clos e s e c o n d . T h e r e s t o f  

th e c a n d i d a t e s were a mix o f  ov e r-ac h i e v i n g sc i e n t i s t s a n d  C S A emp l oyees, s o m e o f  

w h o m h a d  w o r k e d w i t h J e a n M a r c . A l t h o u g h  e v e ryon e wa s frie n d ly, so m e were 

a l r e a dy sizing u p  th e c o m p e t i t i o n , w o n d e r i n g i f  th ey m e a s u r e d u p  a n d w h a t t h e i r 

wea k n e s s e s m i g h t be. S o m e o f  t h o s e w e a k n e s s e s b e c a m e a p p a r e n t  d u r i n g t h e 

foll o w i n g d ays o f  tes t i n g . 

St. Jean 

T h e fi r s t d ay was s p e n t a t  St. J e a n , h o m e t o  t h e C a n a d i a n  F o r c e s C F ' s  b a s i c t r a i n i n g 

base. H e r e , we were s u b j e c t e d t o  myr i a d exercise tes t s a n d  a s s e s s m e n t s , b e g i n n i n g 

wit h t h e C F ' s  b a s i c fitn e s s t e s t w i t h a few twis t s . 

T h e fi r s t t e s t was t h e m u l t i-s t a g e fitn e s s t e s t ( M S F T ) ( P a n e l 3.2), o r  " b l e e p t e s t " , 

f a m i l i a r t o e v e ryon e w i t h a m i l i t a ry b a c k g r o u n d . A f t e r t h e M S F T  ( F i g u r e 3.3), we 

mo v e d o n  t o p r e s s-u p s , s i t-u p s , c h i n-u p s , a n d  s o m e u n c o m f o r t a b l e i s o m e t r i c tests. 

T h r o u g h o u t  t h e tests, we wer e u n d e r t h e s u p e r v i s i o n o f  C F  P e r s o n n e l S u p p o r t  

Agen cy (PS P ) s t a f f  w h o t r e a t e d s o m e o f  t h e m o s t  h i g h ly t r a i n e d h u m a n s o n  th e 
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p l a n e t  a s i f  t h ey w e r e d ay- o n e ,  w e e k- o n e  c a d e t s . N o  o n e  w a s a l l o w e d  t o  t a l k  o r  l o o k  

o v e r  t h e i r  s h o u l d e r  t o  se e h o w  c a n d i d a t e s  w e r e p e r f o r m i n g  i n  t h e  i n d i v i d u a l  t e s t s . 

F o r  t h o s e  in t h e  m i l i t a ry , i t w a s j u s t  a n o t h e r  d ay a t  t h e  o f f i c e , b u t  f o r  t h e  c i v i l i a n s , i t  

w a s a l i t t l e s t r a n g e . 

Panel 3.2. M ulti-stage fitness te t 

T h e  M S F T  i u ed by p o r t  c o a c h e  t o e t i m a t e  m ax i m u m  oxyg e n u p t a k e . 

T h e  te t i n v o l v e r u n n i n g  c o n t i n u o u  ly b e t w e e n t w o p o i n t  20 m a p a r t .  T h e  e 

h u t t l e  r u n s  a r e  yn c h r o n i z e d w i t h a p r e- r e c o r d e d  a u d i o  t a p e , w h i c h p l ay 

b e e p a t  s e t i n t e r v a l s . A t h e te t p r o c e e d  , t h e i n t e r v a l b e t w e e n e a c h  ucce ive 

b e e p r e d u c e , f o r c i n g t h e v i c t i m t o i n c r e a e p e e d u n t i l he / he i i n c a p a b l e  o f  

k e e p i n g u p w i t h t h e r e c o r d i n g . T h e  r e c o r d i n g  i t r u c t u r e d  i n t o  21 " l e v e l " ,  

e a c h  Ia t i n g a r o u n d  63 ec. T h e  i n t e r v a l o f  b e e p i c a l c u l a t e d  a s r e q u i r i n g  a 

s p e e d a t  t h e t a r t  o f  . 0 k m / h, i n c r e a i n g by 0.5 k m / h w i t h e a c h level. T h e  

p r o g r e  i o n f r o m o n e  l evel t o t h e n ext is i g n a l e d by t h r e e r a p i d  b e e p . T h e  

h i g h e t level a t t a i n e d  b e f o r e f a i l i n g t o k e e p u p i r e c o r d e d  a t h e c o r e  f o r t h a t  

te t. 

Figure 3.3. C a n a d i a n Space Agency a s t r o n a u t ap p l i c a n t s pe r f o r m i n g the Multi-Stage 

Fitness Tes t a t St. Jean, Quebec, in J a n u a ry , 2009. At this phas e o f  the selection, 39 

ap p l i c a n t s rema i n e d in the running! Image court e sy : CSA . 
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N ext was a serie s o f  s w i m m i n g a n d  se a s u r v i v a l tes t s . In t h e i n i t i a l a p p l i c a t i o n 

f o r m , t h e r e h a d  b e e n a q u e s t i o n t h a t  a s k e d w h e t h e r th e a p p l i c a n t  was c o m f o r t a b l e 

w i t h w a t e r . I w o u l d i m a g i n e m o s t  p e o p l e w o u l d a n s w e r t h a t  i n th e a f f i r m a t i v e , since 

yo u ha v e t o d r i n k  i t e v e ry d ay t o  s t ay alive! W h a t  t h e q u e s t i o n s h o u l d h a v e a s k e d 

was w h e t h e r t h e c a n d i d a t e  c o u l d swim! B e c a u s e o f  thi s s l i g h t a d m i n i s t r a t i v e e r r o r , 

t h e r e were t w o c a n d i d a t e s  w h o c o u l d n ' t  swim! Since t h i s p h a s e o f  se l e c t i o n was 

f o c u s e d u p o n  sel e c t-in c r i t e r i a , t h e t w o n o n-s w i m m e r s were g u a r a n t e e d  n o t  t o 

p r o g r e s s to t h e n ext st a g e . 

T h e  fi r s t swim t e s t w a s a ve ry lei s u r e ly 250 m in 10 mi n . T h i s was fo l l o w e d by a 

dive i n t o t h e p o o l  f r o m 3 m a n d  t r e a d i n g w a t e r f o r 10 m i n w i t h o u r  h a n d s  a b o v e th e 

s u r f a c e . T h e n , we h a d  t o  j u m p  i n t o t h e w a t e r f r o m t h e 5-m b o a r d  a n d  swim to th e 

side w e a r i n g a life p r e s e r v e r b e f o r e c o n d u c t i n g t h e u n d e r w a t e r " s h a p e s "  t a s k . T h e 

" s h a p e s " t e s t r e q u i r e d e a c h c a n d i d a t e  to dive t o t h e b o t t o m  o f  t h e p o o l , w e a r i n g a 

w e i g h t b e l t f o r b a l l a s t , a n d  fit d i f f e r e n t ly s h a p e d b l o c k s o f  w o o d i n t o a c o n t a i n e r . 

S o m e c a n d i d a t e s fail e d to p l a c e o n e b l o c k i n t o th e c o n t a i n e r , while o n e c a n d i d a t e , 

w h o was c a p a b l e o f  h o l d i n g his b r e a t h  f o r 5 m i n , m a n a g e d  t o fit all t h e b l o c k s a n d  

t h e n w o n d e r e d w h e t h e r he w o u l d b e p e n a l iz e d f o r t a k i n g so long! 

Aircrew selection and personality testing 

T h e s e c o n d d ay o f  t e s t i n g w a s c o n d u c t e d  a t  t h e C S A ' s S a i n t H u b e r t  l o c a t i o n , wh e r e 

we s p e n t o n e m o r n i n g  c o m p l e t i n g t h e C F ' s  a i r c r e w s e l e c t i o n t e s t ( F i g u r e 3.4) - a 

Figure 3.4. CSA a s t r o n a u t  a p p l i c a n t s , K e n n e t h Welch (left) a n d Bruce W o o d l ey (ri g h t ) , 

p e r f o r m the C a n a d i a n F o r c e ' s air c r e w selection t e sts a t  S a i n t-H u b e r t , Queb e c , in 

J a n u a ry, 2009. I m a ge cou r t e sy: CSA (see colour section) .. 
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seri e s o f  m o r e t h a n  20 c o m p u t e r- b a s e d te s t s de s i g n e d t o assess c o g n i t i v e , s p a t i a l , a n d  

m o t o r  skills. Ne e d l e s s t o say, t h e t e s t p i l o t s d i d n ' t  find th i s t e s t i n g p h a s e p a r t i c u l a r ly 

de m a n d i n g ! 

N ext , we p e r f o r m e d a series o f  h a n d- ey e c o o r d i n a t i o n  t e s t s o n  p a p e r , follo w e d by 

a p u b l i c service exa m n o r m a l ly w r i t t e n by d i p l o m a t s s e r v i n g a b r o a d .  Ev e ry on c e in a 

while , in b e t w e e n t e s t i n g ses s i o n s , o n e o f  us w o u l d be a s k e d t o c o n d u c t a m e d i a 

i n t e r v i e w i n f r o n t o f  te l e v i s i o n c a m e r a s . A f t e r t h e 1-hr p u b l i c service exam , we 

a n s w e r e d m o r e t h a n  1,200 q u e s t i o n s in t h r e e s e p a r a t e p sych o l o gy q u e s t i o n n a i r e s , 

o n e o f  t h e m b e i n g t h e M i n n e s o t a M u l t i p h a s i c P e r s o n a l i ty I n v e n t o ry ( M M P I ) , o n e o f  

t h e m o s t f r e q u e n t ly used p e r s o n a l i ty te s t s in m e n t a l h e a l t h (us e d t o i d e n t i fy 

p e r s o n a l i ty s t r u c t u r e a n d  p syc h o p a t h o l o gy) . T h e M M P I  a l o n e h a d 567 q u e s t i o n s , 

wh i c h m e a n t  by th e ti m e t h ey h a n d e d us t h e s e c o n d q u e s t i o n n a i r e , o u r  h a n d s were 

c r a m p i n g b a d ly. 

Robotics assessment 

T h e t h i r d d ay o f  t e s t i n g f o c u s e d p r i m a r i ly o n r o b o t i c s . U n l i k e t h e 2-week c o u r s e 

o f f e r e d t o a s t r o n a u t s  d u r i n g t h e i r a d v a n c e d a n d  i n c r e m e n t-s p e c i f i c t r a i n i n g , we 

received j u s t  2 h r  o f  i n s t r u c t i o n o n  h o w t o m a n i p u l a t e t h e C a n a d a r m 2  ( P a n e l 3.3), 

u s i n g scale m o d e l s o f  t h e a r m  a n d l a t c h i n g e n d e f f e c t o r s ( L E E s ) , b e f o r e be i n g 

as s e s s e d by a r o b o t i c s i n s t r u c t o r  ( F i g u r e 3.5). 

Figure 3.5. CSA a s t r o n a u t a p p l i c a n t , Chris Denny , " flies" the C a n a d a r m 2 d u r i n g the 

rob o t i c s ev a l u a t i o n . Image cou r t e sy : CSA . 
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P a n e l 3. 3 . C h a l l e n g e s o f  m a n i p u l a t i n g t h e r o b o t i c a r m 

M a n i p u l a t i n g  t h e a r m  i a c h i e v e d by o p e r a t i n g  t w o R o b o t i c  W o r k  S t a t i o n  

( R  WS) c o n t r o l  j oys t i c k  whi l e l o o k i n g  a t  t h e R WS c r e e n s h o w n in F i g u r e 

3.5. O n e  j oy tic k i t h e R o t a t i o n a l  H a n d  o n  t r o l l e r ( R H C ) a n d t h e o t h e r  i t h e 

T r a n l a t i o n a l H a n d  C o n t r o l l e r  ( T H C ) .  T h e  c r e e n you c a n ee in F i g u r e 3.5 

a re th e Di p l ay a n d  C o n t r ol P a nel ( D C P )  a n d  th e P o r t a b l e  o m p u t e r  Sy tern 

( P C S ) l a p t o p , w h i c h p r o v i d e t h e o p e r a t o r  w i t h a view i m i l a r t o w h a t  a n 

a t r o n a u t  w o u l d ee in t h e ISS . 

T h e  m o t c h a ll e n g i n g a p e e l o f  o p e r a t i o n  wa u n d e r  t a n d i n g  t h e c o o r d i n a t e  

f r a m e s . D u r i n g o p e r a t i o n s ,  t h e o p e r a t o r  m u s t  u n d e r s t a n d  a l o n g  w h i c h axi t h e 

L E E  ( a n d a t t a c h e d  p ayl o a d i f  t h e r e i o n e ) will m o v e , a n d  a r o u n d  w h i c h p o i n t  

in p a c e it will r o t a t e . T o  d o  th i s , e v e r a l c o o r d i n a t e  f r a m e a r e  u e d t o 

g e n e r a t e  d i g i t a l p o s i t i o n a n d  a t t i t u d e  di p l ays . F o r  exa m p l e , f u n d a m e n t a l  

e l e m e n t s a r e t h e F r a m e  o f  R e o l u t i o n  ( F O R ), t h e Di p l ay F r a m e , a n d  t h e 

C o m m a n d  F r a m e . T h e  F O R  d e f i n e t h e m a n i p u l a t o r  o r  a t t a c h e d  p ayl o a d 

m u l t i d i m e n s i o n a l p o s i t i o n (x, y, .:) a n d  a t t i t u d e  ( p i t c h , yaw, roll ) . T h e  D i s p l ay 

F r a m e  is th e r e f e r e n c e c o o r d i n a t e  f r a m e f o r t h e F O R t o c o m p u t e  a n d  di p l ay 

t h e p o i t i o n a n d  a t t i t u d e. T h e  C o m m a n d  F r a m e  d e t e r m i n e t h e d i r e c t i o n o f  

m o t i o n  o f  t h e a rm / a t t a c h e d  p ayl o a d . 

T h e  s e l e c t i o n o f  d e s i r e d F O R , Di pl ay F r a m e , a n d  C o m m a n d  F r a m e  is a 

c o n t r i b u t i n g  f a c t o r in d e t e r m i n i n g  t h e d e g r e e o f  d i f f i c u l ty o f  a r o b o t i c  ta k. 

T h e  p o  i t i o n o f  t h e m a n i p u l a t o r  o r  a t t a c h e d  p ayl o a d w i t h re s p e c t t o a b a s e 

s t r u c t u r e ,  v e c t o r o f  a r m  m a n e u v e r , a n d  a v a i l a b l e vi s u a l cu e s a r e th e m a j o r  

f a c t o r in d e t e r m i n i n g  t h e o p t i m u m  c o m b i n a t i o n  o f  t h e s e c o o r d i n a t e  f r a m e s . 

A you c a n  see in F i g u r e 3.5, o u r  i t u a t i o n a l  a w a r e n e s s wa d e p e n d e n t  o n  

c a m e r a s  a n d  d e r i v e d d i g i t a l i n f o r m a t i o n  o u r c e . A l t h o u g h  o u r  a se sed t a s k 

w a s a s i m p l e ( f o r a t r a i n e d a t r o n a u t )  c a p t u r e  t a s k , in r e a l i ty , field o f  view, 

r e f e r e n c e f r a m e s , a n d  dyn a m i c a l ly c h a n g i n g  c o n d i t i o n  m a k e  h i g h d e m a n d  o n  

t h e o p e r a t o r ' s  a b i l i ty to c o m p r e h e n d  c u r r e n t  t a t u  a n d  d e t e r m i n e  i m p l i c a t i o n 

o f  t h e n ext c o n t r o l  i n p u t . 

T h e  r o b o t i c s  a s s e s s m e n t b r o u g h t  t o  a c l o s e t h e S a i n t- H u b e r t  p h a s e  o f  t e s t i n g . 

A l t h o u g h  we w e r e n ' t  t o l d  w h a t  t h e n ext p h a s e  o f  t e s t i n g w o u l d i n v o l v e , we w e r e t o l d 

i t w o u l d  t a k e  p l a c e i n H a l i f ax , N o v a  S c o t i a . F o r  t h o s e w i t h a m i l i t a ry b a c k g r o u n d , 

t h a t  c o u l d  o n ly m e a n  d a m a g e  c o n t r o l  a n d  s e a s u r v i v a l ( C F  h e l i c o p t e r p i l o t s v i s i t 

H a l i f ax t o  p e r f o r m  t h e i r d u n k i n g  a n d  s e a s u r v i v a l t e s t s ) . 

H a l i f ax 

A m o n t h  l a t e r , 31 c a n d i d a t e s  w e r e i n H a l i f ax f o r t h e  p e n u l t i m a t e  s t a g e o f  s e l e c t i o n . 

T h e  f i r s t d ay wa s s p e n t  a t  t h e N a vy ' s  D a m a g e  C o n t r o l  S c h o o l , a h i g h-f i d e l i ty 
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Figure 3.6. CSA a s t r o n a u t a p p l i c a n t s being assessed d u r i n g a h az a r d o u s m a t e r i a l 

exercise a t the C a n a d i a n F o r c e s D a m a g e C o n t r o l School in H a l i f ax, N o v a Sc o t i a , in 

F e b r u a ry, 2009. I m a g e cour t e sy: CSA (see colour section). 

m o c k u p o f  v a r i o u s p a r t s  o f  a ship. I n s i d e t h e D a m a g e C o n t r o l Sch o o l , sa i l o r s a r e 

t a u g h t ho w to fig h t fires a n d  floo d in a d d i t i o n t o l e a r n i n g h o w t o r e a c t to h az a r d o u s 

m a t e r i a l ( H az M a t ) spills. 

Damage control school 

Before l u n c h o n t h e first day, we h a d  a l r e a dy bee n given a d e m o n s t r a t i o n o f  th e fire 

r o o m s a n d  fl o o d t a n k s a n d  be e n fi t t e d w i t h b u n k e r gear. A f t e r l u n c h , my g r o u p was 

assessed o n  a H a z M a t  spill, r e q u i r i n g us to su i t u p in bl u e Tyvek b u n ny sui t s ( F i g u r e 

3.6) a n d e n t e r a r o o m  i n whic h a toxic s u b s t a n c e h a d spilled. A m o n g th e t a s k s was 

e v a c u a t i n g a n  i n j u r e d p e r s o n a n d  se c u r i n g th e r o o m while m a i n t a i n i n g c o m m u n i c a•

t i o n w i t h c o m m a n d . D u r i n g  th e d e b r i e f foll o w i n g th e as s e s s m e n t , we were t o l d we 

h a d  execu t e d p r o c e d u r e s c o r r e c t ly, b u t  h a d  t a k e n a l o n g tim e to sec u r e th e r o o m . 

G i v e n t h a t  o u r  i n s t r u c t i o n h a d  c o n s i s t e d o f  a 15-min P o w e r p o i n t p r e s e n t a t i o n , my 

g r o u p fig u r e d we h a d n ' t  p e r f o r m e d t o o b a d ly. 

Fighting floods 

T h e next d ay b e g a n w i t h a floo d exercise r e q u i r i n g us t o su i t up in co v e r a l l s a n d  

we t s u i t s a n d  e n t e r a c o m p a r t m e n t  slowly filling wit h icy wa t e r . P e e r i n g a t  us t h r o u g h 
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Figure 3.7. A CSA a s t r o n a u t a p p l i c a n t , C h r i s Den ny , co n s t r u c t s a s t r o n g b a c k while 

being assessed d u r i n g a d a m a g e c o n t r o l exercise . Image courtesy: CSA. 

a n  o b s e r v a t i o n w i n d o w were C F  d a m a g e c o n t r o l i n s t r u c t o r s a n d  m e m b e r s o f  th e 

C S A ' s a s t r o n a u t  se l e c t i o n g r o u p . T h e exercise was a n o p p o r t u n i ty fo r us t o sh o w 

h o w well ( o r badly!) we w o r k e d a s t e a m in a str e s s f u l e n v i r o n m e n t . T h e exercise 

s t a r t e d o u t  p r o m i s i n g ly e n o u g h as we b a r k e d o r d e r s a n d qu i c k ly ass i g n e d t e a m role s 

to o n e a n o t h e r . T h e n  we p r i o r i t iz e d t h e le a k s a n d  s t a r t e d t o w o r k o n s t o p p i n g t h e 

ingr e s s o f  wa t e r . D u e  to th e n u m b e r o f  le a k s , we sp l i t i n t o two te a m s , o n e o f  us 

w o r k i n g o n th e s m a l l e r le a k s a n d  t h e o t h e r  c u t t i n g s h o r i n g t o c o n s t r u c t a s t r o n g•

b a c k ( F i g u r e 3.7) . While thi s was g o i n g o n , h u n d r e d s o f  lit e r s o f  col d w a t e r 

c o n t i n u e d t o p o u r  in . By the tim e we h a d  pl u g g e d th e first m a j o r l e a k , we were u p  to 

o u r  ch e s t s in c o l d w a t e r a n d  h a d l o s t o n e t e a m m e m b e r t o hyp o t h e r m i a . E v e n t u a l ly, 

we p l u g g e d m o s t o f  t h e le a k s b e f o r e th e i n s t r u c t o r s - merc i f u l ly - cal l e d a n  e n d t o th e 

exercise. 

We were expec t i n g a d e b r i e f b u t  t h e r e wasn ' t time, as o u r  i n s t r u c t o r r u s h e d us o f f  

to th e fire s e c t i o n , whe r e we were t o l d to d o n  b u n k e r gear. Less t h a n 5 mi n l a t e r , we 

were dr e s s e d in b u n k e r g e a r h o l d i n g a fire hose ( F i g u r e 3.8) a n d  led i n t o a d a r k  r o o m  

t h a t  n o r m a l ly d o u b l e d f o r a n en g i n e e r i n g s p a c e o n b o a r d  a ship. We c o u l d n ' t  see a 

t h i n g u n t i l a fire s t a r t e d in th e c o r n e r a n d we t u r n e d th e ho s e on. I n s e c o n d s , th e fire 

h a d  s p r e a d a c r o s s th e r o o m a n d  was c r e e p i n g a c r o s s th e ceiling. A t  le a s t we were 

warm! A f t e r h a l f  a n  h o u r  o f  fir e-fig h t i n g , it was b a c k to th e fl o o d a r e a , wh e r e we h a d 

to d o n  co v e r a l l s a g a i n a n d  p l u g m o r e holes. A b r e a k f o r l u n c h was foll o w e d by a 

c a s u a l ty se a r c h exercise in a n i n t e r-c o n n e c t e d series o f  smo k e-fil l e d c o m p a r t m e n t s . 

D r e s s e d in b u n k e r g e a r , we h a d  to find o u r  way in c h by in c h using a t h e r m a l i m a g i n g 

c a m e r a ( T I C ) , while c h e c k i n g f o r c a s u a l t i e s a n d  r e n d e r i n g a s s i s t a n c e . Every on c e in a 

while, th e i n s t r u c t o r s w o u l d t u r n th e flames o n a n d  w e ' d ha v e to m a k e a q u i c k 

a s s e s s m e n t o f  w h a t type o f  fire it was b e f o r e s e a r c h i n g f o r th e r i g h t fire exti n g u i s h e r 

( f o r s o m e r e a s o n , these were nev e r re a d i ly av a i l a b l e a n d  we w o u l d h a v e to b a c k t r a c k 
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Figure 3.8 . CSA a s t r o n a u t a p p l i c a n t s struggle to p a t c h a fire ma i n d u r i n g a n assessed 

te a m-bui l d i n g exercise a t the C a n a d i a n Fo r c e s D a m a g e C o n t r o l School in F e b r u a ry, 

2009. Image c o u r t e sy : CSA. 

t o s e a r c h for t h e m ) a n d  exti n g u i s h i n g th e fire. A f t e r th e s e c o n d fire exercise, we 

t h o u g h t t h a t  m i g h t be t h e e n d o f  th e fire a n d fl o o d exercises, b u t th e i n s t r u c t o r s 

w a n t e d t o see us get s o a k e d o n e m o r e tim e so th ey " exp l o d e d " a n  o v e r h e a d fire m a i n 

o n us ( F i g u r e 3.8). W i t h some q u i c k t h i n k i n g , we m a n a g e d t o r u n a bypas s , whi c h 
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slowed t h e t o r r e n t  o f  w a t e r t o  a tri c k l e , b u t  o n ly for a few se c o n d s . Seeing we h a d  

solved t h e i r p r o b l e m t o o  q u i c k ly, th e i n s t r u c t o r s b u r s t a n o t h e r  m a i n a n d  we were 

d r e n c h e d a g a i n . T h e n , a s s o o n a s we s t a r t e d p a t c h i n g t h e ho l e , t h e i n s t r u c t o r s t o o k  
one o f  o u r  g r o u p  a w ay f o r a n o t h e r  p r o b l e m-s o l v i n g exercise. We s p e n t a t  le a s t 

30 m i n p a t c h i n g b e f o r e we fina l ly m a n a g e d t o p a t c h th e fire m a i n , by whic h tim e we 

were al l hyp o t h e r m i c o n c e a g a i n , so we d i d n ' t  l o o k o u r  b e s t w h e n t h e tele v i s i o n crew 

arrived! 

Survival Systems 

T h e final d ay o f  te s t i n g was h e l d a t  Su r v i v a l Syste m s in H a l i f ax, w h e r e we were t a k e n 

in o n e a t  a ti m e t o  b e e v a l u a t e d i n t h e h e l o- d u n k e r ( F i g u r e 3.9). O n c e i n t h e m o c k 

h e l i c o p t e r c o c k p i t , we were s t r a p p e d i n a n d  given e s c a p e i n s t r u c t i o n s b e f o r e we were 

sen t c r a s h i n g i n t o th e s w i m m i n g p o o l . T h e d u n k e r  t h e n r o l l e d o v e r a n d  q u i c k ly filled 

wit h w a t e r . A n  i n s t r u c t o r t h e n t a p p e d us o n  t h e s h o u l d e r , whi c h was th e si g n a l f o r u s 

t o es c a p e . We d i d thi s t h r e e ti m e s , e a c h s c e n a r i o b e i n g m o r e c o m p l i c a t e d t h a n  t h e 

las t . F i n a l ly, a f t e r  s u r v i v i n g t h e d u n k i n g , we wer e led t o t h e t o p  o f  a 10-m t o w e r a n d  

t o l d t o j u m p  i n t o th e s w i m m i n g p o o l a n d  c l a m b e r i n t o a li f e-ra f t . I t was easily t h e 

m o s t e n j oya b l e d ay o f  sel e c t i o n . 

Fig u r e 3.9. CSA a s t r o n a u t a p p l i c a n t s being e v a l u a t e d insid e Surviv a l Systems' helo•

d u n k e r . I m a g e courtesy: CSA (see colour section). 
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The final c u t  

A f t e r b e i n g exp o s e d t o fire , f l o o d , a n d  hyp o t h e r m i a , t h e c a n d i d a t e s r e t u r n e d  h o m e 

a n d  w a i t e d f o r  t h e e-m a i l i n f o r m i n g t h e m t h ey h a d  p r o g r e s s e d t o t h e fin a l 16. T h e 

final c u t  t o 16 e l i m i n a t e d s o m e o f  t h e b e s t c a n d i d a t e s , m a ny o f  w h o m w o u l d 

p r o b a b ly h a v e b e e n s e l e c t e d a s a s t r o n a u t s  i f  on ly t h ey h a d  h a d  a n  A m e r i c a n 

p a s s p o r t . I n  f a c t , se v e r a l o f  t h o s e w o r k i n g i n t h e U S w h o m i s s e d t h e fi n a l c u t  wer e 

a l r e a dy m a k i n g  p l a n s t o  o b t a i n  a G r e e n C a r d  so t h ey w o u l d be eligible f o r N A S A ' s 

n ext se l e c t i o n ; p a t r i o t i s m t a k e s a d i s t a n t  s e c o n d p l a c e w h e n yo u ' ve s p e n t yo u r  wh o l e 

life w a n t i n g t o  fly in s p a ce! 

Sixteen candidates 

T h e fi n a l 16 were i n t r o d u c e d  a t  a p r e s s c o n f e r e n c e a t  t h e D e f e n s e R e s e a r c h a n d  

D e v e l o p m e n t faci l i ty in T o r o n t o  i n M a r c h . A f t e r t h e m e d i a e v e n t , t h e r e fo l l o w e d a 

week o f  v a r i o u s m e d i c a l p r o c e d u r e s r a n g i n g f r o m b r a i n m a g n e t i c r e s o n a n c e i m a g i n g 

( M R I )  t o 3 D  a n t h r o p o m e t r i c  a s s e s s m e n t ( F i g u r e 3.1 0). 

F i g u r e 3 . 10. CSA a stron a ut a pplic a nt , J os hu a K o r t r yk , sits whil e a 3 D a nthr o pom e t r i c 

as sessment is conduct e d durin g th e fin a l round o f s e l e ction. Im a ge courte s y: CSA. 
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Figure 3 . 11. New C a n a d i a n a s t r o n a u t , D a v i d S a i n t-J a c q u e s (left) , I n d u s t ry Mi n i s t e r 

T o ny Cl e m e n t , a n d new C a n a d i a n a s t r o n a u t , J e r e my H a n s e n ( r i g h t ) . I m a g e co u r t e sy: 

CSA. 

Selection 

" I t t a k e s so m a ny th i n g s to line u p a n d I was w o r r i e d I m i g h t be a p p lyin g a 

little e a r ly . I f  I d o n ' t  m a k e it here a n d they d o a n o t h e r se a r c h in 16 years, I 

h o p e I ' l l still be in g o o d physical c o n d i t i o n when I ' m  42 t o a p p ly agai n . " 

J o s h u a K u t ryk , final 16 c a n d i d a t e a n d fighter p i l o t with the C F  

Af t e r a j o b  inter v i e w l a s t i n g the b e t t e r p a r t o f  a year , two c a n d i d a t e s m a d e the final 

gra d e : D r . D a v i d S a i n t-J a c q u e s a n d C a p t a i n Je r e my H a n s e n ( T a b l e 3.10 a n d Fi g u r e 

3.11). As C a n a d a ' s  two newest a s t r o n a u t s , they have the exciting p r o s p e c t o f  n o t 

only following in the fo o t s t e p s o f  the likes o f  Bob T h i r s k a n d Julie P ayet t e , b u t also 

o f  f u r t h e r i n g C a n a d a ' s  role o n the ISS a n d missions t o the M o o n . Before they have 
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t h e s e o p p o r t u n i t i e s ,  t h o u g h , t h ey face a l e n g t hy p e r i o d  o f  p r o b a t i o n a ry t r a i n i n g , 

t e c h n i c a l a s s i g n m e n t s , a n d  m i s s i o n t r a i n i n g . 

Name 

J e r e my H a n s e n 

D a v i d S a i n t-J a c q u e s 

Table 3.10. T h e CSA ' s Class o f  2009. 

Age 

33 

39 

Background 

B a c h e l o r o f  Science degree in Space Science from Royal 

Mi l i t a ry College in K i n g s t o n , O n t a r i o . M a s t e r o f  Science 

in Physics from the sam e i n s t i t u t i o n in 2000 . P r i o r to 

j o i n i n g the C a n a d i a n Space P r o g r a m , C a p t . H a n s e n 

served as a CF-18 fighte r p i l o t a n d held the p o s i t i o n o f  

C o m b a t O p e r a t i o n s Officer a t  F o u r  Wing O p e r a t i o n s in 

Col d L a k e , A l b e r t a 

B a c h e l o r o f  Eng i n e e r i n g degree in En g i n e e r i n g Physics 

from Ecole P o lyte c h n i q u e de M o n t r e a l (1993) . P h . D . in 

As t r o p hysic s from C a m b r i d g e U n i v e r s ity , U K  (1998). 

M D  from Univ e r s i t e La v a l in Qu e b e c Ci ty , Que b e c 

(2005). C o m p l e t e d family medicine residency a t  McGill 

Univ e r s i ty (200 7 ) . P r i o r to j o i n i n g the C a n a d i a n Space 

P r o g r a m , D r . S a i n t-J a c q u e s was a medical d o c t o r a n d  Co•

c h i e f o f  Med i c i n e a t  In u u l i t s i v i k H e a l t h C e n t r e in 

P u v i r n i t u q , Que b e c 



Section II 

Preparing for Life in Space 
Before th ey hav e t h e i r o p p o r t u n i ty t o fly in spa c e , a s t r o n a u t s u n d e r g o h u n d r e d s o f  

h o u r s o f  t r a i n i n g , whi c h is d i v i d e d i n t o t h r e e ph a s e s . F i r s t , th e newly selected 

a s t r o n a u t  c a n d i d a t e s ( a s c a n s ) m u s t pass a c o u r s e o f  p r o b a t i o n a ry tr a i n i n g . D u r i n g 

thi s p h a s e , th e a s c a n s l e a r n a b o u t  spa c e t e c h n o l o gy , bas i c me d i c a l skills , a n d ho w th e 

I n t e r n a t i o n a l Space S t a t i o n (ISS) w o r k s . T h ey als o b e c o m e f a m i l i a r w i t h s c u b a•

diving. A f t e r th e fir s t p h a s e , th ey go o n to m o r e a d v a n c e d t r a i n i n g , whe r e th ey le a r n 

in m o r e d e t a i l a b o u t  th e v a r i o u s p a r t s  o f  th e ISS , th e expe r i m e n t s , the s p a c e c r a f t , 

a n d  th e i n v o l v e m e n t o f  g r o u n d c o n t r o l . F o l l o w i n g p r o b a t i o n a ry t r a i n i n g , a s t r o n a u t s 

m u s t t h e n s p e n d tim e p e r f o r m i n g te c h n i c a l a s s i g n m e n t s b e f o r e e v e n t u a l ly bei n g 

as s i g n e d t o a mis s i o n , whi c h r e q u i r e s m o r e tr a i n i n g ! D u r i n g  mi s s i o n t r a i n i n g , th e 

a s t r o n a u t s w o r k as m u c h a s po s s i b l e w i t h th e o t h e r  m e m b e r s o f  th e crew, they le a r n 

a b o u t  th e spec i a l t a s k s l i n k e d wit h t h e i r mi s s i o n , a n d th ey be c o m e f a m i l i a r wit h 

weight l e s s n e s s d o i n g p a r a b o l i c flights. T h ey als o l e a r n a fore i g n l a n g u a g e , l e a r n 

a b o u t  th e scienti f i c expe r i m e n t s , a n d  visit t r a i n i n g c e n t e r s in th e US, Ru s s i a , J a p a n , 

C a n a d a , a n d E u r o p e . 
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INTERNATIONAL SPACE STATION TRAINING FLOW 

T h e m u l t i l a t e r a l ly ag r e e d t r a i n i n g a p p r o a c h  f o r I n t e r n a t i o n a l  S p a c e S t a t i o n  (ISS) 

i n c r e m e n t s c o n s i s t s o f  t h r e e c o n s e c u t i v e pha s e s : Basic T r a i n i n g , A d v a n c e d T r a i n i n g , 

a n d  I n c r e m e n t-S p e c i f i c T r a i n i n g ( F i g u r e 4.1 ). T h e Basic T r a i n i n g p h a s e , whi c h t a k e s 

a year , is p r o v i d e d i n d e p e n d e n t ly by ea c h ISS I n t e r n a t i o n a l  P a r t n e r  fo r its 

a s t r o n a u t s . H o w e v e r , s o m e agen c i e s , su c h as t h e C a n a d i a n  S p a c e Age n cy (CS A ) , 

C o l l a t e r a l 
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a t E A C  
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Figure 4.1. ISS training flow . 
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s e n d t h e i r a s t r o n a u t s  t o be t r a i n e d by N A S A for thi s ph a s e . F o r  examp l e , Je r e my 

H a n s e n a n d  D a v i d S a i n t-J a c q u e s , th e t w o CSA a s t r o n a u t s selected in 2009, t r a i n e d 

wit h N A S A ' s 2009 Cl a s s . T h e foll o w i n g two t r a i n i n g p h a s e s a r e de s i g n e d f o r 

i n t e r n a t i o n a l t r a i n i n g classes a n d  a r e c o n d u c t e d a t  I n t e r n a t i o n a l P a r t n e r  t r a i n i n g 

sites. D u r i n g the s e m u l t i l a t e r a l t r a i n i n g p h a s e s , e a c h P a r t n e r  is r e s p o n s i b l e for 

p r o v i d i n g t r a i n i n g t o all ISS a s t r o n a u t s for th o s e el e m e n t s it is c o n t r i b u t i n g t o th e 

ISS P r o g r a m . 

Basic Training 

T h e first t r a i n i n g p h a s e f o r newly re c r u i t e d a s t r o n a u t s (w h i c h la s t s be t w e e n 12 a n d 

16 m o n t h s , d e p e n d i n g o n  whic h agen cy is c o n d u c t i n g th e t r a i n i n g ) p r o v i d e s th e basic 

k n o w l e d g e r e q u i r e d by a p r o f e s s i o n a l a s t r o n a u t . Basic T r a i n i n g in c l u d e s a n  

i n t r o d u c t i o n t o spa c e o r g a n iz a t i o n s a n d c u r r e n t p r o g r a m s , sp a c e f l i g h t f u n d a m e n t a l s 

su c h as e n g i n e e r i n g a n d  life sciences, a n d  spa c e system s a n d o p e r a t i o n s a s s o c i a t e d 

w i t h th e ISS. T h i s p h a s e al s o fosters th e d e v e l o p m e n t o f  ba s i c skills c o n s i d e r e d 

ne c e s s a ry fo r a s t r o n a u t s  in the A d v a n c e d T r a i n i n g p h a s e , su c h a s s c u b a-di v i n g a n d 

p u b l i c r e l a t i o n s act i v i t i e s . 

Advanced Training 

T h i s p h a s e o f  t r a i n i n g al s o la s t s a yea r a n d  p r o v i d e s a m o r e t h o r o u g h  u n d e r s t a n d i n g 

o f  ISS systems a n d  s u b syst e m s , p ayl o a d s , a n d  l a u n c h vehicles. I t focuses p r i m a r i ly 

o n ge n e r i c ISS o n b o a r d  t a s k s a n d the i n t e r a c t i o n s w i t h g r o u n d ce n t e r s . T h i s p h a s e 

al s o p r e p a r e s a s t r o n a u t s f o r t h e i r I n c r e m e n t-Sp e c i f i c T r a i n i n g (1ST) a n d t h e i r first 

fligh t a s s i g n m e n t . F o r  exam p l e , th e A d v a n c e d T r a i n i n g in c l u d e s som e s p e c i a l iza t i o n 

su c h as r o b o t i c s a n d  ext r a v e h i c u l a r a c t i v i ty (EVA) . O n c e a s t r o n a u t s ha v e c o m p l e t e d 

thi s p h a s e , t h ey a r e eligible f o r miss i o n a s s i g n m e n t . 

Increment-Specific Training 

T h i s final t r a i n i n g p h a s e la s t s 18 m o n t h s . I t s p r i m a ry obj e c t i v e is t o p r e p a r e th e 

p r i m e a n d b a c k u p crews as s i g n e d t o a n ISS flight t o p e r f o r m all th e act i v i t i e s 

p l a n n e d for t h a t  p a r t i c u l a r fligh t i n c r e m e n t . T h i s in c l u d e s s t a n d a r d  o p e r a t i o n s a n d 

m a i n t e n a n c e t a s k s f o r systems a n d p ayl o a d s , a s well a s a c t i v a t i o n a n d  c h e c k o u t o f  

new ISS e l e m e n t s . 

Th i s c h a p t e r focuses o n th e first two p h a s e s o f  t r a i n i n g for N A S A a n d  ESA 

a s t r o n a u t s a n d de s c r i b e s h o w a s t r o n a u t  c a n d i d a t e s ( a s c a n s ) be c o m e a s t r o n a u t s  in a 

t r a i n i n g p e r i o d s t r e t c h i n g ov e r 2 year s . 
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O f  all t h e a s t r o n a u t  t r a i n i n g p r o g r a m s ,  t h e  E S A ' s is p e r h a p s  n o t  o n ly t h e m o s t  

c h a l l e n g i n g t o  fo l l o w , b u t  a l s o t h e m o s t  c h a l l e n g i n g t o  o r g a n iz e . T h i s is b e c a u s e t h e 

d e c e n t r a l iz e d t r a i n i n g  p r o v i d e d by t h e I n t e r n a t i o n a l  P a r t n e r s  p a r t i c i p a t i n g  in t h e IS S 

p r o g r a m  d e m a n d s  a h i g h d e g r e e o f  c o o r d i n a t i o n  a n d  syn c h r o n iz a t i o n . F u r t h e r m o r e ,  

t h e t e a c h i n g m e t h o d s ,  t r a i n i n g  c o n c e p t s , and t h e m u l t i c u l t u r a l b a c k g r o u n d s  o f  t h e 

a s t r o n a u t  c a n d i d a t e s  a n d  t h e i r i n s t r u c t o r s  m u s t  be s t a n d a r d i z e d . 

Integrated training schedule 

O n c e t h e t r a i n i n g  h a s  b e e n c o o r d i n a t e d  a n d  syn c h r o n iz e d , t h e  t r a i n i n g  a s p e c t s m u s t  

t h e n  fit i n t o  o n e o v e r a l l i n t e g r a t e d  s c h e d u l e . T h i s is a c h a l l e n g e i n its e l f , sinc e e a c h 

a s t r o n a u t  h a s  a n  i n d i v i d u a l ly t a i l o r e d t r a i n i n g  p l a n , m e a n i n g  n o  t w o a s t r o n a u t s  g e t 

exac t ly t h e s a m e t r a i n i n g  a t  t h e s a m e tim e . I f  yo u c o n s i d e r b e t w e e n 30 a n d  40 

a s t r o n a u t s / c o s m o n a u t s  u n d e r g o  t r a i n i n g  in o n e ye a r a t  five d i f f e r e n t si t e s , yo u g e t 

s o m e i d e a o f  t h e t r e m e n d o u s  o r g a n i z a t i o n a l  e f f o r t r e q u i r e d . F o r t u n a t e ly , t h e ISS 

p a r t n e r  s p a c e a g e n c i e s h a v e s u c c e s s f u l ly m a n a g e d  t o syn c h r o n iz e t h e t r a i n i n g f o r 

m o r e  t h a n  a d e c a d e n o w . 

Phases of astronaut training 

E a c h  E S A a s t r o n a u t  s t a r t s  t h e a s t r o n a u t  t r a i n i n g cycle by fir s t c o m p l e t i n g t h e 16-

m o n t h  B a s i c T r a i n i n g  a t  t h e E u r o p e a n  A s t r o n a u t  C e n t r e  ( E A C ) in C o l o g n e  ( F i g u r e 

4. 2 ) , G e r m a ny . T h i s p h a s e , w h i c h p r o v i d e s t h e a s t r o n a u t  c a n d i d a t e  w i t h a s o l i d 

i n t r o d u c t i o n  t o t h e i r f u t u r e  c a r e e r a s a n  a s t r o n a u t , c o n s i s t s o f  f o u r t r a i n i n g b l o c k s : 

1. I n t r o d u c t i o n  

2 . F u n d a m e n t a l s  

3. S p a c e Sys t e m s a n d  O p e r a t i o n s  

4. S p e c i a l Skill s . 

1. Introduction 

T h i s p h a s e  is a l i t t l e lik e t h e f i r s t d ay a t  w o r k , si n c e it p r o v i d e s t h e n e w h i r e s a b r o a d  

o v e r v i e w o f  t h e a r e n a  i n w h i c h t h ey will be w o r k i n g  f o r t h e n ext 10 - 20 yea r s . F o r  

exa m p l e , t h ey a r e i n t r o d u c e d  t o  t h e p o l i c i e s o f  t h e m a j o r  s p a c e f a r i n g n a t i o n s , t h e i r 

s p a c e a g e n c i e s ( w i t h s p e c i a l e m p h a s i s o n  t h e ESA! ) a s well a s t h e m a j o r  m a n n e d  a n d  

u n m a n n e d  s p a c e p r o g r a m s .  S p i c i n g u p  t h i s p h a s e  a r e  l e c t u r e s c o v e r i n g t h e b a s i c s o f  

s p a c e l a w a n d  t h e  i n t e r g o v e r n m e n t a l  a g r e e m e n t s g o v e r n i n g w o r l d w i d e c o o p e r a t i o n  

in s p a c e . 
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F i g u r e 4.2. T h e E u r o p e a n  S p a c e Ag e n cy's A s t r o n a u t  T r a i n i n g C e n t e r , in C o l o g n e , 

G e r m a ny. I m a g e c o u r t e sy: ESA . 

2. Fundamentals 

T h e  s e c o n d p h a s e  o f  b a s i c t r a m m g  t e a c h e s t h e c a n d i d a t e s  b a s i c k n o w l e d g e o n  

v a r i o u s t e c h n i c a l a n d  s c i e n t i f i c d i s c i p l i n e s . T h e  o b j e c t i v e o f  t h i s p h a s e  is t o  e n s u r e all 

n e w a s t r o n a u t  c a n d i d a t e s , w h o h a v e d i f f e r e n t p r o f e s s i o n a l b a c k g r o u n d s  a n d  

expe r t i s e , h a v e a c o m m o n  m i n i m u m k n o w l e d g e b a s e i n s u b j e c t s r e l e v a n t t o  t h e i r 

c a r e e r . A l t h o u g h  t h e p h a s e  d e a l s o n ly w i t h t h e f u n d a m e n t a l s , a n  a s t r o n a u t ' s  j o b  

r e q u i r e s k n o w l e d g e o f  s o m a ny d i f f e r e n t s u b j e c t s t h a t  c a n d i d a t e s  o f t e n feel a s i f  

t h ey' r e d r i n k i n g  f r o m a f i r e-h o s e a s a r e s u l t o f  all t h e i n f o r m a t i o n  d e l i v e r e d t o  t h e m 

by t h e i r i n s t r u c t o r s . I n  a d d i t i o n  t o  c o v e r i n g t e c h n i c a l d i s c i p l i n e s s u c h a s s p a c e f l i g h t 

e n g i n e e r i n g , e l e c t r i c a l e n g i n e e r i n g , a e r o dyn a m i c s , p r o p u l s i o n ,  a n d  o r b i t a l  me•

c h a n i c s , t h i s p h a s e a l s o i n c l u d e s a n i n t r o d u c t i o n  t o  sci e n c e d i s c i p l i n e s s u c h a s 

r e s e a r c h i n t o  w e i g h t l e s s n e s s (in h u m a n  p hys i o l o gy, b i o l o gy, a n d  m a t e r i a l scie n c e s ) , 

E a r t h  o b s e r v a t i o n , a n d  a s t r o n o my . 

3. Space Systems and Operations 

T h i s p h a s e  p r o v i d e s c a n d i d a t e s  w i t h a d e t a i l e d o v e r v i e w o f  a l l I S S syste m s s u c h as 

g u i d a n c e n a v i g a t i o n & c o n t r o l  ( G N C ) ,  t h e r m a l  c o n t r o l , e l e c t r i c a l p o w e r  g e n e r a t i o n 
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Figure 4.3. Soyuz la u n c h e r. Im a g e co u r t e sy : NASA . 
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a n d  d i s t r i b u t i o n , c o m m a n d  a n d t r a c k i n g , a n d life s u p p o r t  systems. I t a l s o i n t r o d u c e s 

t h e a s c a n s t o  r o b o t i c , E V A , a n d  p ayl o a d systems, i n a d d i t i o n t o  t h e m a j o r systems o f  

t h o s e s p a c e c r a f t wh i c h service th e ISS s u c h as th e R u s s i a n S oyuz ( F i g u r e 4.3) a n d 

P r o g r e s s s p a c e c r a f t . A d d i t i o n a l ly, c a n d i d a t e s b e c o m e a c q u a i n t e d w i t h g r o u n d systems 

s u c h as d e v e l o p m e n t a n d  te s t sites, l a u n c h sites , a n d  t r a i n i n g a n d  c o n t r o l cen t e r s . 

4. Special Skills 

T h e  Sp e c i a l Ski l l s p h a s e  foc u s e s o n  d e v e l o p i n g skills use d f o r g e n e r i c r o b o t i c 

o p e r a t i o n s , r e n d ez v o u s , a n d  d o c k i n g , R u s s i a n l a n g u a g e , h u m a n  b e h a v i o r a n d  

p e r f o r m a n c e , a n d  s c u b a-d i v i n g . S c u b a-d i v i n g is a n e s s e n t i a l skill f o r t h o s e a s t r o n a u t s  

w h o will e v e n t u a l ly p e r f o r m  EV As. T h e  S p e c i a l Skills p h a s e c o m p l e t e s t h e b a s i c 

t r a i n i n g o f  E S A a s t r o n a u t  c a n d i d a t e s a n d  m a r k s  t h e b e g i n n i n g o f  t h e a d v a n c e d 

t r a i n i n g i n c r e m e n t . 

Advanced t r a i n i n g 

D u r i n g  t h e a d v a n c e d t r a i n i n g p h a s e , a s c a n s l e a r n h o w t o service a n d o p e r a t e th e 

di f f e r e n t ISS m o d u l e s , systems, a n d subsystems , a n d t o fly a n d d o c k t r a n s p o r t vehicles 

like th e R u s s i a n Soyuz vessel o r  the E S A ' s A u t o m a t e d T r a n s f e r Vehicle (ATV, F i g u r e 

4.4). 

Figure 4.4. Jules Verne A u t o m a t e d T r a n s f e r Vehicle a p p r o a c h e s the I n t e r n a t i o n a l Space 

S t a t i o n o n M o n d ay , M a r c h 31st , 2008 . Image courtesy: ESA. 
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Figure 4.5. E u r o p e a n  P hy s io l o gy M o d u l e . I m a g e c o u r t e sy : ESA. 

T h ey als o l e a r n h o w t o p e r f o r m scientific expe r i m e n t s i n t h e E S A ' s ISS rese a r c h 

m o d u l e , Columbus ( P a n e l 4.1), a n d  h o w t o use t h e e q u i p m e n t fi t t e d in t h e m o d u l e ' s 

p ayl o a d r a c k s , s u c h as t h e E u r o p e a n  P hysi o l o gy M o d u l e facility (EPM, F i g u r e 4.5). 
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Panel 4.1. Columbus laboratory 

T h e  Columbus l a b o r a t o ry is the ES A ' s m o s t s i g n i f i c a n t c o n t r i b u t i o n  to t h e ISS. 

T h e 4. 5-m d i a m e t e r cyli n d r i c a l m o d u l e i e q u i p p e d wi t h flexible r e s e a r c h 

facilities p r o v i d i n g exte n s i v e sci e n c e c a p a b i l i t i e s . T h e  l a b o r a t o ry ha s r o o m fo r 

I 0 I n t e r n a t i o n a l  S t a n d a r d  P ayl o a d R a c k s ( I S P R s) , ea c h t h e size o f  a t e l e p h o n e 

b o o t h , a n d  is c a p a b l e o f  h o s t i n g its o w n a u t o n o m o u  a n d  i n d e p e n d e n t 

l a b o r a t o ry , c o m p l e t e w i t h p o w e r  a n d  c o o l i n g syste m s , a n d  vid e o a n d d a t a  lin ks 

b a c k to r e s e a r c h e r s o n  E a r t h . T h e  ESA h a s d e v e l o p e d a r a n g e o f  p ayl o a d 

r a c k s , e a c h de igned to m axim ize the a m o u n t  o f  r e s e a r c h , a n d  o f f e r E u r o p e a n  

ci e n t i ts full acce s to a we i g h t l e s s e n v i r o n m e n t . 

A t  l a u n c h , Columbus wa fitte d with five i n t e r n a l p ayl o a d r a c k s : 

a . B i o l a b s u p p o r t s  expe r im e n t  o n m i c r o-o r g a n i ms, cells a n d tissu e cu ltu res , 

a n d  mall p l a n t s . 

b. T h e E u r o p e a n  P h y io l o gy M o d u l e  F a c i lit y (E P M ) e n a b l e s i n v e s t i g a t i o n 

i n t o the eff e c t s o f  l o n g- d u r a t i o n s p a c e f l i g h t o n t h e h u m a n  b o dy. 

c. T h e F luid Science L a b o r a t o ry ( F S L ) a c c o m m o d a t e s exp e r i m e n t s in the 

b e h a v i o r o f  wei g h t l e s s l i q u i d . 

d. T h e E u r o p e a n  D r a w e r R a c k (E D R ) i a m o d u l a r  exp e r i m e n t c a r r i e r sy tem 

fo r a v a r i e ty o f  sc i e n t i f i c di c i p l i n e a n d  p r o v i d e ba ic re o u r c e s for 

exp e r i m e n t m o d u l e s h o u s e d w i t h i n s t a n d a r d iz e d d r a w e r  a n d  l o c k e r s . 

e. T h e E u r o p e a n  T r a n s p o r t  C a r r i e r  ( E T C ) a c c o m m o d a t e s  it e m s for t r a n p o r t  

a n d to w a g e . 

Si n c e s c i e n t i s t s o n the g r o u n d  rely o n a t r o n a u t  to c o n d u c t  t h e i r exp e r i m e n t 

in p a c e , a t r o n a u t  m u s t be p r o f i c i e n t in the o p e r a t i o n  o f  the e q u i p m e n t  o n 

Columbus, which is why t r a i n i n g i c o n d u c t e d in the la b d u r i n g  the a d v a n c e d 

t r a i n i n g p h a s e . 

A d v a n c e d  t r a m m g  t a k e s a ye a r t o c o m p l e t e . T h e  t r a m m g  is c o n d u c t e d  i n 

i n t e r n a t i o n a l  a s t r o n a u t  c l a s s e s a n d  i n c l u d e s t r a i n i n g u n i t s a t  al l ISS p a r t n e r  t r a i n i n g 

sites. T h e s e t r a i n i n g s i t e s a r e  l o c a t e d in H o u s t o n ,  i n t h e U S  ( N A S A ) , S t a r  C i ty n e a r  

M o s c o w  ( R u s s i a ) , T s u k u b a  n e a r  T o ky o ( J a p a n ) , M o n t r e a l  ( C a n a d a ) ,  a n d  a t  t h e 

E A C  in C o l o g n e , G e r m a ny . E a c h  o f  t h e ISS p a r t n e r s  is i n c h a r g e o f  p r o v i d i n g 

t r a i n i n g  t o all ISS a s t r o n a u t s  o n  t h e e l e m e n t s t h a t  t h ey c o n t r i b u t e  t o  t h e  ISS 

P r o g r a m .  F o r  exa m p l e , t r a i n i n g  a t  t h e E A C  f o c u s e s o n  t h e Columbus m o d u l e , t h e 

A T V , a n d  E S A sc i e n c e t r a i n i n g . 

I t is i m p o s s i b l e t o  d e s c r i b e al l t h e t r a i n i n g  e l e m e n t s o f  t h e E S A ' s  a s t r o n a u t  

t r a i n i n g  p r o g r a m  i n d e t a i l . I n s t e a d ,  t o give t h e r e a d e r  a n  i d e a o f  t h e n a t u r e  o f  t h e 

t r a i n i n g , t h e f o l l o w i n g s e c t i o n d e s c r i b e s E V A t r a i n i n g , w h i c h c o n s t i t u t e s  a key 

a d v a n c e d  t r a i n i n g  i n c r e m e n t . 
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EVA Pre-Familiarization Training 

T h e  E S A ' s E A C  d e v e l o p e d t h e E V A P r e- F a m i l i a r i z a t i o n  T r a i n i n g  P r o g r a m m e  

( E P F T P )  to b r i d g e t h e g a p  b e t w e e n s c u b a t r a i n i n g  ( w h i c h a s t r o n a u t s  rece i v e d u r i n g  

b a s i c t r a i n i n g ) a n d  N A S A ' s  E V A ski l l s t r a i n i n g . By c o m p l e t i n g t h e  E P F T P ,  

a s t r o n a u t s  d e v e l o p t h e  e s s e n t i a l c o g n i t i v e , p sy c h o m o t o r ,  a n d  b e h a v i o r a l skills 

r e q u i r e d to p r e p a r e  t h e m t o us e t h e ISS s p a c e s u i t i n N A S A ' s  N e u t r a l  B u oya n cy 

L a b o r a t o ry ( N B L ) . P sy c h o m o t o r  skills a r e r e q u i r e d t o m o v e in t h e c u m b e r s o m e 

s p a c e s u i t a n d  m o v e a l o n g  t h e h a n d r a i l s  o f  t h e IS S . C o g n i t i v e ski l l s a r e  i m p o r t a n t  t o 

n a v i g a t e a r o u n d  t h e s p a c e s t a t i o n  a n d  t o a p p ly t e t h e r i n g a n d  o p e r a t i o n a l  r u l e s , whi l e 

b e h a v i o r a l ski l l s a r e u s e f u l f o r s p a t i a l a n d  s i t u a t i o n a l  a w a r e n e s s , a n d  p r o b l e m  

so l v i n g . 

T h e  E P F T P  t e a c h e s a s t r o n a u t s  t o a c q u i r e t h e s e skills i n  a 2-we e k c o u r s e 

c o m p r i s i n g a serie s o f  c l a s s r o o m  c o u r s e s a n d  i n- w a t e r exerc i s e s d e s i g n e d t o c h a l l e n g e 

t h e  a s t r o n a u t s  w h i l e p e r f o r m i n g  s i m u l a t e d EV As . F i r s t , a s t r o n a u t s  a r e p r o v i d e d  w i t h 

a n  o v e r v i e w o f  t h e E M U  s u i t , i n c l u d i n g i t s b i o m e c h a n i c s a n d  c o n s t r a i n t s  in w a t e r  

a n d  s p a c e . N ex t , i n s t r u c t o r s  give a s t r o n a u t s  r e c o m m e n d a t i o n s  o n  t h e b e s t s t r a t e g i e s 

f o r m o v i n g i n t h e s u i t w i t h o u t  f i g h t i n g it a n d  a l s o t h e n o- g o zo n e s o n  t h e s p a c e 

s t a t i o n . N ext , i n a s i m u l a t e d E V A  s e s s i o n s u p e r v i s e d by i n s t r u c t o r s ,  a s t r o n a u t s  h a v e 

t h e o p p o r t u n i ty t o t e s t t h e i r m o v e m e n t  s t r a t e g i e s u n d e r  w a t e r  ( F i g u r e 4.6) in t h e 

Figure 4.6. T h e E S A ' s EVA p r e-fa m i l i a r iza t i o n tr a i n i n g t a k e s place a t the EAC , in 

Col o g n e . Im a g e courtesy: ESA. 
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E A C ' s  N e u t r a l B u oyan cy Fa c i l i ty ( N B F , T a b l e 4.1) . I n  thi s sess i o n , th e a s t r o n a u t s 

p r a c t i c e d i f f e r e n t b o dy p o s t u r e s , c h a n g i n g a t t i t u d e a n d  b o dy o r i e n t a t i o n a r o u n d  the 

c o n f i n i n g s t r u c t u r e s o f  th e u n d e r w a t e r s t a t i o n . A f t e r t h e i r u n d e r w a t e r E V A 

i n d o c t r i n a t i o n session , th e a s t r o n a u t s a r e i n t r o d u c e d to t h e t o o l s th ey will be using 

o u t s i d e th e ISS a n d  th e in t e r f a c e s t o e q u i p m e n t t h a t  will be used in f u t u r e exercises. 

A f t e r b e c o m i n g f a m i l i a r wit h t h e i r E V A t o o l s , a s t r o n a u t s m u s t t h e n be qu a l i f i e d in 

th e Su r f a c e S u p p l i e d D i v i n g System (SSDS), e n a b l i n g t h e m to c o m m u n i c a t e w i t h th e 

C o n t r o l R o o m  d u r i n g t h e i r u n d e r w a t e r t r a i n i n g . 

Table 4.1. T h e  E S A ' s N e u t r a l  B u oya n cy F a c i l i ty c h a r a c t e r i s t i c s . 

Water tank 
L e n g t h 

2 2 m  

W i d t h  

1 7 m  

D e p t h  

1 0 m  

V o l u m e 

3,747 m 3 

T e m p e r a t u r e  

2 7- 2 9 ° C 

Scuba and SSDS diving equipment 
20 c o m p l e t e set s o f  s c u b a-d i v i n g e q u i p m e n t  ( cyli n d e r s , r e g u l a t o r s , su i t s , et c . ) 

T h r e e S S D S set s c o m p r i s i n g : 

• F u l l-f a c e m a s k  w i t h m i c r o p h o n e a n d e a r p h o n e s  f o r t w o-w ay c o m m u n i c a t i o n  b e t w e e n 

S S D S d i v e r s a n d  o n- d e c k p e r s o n n e l 

• B u oya n cy j a c k e t  i n c l u d i n g i n f l a t o r , w i t h 6-1 / 300 -b a r  res e r v e a i r t a n k ,  p r e s s u r e g a u g e , a n d  

div e c o m p u t e r  

• 60-m u m b i l i c a l h o s e c o n n e c t e d t o d e c k a i r s u p p ly a n d  f o r c o m m u n i c a t i o n  c a b l e s 

S S D S c a r t  o n- d e c k h o s t i n g u m b i l i c a l s , a i r t a n k s , p r e s s u r e- m o n i t o r i n g devices, a n d  v i d e o a n d  

a u d i o  m o n i t o r i n g  

EVA tools 
E V A c o n n e c t o r s ( e l e c t r i c a l a n d fl u i d ) 

P o r t a b l e  F o o t  R e s t r a i n t s ( P F R s )  m o u n t e d  

o n  E V A w o r k s i t e s o n  Columbus m o c k u p  

E M U- l i k e  b o o t s  f o r use w i t h P F R  

NBF control room 
V i d e o : e i g h t c h a n n e l s , i n c l u d i n g s w i t c h i n g 

m a t r ix f o r o b s e r v a t i o n a n d  m u l t i p l e 

r e c o r d i n g o f  u n d e r w a t e r  a n d  d e c k 

o p e r a t i o n s 

A d d i t i o n a l m o n i t o r  w i t h s w i t c h i n g m a t r ix 

f o r d e c k p e r s o n n e l in N B F  h a l l 

L i m i t e d sets o f  E V A a n d  d u m my t e t h e r s 

ISS h a n d r a i l s m o u n t e d  o n  a i r l o c k a n d 

Columbus m o c k u p  

E M U  P L S S b a c k p a c k , h e l m e t , a n d  gloves 

A u d i o : t w o a u d i o  l o o p s f o r b i-d i r e c t i o n a l 

c o m m u n i c a t i o n s b e t w e e n d e c k p e r s o n n e l a n d  

b e t w e e n d e c k p e r s o n n e l a n d  di v e r s 

U n d e r w a t e r  l o u d s p e a k e r s f o r u n i d i r e c t i o n a l 

c o m m u n i c a t i o n  w i t h all di v e r s 
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A f t e r the SSDS q u a l i f i c a t i o n , a s t r o n a u t s c o n d u c t the " E V l  R u n " ,  a k i n t o a real 

EVA. D u r i n g EV 1, the a s t r o n a u t s wear a low-fidelity mi n i-w o r k-s t a t i o n s t r a p p e d to 

the i r chests to c a r ry EVA tools, a b a c k p a c k si m u l a t i n g the E M U ' s P r i m a ry Life 

S u p p o r t System (PLSS) , a n d a helmet , in a d d i t i o n t o a p a i r o f  b o o t s a n d E M U 

gloves . G u i d e d by i n s t r u c t o r s cla d in scu b a-div i n g gear, the a s t r o n a u t s p e r f o r m a n 

e n d-to-en d EVA inc l u d i n g ai r l o c k egress / ingress , p aylo a d t r a n s p o r t a t i o n , using 

waist t e t h e r s , a n d  o p e r a t i o n o f  ISS c o n n e c t o r s . T h r o u g h o u t the session, a s t r o n a u t s 

m u s t co m p ly with EVA rules such as t e t h e r i n g the b o dy a t all times a n d using only 

D-ring s as t e t h e r i n g po i n t s . 

T h e t h i r d u n d e r w a t e r session is the E V l + 2 Ru n . Thi s session is a tw o-me m b e r 

EVA with a n em p h a s i s o n te a m s i t u a t i o n a l awa r e n e s s , crew c o m m u n i c a t i o n , a n d 

w o r k l o a d m a n a g e m e n t . D u r i n g this EVA, the team is free to develop the i r own 

timeline a n d decide how th e EVA too l s are sh a r e d . I n a d d i t i o n t o p e r f o r m i n g r o u t i n e 

tas k s , the a s t r o n a u t s m u s t also r e s p o n d t o unexpected e q u i p m e n t failures a n d 

u n p l a n n e d activities, while being c o n t r o l l e d by a Te s t D i r e c t o r . U p o n c o m p l e t i o n o f  

the E P F T P , a s t r o n a u t s a r e given a st u dy guide a n d D V D p a c k a g e with the cou r s e 

m a t e r i a l , in c l u d i n g videos o f  the EVA ru n s t o g e t h e r with a d d i t i o n a l reference 

d o c u m e n t a t i o n a n d EVA skill d e m o n s t r a t i o n videos. 

Whi l e th e E S A ' s ba s i c t r a i n i n g p h a s e is p r e d o m i n a n t ly kn o w l e d g e-b a s e d 

cl a s s r o o m tr a i n i n g , the a d v a n c e d p h a s e includes several p r a c t i c a l elements suc h as 

EVA, re q u i r i n g the as c a n s to spend time in t r a i n i n g m o c k u p s a n d si m u l a t o r s . O n 

co m p l e t i o n o f  the a d v a n c e d t r a i n i n g pha s e , a n ESA as c a n is finally eligible for 

spacefli g h t ass i g n m e n t , which ine v i t a b ly means even mo r e training! 

N A S A  

O v e r v i e w of a s c a n training 

I n c o m m o n with the ESA, much o f  NA S A ' s basic a s t r o n a u t t r a i n i n g ta k e s place in 

the cl a s s r o o m , where asc a n s learn a b o u t Orion ( F i g u r e 4 . 7) a n d ISS systems. They 

also s t u dy key disciplines such as E a r t h sciences, me t e o r o l o gy , space science, a n d 

eng i n e e r i n g , which will pro v e helpful in th e i r wo r k in space. O u t s i d e the cl a s s r o o m , 

asc a n s co m p l e t e w a t e r a n d la n d survival t r a i n i n g to p r e p a r e for an u n p l a n n e d 

landi n g . 

Once the basic t r a i n i n g pe r i o d is com p l e t e , c a n d i d a t e s are qualifi e d t o become 

a s t r o n a u t s . I n c o m m o n with the ESA, the e n d o f  basic t r a i n i n g is n o t the e n d o f  

t r a i n i n g , b u t r a t h e r the be g i n n i n g o f  the next phase. I n the a d v a n c e d ph a s e , 

a s t r o n a u t s a r e g r o u p e d with experienced a s t r o n a u t s , who serve as m e n t o r s to sh a r e 

knowledge a n d experience. T h e goal o f  the m e n t o r i n g a p p r o a c h is to ens u r e eac h 

tr a i n e e is pr o f i c i e n t in all activities re l a t e d t o pr e-la u n c h , la u n c h , o r b i t , e n t ry , and 

l a n d i n g . Fi n a l ly , a f t e r c o m p l e t i n g the a d v a n c e d ph a s e , a s t r o n a u t s receive the i r 

mission ass i g n m e n t s , a n d e n t e r the 1ST pha s e , descri b e d in C h a p t e r 7. 
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Fig u r e 4.7. Orion m o c k u p . Im a g e c o u r t e sy : NAS A . 

As c a n t r a i n i n g week by week 

M o s t  ( p i l o t s a r e exe m p t e d ) a s c a n s s p e n d t h e i r fi r s t week o f  t r a i n i n g i n s u n ny 

P e n s a c o l a , F l o r i d a ,  w h e r e t h ey a r e t r a i n e d i n t h e a r t  o f  w a t e r  s u r v i v a l a n d  receive 

i n s t r u c t i o n o n  s u b j e c t s as v a r i e d as a v i a t i o n p hys i o l o gy a n d  e j e c t i o n t e c h n i q u e s . T h e  

l o c a t i o n o f  t h i s first p h a s e o f  a s t r o n a u t  t r a i n i n g is P e n s a c o l a N a v a l  A i r  S t a t i o n , 

w h i c h h o u s e s t h e v a r i o u s s i m u l a t o r s a n d  e q u i p m e n t r e q u i r e d t o  e n s u r e a s c a n s l e a r n 

h o w t o s u r v i v e in a n  e m e r g e n cy . T h e s u r v i v a l t r a i n i n g r e q u i r e s e a c h a s c a n t o  be 

s c u b a q u a lified a n d  b e c a p a b l e o f  s w i m m i n g t h r e e l e n g t h s o f  a 25-m p o o l  w i t h o u t  

s t o p p i n g , a n d  t h e n swim t h r e e l e n g t h s o f  t h e p o o l i n a fli g h t s u i t a n d  t e n n i s s h o e s 

w i t h n o t i m e lim i t . T h ey m u s t  a l s o t r e a d w a t e r c o n t i n u o u s ly fo r 10 m i n while 

w e a r i n g a fl i g h t su i t . 

Ejection seat training 

D u r i n g  e j e c t i o n s e a t t r a i n i n g ( E S T ) , a s c a n s l e a r n p r o f i c i e n cy in t h e e s s e n t i a l skills 

r e l a t i n g t o t h e c a n o py syst e m , e j e c t i o n s e a t p r e f l i g h t c h e c k s , a n d  s t r a p p i n g  in ( F i g u r e 
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Figure 4.8. NAS A E d u c a t o r Mission Specialist , J o s e p h M . A c a b a , gives a n all-clear 

sign immediately af t e r a si m u l a t e d a i r c r a f t ejection d u r i n g wa t e r survival t r a i n i n g a t 

Pe n s a c o l a N a v a l Air S t a t i o n . Image courtesy: NAS A (see colour section). 

4.8) . T h ey a r e a l s o t a u g h t  th e basics o f  th e ej e c t i o n e n v e l o p e , e j e c t i o n de c i s i o n , 

o p t i m a l  b o dy p o s i t i o n , e j e c t i o n i n i t i a t i o n , p a r a c h u t e  d e p l oy m e n t  a l t i t u d e s ,  

m a l f u n c t i o n s , a n d h az a r d s s u c h as flash b u r n  a n d  p o o r  b o dy po s i t i o n . 

Emergency egress training 

A f t e r " r i d i n g th e r a i l s " o f  th e ej e c t i o n s i m u l a t o r , a s c a n s mo v e o n to em e r g e n cy 

egress t r a i n i n g ( E E T ) . I n t h i s p a r t  o f  th e t r a i n i n g , they le a r n th e dri l l s for b a i l o u t 

d u r i n g a n  em e r g e n cy w a t e r egress inside a h e l o-d u n k e r * ( F i g u r e 4.9), whi c h 

s i m u l a t e s a h e l i c o p t e r c r a s h a t  sea. T h e he l o egress r e q u i r e s a s c a n s t o be s t r a p p e d 

i n t o th e s i m u l a t o r , b e f o r e be i n g d r o p p e d  i n t o th e wa t e r . O n c e in th e w a t e r , the he l o 

sin k s a n d  roll s over. T h e a s c a n is t h e n t a p p e d o n th e s h o u l d e r by on e o f  t h e t r a i n i n g 

staff. T h i s is th e sig n a l for th e a s c a n to release th e s t r a p s a n d  es c a p e via d e s i g n a t e d 

win d o w s . O n c e t h ey'v e m a s t e r e d t h e egress, they d o it a g a i n , o n ly th i s tim e we a r i n g a 

bli n d f o l d ! 

* T h e h e l o-d u n k e r was o n e o f  the tests C a n a d i a n Space Agency (CSA) a s t r o n a u t c a n d i d a t e s 

had to p e r f o r m d u r i n g the selection r o u n d o f  the la s t 30 c a n d i d a t e s in the 2008 - 2009 

c a m p a i g n . A l t h o u g h it s o u n d s a little c l a u s t r o p h o b i c , the test is ac t u a l ly a Jot o f  fun. 
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Figure 4.9. One o f  NAS A ' s Class o f  2004 prep a r e s for his hel o-dunk e r in d o c t r i n a t i o n . 

Image courtesy: NASA. 

Spatial disorientation training 

Before be i n g i n d o c t r i n a t e d o n  th e M u l t i s p a t i a l D i s o r i e n t a t i o n Device ( M D D ,  al s o 

k n o w n as th e " s p i n a n d p u k e "  device (!)) , a s c a n s receive t h e o ry lesson s o n r e l a t e d 

t o p i c s s u c h a s v i s u a l i l l u s i o n s , v i s u a l s c a n n i n g , s i t u a t i o n a l  a w a r e n e s s , a n d  

d i s o r i e n t a t i o n c o u n t e r m e a s u r e s . A f t e r be i n g t a u g h t ho w easy the v e s t i b u l a r system 

c a n be tr i c k e d , th e a s c a n s a r e s u b j e c t e d t o th e M D D ,  a n exper i e n c e t e a c h i n g th e m 

ho w t h e i r eyes a n d  b a l a n c e c a n be fooled by d a r k n e s s a n d G-fo r c e s . 

Hypoxia awareness training 

A f t e r exper i e n c i n g th e M D D ,  th e a s c a n s mo v e o n t o ba s i c hyp o b a r i c p hysi o l o gy as 

p a r t  o f  t h e i r hypoxia a w a r e n e s s t r a i n i n g . Bef o r e t h e i r p r a c t i c a l sess i o n in th e a l t i t u d e 

c h a m b e r , th e a s c a n s a r e t a u g h t  th e signs a n d symp t o m s o f  hypoxia , t h e types o f  

hypoxia , a n d  s i t u a t i o n s which c o u l d le a d to hypoxia , su c h as a r a p i d d e c o m p r e s s i o n 

o f  a spa c e c r a f t ! A f t e r th e t h e o ry lesson, a s c a n s e n t e r a hyp o b a r i c c h a m b e r ( F i g u r e s 

4 .10 a n d  4 . 11) for a h i g h-a l t i t u d e i n d o c t r i n a t i o n ( H A l )  flight ( P a n e l 4 . 2 ) t o 2 6 , 0 0 0 

feet. 
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Figure 4.10. O n e o f  t h e che c k s in a n a s c a n ' s p r o b a t i o n a ry t r a m m g is a ride in a 

hyp o b a r i c c h a m b e r . H e r e , D u n c a n  Mi l n e , S i m o n F r a s e r U n i v e r s i ty's c h a m b e r en g i n e e r , 

tests t h e b u i l t-in b r e a t h i n g device with his d a u g h t e r . T h e c h a m b e r was l o c a t e d in t h e 

a u t h o r ' s lab. I m a g e c o u r t e sy: D u n c a n  Mi l n e . 

Figure 4.11. S i m o n F r a s e r  U n i v e r s i ty's hyp o b a r i c c h a m b e r . I m a g e co u r t e sy: D u n c a n  

Mil n e . 
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P a n e l 4.2. H i g h-a l t i t u d e in d o c t r i n a t i o n tr a i n i n g 

T h e H A l  involves a 20-min p r e b r e a t h e o f  100 % oxygen a t  e a -l eve l , followed 

by a de c r e a s e in p r e s s u r e to s i m u l a t e an a s c e n t to 2,450 m (8,000 feet) for 

e q u i p m e n t tests a n d e a r ch e c k s . F o l l o w i n g this , the c h a m b e r is b r o u g h t to a 

s i m u l a t e d a l t i t u d e o f  7,950 m (26,000 feet) where the as c a n s remove t h e i r 

b r e a t h i n g m a s k s a n d b r e a t h e a m b i e n t a i r (270 m m H g pr e s s u r e ) for up to 

4 min . Whi l e a t  7,950 m, the a c a n s p e r f o r m a r i t h m e t i c , co g n i t i v e , a n d h a n d 

c o o r d i n a t i o n ta s k s . T h ey also t ry to d e t e r m i n e t h e i r ini t i a l symp t o m s o f  

hypoxia . I f  they exper i e n c e r e c o g n iza b l e sym p t o m s p r i o r to the 4 min , they 

res u m e b r e a t h i n g from t h e i r oxygen ma s k . A f t e r 4 min , m a s k s a r e d o n n e d 

a n d  e q u ipm e n t ch e c k s a r e m a d e , b e f o r e d e s c e n d i n g to g r o u n d l evel. 

T h e final t r a i n i n g se s s i o n b e f o r e t h e first week o f  t r a i n i n g is o v e r is usi n g t h e 

v i r t u a l r e a l i ty (V R ) t r a i n e r t o l e a r n h o w t o execu t e a p a r a c h u t e  l a n d i n g fall b e f o r e 

p r a c t i c i n g f o r real . A f t e r a few b u m py la n d i n g s , t h e a s c a n s l o o k f o r w a r d t o d o i n g 

s o m e flying, a l b e i t in a t u r b o p r o p .  

T-34 ground school 

A s c a n s s p e n d t h e s e c o n d week o f  t r a i n i n g p r e p a r i n g fo r t h e i r f i r s t T-34 flights. Still 

b a s e d in P e n s a c o l a , t h e T-34 t r a i n i n g , as wi t h m o s t a s t r o n a u t  t r a i n i n g , is sp l i t 

b e t w e e n c l a s s r o o m a n d  s i m u l a t o r s . F i r s t , t h e a s c a n s l e a r n t h e syste m s o f  t h e a i r c r a f t 

b e f o r e m o v i n g o n  t o c o m m u n i c a t i o n p r o c e d u r e s , p r e-f l i g h t , flight, a n d  p o s t-f l i g h t 

c h e c k l i s t s , in a d d i t i o n  t o t h e e m e r g e n cy p r o c e d u r e s . I n  b e t w e e n a t t e n d i n g T-34 

g r o u n d s c h o o l , t h e a s c a n s a l s o s p e n d time in t h e c o c k p i t s i m u l a t o r . T h e T-34 t h e o ry 

week is a n  i n t e n s e t r a i n i n g i n c r e m e n t , r e q u i r i n g t h e a s c a n s t o n o t o n ly le a r n , b u t  

m e m o r iz e sev e r a l p r o c e d u r e s b e f o r e t h ey c a n a c t u a l ly fly th e a i r c r a f t . 

T-34 flight training 

A f t e r a week o f  g r o u n d  s c h o o l a n d  s i m u l a t o r t r a i n i n g , t h e a s c a n s l o o k f o r w a r d t o 

a c t u a l ly flying t h e T-34 ( F i g u r e 4.12). A f t e r revi e w i n g p l a n n e d flight a n d  e m e r g e n cy 

p r o c e d u r e s w i t h t h e i r i n s t r u c t o r s , t h ey c o n d u c t  t h e p r e-f l i g h t i n s p e c t i o n , taxi o n  t h e 

a p r o n ,  a n d  fina l ly t a k e off. D u r i n g  the 4 weeks t h ey s p e n d l e a r n i n g h o w t o fly th e T-

34, t h e a s c a n s l e a r n h o w t o p e r f o r m all t h e skills r e q u i r e d by a civ i l i a n p i l o t s t u dyi n g 

f o r his p r i v a t e p i l o t ' s license. 

A f t e r 6 weeks o f  t r a i n i n g , the a s c a n s r e t u r n  t o H o u s t o n  fo r a c o u p l e o f  weeks. 

D u r i n g th i s p e r i o d , m o s t a s c a n s a r e in t h e p r o c e s s o f  m o v i n g t h e i r families t o 

H o u s t o n . T h e 2 weeks s p e n t a t  J o h n s o n  S p a c e C e n t e r ( J S C ) a r e m o s t ly for 
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Figure 4.12. T-34 t r a i n i n g a i r c r a f t . I m a g e co u r t e sy: NA S A . 

i n d o c t r i n a t i o n t o the w o r l d ' s m o s t fa m o u s sp a c e agency. D u r i n g th e i r time a t  JSC , 

the as c a n s h a v e th e o p p o r t u n i ty to meet N A S A engi n e e r s w o r k i n g o n ISS h a r d w a r e 

a n d the O r i o n P r o g r a m . T h ey al s o have th e o p p o r t u n i ty t o me e t v e t e r a n a s t r o n a u t s . 

F o r  exampl e , th e Class o f  2004 was f o r t u n a t e e n o u g h t o meet a s t r o n a u t legend, J o h n  

Y o u n g , who gave the g r o u p a p r e s e n t a t i o n o n  l u n a r expl o r a t i o n . 

Survival training 

N ext fo r th e asc a n s is a week-long sur v i v a l t r a m m g p r o g r a m a t  th e N a vy' s 

wilderness site n e a r Ran g e l ey, Mai n e . T h e t r a i n i n g begins e a r ly o n a M o n d ay 

mo r n i n g wi t h a n  i n t r o d u c t i o n t o th e sur v i v a l skills t h e as c a n s will be t a u g h t , 

followed by ge a r issue. T h e su r v i v a l g e a r is s t a n d a r d m i l i t a ry issue a n d includes 

s t a n d a r d  c a m o u f l a g e c l o t h i n g , two ca n t e e n s , a b ayo n e t , io d i n e ta b l e t s , a p o n c h o 

with line r , a co m p a s s , a n d  a m a p ( F i g u r e 4.13). Af t e r w r a p p i n g the items i n t o a 

m a k e s h i f t b a c k p a c k m a d e f r o m a mi l i t a ry issue c o a t , th e asc a n s h e a d o f f  i n t o th e 

t r a i n i n g a r e a t o l e a r n h o w t o survive. O n ar r i v a l a t  Al p h a Base, th e as c a n s receive a 

mi l i t a ry issue r e a dy-to-e a t meal a n d a r e s h o w n a n e a r by s t r e a m from whic h t o get 

wate r . N ext is a c l a s s r o o m session f o r th e inev i t a b l e " d e a t h  by Po w e r p o i n t "  

p r e s e n t a t i o n de a l i n g wi t h th e s t a n d a r d s u r v i v a l s kills f o r findi n g a n d t r a p p i n g foo d , 

fi n d i n g w a t e r , fire s t a r t i n g , s h e l t e r b u i l d i n g , m e d i c a l emer g e n c i e s , a n d  l a n d 
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Figure 4.13. N A S A ' s Class o f  2004 as c a n s w o r k t o g e t h e r as they test th e i r n a v i g a t i o n 

skills in the wilderness o f  M a i n e d u r i n g l a n d survival t r a i n i n g . Im a g e c o u r t e sy : NASA. 

n a v i g a t i o n . O n c e t h e t h e o ry lesso n s a r e o v e r , t h e a s c a n s di v i d e i n t o g r o u p s o f  t h r e e 

o r  f o u r a n d  s p e n d t h e first n i g h t in sm a l l w o o d e n s h e l t e r s c o v e r e d by p a r a c h u t e  

fab r i c . 

T h e t r a i n i n g a t  R a n g e l ey h a s t w o p u r p o s e s . A s t r o n a u t s fly a m i n i m u m o f  100 h r a 

yea r in T-38 s t o m a i n t a i n a v i a t i o n a n d  n a v i g a t i o n p r o f i c i e n cy . T h e flights u s u a l ly 

t a k e t h e m o v e r d e s e r t s a n d  m o u n t a i n s . I f  they h a d  t o eject f r o m the a i r c r a f t , they 

m i g h t h a v e t o fend fo r th e m s e l v e s fo r a t  le a s t a few h o u r s a n d  po s s i b ly lon g e r . T h e 

t r a i n i n g a l s o p r o v i d e s a u n i q u e a n d  c h a l l e n g i n g t e a m b u i l d i n g e n v i r o n m e n t f o r a 

g r o u p  t h a t  is t o g e t h e r f o r t h e b e t t e r p a r t  o f  a year. W h e n they a r e as s i g n e d t o 

s p a c e f l i g h t c r e w s , t h ey will f o r m o t h e r  c l o s e- k n i t t e a m s . G i v e n t h e v a r i e d 

b a c k g r o u n d s o f  the a s c a n s in t h e cla s s , l e a r n i n g l e a d e r s h i p a n d  t e a m-w o r k i n g skills 

while d e a l i n g w i t h a d v e r s i ty p r o v e s a n  i n v a l u a b l e exper i e n c e . 

D u r i n g  t h e wee k o f  i n s t r u c t i o n , the a sc a n s receive b r i e f i n g s a n d  i n s t r u c t i o n f r o m a 

t e a m o f  e i g h t N a val sp e c i a l i s t s , w h o t e a c h t h e class e v e ryt h i n g f r o m h o w t o c a t c h 

s q u i r r e l s t o m a k i n g s p r u c e tr e e t e a . T h e N a vy i n s t r u c t o r s a l s o e m p h a s ize t h e 

p h i l o s o p hy t h a t  i n g e n u i ty is t h e key to su r v i v a l a n d  expl a i n t h e m u l t i p l e uses o f  t h e 

li m i t e d m a t e r i a l s a n d  e q u i p m e n t t h e a s c a n s hav e been given. F o r  exam p l e , t h e 

p o n c h o , while u n n e c e s s a ry in the a b s e n c e o f  r a i n , c a n serve as a s h e l t e r , w a t e r 

c o l l e c t o r , a n d  even a sl e e p i n g b a g . Si m i l a r ly , p a r a c h u t e  c o r d h a s a l m o s t as m a ny uses 

as d u c t t a p e . 

F o r  3 d ays , t h e i n s t r u c t o r s g u i d e t h e g r o u p  t h r o u g h  s u r v i v a l me d i c i n e , sig n a l s , fire 
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Fig u r e 4.14. N A S A  C l a s s o f  2004 a s c a n s " r e s c u e " a c l a s s m a t e d u r i n g s u r v i v a l t r a i n i n g . 

I m a g e c o u r t e sy: N A S A  (see colour section). 

c r a f t , a n d  n a v i g a t i o n . As t h e t r a i n i n g p r o g r e s s e s , t h e a s c a n s l e a r n t o s e a r c h fo r 

e v a c u a t i o n sites a n d  w o r k w i t h r a t i o n e d m a t e r i a l s t o c r e a t e a g r o u p  sh e l t e r . A t th i s 

st a g e , t h ey c a n f o r a g e t h r o u g h  t h e w o o d s , a n d  a r e c a p a b l e o f  r e c o g n izi n g e d i b l e 

p l a n t s . T h ey ha v e a l s o b e e n b r i e f e d o n ed i b l e in s e c t s a n d  wildlife , b u t  m o s t p r e f e r t h e 

m i l i t a ry issue me a l . 

As w i t h m o s t  p h a s e s o f  a s t r o n a u t  t r a i n i n g , t h e s u r v i v a l t r a i n i n g e n d s wi t h a n 

exa m i n a t i o n t h a t  be g i n s a t  5.30 in t h e m o r n i n g o n t h e l a s t day. T h e exam is a s t a g e d 

res c u e s c e n a r i o , r e q u i r i n g t h e a s c a n s t o e v a c u a t e two o f  t h e i r c o l l e a g u e s t o a res c u e 

l o c a t i o n , usi n g i m p r o v i s e d l i t t e r s a n d  p o n c h o s  ( F i g u r e 4.14). 

Flying the T-38 

N ext o n  t h e a s c a n s ' a g e n d a is a t r i p t o E l l i n g t o n F i e l d , in H o u s t o n ,  f o r a week o f  

g r o u n d  s c h o o l o n  N A S A ' s  T-38 t r a i n i n g j e t  ( F i g u r e 4.15). T h e T-38 is a t w i n-en g i n e 

j e t  t r a i n e r t h a t  h a s be e n u s e d in t h e U n i t e d S t a t e s A i r F o r c e ( U S A F ) since 1961 to 

t r a i n f i g h t e r p i l o t s . F l i g h t t r a i n i n g is c o n d u c t e d w i t h a p i l o t flying t h e j e t  t r a i n e r , a s a 

m i s s i o n s p e c i a l i s t in t h e r e a r s e a t c o m m u n i c a t e s w i t h a i r t r a f f i c c o n t r o l  a n d  p e r f o r m s 

n a v i g a t i o n . 

A p a r t  f r o m b e i n g a f u n j e t  t o fly, t r a i n e d a s t r o n a u t s  use t h e T-38 j e t  t o t r a v e l 
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Fig u r e 4.15. T w o T-38s fly ov e r E d w a r d s Ai r F o r c e Base. I m a g e co u r t e sy: N A S A (Ji m 

Ross). 

be t w e e n N A S A  facilities t o save time; i t ' s a b i t like h a v i n g a c o m p a ny car! T h e 

c o m p a r i s o n be t w e e n flying th e T-34 a n d  th e T-38 is like n i g h t a n d  day. Wh e r e a s th e 

T-34 is a t u r b o p r o p  wit h a m axi m u m spee d o f  a little o v e r 400 km j h r , th e T-38 

rea c h e s its m axi m u m spee d o f  M a c h 1.08 w i t h i n l mi n o f  t a k e- o f f a n d  c a n cl i m b to a 

ceiling o f  m o r e t h a n  9 , 000 m. A n o t h e r  dif f e r e n c e a s c a n s i m m e d i a t e ly no t i c e is the 

a c c e l e r a t i o n . W h e r e a s th e T-34 t o p s o u t  a t  2.5 G s , th e T-38 is c a p a b l e o f  exer t i n g a 

w h o p p i n g 5 G s o n its t w o-p e r s o n crew , m a k i n g the j e t usefu l f o r t r a i n i n g a s t r o n a u t s 

f o r th e i n t e n s e G-f o r c e s e n c o u n t e r e d d u r i n g a mission. A n o t h e r dif f e r e n c e is th e 

m e a n s o f  egress; in t h e T-34, a s c a n s ha v e to cl i m b o u t  o n t o  th e wing a n d  j u m p  o f f  th e 

b a c k , b u t in th e T-38, egress is by me a n s o f  a r o c k e t-l o a d e d e j e c t i o n seat! 

F o r  m o s t a s c a n s , t h e i r first flight in t h e T-38 is the fir s t tim e they hav e t r a v e l e d 

s u p e r s o n i c . U s u a l ly, for fun, th e i n s t r u c t o r s t h r o w in a ze r o-G m a n e u v e r , all o w i n g 

as c a n s t h e i r fir s t t a s t e o f  w h a t s p a c e f l i g h t will feel like. A f t e r t h e i r i n i t i a t i o n flight , 

th e as c a n s mo v e o n to m o r e esse n t i a l t r a i n i n g such as crew r e s o u r c e m a n a g e m e n t 

( P a n e l 4.3), a skill th ey will use wh e n th ey finally fly i n space. 

NASA Center acquaintance visits 

A f t e r exper i e n c i n g th e t h r i l l s o f  th e T-38, a s c a n s s p e n d tim e b e c o m i n g a c q u a i n t e d 
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P a n e l 4 . 3 . C r e w r e s o u r c e m a n a g e m e n t 

C R M  t r a i n i n g  o r i g i n a t e d  f r o m a A S A w o r k  h o p  in 1979 t h a t  f o c u e d o n  

i m p r o v i n g  a i r  a f e ty. T h e  A S A re e a r c h  f o u n d t h a t  t h e p r i m a ry c a u  e o f  

m o  t a v i a t i o n  a c c i d e n t  w a h u m a n  e r r o r ,  a n d  t h e  m a i n  p r o b l e m  w e r e f a i l u r e 

in i n t e r p e r s o n a l  c o m m u n i c a t i o n ,  l e a d e r s h i p ,  a n d  d e c i s i o n m a k i n g  in t h e  

c o c k p i t .  

C R M  t r a i n i n g  e n c o m p a s  e a w i d e r a n g e  o f  k n o w l e d g e , s k i l l , a n d  a t t i t u d e  , 

i n c l u d i n g  c o m m u n i c a t i o n  , i t u a t i o n a l  a w a r e n e  , p r o b l e m  o l i n g , d e c i i o n 

m a k i n g , a n d  t e a m w o r k . I t is b a ic a l ly a m a n a g e m e n t  yst e m t h a t  m a k e  

o p t i m u m  use o f  all a v a i l a b l e  re o u r c e  , i n c l u d i n g e q u i p m e n t ,  p r o c e d u r e  , a n d  

p e o p l e , t o  e n u r e t h e  a f e ty ef f i c i e n cy o f  f l i g h t o p e r a t i o n s .  

F r o m  a s p a c e  m i s s i o n p e r  p e c t i v e , C R M  is c o n c e r n e d  n o t  s o m u c h w i t h t h e 

t e c h n i c a l k n o w l e d g e a n d  kill r e q u i r e d t o  fly a n d  o p e r a t e  a p a c e c r a f t , b u t  

r a t h e r  w i t h t h e  c o g n i t i v e a n d  i n t e r p e r  o n a l  sk i l l n e e d e d t o m a n a g e  t h e f l i g h t 

w i t h i n  a n  o r g a n i z e d p a c e c r a f t  sy t e m . I n  t h i s c o n t ex t , c o g n i t i v e kill a r e  

d e f i n e d a t h e  m e n t a l p r o c e s s e u s e d t o g a i n a n d  m a i n t a i n  s i t u a t i o n a l  

a w a r e n e  s, t o  s o l v e p r o b l e m  , a n d  t o m a k e  d e c i i o n s . 

w i t h s o m e  o f  N A S A ' s  fi e l d c e n t e r s . T h e i r  f i r s t s t o p  o n  t h e  c e n t e r  t o u r  is u s u a l ly 

N A S A  H e a d q u a r t e r s , l o c a t e d  i n W a s h i n g t o n ,  D C .  A f t e r  v i s i t i n g N A S A  H Q , t h e  

a s c a n s  m o v e  o n  t o  G o d d a r d  F l i g h t  C e n t e r  ( G F C )  i n  M a ry l a n d ,  w h e r e t h ey l e a r n  

h o w  N A S A  d e v e l o p s a n d  o p e r a t e s  u n m a n n e d  s c i e n t i f i c s p a c e c r a f t .  F r o m  G o d d a r d , 

t h e  a s c a n s  fly t o  N A S A ' s  G l e n n  R e s e a r c h  C e n t e r  ( G R C )  i n C l e v e l a n d , O h i o ,  w h e r e  

t h ey h a v e  a n  o p p o r t u n i ty t o  t a l k  t o  s c i e n t i s t s d e v e l o p i n g  n e w p r o p u l s i o n  sys t e m s a n d  

r e s e a r c h e r s s t u dy i n g  z e r o- g r a v i ty . 

Zero-gravity 

A f t e r  t h e  w h i s t l e- s t o p  c e n t e r  t o u r ,  t h e  n ex t t r a m m g  p h a s e  is m i c r o g r a v i ty 

i n d o c t r i n a t i o n .  T o  s i m u l a t e  m i c r o g r a v i ty ( P a n e l  4 . 4 ) , N A S A  flies a s p e c i a l ly 

m o d i f i e d  a i r c r a f t  o u t  o v e r  t h e  G u l f  o f  M ex i c o , w h e r e i t  p e r f o r m s  a s e r i e s o f  

p a r a b o l a s  ( F i g u r e  4 .16) . F o r  m a ny o f  t h e  a s c a n s ,  p a r a b o l i c  f l i g h t is o n e  o f  t h e i r  

f a v o r i t e t r a i n i n g  exp e r i e n c e s . 

Familiarization training 

A f t e r  p a r a b o l i c  f l i g h t t r a i n i n g ,  a s c a n s  wi l l u s u a l ly s p e n d  m o r e  t i m e b e c o m i n g  

a c q u a i n t e d  w i t h  o t h e r  N A S A  C e n t e r s . O n e  c e n t e r  t h ey will a l m o s t  c e r t a i n ly vi s i t i s 

t h e  S t e n n i s S p a c e  C e n t e r  ( S S C ) i n  M i s s i s s i p p i , w h e r e  e n g i n e s f o r  N A S A ' s  n e w  l a u n c h  
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Figure 4.16. Some o f NASA ' s 2004 class o f a s t r o n a u t candi d a t e s and some JAXA 

as t r o n a u t s tumble during one o f a series o f reduced gravity (zero-G) sessions. Image 

courtesy: NASA. 

Panel 4.4. Zero-G 

M i c r o g r a v i ty c a n  be i m u l a t e d  w h e n a n  a i r c r a f t  flie a K e p l e r i a n  t r a j e c t o ry, o r  

p a r a b o l i c  fl i g h t p r o f i l e t h a t  r e q u i r e s t h e a i r c r a f t  t o c l i m b r a p i d ly a t  a 45 a n g l e 

a n d  t h e n f o l l o w a p a t h  c a l l e d a p a r a b o l a . A t  t h e a p ex o f  t h e p a r a b o l a , t h e 

a i r c r a f t  p r o d u c e s  a n e a r-z e r o- G e f f e c t ( I x I 0 3 G )  f o r b e t w e e n 20 a n d  28 ec, 

j u  t a t h e a i r c r a f t  a c h i e v e s 9 , 5 0 0 o f  t h e 10 , 0 0 0-m a s c e n t  ( t e r m e d pull-up) 
b e f o r e it lo w . T h e  a i r c r a f t  t h e n t r a c e a p a r a b o l a ( p u h o v e r ) , d e c e n d i n g  

r a p i d ly a t  a 3 0- 4 5  a n g l e ( t e r m e d push-out) t o 7 , 3 0 0 m . 

T h e  a c c e l e r a t i o n  fo r c e s p r o d u c e  a p p r ox i m a t e l y t w o t i m e n o r m a l  g r a v i ty (2-

G )  d u r i n g  t h e " p u l l- u p "  a n d  " p u l l- o u t '  p h a  e o f  t h e fl i g h t , a n d  b e t w e e n t h e se 

p h a  e i a n  i n t e r m e d i a t e  p h a s e , t e r m e d t h e " p u h o v e r " th a t o c c u r s a t  t h e 

a p o g e e ,  g e n e r a t i n g  a z e r o- G e n v i r o n m e n t  w i t h le s t h a n  I % o f  E a r t h ' s  g r a v i ty. 

D u e t o t h e  g u t - w r e n c h i n g en a t i o n  p r o d u c e d  d u r i n g  p a r a b o l i c  t r a i n i n g  

f l i g h t , t h e  a i r c r a f t  ha e a r n e d  t h e n i c k n a m e  " v o m i t  c o m e t " .  

v e h i c l e s a r e  d e v e l o p e d  a n d  t e s t e d . A n o t h e r  c e n t e r  o n  t h e  a g e n d a  is u s u a l ly t h e 

M a r s h a l l  S p a c e F l i g h t  C e n t e r  ( M S F C ) ,  l o c a t e d  i n H u n t s v i l l e , A l a b a m a .  H e r e ,  t h ey 



NASA 71 

Figure 4.17. A r t i s t ' s r e n d e r i n g o f  Ares I o n  t h e la u n c h p a d . I m a g e courtesy: NAS A . 

l e a r n h o w M S F C  is d e v e l o p i n g N A S A ' s  n ext-g e n e r a t i o n l a u n c h vehicles, Ares I 
( F i g u r e 4.17) a n d  Ares V, w h i c h will t r a n s p o r t  cre w , su p p l i e s , e q u i p m e n t , w a t e r , fuel, 

a n d h a r d w a r e , in i t i a l ly to t h e ISS, a n d l a t e r t o th e M o o n . T h e a s c a n s a l s o l e a r n h o w 

M S F C  p l ays a s i g n i f i c a n t r o l e in th e ISS P r o g r a m , by de v e l o p i n g system s t o s u p p o r t  

life o n  t h e s t a t i o n , m a n a g i n g lo g i s t i c m o d u l e s f o r t r a n s p o r t i n g science expe r i m e n t s , 
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a n d  m a n a g i n g th e P ayl o a d O p e r a t i o n s C e n t e r . O f  p a r t i c u l a r i n t e r e s t t o th e new 

g e n e r a t i o n o f  sp a c e expl o r e r s will be N A S A ' s new A l t a i r l u n a r  l a n d e r , wh i c h will 

e v e n t u a l ly r e t u r n  a s t r o n a u t s t o th e l u n a r sur f a c e . 

Orion and Ares I systems 

O n  r e t u r n i n g t o H o u s t o n ,  a s c a n s begin a l e n g t hy pe r i o d o f  t r a i n i n g t h a t  focuses o n 

th e systems o f  th e Ares I l a u n c h vehicle a n d Orion, t h e crew exp l o r a t i o n vehicle. A t  

thi s st a g e , th e a s c a n s ha v e c o m p l e t e d a l m o s t 9 m o n t h s o f  t r a i n i n g . I n  w h a t is m o s t ly 

c l a s s r o o m s t u dy, t h e a s c a n s l e a r n a b o u t  th e m a j o r system s ( T a b l e 4.2) f r o m 

i n s t r u c t o r s wh o a r e m o s t ly eng i n e e r s f r o m N A S A ' s T r a i n i n g Div i s i o n . 

M a i n P r o p u l s i o n System 

D a t a  P r o c e s s i n g System 

O r b i t a l M a n e u v e r i n g System 

R e a c t i o n C o n t r o l System 

Table 4.2. M a j o r  systems t r a i n i n g . 

Ele c t r i c a l P o w e r System 

A uxil i a ry P o w e r U n i t / Hyd r a u l i c System 

C o m m u n i c a t i o n System 

C a u t i o n a n d W a r n i n g System 

T h e ob j e c t i v e o f  t h e t r a i n i n g is t o e n s u r e e a c h a s c a n is c a p a b l e o f  b e c o m i n g a 

p r o f i c i e n t o p e r a t o r , w h e t h e r they a r e a p i l o t , mi s s i o n spe c i a l i s t , o r  a c o m m a n d e r . T o  

p r e p a r e for th e l o n g 4-h r classes, a s c a n s a r e iss u e d a s t a c k o f  t ext b o o k s a n d  te c h n i c a l 

m a n u a l s m o r e t h a n  a m e t e r high! J u s t like a u n i v e r s i ty co u r s e , th e a s c a n s ha v e to 

t a k e test s a t  t h e e n d o f  e a c h stage . T h e fir s t te s t h a s a b o u t  200 q u e s t i o n s , divid e d i n t o 

14 se c t i o n s f o r th e v a r i o u s system s . I t ' s  a l o n g test , t a k i n g 2 h r  t o c o m p l e t e . Any 

as c a n s c o r i n g less t h a n 8 0 % o n a ny se c t i o n is r e q u i r e d t o c o m p l e t e re m e d i a l t r a i n i n g . 

O n c e th ey hav e successfully c o m p l e t e d th e first m a j o r systems p h a s e , th e as c a n s 

mo v e o n  to a m o r e p r a c t i c a l p h a s e i n wh i c h th ey le a r n h o w to a c t u a l ly o p e r a t e the 

e q u i p m e n t . T h i s p h a s e o f  t r a i n i n g is c o m p l e t e d by ha v i n g th e as c a n s utilize high•

fidelity m o c k u p s cal l e d Single Systems T r a i n e r s (SSTs). T h e SST is a m o c k u p o f  

Orion's f l i g h t dec k , w i t h all th e c o m p u t e r s , switches , a n d  fl a t-sc r e e n dis p l ays. As th e 

n a m e implies, th e SST allows the a s c a n s to w o r k o n e syste m a t  a time. As w i t h t h e i r 

first m a j o r systems t r a i n i n g , thi s p h a s e o f  t r a i n i n g finishes w i t h te s t i n g . I n a d d i t i o n t o 

a w r i t t e n exam , th e a s c a n s m u s t also c o m p l e t e a p e r f o r m a n c e-b a s e d t e s t t h a t  t a k e s 

p l a c e insi d e th e Orion SST. T h i s te s t c o n f i r m s t o t h e i n s t r u c t o r s th e a s c a n s c a n a p p ly 

the b o o k  k n o w l e d g e t o th e re a l w o r l d o f  spa c e f l i g h t . 

N o t  s u r p r i s i n g ly, s t u dyi n g f o r all the s e exa m i n a t i o n s is a n a r d u o u s t a s k , 

s o m e w h a t a k i n t o c r a m m i n g for a M e d i c a l College A d m i s s i o n T e s t ( M C A T ) . As 

wit h p r o s p e c t i v e me d i c a l s t u d e n t s w h o m u s t l e a r n by r o t e t h o u s a n d s o f  ite m s o f  

i n f o r m a t i o n , s t u dy te c h n i q u e s va ry. Som e as c a n s s t u dy in small g r o u p s , o t h e r s s t u dy 

a l o n e , while o t h e r s m a k e h u n d r e d s o f  fl a s h c a r d s . 

I n c r e a s i n g the str e s s o n t h e a s c a n s d u r i n g t h e i r m a j o r systems i n s t r u c t i o n is th e 

r e q u i r e m e n t t o m a i n t a i n t h e i r T-38 flight h o u r s . Ev e ry year , e a c h a s c a n m u s t log 
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100 h r  o f  flying in t h e T-38. Wh i l e th i s e q u a t e s t o o n ly 8 o r  9 h r  a m o n t h ,  wh i c h 

d o e s n ' t s o u n d  like m u c h , in re a l i ty, it is q u i t e a c h a l l e n g e f o r b u sy a s c a n s t o s t ay 

c u r r e n t . F i r s t , t h e p i l o t a n d  m i s s i o n sp e c i a l i s t m u s t  m e e t u p  1 h r  b e f o r e t h e fl i g h t t o 

p l a n t h e fl i g h t a n d  review s a f e ty p r o c e d u r e s , b e f o r e a c t u a l ly c o n d u c t i n g t h e flight. 

O n c e the ti m e r e q u i r e d t o d r i v e t o t h e a i r p o r t  a n d  b a c k is f a c t o r e d in, t h e a c t u a l time 

r e q u i r e d t o log j u s t  1 h r  o f  flying eas i ly a p p r o a c h e s 3 hr! 

Acquaintance visit 

O n c e t h e s t u dyi n g o f  m a j o r  syst e m s is o v e r , a s c a n s h e a d o u t  fo r a n o t h e r  

a c q u a i n t a n c e visit, t h i s ti m e t o W h i t e S a n d s T e s t F a c i l i ty ( W S T F ) in New Mexico. 

W S T F  is h o m e t o t h e T r a c k i n g a n d  D a t a  R e l ay Sa t e l l i t e syst e m ( T D R S ) , whi c h 

e n a b l e s a s t r o n a u t s  t o c o m m u n i c a t e w i t h M i s s i o n C o n t r o l . N ext o n  t h e a c q u a i n t a n c e 

s c h e d u l e is a visit t o L a n g l ey R e s e a r c h C e n t e r ( L R C ) in H a m p t o n ,  V i r g i n i a , whe r e 

a s c a n s h a v e t h e o p p o r t u n i ty t o m e e t sc i e n t i s t s , s u c h as D r . J o e l Levine, w h o a r e 

d e v e l o p i n g exp l o r a t i o n vehicles fo r M a r s . T h e a s c a n s als o visit L R C ' s  M a c h 10 win d 

t u n n e l , wh e r e scale m o d e l s o f  the Ares I a n d  Ares V a r e te s t e d . I n  t h e D a t a  

V i s u a l iza t i o n a n d  A n a lysi s L a b , a s c a n s a r e p r o v i d e d w i t h a n  ove r v i e w o f  t h e 

r e s e a r c h be i n g c o n d u c t e d in t h e field o f  3 D m o d e l i n g , wh i c h is he l p i n g sc i e n t i s t s 

u n d e r s t a n d  t h e effects o f  r a d i a t i o n . 

A f t e r t h e i r visit t o L R C ,  t h e a s c a n s t r a v e l t o K e n n e dy Sp a c e C e n t e r  ( K S C ) , wh e r e 

t h ey visit C o m p l ex 39 B, f r o m wh e r e , e v e n t u a l ly, a n  Ares I will l a u n c h t h e m i n t o 

space . T h ey al s o t a k e a t o u r  o f  t h e Vehicle As s e m b ly Bu i l d i n g (V AB), wh e r e the 

S h u t t l e u s e d t o be s t a c k e d , b u t  w h i c h h a s since b e e n m o d i f i e d f o r N A S A ' s  new 

family o f  l a u n c h vehicles . A l s o o n t h e t o u r  is t h e S p a c e S t a t i o n P r o c e s s i n g F a c i l i ty 

(S S P F ) , wh e r e ISS h a r d w a r e  is s t o r e d a n d  t e s t e d b e f o r e b e i n g flown . 

Spacesuit indoctrination 

A f t e r 9 m o n t h s  o f  a s t r o n a u t  t r a i n i n g , t h e a s c a n s h a v e yet t o slip o n  a s p a c e s u i t b u t , 

a f t e r t h e l a t e s t r o u n d  o f  a c q u a i n t a n c e visits, t h ey finally ha v e t h e o p p o r t u n i ty to be 

c u s t o m- f i t t e d f o r o n e o f  N A S A ' s  f a m o u s p u m p k i n  s u i t s ( F i g u r e 4.18). 

T h e A d v a n c e d C r e w E s c a p e S u i t ( A C E S ) is a fu l l-pr e s s u r e s u i t d e s i g n e d t o p r o t e c t 

a s t r o n a u t s  in t h e e v e n t o f  loss o f  c a b i n p r e s s u r e a t  a l t i t u d e s u p  t o 30 km. I t a l s o 

i n s u l a t e s t h e crew f r o m c o l d a i r o r  w a t e r t e m p e r a t u r e s , in t h e e v e n t o f  a b a i l o u t . 

A c t u a l ly d o n n i n g t h e s u i t is o n e o f  t h e big g e s t ch a l l e n g e s a n  a s t r o n a u t  faces o n  

l a u n c h d ay, so a s c a n s t a k e every o p p o r t u n i ty i n t r a i n i n g t o b e c o m e f a m i l i a r w i t h all 

t h e c l o t h i n g g a r m e n t s . A s s i s t e d by a s u i t t e c h n i c i a n , t h e a s c a n s fi r s t p u t  o n  a d i a p e r 

( F i g u r e 4.19), o r  a M ax i m u m  A b s o r b e n cy G a r m e n t  ( M A G - yes, N A S A  h a s a n  

a c r o nym f o r everything!), t o  use t h e c o r r e c t N A S A  term! 

N ext , th ey p u l l o n  a l ayer o f  l i g h t w e i g h t p o lyp r o pyl e n e u n d e r w e a r a n d  so m e lon g•

j o h n s  f i t t e d w i t h p l a s t i c t u b e s wo v e n i n t o  t h e g a r m e n t s , w h i c h c i r c u l a t e w a t e r t o kee p 

c r e w m e m b e r s c o o l in w h a t  is a ve ry w a r m  sui t . A f t e r t h e l o n g-j o h n s co m e s t h e G-



74 Astronaut probationary training 

Figure 4.18. A s t r o n a u t s sit in the su i t p r e p r o o m in the Ad v a n c e d Crew Es c a p e System 

(ACE S ) suits . Im a g e cour t e sy: N A S A (see colour section). 

Figure 4.19. T h e M axim u m A b s o r b e n cy G a r m e n t : the on e piece o f  flight c l o t h i n g 

a s t r o n a u t s wou l d r a t h e r n o t t a l k ab o u t ! I m a g e c o u r t e sy : NAS A . 
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sui t , a one-pie c e p r e s s u r e g a r m e n t ass e m b ly wi t h i n t e g r a t e d p r e s s u r e b l a d d e r s a n d  

v e n t i l a t i o n system. T h e n th e he l m e t is screwed o n t o  th e ne c k-ri n g , a n d  a s c a n s c h e c k 

t h e i r oxygen c o n n e c t o r o n  t h e i r left t h i g h is c o n n e c t e d via a spec i a l c o n n e c t o r a t  th e 

ba s e o f  th e ne c k-ri n g . T h e fu l l-pr e s s u r e he l m e t c o m p r i s e s a l o c k i n g c l e a r vi s o r a n d  a 

b l a c k s u n s h a d e w o r n to re d u c e a ny glar e f r o m ref l e c t e d s u n l i g h t , especially d u r i n g 

th e a p p r o a c h a n d  l a n d i n g p h a s e s o f  th e mis s i o n . A d a r k- b r o w n c o m m u n i c a t i o n s c a p 

is w o r n u n d e r n e a t h th e h e l m e t , a n d  c o n n e c t e d t o a spec i a l p l u g in s i d e th e he l m e t , 

which is t h e n c o n n e c t e d t o th e i n t e r c o m syste m in Orion. A n a n t i-s u f f o c a t i o n valve a t  

th e b a c k o f  th e h e l m e t all o w s for th e p a s s i n g o f  c a r b o n di oxide f r o m th e helme t . 

Once the a n t i-s u f f o c a t i o n valve h a s been che c k e d by the su i t t e c h n i c i a n , th e h e l m e t ' s 

p r e s s u r e f a c e-pl a t e is lo c k e d i n t o place , u s i n g a m e c h a n i c a l seal w i t h a p r o m i n e n t 

" l o c k d o w n "  b a r . I n c o m m o n wit h the h e l m e t , th e s u i t ' s gloves a r e al s o a t t a c h e d 

using a lo c k i n g r i n g i n m a t c h i n g o r a n g e . T o  e n a b l e c r e w m e m b e r s t o flick switches 

a n d  t u r n  k n o b s , th e p a l m s o f  t h e gloves a r e t extu r e d . O n c e th e gloves a r e fit t e d , th e 

a s c a n s slip o n a p a i r  o f  he a vy bl a c k p a r a t r o o p e r- s tyl e b o o t s w i t h zip p e r s i n s t e a d o f  

laces. Y o u m i g h t t h i n k th e a sc a n is fully cl o t h e d in t h e i r s u i t by no w b u t  yo u ' d be 

w r o n g . A f t e r t h e b o o t s , th e a s c a n still has to d o n  a su r v i v a l b a c k p a c k , whi c h incl u d e s 

a p e r s o n a l life r a f t . A t  th e e n d o f  w h a t is by all a c c o u n t s q u i t e a w o r k o u t , the a s c a n is 

w e a r i n g a su i t weighing 35 kg! 

.H He rosopiO no-pyccKM [ya nye go-vo-RYOO pah ROO-ski]* 

T e n m o n t h s a f t e r t h ey b e g a n t h e i r t r a i n i n g , th e a s c a n s t a k e a 2-week i n t r o d u c t o ry 

p r o g r a m  in R u s s i a n l a n g u a g e a n d  c u l t u r e . T h e fir s t class is a n i n t r o d u c t i o n t o the 

seemingly i n d e c i p h e r a b l e Cyrilli c a l p h a b e t , wh i c h h a s m a ny as c a n s wis h i n g th ey 

were b a c k in su r v i v a l school! 

T h o s e u n f a m i l i a r w i t h th e ISS p r o g r a m  m ay be w o n d e r i n g why Am e r i c a n as c a n s 

w o u l d ne e d to l e a r n R u s s i a n . T h e a n s w e r is rel a t i v e ly simple . R u s s i a is o n e o f  

N A S A ' s m a ny ISS p a r t n e r s . M o s t  si g n i f i c a n t ly, R u s s i a is t h e o n ly p a r t n e r  w i t h a 

m a n n e d s p a c e f l i g h t c a p a b i l i ty. F o l l o w i n g th e Columbia t r a g e dy , N A S A relied o n 

R u s s i a t o ferry Am e r i c a n a n d  p a r t n e r  a s t r o n a u t s  t o th e ISS. Al s o , o n c e th e S h u t t l e is 

r e t i r e d in S e p t e m b e r , 2010, N A S A will o n c e a g a i n rely o n th e ag i n g Soyuz to 

t r a n s p o r t  a s t r o n a u t s i n t o L E O , a t  a c o s t o f  $51 mil l i o n p e r a s t r o n a u t ! Because o f  thi s 

p a r t n e r s h i p , A m e r i c a n a s t r o n a u t s s p e n d m u c h o f  t h e i r tim e t r a v e l i n g t o S t a r City, in 

Ru s s i a , f o r f a m i l i a r iza t i o n t r a i n i n g o n  Soyuz systems. 

Scuba-diving 

F o l l o w i n g ba s i c R u s s i a n l a n g u a g e t r a i n i n g , th e a s c a n s mo v e o n to t h e i r s c u b a-d i v i n g 

q u a l i f i c a t i o n . I n c o m m o n w i t h so m a ny ph a s e s o f  t r a i n i n g , s c u b a-d i v i n g utilizes o n e 

* I d o n ' t  s p e a k R u s s i a n in Ru s s i a n ! 
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Figure 4.20. E q u i p p e d with s c u b a gear, N A S A ' s 2004 class o f  a s t r o n a u t c a n d i d a t e s 

p a r t i c i p a t e in a t r a i n i n g session in the N e u t r a l Bu oyancy L a b o r a t o ry . Ima g e c o u r t e sy : 

N A S A (see colour section). 
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o f  N A S A ' s m a ny si m u l a t o r s . T h e N e u t r a l B u oyan cy L a b o r a t o ry (N B L ) h o u s e d 

wi t h i n th e S o n ny C a r t e r  T r a i n i n g F a c i l i ty ( S C T F ) a t  J S C is 61 m l o n g a n d  1 2 m  

deep , a n d h o l d s 23.5 mi l l i o n lit e r s o f  w a t e r . I n  a d d i t i o n t o t r a i n i n g a s c a n s in s c u b a•

diving t e c h n i q u e s ( F i g u r e 4.20), th e N B L is al s o used to t r a i n a s t r o n a u t s f o r EV As. 

S c u b a-di v i n g is o n e o f  t h e l a s t p r a c t i c a l t r a i n i n g i n c r e m e n t s . W i t h 8 m o n t h s left 

u n t i l c o m p l e t i o n o f  t h e i r i n i t i a l t r a i n i n g , t h e a s c a n s s p e n d m o r e a n d m o r e time in 

c l a s s r o o m s s t u dyin g all a s p e c t s o f  Ares I a n d  Orion vehicle o p e r a t i o n s in g r e a t e r 

d e t a i l t h a n  was c o v e r e d d u r i n g th e in i t i a l m a j o r systems t r a i n i n g ph a s e . 

I n  b e t w e e n s t u dyi n g t e c h n i c a l m a n u a l s , a s c a n s ha v e th e o p p o r t u n i ty to t r a i n in 

th e Orion m o t i o n- b a s e d s i m u l a t o r , l o c a t e d a t  th e J a k e G a r n  T r a i n i n g F a c i l i ty 

( J G T F ) a t  JSC. T h e m o t i o n- b a s e d t r a i n e r s i m u l a t e s th e v i b r a t i o n s , noise, a n d views 

th e as c a n s will exper i e n c e d u r i n g a n  Ares I l a u n c h a n d l a n d i n g , while a fixed-base 

s i m u l a t o r is us e d f o r r e n d ezv o u s a n d p ayl o a d o p e r a t i o n s t r a i n i n g . J G T F  also ho u s e s 

a f u n c t i o n a l spa c e s t a t i o n s i m u l a t o r , wh i c h fam i l i a r izes th e a s c a n s w i t h th e 

l a b o r a t o ry systems o f  t h e ISS. 

A n o t h e r  s i m u l a t o r th e a s c a n s use d u r i n g these final few m o n t h s o f  t r a i n i n g is th e 

Orion vehicle m o c k u p ( F i g u r e 4.21) . I n c o m m o n w i t h th e J G T F , the Orion m o c k u p 
a t  J S C co n s i s t s o f  c o m p o n e n t s t h a t  p r e p a r e a s t r o n a u t s t o fly a n d  o p e r a t e th e crew 

exp l o r a t i o n vehicle ( P a n e l 4.5). 

T h e m o c k u p in c l u d e s a flight de c k c o m p l e t e w i t h hi g h-fid e l i ty c o m p o n e n t s , su c h 

as th e Ho n eywel l fla t-scr e e n s , p a n e l s , se a t s , a n d lights. A t h i r d m o c k u p a s c a n s 

bec o m e f a m i l i a r with is th e Sp a c e S t a t i o n M o c k u p  a n d  T r a i n i n g F a c i l i ty ( S S M T F ) , a 

Figure 4.21. A s t r o n a u t s tes t a n Orion m o c k u p . Im a g e courtesy: NAS A . 
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f u l l-s c a l e r e p l i c a  o f  t h e  I S S , p r o v i d i n g  a s  m u c h  r e a l i s m  a s  p o s s i b l e  t o  m a t c h  

c o n d i t i o n s  a s c a n s  wil l e v e n t u a l ly exp e r i e n c e  o n b o a r d  t h e  o r b i t i n g  s p a c e  s t a t i o n . 

Panel 4.5. Orion's cockpit 

Orion f e a t u r e s  a s t a r t- o f- t h e- a r t  n i g h t- c o n t r o l  y tern c o n s i  t i n g  o f  t h r e e  

b r i e f c a e- ized H o n eyw e l l F l i g h t  C o n t r o l  M o d u l e  . T w o  o f  t h e  c o n t r o l  

c o m p u t e r s  c o u l d  c o m p l e t e ly fail a n d  t h e  t h i r d  w o u l d  st i l l b e a b l e  t o  ny t h e 

ve h i c l e . I n  t h e  w o r s t- c a s e  c e n a r i o  o f  a c o m p l e t e  p o w e r  f a i l u r e , Orion c a r r i e  

a n  e m e r g e n cy sys t e m p o w e r e d  by i n d e p e n d e n t  b a t t e r i e  , p r o v i d i n g  t h e  c r e w  

w i t h e n o u g h  c a p a b i l i ty t o b r i n g  t h e  v e h i c l e b a c k  a f e ly. I n c o m m o n  w i t h 

f i g h t e r a i r c r a f t  c o c k p i t  , Orion' c o n t r o l  y te m rely h e a v i ly o n  sensor fusion, a 

typ e o f  a u t o m a t i o n ,  r e l i e v i n g t h e  a t r o n a u t  p i l o t  o f  b e i n g a e n  o r  i n t e g r a t o r  

a n d  a l l o w i n g  h i m / h e r  t o  f o c u o n  t h e  mi i o n . S u c h  a y t e m m a k e  e n  e, 

g i v e n t h a t  m a ny a t r o n a u t  p i l o t s c a m e  f r o m a d v a n c e d  c o c k p i t  u c h a t h e F-

15 a n d  F-2 2 . 

l n  Orion' c o c k p i t ,  a t r o n a u t  p i l o t  will b e a b l e  t o  c h a n g e  d i s p l ay a i f  o n  a 

r e v o l v i n g  p a n e l , t h a n k  t o  f o u r  n a t- c r e e n di p l ay , e a c h  a b o u t  t h e ize o f  a 

l a r g e d e s k t o p  m o n i t o r .  D u r i n g  a c e n t  t o o r b i t ,  t h e  di p l ay will o p e r a t e  

i m i l a r ly t o t h e c r e e n  in c o n v e n t i o n a l  a i r l i n e r s . O n e  di p l ay will h o w  a n  

a r t i f i c i a l h o r i z o n , a n o t h e r  will di p l ay v e l o c i ty, a n d  a t h i r d  will h o w  a l t i t u d e .  

T h e  f o u r t h  d i p l ay will h o w  life s u p p o r t  t a t u  a n d  c o m m u n i c a t i o n  

i n f o r m a t i o n . O n c e  Orion r e a c h e  o r b i t ,  t h e  di p l ay will c h a n g e  t o  r e a d o u t  , 

h o w i n g  r e n d e z v o u  a n d  d o c k i n g  i n f o r m a t i o n  u c h a t h e  v e h i c l e ' n i g h t  p a t h , 

r a n g e ,  a n d  r a t e  o f  c l o i n g t o t h e  I S S . 

F i n a l ly , a f t e r  a p p r ox i m a t e ly 18 m o n t h s  o f  t r a i n i n g , a s c a n s  b e c o m e  a s t r o n a u t s , 

w i t h  t h e  p r e s e n t a t i o n  o f  s i l v e r w i n g s . A l t h o u g h  t h e  w i n g s s i g n i fy t h e  e n d  o f  w h a t  

s o m e t i m e s  f e l t l i k e a s e r i e s o f  e n d l e s s  t r a i n i n g  cycl e s , a s t r o n a u t s  m u s t  s t i l l w a i t  a l o n g  

t i m e  b e f o r e  t h ey a c t u a l ly fly i n t o  s p a c e  a n d  t r a d e  t h e  s i l v e r w i n g s f o r  g o l d  o n e s . * 

B e f o r e t h e  r e a l i z a t i o n  o f  t h e  u l t i m a t e  d r e a m ,  t h ey m u s t  f i r s t e n t e r  t h e  w o r l d  o f  

t e c h n i c a l  a s s i g n m e n t s  a n d  p u b l i c  r e l a t i o n s  a c t i v i t i e s a n d  w a i t  f o r  t h a t  c o v e t e d  n i g h t  

a s s i g n m e n t .  

* Whereas the silver wings are b o u g h t o u t o f  the coffee fund, a s t r o n a u t s wa n t i n g to buy real 

gold wings mu s t pay a b o u t $400. 
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Technical assignments 

S o m e o n e h a s t o be fi r s t , a n d  s o m e o n e h a s t o be la s t . T h a t  is t h e r e a l i ty o f  mi s s i o n 

a s s i g n m e n t s . T h e  q u e s t i o n m a ny a s t r o n a u t s  a s k is h o w t o g e t t o t h e f r o n t o f  th e line . 

O n e way is t o excel in t h e i r t e c h n i c a l a s s i g n m e n t s . Typi c a l ly , newly m i n t e d 

a s t r o n a u t s ,  in t h e i r s e a r c h f o r t h e c o v e t e d fli g h t a s s i g n m e n t , t a c k l e t h e i r t e c h n i c a l 

a s s i g n m e n t s e n e r g e t i c a l ly. T h ey al s o r e d o u b l e t h e i r e f f o r t s a c a d e m i c a l ly , p l o w i n g 

t h e i r way t h r o u g h  r e a m s a n d  r e a m s o f  t e c h n i c a l d a t a  in a n  e f f o r t t o i m p r e s s t h o s e 

m a k i n g t h e m i s s i o n a s s i g n m e n t d e c i s i o n s . I n  b e t w e e n c o n d u c t i n g t h e i r t e c h n i c a l 

a s s i g n m e n t d u t i e s a n d  w a d i n g t h r o u g h  w e i g h ty te c h n i c a l t o m e s , t h e a s t r o n a u t s  t a k e 

every o p p o r t u n i ty t o d i s p l ay t e a m w o r k a n d  i n i t i a t i v e t o t h o s e in t h e A s t r o n a u t  

Office , w h e r e t h e p o w e r s t h a t  be m a k e  t h e fl i g h t a s s i g n m e n t d e c i s i o n s . 

T Y P E S  O F  T E C H N I C A L  A S S I G N M E N T S  

D u r i n g  t h e c o u r s e o f  t h e i r c a r e e r , a n  a s t r o n a u t  will h o l d  s e v e r a l t e c h n i c a l 

a s s i g n m e n t s , u s u a l ly b e t w e e n m i s s i o n s a n d  m i s s i o n t r a i n i n g . T h e s e a s s i g n m e n t s 

m ay in c l u d e s u c h w o r dy p o s i t i o n s as T e c h n i c a l A s s i s t a n t t o  t h e D i r e c t o r  o f  F l i g h t 

C r e w O p e r a t i o n s  t o A s t r o n a u t  Off i c e L i a i s o n t o t h e S a f e ty , R e l i a b i l i ty a n d Q u a l i ty 

A s s u r a n c e D i r e c t o r a t e . N A S A ,  a n d  s p a c e ag e n c i e s g e n e r a l ly, r a r e ly h a v e s h o r t  j o b  

titles! Si n c e it is i m p o s s i b l e t o  d e s c r i b e ev e ry type o f  t e c h n i c a l a s s i g n m e n t , t h i s 

c h a p t e r  r e s t r i c t s i t s e l f t o s o m e o f  t h e m o r e h i g h-p r o f i l e j o b s  a n  a s t r o n a u t  c a n  h o l d 

whi l e w a i t i n g f o r t h e i r fli g h t a s s i g n m e n t . 

S p a c e O p e r a t i o n s M i s s i o n D i r e c t o r a t e 

M a ny t e c h n i c a l a s s i g n m e n t s a r e w i t h i n t h e S p a c e O p e r a t i o n s  M i s s i o n D i r e c t o r a t e  

( S O M D ) . T h e  S O M D  p r o v i d e s N A S A  w i t h l e a d e r s h i p a n d  m a n a g e m e n t  o f  N A S A  

s p a c e o p e r a t i o n s  r e l a t e d t o  h u m a n  exp l o r a t i o n in a n d  b eyo n d l o w- E a r t h  o r b i t  

( L E O ) . T h e  d i r e c t o r a t e ( F i g u r e 5 . 1) a l s o o v e r s e e s low-level r e q u i r e m e n t s d e v e l o p•

m e n t , po l i cy, a n d  p r o g r a m m a t i c  o v e r s i g h t in a d d i t i o n  t o  s u p p o r t i n g  b o t h  h u m a n  a n d 

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_ ,  
© Springer Science + Business Media, LLC 2010 
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Figure 5.1. Space O p e r a t i o n s Mis s i o n D i r e c t o r a t e o r g a n iza t i o n a l s t r u c t u r e . Im a g e 

courtesy: NA S A . 

r o b o t i c exp l o r a t i o n p r o g r a m s . A s t r o n a u t s as s i g n e d t o S O M D  m ay a c t a s e i t h e r a 

special o r  te c h n i c a l a s s i s t a n t , d e p e n d i n g o n  whic h p r o g r a m  t h ey ar e a s s i g n e d to. 
G i v e n t h e myr i a d r e s p o n s i b i l i t i e s o f  S O M D ,  a s t r o n a u t s  as s i g n e d t o t h e d i r e c t o r a t e 

c o u l d be t a s k e d wit h a ny t h i n g f r o m t h e I n t e r n a t i o n a l S p a c e S t a t i o n (ISS) P ayl o a d s 

Office t o t h e Ext r a v e h i c u l a r A c t i v i ty (EV A ) P r o j e c t Office. A n  a s s i g n m e n t t o a ny 

S O M D  d e p a r t m e n t  is a use f u l exper i e n c e f o r a n e o p hyt e a s t r o n a u t ,  a s i t n o t  o n ly 

pr o v i d e s a n  i n s i g h t i n t o t h e o p e r a t i o n a l c a p a b i l i t i e s o f  t h e s p a c e o p e r a t i o n s p r o g r a m , 

b u t  a l s o p r o v i d e s a n  i n t r o d u c t i o n t o so m e o f  t h e m a ny n o n- N A S A p a r t i c i p a n t s 

in v o l v e d in t h e ISS P r o g r a m . 

I n t e r n a t i o n a l S p a c e S t a t i o n P ayl o a d s Of f i c e 

Being as s i g n e d t o t h e ISS P ayl o a d s Office i s n ' t su c h a b a d  a s s i g n m e n t , since t h e 

office is r e s p o n s i b l e f o r t h e d e v e l o p m e n t a n d  deli v e ry o f  t h e p ayl o a d r a c k facilities 

th e a s t r o n a u t s  will use o n  o r b i t . Because t h e office is r e s p o n s i b l e f o r s o m a ny 

paylo a d s , a n  a s t r o n a u t  m a y be as s i g n e d t o m a n a g e a p a r t i c u l a r r a c k s u c h a s t h e 

H u m a n  R e s e a r c h F a c i l i ty ( H R F ) .  
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Human Research Facility 

T h e H R F  p r o v i d e s a n  o n- o r b i t l a b o r a t o ry e n a b l i n g life science r e s e a r c h e r s t o s t u dy 

a n d  e v a l u a t e th e p hysi o l o g i c a l , b e h a v i o r a l , a n d  ch e m i c a l c h a n g e s in h u m a n beings 

i n d u c e d by spac e flight. R e s e a r c h p e r f o r m e d w i t h th e H R F  will p r o v i d e d a t a  

r e l e v a n t t o l o n g e r-t e r m a d a p t a t i o n  t o t h e spa c e flight e n v i r o n m e n t . A s t r o n a u t s 

assi g n e d t o facilities s u c h as th e H R F  will us u a l ly serve a s a te c h n i c a l a s s i s t a n t . In 

thi s c a p a c i ty, th e a s t r o n a u t  m ay be c h a r g e d wit h th e m a n a g e m e n t a n d  d i s s e m i n a t i o n 

o f  d a t a  wh e n they a r e r e t u r n e d t o E a r t h  a n d  de c i d i n g which expe r i m e n t s t o fly on th e 

next mission. I n a d d i t i o n t o d e a l i n g w i t h th e in v e s t i g a t i v e a s p e c t s o f  t h e facility, the 

a s t r o n a u t  will al s o be r e s p o n s i b l e f o r e n s u r i n g a ny deficiencies a r e d e a l t wit h o n th e 

g r o u n d a n d  t h a t  p a r t s  a r e m a n i f e s t e d o n  th e next flight. T h i s t a s k c o u l d involve 

a nyt h i n g f r o m e n s u r i n g t h e ISS crew h a s su f f i c i e n t c a l i b r a t i o n gases for th e H R F ' s  

A n a lyzer M o d u l e t o ch e c k i n g e a c h c r e w m e m b e r h a s e n o u g h s a l i v a filters for all th e 

exper i m e n t s . 

European Physiology Module 

A n o t h e r science facility a n  a s t r o n a u t  m ay be invo l v e d w i t h is t h e E u r o p e a n Space 

Ag e n cy's (ESA ) E u r o p e a n  P hysi o l o gy M o d u l e ( E P M ) , l o c a t e d in th e Columbus 
m o d u l e . T h e E P M c o m p r i s e s a set o f  expe r i m e n t s used t o i n v e s t i g a t e th e effects o f  

l o n g- d u r a t i o n s p a c e f l i g h t o n  th e h u m a n  body. Expe r i m e n t re s u l t s will e v e n t u a l ly 

c o n t r i b u t e t o a n i n c r e a s e d u n d e r s t a n d i n g o f  a g e-r e l a t e d b o n e loss, b a l a n c e d i s o r d e r s , 

a n d  o t h e r  a i l m e n t s b a c k o n E a r t h . Since th e E P M is de s i g n e d t o a c c o m m o d a t e 

d oze n s o f  expe r i m e n t s d u r i n g th e lifetime o f  the ISS , new science e q u i p m e n t m u s t be 

m a n i f e s t e d o n b o a r d  t h e S oyuz s p a c e c r a f t in a c c o r d a n c e wit h r e s e a r c h be i n g 

c o n d u c t e d o n b o a r d . Also , since m a ny o f  t h e sa m p l e s c a n  on ly be a n a lyzed b a c k 

o n E a r t h , these m u s t al s o be ma n i f e s t e d . A n o t h e r  o f  th e a s t r o n a u t ' s c h o r e s m ay be t o 

e n s u r e d a t a  co l l e c t e d p r i o r t o , d u r i n g , a n d  p o s t flight a r e m a d e a v a i l a b l e t o 

r e s e a r c h e r s o n  th e g r o u n d . 

Payload integration 

A n o t h e r  a s s i g n m e n t w i t h i n th e ISS P ayl o a d s Office m ay be w o r k i n g w i t h t h e 

p ayl o a d i n t e g r a t i o n t e a m t h a t  m a n a g e s a n d p r e p a r e s p ayl o a d s b o u n d  for th e ISS. 

T h e p ayl o a d i n t e g r a t i o n t e a m is r e s p o n s i b l e f o r he l p i n g p ayl o a d de v e l o p e r s p r e p a r e 

t h e i r p ayl o a d s a n d  e n s u r i n g ite m s get to th e s t a t i o n in o n e piece. A l t h o u g h th e j o b  

m i g h t s o u n d re l a t i v e ly sim p l e , as w i t h m a ny as p e c t s o f  th e m a n n e d spa c e p r o g r a m , 

th e pr o c e s s is a c t u a l ly q u i t e co m p l ex. 

O n e o f  t h e r e a s o n s f o r p ayl o a d i n t e g r a t i o n be i n g s u c h a di f f i c u l t u n d e r t a k i n g is 

t h a t  s p a c e s t a t i o n p ayl o a d s c o m e f r o m a va r i e ty o f  so u r c e s . M a ny a r e de v e l o p e d 

i n t e r n a l ly by o r g a n iz a t i o n s w i t h i n N A S A while o t h e r s a r e th e r e s u l t o f  p r o p o s a l s 

fro m i n d u s t ry a n d  a c a d e m i a . Th e s e p ayl o a d s a r e d e v e l o p e d by re s e a r c h e r s wh o have 
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h a d  p r o p o s a l s  se l e c t e d t o fly expe r i m e n t s in sp a c e . N A S A  a l s o c a r r i e s p ayl o a d s t o 

t h e s t a t i o n  f o r t h e o t h e r  n a t i o n s i n v o l v e d in t h e ISS P r o g r a m . 

P ay l o a d s  m ay i n c l u d e e v e ryt h i n g f r o m s c i e n t i f i c exp e r i m e n t s t o  ne w s t a t i o n  

h a r d w a r e  t o  e q u i p m e n t  t h a t  will be u s e d by t h e c r e w . P a r t  o f  t h e j o b  o f  a n  

a s t r o n a u t  a s s i g n e d t o  p ay l o a d s  m ay be t o w o r k  w i t h i t e m s t h a t  fly n o t  o n ly o n  

A m e r i c a n  l a u n c h  v e h i c l e s , b u t  o n e s t h a t  fly o n  o t h e r  s p a c e c r a f t , s u c h as t h e 

R u s s i a n  P r o g r e s s c a r g o  veh i c l e . T h ey m ay a l s o w o r k  in t h e c o m p l ex p r o c e s s o f  

c e r t i fyi n g a p ay l o a d  f o r f l i g h t . F o r  exa m p l e , a r e l a t i v e ly s i m p l e p ay l o a d  s u c h a s a 

b ox o f  se e d s r e q u i r e s a b i o h a z a r d  s a f e ty revi e w t o be p r o c e s s e d . C e r t i f i c a t i o n  a l s o 

m e a n s  d e a l i n g w i t h , a n d  c o m p lyi n g w i t h , d oz e n s o f  p o l i c i e s a n d  r e q u i r e m e n t s , s u c h 

a s t h o s e l i s t e d in T a b l e  5.1. 

Table 5.1. Example s o f  p aylo a d policies a n d re q u i r e m e n t s . 

Policy 

N S T S 1700B 

SSP 52005C 

N S T S 14046E 

ECSS-Q-70-36A 

M S F C-ST D-30 2 9 

P32928-103-200 I 

Description 

Safety Policy a n d R e q u i r e m e n t s fo r P aylo a d s Usi n g the Space 

T r a n s p o r t a t i o n System a n d the I n t e r n a t i o n a l Space S t a t i o n 

Safety Cr i t i c a l S t r u c t u r e s R e q u i r e m e n t s a n d Gu i d e l i n e s 

P aylo a d s Ve r i f i c a t i o n R e q u i r e m e n t s 

Space P r o d u c t As s u r a n c e - M a t e r i a l Selection for C o n t r o l l i n g Stress 

C o r r o s i o n C r a c k i n g 

Gu i d e l i n e s for the Selection o f  Met a l l i c M a t e r i a l s fo r SCC Resis t a n c e 

R e q u i r e m e n t s fo r I n t e r n a t i o n a l P a r t n e r s C a r g o e s t r a n s p o r t e d o n 

R u s s i a n P r o g r e s s a n d Soyuz Vehicles 

F i r s t , t h e a s t r o n a u t  m u s t  ver i fy t h e p ayl o a d . T h i s r e q u i r e s as s e s s i n g t h e p ay l o a d ' s  

s t r u c t u r a l e l e m e n t s , i n c l u d i n g a s s o c i a t e d i n t e r f a c e s , f a s t e n e r s , a n d welds in t h e 

p ayl o a d . N ext , t h e c o m p o n e n t s '  p r i m a ry l o a d p a t h , i n c l u d i n g p r e s s u r e syste m s , 

u n c o n t a i n e d  gla s s , r o t a t i n g  m a c h i n e ry , m e c h a n i c a l s t o p s , a n d  c o n t a i n m e n t  devices, 

m u s t  be asse s s e d . I n  p ayl o a d p a r l a n c e , t h e p r i m a ry l o a d p a t h  is t h e c o l l e c t i o n o f  

s t r u c t u r a l  e l e m e n t s t h a t  t r a n s f e r l o a d f r o m o n e p a r t  o f  a s t r u c t u r e t o a n o t h e r .  

E l e m e n t s in th e p r i m a ry l o a d p a t h  expe r i e n c e l o a d i n g i n excess o f  t h a t  c r e a t e d by 

t h e i r o w n ma s s . O n c e t h e v e r i f i c a t i o n s t e p s a r e c o m p l e t e d , a S t r u c t u r a l  V e r i f i c a t i o n 

P l a n (SV P ) is g e n e r a t e d . T h e  SV P i n c l u d e s d e t a i l e d d e f i n i t i o n o f  t h e s t r u c t u r a l 

d e s i g n , th e l o a d s t o be c o n s i d e r e d f o r t h e v e r i f i c a t i o n , a n d  all t h e t e s t i n g t h e d i f f e r e n t 

h a r d w a r e  will u n d e r t a k e . T h e  SV P m u s t  t h e n be p a s s e d o n t o  N A S A ' s  S t r u c t u r e s 

W o r k i n g  G r o u p  ( S W G ) , wh i c h m e a n s m o r e m e e t i n g s a n d  m o r e p a p e r w o r k . 

F o r  a s t r o n a u t s  w h o h a v e j u s t  c o m p l e t e d t h e i r s t i n t as a s c a n s , b e i n g a s s i g n e d t o 

p ayl o a d s c a n  be a li t t l e d e m o r a l iz i n g , sinc e it u s u a l ly m e a n s s p e n d i n g a ye a r o r  m o r e 

i n offices c o n d u c t i n g  m e e t i n g s . W h i l e t h e i r c o l l e a g u e s excit e d ly t r a d e s t o r i e s a b o u t  

s p a c e w a l k p r o c e d u r e s a n d  d e v e l o p i n g r e m o t e m a n i p u l a t o r  p r o t o c o l s , t h e a s t r o n a u t s  

a s s i g n e d t o  p ayl o a d s p r ay th ey w o n ' t  b e a s k e d h o w t h e i r d ays i n t h e b r i e f i n g r o o m s  

went! 

A f t e r  d e t e r m i n i n g t h e s t r u c t u r a l e l e m e n t s a n d  t h e l o a d p a t h , a t t e n t i o n  is t u r n e d t o 
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the p ayl o a d design. T h i s is a l a b o r i o u s pr o c e s s inv o l v i n g p o r i n g o v e r d a t a  c o n s i s t i n g 

o f  dr a w i n g s , p a r t s , m a t e r i a l s , a n d pr o c e s s e s i n f o r m a t i o n t h a t  c a n  be used to 

m a n u f a c t u r e a n d as s e m b l e a p aylo a d . T h e n ext st e p is t o verify t h e p ayl o a d , whi c h 

involves myr i a d a n a lyti c a l a n d te s t i n g ac t i v i t i e s p e r f o r m e d t o verify the a d e q u a cy o f  

th e p ayl o a d w i t h r e g a r d t o sa f e ty a n d mi s s i o n success . T h e pr o c e s s o f  v e r i f i c a t i o n 

i n e v i t a b ly me a n s c o m p lyin g wit h all s o r t s o f  policies, r e q u i r e m e n t s , a n d  p r o c e d u r e s . 

A f t e r th e v e r i f i c a t i o n p r o c e s s , a t t e n t i o n is t u r n e d t o assessing t h e des i g n limit lo a d s , 

a f t e r which th e d o c u m e n t is s u b m i t t e d for review a n d th e p ayl o a d d e v e l o p e r p r o v i d e s 

a d e t a i l e d mo d e l o f  th e p ayl o a d , wh i c h is used for a n a lyti c a l v e r i f i c a t i o n . T h e 

a s t r o n a u t  w o r k i n g in p ayl o a d s m ay be t a s k e d wit h m a k i n g su r e t h a t  the m o d e l is 

c h e c k e d for m a t h e m a t i c a l c o r r e c t n e s s a n d e n s u r i n g it is v a l i d a t e d by me a n s o f  a 

series o f  dyna m i c a n d / o r  s t a t i c tests. 

T h e a s t r o n a u t  m i g h t t h i n k  t h ey' r e n e a r i n g t h e e n d o f  t h e r o a d  a t  t h i s s t a g e , b u t  

j u s t  t h e t e s t i n g c a n t a k e  m o n t h s . O n c e t h e myr i a d t e s t s a r e c o n d u c t e d ,  th e p ay l o a d  

e n t e r s th e a s s e m b ly a n d  i n s t a l l a t i o n p h a s e , w h i c h r e q u i r e s m o r e t e s t i n g , g r o u n d  

h a n d l i n g , a n d  t r a n s p o r t a t i o n .  T h i s p h a s e a l s o i n v o l v e s as s e s s i n g t h e ef f e c t s o f  lif t•

off, d e s c e n t , r e-e n t ry, l a n d i n g , a n d  e m e r g e n cy l a n d i n g s c e n a r i o s a n d  c o n s i d e r a t i o n 

o f  f a c t o r s s u c h a s t h e a c o u s t i c a n d  t h e r m a l e n v i r o n m e n t s a n d  o t h e r  c o n s t r a i n t s  

su c h a s a t m o s p h e r i c p r e s s u r e . Since t h e r e a r e so m a ny p e o p l e i n v o l v e d in th e 

i n t e g r a t i o n p r o c e s s , t h e p ayl o a d s a s t r o n a u t  s p e n d s m o s t o f  t h e i r tim e s h u t t l i n g 

f r o m o n e m e e t i n g t o th e n ext. A typi c a l d ay m i g h t s t a r t  a t  7.30 in t h e m o r n i n g a n d  

fini s h a f t e r  6 . 00 in t h e e v e n i n g . D u e  to t h e o v e r w h e l m i n g a m o u n t  o f  p a p e r w o r k , 

a s t r o n a u t s  i n e v i t a b ly ha v e t o t a k e  w o r k h o m e , n o t  o n ly in t h e e v e n i n g s , b u t  d u r i n g 

t h e w e e k e n d as well. C o m p o u n d i n g  t h e a m o u n t  o f  w o r k is th e u n f a m i l i a r i ty o f  t h e 

m a t e r i a l . F o r  a n a s t r o n a u t  w h o u s e d t o fly fi g h t e r p l a n e s o r  h a s a P h . D .  in 

a s t r o p hys i c s , t h e l a byr i n t h i n e b u r e a u c r a cy r e q u i r e d t o c e r t i fy a n d  ver i fy a p ayl o a d  

is a b o u t  a s a l i e n a s t h e s u r f a c e o f  M a r s . B u t , b e c a u s e t h ey' r e a s t r o n a u t s , t h ey' r e 

expe c t e d t o b e c o m e exp e r t s q u i c k ly, w h i c h m e a n s m o r e a n d  m o r e h o m e w o r k . O n e 

m o r n i n g  t h ey m ay h a v e t o p r e s e n t a t a l k o n  t h e m e r i t s o f  m e t a l l i c m a t e r i a l s w i t h 

h i g h r e s i s t a n c e t o s t r e s s c o r r o s i o n , while in t h e a f t e r n o o n  t h ey m ay be expe c t e d t o 

be t h e s u b j e c t m a t t e r  exp e r t o n c o m p o s i t e e n d-o f-l i f e p r o p e r t i e s a n d  c r e e p 

b e h a v i o r ! A f t e r  t a l k i n g a b o u t  c r e e p b e h a v i o r ( w h i c h h a p p e n s t o be t h e t e n d e n cy o f  

a s o l i d m a t e r i a l t o slo w ly m o v e o r  d e f o r m p e r m a n e n t ly u n d e r  t h e i n f l u e n c e o f  

stre s s e s ! ) , t h e a s t r o n a u t  m ay t h e n ha v e t o t a k e h o m e v o l u m e s o f  r e f e r e n c e s 

d e s c r i b i n g s u c h s t r a n g e o b j e c t s a s t h e p e c u l i a r i t i e s o f  s t a t i c a n d  dyn a m i c e n v e l o p e s 

a n d  p ay l o a d  i n t e r f a c e r e q u i r e m e n t s . 

O n c e t h e p ayl o a d is finally re a dy t o fly , pr e-m i s s i o n p l a n n i n g a n d  c o o r d i n a t i o n 

a r e ne c e s s a ry to de f i n e th e r e q u i r e m e n t s for g r o u n d s u p p o r t . T h i s p h a s e in c l u d e s 

sele c t i n g a n u m b e r o f  services r e q u i r e d onc e th e p ayl o a d is a c t u a l ly on th e ISS. F o r  

exam p l e , th e p ayl o a d m ay r e q u i r e g r o u n d- t o-s p a c e voice l o o p s a n d  ISS d o w n l i n k 

vi d e o c a p a b i l i t i e s . 

Whi l e a te c h n i c a l a s s i g n m e n t t o p ayl o a d s m i g h t n o t  s o u n d th e m o s t exciti n g j o b  

f o r a newly t r a i n e d a s t r o n a u t , th ey d o  have a n o p p o r t u n i ty t o w o r k di r e c t ly with th e 

a s t r o n a u t  o n b o a r d  th e ISS a n d  p r o v i d e t h e m w i t h i n f o r m a t i o n th ey need when th ey 

a r e r e a dy t o use th e p ayl o a d s . H o w e v e r , m a ny a s t r o n a u t s as s i g n e d to p ayl o a d s , 
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w h i l e r e c o g n iz i n g t h e v a l u e o f  t h e expe r i e n c e , a r e h a p py t o m o v e t o a n  a s s i g n m e n t 

t h a t  o f f e r s a l i t t l e m o r e exc i t e m e n t , s u c h a s t h e E V A P r o j e c t Of f i c e . 

Extravehicular Activity Project Office 

P e r h a p s o n e o f  t h e m o s t c o v e t e d te c h n i c a l a s s i g n m e n t s is w o r k i n g in N A S A ' s  EV A 

Office . EVA in c l u d e s ac t i v i t i e s f r o m the ISS a s well a s f u t u r e l u n a r a n d  M a r s su r f a c e 

o p e r a t i o n s . F r o m  t h e e a r l i e s t p r e p a r a t i o n s o n  t h e g r o u n d , un t i l a s t r o n a u t s a r e a c t u a l ly 

w o r k i n g in t h e v a c u u m o f  sp a c e , a l o t o f  e f f o r t goes i n t o a s p a c e w a l k . Since m o s t 

a s t r o n a u t s o u t  o f  t r a i n i n g will e v e n t u a l ly c o n d u c t EV As , seeing h o w sp a c e w a l k 

p r e p a r a t i o n is p l a n n e d p r o v i d e s t h e m wi t h a useful i n s i g h t i n t o t h e activ i t i e s they will be 

e v e n t u a l ly p e r f o r m i n g o n  b o a r d  t h e ISS. P a r t  o f  t h e j o b  m ay be de v e l o p i n g p r o c e d u r e s 

a l l o w i n g a s t r o n a u t s  t o a c c o m p l i s h ta s k s fo r a specific mi s s i o n , while o t h e r  du t i e s m ay 

involv e ref i n i n g c o n t i n g e n cy tas k s , r e d u c i n g t h e risk o f  d e c o m p r e s s i o n sickness ( D C S ) , 

o r  te s t i n g new s p a c e s u i t s s u c h a s t h e M a r k  I I I ( F i g u r e 5.2) . 

Figure 5 . 2 . Spacesuit engineer , D u s t i n G o h m e r t , simulates work in a mock c r a t e r in 

JS C ' s L u n a r Y a r d . His mode o f  t r a n s p o r t , N A S A ' s p r o t o type l u n a r rov e r , st a n d s in the 

b a c k g r o u n d . Image courtesy: NASA. 
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T h e M a r k  I I I s u i t is a N A S A s p a c e s u i t t e c h n o l o gy d e m o n s t r a t o r  b u i l t by I L C  

D o v e r . Whi l e h e a v i e r t h a n  o t h e r  su i t s (it weighs 59 kg!) , th e M a r k  I I I  is very mo b i l e 

t h a n k s t o a mix o f  h a r d  a n d s o f t s u i t c o m p o n e n t s , i n c l u d i n g h a r d  u p p e r t o r s o , h a r d  

lower t o r s o , a n d  h i p e l e m e n t s m a d e o f  g r a p h i t e / e p oxy co m p o s i t e , a n d s o f t fa b r i c 

j o i n t s a t  th e elb o w , kn e e , a n d  an k l e . T h a n k s to a 57-kP a o p e r a t i n g p r e s s u r e , th e 

M a r k  I I I  is a ze r o-p r e b r e a t h e suit. T h i s m e a n s a s t r o n a u t s t r a n s i t i o n fro m a o n e 

a t m o s p h e r e , mixed-gas sp a c e s t a t i o n e n v i r o n m e n t , su c h as o n th e ISS , to th e s u i t , 

w i t h o u t risk o f  th e b e n d s , whi c h c a n o c c u r with r a p i d d e p r e s s u r iz a t i o n fro m a n 

a t m o s p h e r e c o n t a i n i n g n i t r o g e n o r  a n o t h e r i n e r t gas. C u r r e n t ly , a s t r o n a u t s m u s t 

s p e n d several h o u r s in a re d u c e d p r e s s u r e , p u r e oxygen e n v i r o n m e n t b e f o r e EVA to 

a v o i d these risks. Re c e n t ly, the M a r k  I I I has been in v o l v e d in field t e s t i n g d u r i n g 

N A S A ' s a n n u a l D e s e r t R e s e a r c h a n d  T e c h n o l o gy St u d i e s ( D-R A T S ) field tr i a l s , 

d u r i n g which s u i t o c c u p a n t s ( a s t r o n a u t s a n d eng i n e e r s ) i n t e r a c t e d wit h o n e a n o t h e r , 

a n d wit h rov e r s a n d  o t h e r  e q u i p m e n t . 

CapCom 

O n e o f  th e m o s t p o p u l a r  te c h n i c a l a s s i g n m e n t s a m o n g a s t r o n a u t s is w o r k i n g in th e 

Mi s s i o n C o n t r o l C e n t e r ( M C C ) as a C a p C o m  (a n a m e de r i v e d f r o m the t e r m 

' C A P s u l e C O M m u n i c a t o r s '  d u r i n g N A S A ' s  e a r l i e s t m i s s i o n s in sp a c e , wh e n 

s p a c e c r a f t were k n o w n as ca p s u l e s ) . A m i d s t th e h u n d r e d s o f  p e o p l e in v o l v e d in 

c o o r d i n a t i n g every as p e c t o f  a mi s s i o n a n d its crew, n o t  e v e ryon e c a n s p e a k to th e 

a s t r o n a u t s in sp a c e . T h i s w o u l d on ly lea d t o c o n f u s i o n a n d co s t ly, even fa t a l , e r r o r s . 

T o  e n s u r e efficient c o m m u n i c a t i o n , N A S A uses C a p C o m s , wh o a c t a s t h e o r b i t i n g 

a s t r o n a u t s '  sole voice fro m M i s s i o n C o n t r o l . 

T h e ISS M C C  s u p p o r t s t h e myri a d act i v i t i e s o n b o a r d  th e s t a t i o n a n d  e n s u r e s a 

c o o r d i n a t e d , c o n s i s t e n t , a n d ef f i c i e n t line o f  c o m m u n i c a t i o n . T h i s is ach i e v e d by 

em p l oyin g a t e a m o f  C a p C o m s  ( F i g u r e 5.3) who a r e o n d u ty 7 days a week . Since th e 

g r o u n d- t o-s p a c e voice c o m m u n i c a t i o n link is a li m i t e d a n d  p r e c i o u s r e s o u r c e , 

C a p C o m s  m u s t first a n d  f o r e m o s t be excell e n t c o m m u n i c a t o r s . Voice c o m m u n i c a•

t i o n s m u s t be con c i s e a n d  c l e a r , while , a t  th e sa m e time , p r o v i d e all th e nece s s a ry 

i n f o r m a t i o n  t h e o n b o a r d  crew ne e d s to c o r r e c t ly p e r f o r m  t h e i r d u t i e s a n d  

u n d e r s t a n d a ny given s i t u a t i o n . C a p C o m s  ha v e a b r o a d  u n d e r s t a n d i n g o f  all ISS 

system s , e n a b l i n g t h e m to p a r t i c i p a t e in d i s c u s s i o n s he l d in th e M C C  a n d 

t r o u b l e s h o o t i n g p l a n n i n g . As a rule, flown a s t r o n a u t s w o r k as C a p C o m s , since 

th ey ha v e a n u n d e r s t a n d i n g o f  w h a t t h e flight crew is goi n g t h r o u g h a t  any given 

time. T h e i r t r a i n i n g a n d  experi e n c e give them the ab i l i ty to e n s u r e d i r e c t i o n s given t o 

t h e o n- o r b i t crew a r e p r a c t i c a l a n d  c o n s i d e r h u m a n fa c t o r s . H o w e v e r , t h e r e ha v e 

been several a s t r o n a u t s  w h o ha v e he l d th e C a p C o m  te c h n i c a l a s s i g n m e n t w i t h o u t 

ha v i n g flown. O n e exam p l e was f o r m e r a s t r o n a u t , D o n a l d T h o m a s , wh o serv e d as 

C a p C o m  f o r S h u t t l e mis s i o n s STS-47 , 52 , a n d 53, b e f o r e flying o n STS-65 in Ju ly , 

1994. 
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Figure 5.3. N A S A ' s Mis s i o n C o n t r o l Ce n t e r . N o t e the po s i t i o n o f  C a p C o m o n the 

right. Im a g e courtesy: NASA. 

Flight Crew Operations Directorate 

T h e F l i g h t C r e w O p e r a t i o n s D i r e c t o r a t e ( F C O D )  is r e s p o n s i b l e for ov e r a l l p l a n n i n g , 

d i r e c t i o n , a n d  m a n a g e m e n t o f  flight crew o p e r a t i o n s a n d v a r i o u s p r o g r a m  acti v i t i e s 

a t  J o h n s o n Sp a c e C e n t e r (JSC). Th e s e re s p o n s i b i l i t i e s i n c l u d e , b u t  a r e n o t  limited t o , 

selecting a n d t r a i n i n g a s t r o n a u t  c a n d i d a t e s , d e t e r m i n i n g fligh t crew t r a i n i n g a n d 

flight crew s i m u l a t i o n r e q u i r e m e n t s , r e c o m m e n d i n g specific fligh t crew a s s i g n m e n t s 

a n d  t r a i n i n g , a n d  c e r t i fyin g p ayl o a d spe c i a l i s t s . Since th e F C O D  plays a rol e in 

mi s s i o n a s s i g n m e n t s , a s t r o n a u t s as s i g n e d he r e d o  t h e i r be s t to m a k e a g o o d 

i m p r e s s i o n , in th e h o p e t h e i r n a m e m i g h t move up th e list o f  n a m e s w a i t i n g for a 

flight. I n a d d i t i o n t o t ryin g to get n o t i c e d , a s t r o n a u t s m ay als o p a r t i c i p a t e in th e 

d e v e l o p m e n t o f  tim e l i n e s a n d p r o c e d u r e s , p r o v i d e flight crew pe r s p e c t i v e in the 

d e v e l o p m e n t o f  new p r o g r a m s , a n d  c o n t r i b u t e t o th e d e v e l o p m e n t , a c q u i s i t i o n , 

m a i n t e n a n c e , a n d safe o p e r a t i o n o f  a s t r o n a u t  t r a i n i n g . 

Office of the International Space Station Program Scientist 

A n o t h e r  useful t e c h n i c a l a s s i g n m e n t for newly qu a l i f i e d a s t r o n a u t s is w o r k i n g in th e 

office o f  th e ISS P r o g r a m Sci e n t i s t , wh o is us u a l ly a fo r m e r a s t r o n a u t  (e.g. D o n a l d 
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T h o m a s  b e c a m e the ISS P r o g r a m  S c i e n t i s t s h o r t ly a f t e r r e t i r i n g as a n  a s t r o n a u t  in 

2003). O n e o f  t h e m o s t  i m p o r t a n t  j o b s  o f  a n  a s t r o n a u t  w o r k i n g o n b o a r d  t h e ISS is t o 

c o n d u c t  exp e r i m e n t s , so a n  a s s i g n m e n t t o w o r k in a n  e n v i r o n m e n t  w h e r e 

i n v e s t i g a t i o n s a r e d e v e l o p e d is a n  i n v a l u a b l e exper i e n c e . A l t h o u g h t h e a m o u n t  o f  

science was r e s t r i c t e d while o n ly th r e e c r e w m e m b e r s o c c u p i e d t h e ISS, t h e pa c e o f  

scie n t i f i c i n v e s t i g a t i o n s will d r a m a t i c a l ly in c r e a s e n o w t h e s t a t i o n h a s a p e r m a n e n t 

crew o f  six o n b o a r d .  A l s o , t h a n k s  t o t h e s t a t i o n ' s l a b o r a t o ry a n d  r e s e a r c h facilities 

be i n g t r i p l e d in 2008 , w i t h t h e a d d i t i o n o f  E S A ' s Columbus a n d  J A X A ' s  Kibo 
s c i e n t i f i c m o d u l e s j o i n i n g N A S A ' s  D e s t i ny l a b o r a t o ry, t h e facilities a v a i l a b l e will 

c o n s i d e r a b ly i m p r o v e t h e s c o p e o f  i n v e s t i g a t i o n s in whic h a s t r o n a u t s  will be in v o l v e d 

in t h e f u t u r e . 

A s t r o n a u t s  a s s i g n e d t o t h e ISS P r o g r a m  S c i e n t i s t a r e i n v o l v e d in all a s p e c t s o f  t h e 

myr i a d a n d  c o n v o l u t e d p r o c e s s e s l e a d i n g t o a p p r o v i n g a science expe r i m e n t fo r 

flight. I n t e r m s o f  p a p e r w o r k  a n d  m e e t i n g s , the p r o c e s s i s n ' t m u c h d i f f e r e n t f r o m the 

r o u t e t a k e n by th e p ayl o a d i n t e g r a t i o n te a m . F o r  exam p l e , a s t r o n a u t s  a s s i s t i n g t h e 

ISS P r o g r a m  S c i e n t i s t m u s t d e a l wi t h a s p e c t s as di v e r s e as science p ayl o a d 

d o c u m e n t a t i o n to exp e r i m e n t ob j e c t i v e s a n d  fr o m i n f l i g h t p r o c e d u r e s t o expe r i m e n t 

h az a r d e v a l u a t i o n an a lysis . Since mi s s i o n s t o t h e ISS a r e f o r 6 m o n t h s , e a c h 

a s t r o n a u t  is t r a i n e d in c o n d u c t i n g a n u m b e r  o f  science i n v e s t i g a t i o n s . S o m e o f  the s e 

r e q u i r e r o u t i n e d a t a  c o l l e c t i o n , o t h e r s r e q u i r e t h e a s t r o n a u t  t o p a r t i c i p a t e as a 

re s e a r c h s u b j e c t , while o t h e r s j u s t  nee d t h e a s t r o n a u t  t o m o n i t o r  e q u i p m e n t f r o m 

time t o ti m e . F o r  exam p l e , t h e ISS A c o u s t i c s M e a s u r e m e n t P r o g r a m  ( A M P ) r e q u i r e s 

a s t r o n a u t s  t o use s o u n d-l e v e l m e t e r s t o c o l l e c t a c o u s t i c s d a t a  f r o m t h e ISS 

e n v i r o n m e n t fo r a 2-h r p e r i o d b e f o r e d o w n l i n k i n g t h e d a t a  t o g r o u n d  fo r an a lysis . 

T h e A M P  exp e r i m e n t is r e s p o n s i b l e f o r e n s u r i n g a safe , h e a l t hy , a n d  h a b i t a b l e 

a c o u s t i c e n v i r o n m e n t o n  t h e ISS , in wh i c h crews c a n live , c o m m u n i c a t e , a n d  w o r k . 

T h i s m e a n s e n s u r i n g the ISS is n o t  t o o  n o i sy , d o e s n o t  h a v e i r r i t a t i n g a u d i b l e s o u n d s , 

a n d  d o e s n o t  h a v e s t a r t l i n g b u r s t s o f  a c o u s t i c e n e r gy . I n c o n t r a s t , t h e Sleep - W a k e 

A c t i g r a p hy a n d  L i g h t Exp o s u r e d u r i n g S p a c e f l i g h t expe r i m e n t s r e q u i r e a s t r o n a u t s  t o 

log t h e i r sleep u s i n g A c t i w a t c h e s , whi c h a u t o m a t i c a l ly co l l e c t d a t a  o f  sleep p a t t e r n s . 

T h e A c t i w a t c h is c o m p a r e d t o sleep logs t o i n v e s t i g a t e t h e a f f e c t s o f  s p a c e f l i g h t a n d  

a m b i e n t li g h t exp o s u r e o n  t h e s l e e p- w a k e cycles o f  t h e crew m e m b e r s d u r i n g lon g•

d u r a t i o n  IS S st ays. A n o t h e r  exp e r i m e n t r e q u i r i n g a s t r o n a u t  p a r t i c i p a t i o n is the 

M e n t a l R e p r e s e n t a t i o n o f  S p a t i a l C u e s D u r i n g S p a c e F l i g h t i n v e s t i g a t i o n , wh i c h 

assesses t h e effects o f  exp o s u r e t o m i c r o g r a v i ty o n  t h e m e n t a l r e p r e s e n t a t i o n o f  

s p a t i a l cu e s by a s t r o n a u t s  d u r i n g a n d  a f t e r s p a c e flight. T h i s i n v e s t i g a t i o n r e q u i r e s 

t h e a s t r o n a u t s  t o m e a s u r e t h e i r d e p t h  a n d  d i s t a n c e p e r c e p t i o n by m e a n s o f  g e o m e t r i c 

il l u s i o n s , 3 D scenes, h a n d- w r i t i n g , a n d  d r a w i n g te s t s . A m o r e c o m p l ex expe r i m e n t is 

t h e Ef f e c t o f  G r a v i t a t i o n a l  C o n t ex t o n E E G  Dyn a m i c s s t u dy t h a t  te s t s p r e f r o n t a l 

b r a i n f u n c t i o n s a n d  s p a t i a l c o g n i t i o n in a d d i t i o n  t o t h e ef f e c t o f  g r a v i t a t i o n a l c o n t ext 

o n b r a i n p r o c e s s i n g . D u r i n g th i s exp e r i m e n t , vis u a l o r i e n t a t i o n a n d  v i s u o m o t o r 

t r a c k i n g t a s k s , t o g e t h e r w i t h s t a n d a r d iz e d e l e c t r o e n c e p h a l o g r a m ( E E G ) t a s k s , a r e 

p e r f o r m e d as a m e a n s o f  as s e s s i n g g e n e r a l eff e c t s o f  t h e ISS e n v i r o n m e n t o n  E E G  

si g n a l s . 

E n s u r i n g a s t r o n a u t s  o n b o a r d  t h e ISS a r e a b l e t o c o n d u c t all t h e i r science 



88 Tec h n i c a l assignments 

expe r i m e n t s m e a n s m u c h w o r k m u s t be d o n e o n th e g r o u n d , since th e science m u s t 

be a c c o m m o d a t e d w i t h i n a hectic w o r k sch e d u l e . T o  e n s u r e th e science f o r o n e 

p a r t i c u l a r i n v e s t i g a t i o n d o e s n ' t t a k e t o o m u c h o f  a n a s t r o n a u t ' s  time, it is nece s s a ry 

t o w o r k closely with t h e p r i n c i p a l i n v e s t i g a t o r s t o e n s u r e scienti f i c a n d  e n g i n e e r i n g 

r e q u i r e m e n t s a r e cl e a r ly c o m m u n i c a t e d . T h e P r o g r a m S c i e n t i s t ' s Office m u s t al s o 

e n s u r e th e a s t r o n a u t s o n  ISS c o n d u c t th e science as p l a n n e d a n d  t h a t  sci e n t i s t s a r e 

sa t i s f i e d wit h th e o p e r a t i o n s a n d re s u l t s o f  t h e i r exper i m e n t s . 

Expl o r a t i o n Development L a b o r a t o ry 

A n o t h e r  p o p u l a r  t e c h n i c a l p o s t i n g is be i n g a t t a c h e d  t o L o c k h e e d M a r t i n ' s  

Exp l o r a t i o n D e v e l o p m e n t L a b o r a t o ry ( E D L ) , whe r e a s t r o n a u t s  ha v e th e o p p o r t u•

ni ty to te s t h a r d w a r e th ey may be using to a n d fro m th e M o o n . L o c k h e e d ' s E D L  is a 

facility de d i c a t e d t o s u p p o r t i n g N A S A ' s  C o n s t e l l a t i o n P r o g r a m a n d , in p a r t i c u l a r , 

Orion, its new crew exp l o r a t i o n vehicle. Orion is A m e r i c a ' s n ext-g e n e r a t i o n h u m a n  

s p a c e f l i g h t vehicle t h a t  will t r a n s p o r t  u p  t o six a s t r o n a u t s t o a n d  f r o m th e ISS a n d u p 

to f o u r to th e M o o n  a n d  d e s t i n a t i o n s b eyo n d , b e g i n n i n g in 2015, foll o w i n g the 

r e t i r e m e n t o f  th e Sp a c e S h u t t l e . T h e l a b o r a t o ry is a s t a t e-o f-t h e-a r t te s t facility 

fu n d e d by Lo c k h e e d M a r t i n  a n d  its t e a m m a t e s , U n i t e d Sp a c e Al l i a n c e ( U S A ) a n d 

Hon eywell . L o c a t e d in H o u s t o n , a d j a c e n t t o N A S A ' s JS C , th e E D L  e n a b l e s the 

L o c k h e e d M a r t i n  t e a m t o t a k e full a d v a n t a g e o f  e a r ly in v o l v e m e n t a n d c o l l a b o r a t i o n 

wit h a s t r o n a u t  fligh t crew me m b e r s . By ha v i n g a s t r o n a u t s te s t systems insi d e full•

scale low-fide l i ty m o c k u p s ( F i g u r e 5.4), N A S A a n d L o c k h e e d M a r t i n  n o t  on ly ga i n 

c l a r i ty on r e q u i r e m e n t s , b u t  al s o al l o w f u t u r e c r e w m e m b e r s t o w o r k closely with 

en g i n e e r s o n  issues r a n g i n g f r o m em e r g e n cy ingre s s a n d egress t o vehicle fit , fo r m , 

a n d f u n c t i o n . 

Whi l e w o r k i n g w i t h L o c k h e e d M a r t i n ' s  en g i n e e r s , a s t r o n a u t s help test avi o n i c s 

a n d  s o f t w a r e , de v e l o p crew in t e r f a c e s , a n d e v a l u a t e systems su c h as th e A u t o m a t e d 

R e n d ezv o u s a n d D o c k i n g ( A R & D ) system. A s t r o n a u t s al s o pl ay a n i m p o r t a n t  role 

in th e h u m a n  f a c t o r s des i g n o f  Orion's c o c k p i t , su c h as e v a l u a t i n g p a n e l di s p l ays 

( F i g u r e 5.5), i n t e r n a l l i g h t i n g s e a t l o c a t i o n , cr e w s t o w a g e , h a n d  c o n t r o l l e r  

p o s i t i o n i n g , a n d o t h e r  h u m a n i n t e r f a c e devices. 

Rus s i a n Liai s o n 

G i v e n t h e a m o u n t  o f  tim e a s t r o n a u t s s p e n d aw ay fr o m t h e i r families every year , th e 

te c h n i c a l a s s i g n m e n t o f  R u s s i a n L i a i s o n i s n ' t t h e m o s t p o p u l a r  a s s i g n m e n t , since it 

m e a n s s p e n d i n g lots o f  time in S t a r C i ty, n e a r M o s c o w . U n t i l re c e n t ly, th e R u s s i a n 

L i a i s o n p a r t i c i p a t e d in t h e te s t i n g a n d  i n t e g r a t i o n o f  R u s s i a n h a r d w a r e a n d s o f t w a r e 

p r o d u c t s d e v e l o p e d for th e ISS , whi c h o f t e n m e a n t w o r k i n g w i t h the E n e r g i a 

A e r o s p a c e C o m p a ny in Mo s c o w . R u s s i a n L i a i s o n s al s o s p e n t a l o t o f  time in Ru s s i a 

d e v e l o p i n g a n d  verifying d u a l-l a n g u a g e p r o c e d u r e s f o r ISS crews in a d d i t i o n t o 

ove r s e e i n g i n v e n t o ry a n d l o a d i n g o f  ISS r e s u p p ly cap s u l e s . W i t h the r e t i r e m e n t o f  
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Figure 5.4. Low-fidelity m o c k u p o f  NA S A ' s Orion crew exp l o r a t i o n vehicle. Im a g e 

c o u r t e sy : NAS A . 
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Figure 5.5. Pan e l display inside Orion m o c k u p . Image courtesy: NAS A . 

t h e S h u t t l e in 2010, the role o f  N A S A ' s R u s s i a n L i a i s o n a s t r o n a u t s will t a k e o n even 

g r e a t e r signi f i c a n c e , since N A S A a s t r o n a u t s will be h i t c h i n g rides to the ISS o n b o a r d  

th e R u s s i a n Soyuz s p a c e c r a f t u n t i l a t  le a s t 2015. 

P e r h a p s o n e o f  th e g r e a t e s t ch a l l e n g e s o f  f u t u r e R u s s i a n L i a i s o n a s t r o n a u t s will be 

d e v e l o p i n g d u a l-l a n g u a g e p r o c e d u r e s . A l t h o u g h N A S A a s t r o n a u t s w o u l d welcome 

En g l i s h a s the single l a n g u a g e o f  o p e r a t i o n , this i s n ' t g o i n g to h a p p e n as lo n g as the 

R u s s i a n s a r e p r o v i d i n g th e ri d e i n t o space . Also , in th e i n t e r e s t s o f  sa f e ty a n d 

o p e r a t i o n , it is c r u c i a l b o t h a s t r o n a u t s a n d c o s m o n a u t s ha v e a c l e a r u n d e r s t a n d i n g 

o f  all p r o c e d u r e s a n d  p l a n s , which is why ide n t i c a l st e p s in e a c h l a n g u a g e a r e p r i n t e d 

o n facin g p a g e s o f  all chec k l i s t s . T h i s d u a l-l a n g u a g e o p e r a t i o n is also ref l e c t e d in 

M i s s i o n C o n t r o l p r o c e d u r e s , crew tim e l i n e s , a n d ti m e-cr i t i c a l a n d  sa f e ty-cri t i c a l 

c o n t i n g e n cy o p e r a t i o n s . 

I n a d d i t i o n  t o e n s u r i n g c l e a r d u a l- l a n g u a g e p r o c e d u r e s , th e R u s s i a n L i a i s o n 

a s t r o n a u t  a l s o f a c i l i t a t e s c o o r d i n a t i o n  b e t w e e n t h e t w o ag e n c i e s by d e v e l o p i n g 

s t r o n g w o r k i n g r e l a t i o n s h i p s b e t w e e n c o n t r o l  t e a m s . H e / she a l s o a t t e n d s p r a c t i c e s 

a n d  s i m u l a t i o n s t o e n s u r e u n a m b i g u o u s c o m m u n i c a t i o n s a n d  m e t h o d s a r e u s e d 

d u r i n g p r e-m i s s i o n t r a i n i n g in a d d i t i o n  t o d e v e l o p i n g p r o c e d u r e s f o r exc h a n g i n g 

i n f o r m a t i o n  b e t w e e n v a r i o u s c o n t r o l  c e n t e r s . O f t e n , t h i s r e q u i r e s th e R u s s i a n 

L i a i s o n a s t r o n a u t  t o a t t e n d  t e c h n i c a l d i s c u s s i o n s a n d  m e e t i n g s , s o m e t i m e s 

r e q u i r i n g t h e use o f  a n i n t e r p r e t e r w h e n v e r b a l exch a n g e s b e c o m e l i n g u i s t i c a l ly 

ch a l l e n g i n g ! 
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Crew Support Astronaut 

A m o r e p o p u l a r  a s s i g n m e n t is serving as the Cr e w S u p p o r t A s t r o n a u t , who act s as 

the p r i m a ry c o n t a c t for all crew needs, c o o r d i n a t i o n , p l a n n i n g , a n d i n t e r a c t i o n s . H e / 

she is also the p r i m a ry re p r e s e n t a t i v e o f  the crews while th ey are o n o r b i t , which 

mea n s de a l i n g with all s o r t s o f  issues r a n g i n g fr o m e n s u r i n g p e r s o n a l items ar e 

l o a d e d o n t o the re s u p p ly ca p s u l e to a d e a t h in the f a mily . F o r  exampl e , in D e c e m b e r , 

2007, a s t r o n a u t  D a n  T a n i ' s m o t h e r died while he was o n b o a r d  t h e ISS. A l t h o u g h the 

t a s k o f  i n f o r m i n g T a n i was p e r f o r m e d by D r  Sean R o d e n , T a n i ' s flight s u r g e o n , the 

Crew S u p p o r t A s t r o n a u t p l ayed a role liaising wi t h family, friends, a n d co u n s e l o r s . 

T h e Crew S u p p o r t A s t r o n a u t also w o r k s wi t h N A S A ' s F l i g h t Crew E q u i p m e n t 

R e p r e s e n t a t i v e ( F C E R ) , e n s u r i n g flight crews have all t h e i r p e r s o n a l items when they 

fly to the ISS. This m i g h t s o u n d like a simple j o b , b u t e v e ryth i n g an a s t r o n a u t ta k e s 

i n t o space m u s t c o n f o r m to N A S A guidelines, which in e v i t a b ly mean s wa d i n g 

t h r o u g h m o r e p a p e r w o r k ! I f  a n item d o e s n ' t co m p ly wit h N A S A r e g u l a t i o n s (which 

some t i m e s h a p p e n s wi t h s o u v e n i r items), the Crew S u p p o r t A s t r o n a u t m i g h t w o r k 

with the F C E R  to find a way to a p p r o v e the item . 

Public speaking 

I n a d d i t i o n t o t h e i r te c h n i c a l as s i g n m e n t s , a s t r o n a u t s m u s t also p e r f o r m c o l l a t e r a l 

du t i e s , on e o f  whic h is giving p u b l i c speeches a n d press interviews. Since the 

A s t r o n a u t Office receives h u n d r e d s o f  re q u e s t s every m o n t h  fo r sp e a k e r s , a s t r o n a u t s 

o f t e n have a selection o f  venu e s to c h o o s e from. C a n a d i a n Space Agency (CSA) 

a s t r o n a u t s , for examp l e , us u a l ly spe n d a t  least 2 days every m o n t h  visiting sch o o l s 

a n d colleges a r o u n d C a n a d a . F o r  the space agencies, these so-called " b l u e su i t " (t h e 

a s t r o n a u t s us u a l ly wea r t h e i r blu e flight suit s to p u b l i c s p e a k i n g events, hence the 

te r m ) p u b l i c r e l a t i o n s events g e n e r a t e a l o t o f  visibility wit h the t axp aye r as well as 

g e n e r a t i n g i n t e r e s t a t  the g r a s s r o o t s level. F o r  some o f  the a s t r o n a u t s , the P R  c i r c u i t 

is som e t i m e s a series o f  even t s g u a r a n t e e d t o incr e a s e t h e i r h e a r t ra t e s , as they try to 

ste e r a s t e a dy line o f  po l i t i c a l c o r r e c t n e s s a n d p r o v i d e in s i g h t f u l an s w e r s t o q u e s t i o n s 

s u c h as " D o  you believe i n ali e n s ? " , " H o w  m a ny gay a s t r o n a u t s a r e there? " ,  a n d 

" H a v e  a s t r o n a u t s h a d sex in spa c e ? " . M o r e of t e n , the q u e s t i o n s ar e a little m o r e 

ser i o u s , w i t h j o u r n a l i s t s a s k i n g a b o u t  science a n d te c h n o l o gy a n d the space p r o g r a m 

i n general . Thes e types o f  q u e s t i o n s n o t only pr o v i d e t h e a s t r o n a u t s a welcome 

o p p o r t u n i ty t o p u t  t h e i r e m p l oyer in a g o o d li g h t , b u t also a n o p p o r t u n i ty to ta l k 

a b o u t  t h e i r fa v o r i t e subject: m a n n e d spa c e f l i g h t . 

A typical technical assig n m e n t may las t a year a n d , dep e n d i n g o n the n u m b e r o f  

flights available, a n a s t r o n a u t may pe r f o r m three o r  mo r e assignments bef o r e receiving 

th e i r flight assignment. N o t  surprisingly, while a s t r o n a u t s welcome the o p p o r t u n i ty to 

w o r k beh i n d the scenes, n o t a d ay goes by wit h o u t them th i n k i n g a b o u t thei r fir s t 

flight i n t o space . O f  course, before they actu a l ly get to fly, a s t r o n a u t s m u s t compl e t e 

even mo r e training! But, before we l o o k a t  th e i r final pha s e o f  tra i n i n g , it is wort h w h i l e 

know i n g w h a t types o f  missions t o d ay's a s t r o n a u t s will be assigned to. 
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I n be t w e e n th e myr i a d t e c h n i c a l a s s i g n m e n t s a n d  p u b l i c r e l a t i o n s w o r k , a s t r o n a u t s 

i n e v i t a b ly sp e n d tim e t h i n k i n g a b o u t  th e d ay they will receive t h e c o v e t e d mi s s i o n 

a s s i g n m e n t . U n t i l re c e n t ly, a s t r o n a u t s were selected for e i t h e r a Sp a c e S h u t t l e 

mi s s i o n o r  a n I n t e r n a t i o n a l Sp a c e S t a t i o n (ISS) i n c r e m e n t . H o w e v e r , w i t h th e 

r e t i r e m e n t o f  th e S h u t t l e in 2010 , the on ly mis s i o n a v a i l a b l e f o r new a s t r o n a u t s will 

be Expe d i t i o n C l a s s i n c r e m e n t s o n b o a r d  th e ISS . T h i s is be c a u s e N A S A ' s  new family 

o f  l a u n c h vehicles a n d  crew exp l o r a t i o n vehicle (CE V ) will n o t  be o p e r a t i o n a l u n t i l 

2015 - a t  th e earliest! I n t h e i n t e r i m , N A S A , the C a n a d i a n  Sp a c e Agency (CSA) , a n d  

th e E u r o p e a n Sp a c e Agen cy (ESA) a s t r o n a u t s will h i t c h ride s o n b o a r d  th e R u s s i a n 

S oyuz vehicle a t  a c o s t o f  $51 mil l i o n a seat! 

T h e r e t i r e m e n t o f  t h e S h u t t l e will release m u c h ne e d e d f u n d s N A S A will use to 

de v e l o p a new family o f  l a u n c h vehicles t h a t  a r e ne e d e d t o r e t u r n h u m a n s t o th e 

M o o n . N A S A ' s r e t u r n t o th e M o o n  is p l a n n e d for 2020 , a f t e r whi c h a series o f  

mis s i o n s will be l a u n c h e d t o th e l u n a r s u r f a c e , w i t h p l a n s to e s t a b l i s h a n  o u t p o s t  by 

2025 . O n c e th e o u t p o s t  is e s t a b l i s h e d , N A S A will t u r n its sig h t s t o w a r d s a m a n n e d 

miss i o n t o M a r s . N A S A  a n d  C S A a s t r o n a u t s selected in th e 2009 class m ay fly on e 

o r  two mi s s i o n s t o th e ISS followed by a s h o r t  o r  l o n g- d u r a t i o n mi s s i o n t o th e 

M o o n . F o r  t h o s e lucky e n o u g h ( a n d you n g en o u g h ! ) n o t  t o h a v e exceeded t h e i r 

c a r e e r r a d i a t i o n limits , it is po s s i b l e th ey m ay be sele c t e d f o r a M a r s  mi s s i o n . T h i s 

c h a p t e r p r o v i d e s a n  i n s i g h t i n t o e a c h o f  these types o f  mis s i o n . 

INTERNATIONAL SPACE STATION MISSIONS 

T h e  foll o w i n g is a syno p s ize d a c c o u n t o f  th e l a s t 4 m o n t h s o f  ISS Expe d i t i o n 17 

( F i g u r e 6.1) , who s e m e m b e r s i n c l u d e d R u s s i a n F e d e r a l S p a c e Agen cy c o s m o n a u t s 

Sergei V o l k o v ( c o m m a n d e r ) , O l e g K o n o n e n k o  ( f l i g h t e n g i n e e r ) , a n d  N A S A  

a s t r o n a u t  G r e g C h a m i t o f f  (f l i g h t en g i n e e r ) . 

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_ ,  
© Springer Science + Business Media, LLC 2010 
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Figure 6.1. I n t e r n a t i o n a l Space S t a t i o n Exped i t i o n 17 Crew. R u s s i a n Fe d e r a l Space 

Ag e n cy c o s m o n a u t s , Serg e i Vo1kov ( c e n t e r ) , Exp e d i t i o n 17 c o m m a n d e r ; Ol e g 

K o n o n e n k o , flight engineer; a n d NAS A a s t r o n a u t , G r e g C h a m i t o f f (left), flight 

engineer, t a k e a b r e a k f r o m t r a i n i n g a t  N A S A ' s J o h n s o n Space C e n t e r to pos e f o r a 

crew p o r t r a i t . Im a g e cou r t e sy: NASA. 

Expedition 17: July 23rd to end of November, 2008 

A f t e r  c o n d u c t i n g  E V A s o n  J u ly 1Oth a n d  15t h , t h e  Exp e d i t i o n  17 c r e w r e t u r n e d  t o  

r o u t i n e  I S S o p e r a t i o n s  ( T a b l e 6.1) i n v o l v i n g m a i n t e n a n c e ,  exer c i s e s , a n d  exp e r i•

m e n t s . O n  J u ly 2 3 r d , t h e  c r e w i n i t i a t e d  a b u r n  t o  r a i s e t h e o r b i t  o f  t h e  c o m p l ex 

( F i g u r e  6 . 2) by 7.21 k m  t o  a p p r ox i m a t e ly 351 k m . F o l l o w i n g  t h e  b u r n ,  t h e  c r e w 

c o n d u c t e d  r o u t i n e  m a i n t e n a n c e  w o r k  o n  t h e  R u s s i a n  s e g m e n t , w h i c h i n c l u d e d  

r e p l a c i n g a c o n d e n s a t e  s e p a r a t i o n  a n d  p u m p i n g  u n i t  i n t h e  Z v e z d a  c o n d e n s a t e  w a t e r  

p r o c e s s i n g sys t e m . O n  J u ly 2 7 t h , V o l k o v  a n d  K o n o n e n k o  r e c h a r g e d  t h e  Z v e z d a ' s  

S K V- 2 a i r  c o n d i t i o n e r  w i t h c o o l a n t  f r o m  a b o t t l e  d e l i v e r e d by a P r o g r e s s c r a f t  ( t h e  

a i r  c o n d i t i o n i n g  l o o p  h a d  b e e n  s w i t c h e d o f f  s i n c e a c o o l a n t  s p i l l i n A p r i l ) . I n  e a r ly 

A u g u s t , K o n o n e n k o  r e m o v e d  e l e c t r o n i c c o m p o n e n t s  f r o m  t h e  Z a ry a m o d u l e ' s  s o l a r  

a r r ay p o s i t i o n i n g  m e c h a n i s m ,  a f t e r  w h i c h t h e  c r e w w e n t t o  w o r k  r e p l a c i n g o n e  o f  t h e  
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h o s e s o n t h e Z v ez d a t o i l e t , f o l l o w i n g a m a l f u n c t i o n o f  t h e u n i t . I n b e t w e e n t h e 

p l u m b i n g  w o r k , t h e c r e w p e r f o r m e d  S oyuz d e s c e n t t r a i n i n g  a n d  e m e r g e n cy 

e v a c u a t i o n d r i l l s . T h e  cr e w a l s o m a n a g e d t o  c a t c h u p o n t h e i r sci e n c e s c h e d u l e . 

F o r  exam p l e , C h a m i t o f f  was c h a r g e d w i t h c o n d u c t i n g a n a c o u s t i c s exp e r i m e n t 

r e q u i r i n g h i m t o pl a c e a c o u s t i c d o s i m e t e r s i n s t r a t e g i c l o c a t i o n s t h r o u g h o u t  t h e ISS, 

s u c h as slee p l o c a t i o n s a n d  w o r k a r e a s . C h a m i t o f f  w a s a l s o r e s p o n s i b l e f o r 

c o n d u c t i n g t h e S l e e p-L o n g a n d  L i g h t Exp o s u r e i n v e s t i g a t i o n , r e q u i r i n g h i m t o w e a r 

a n  A c t i w a t c h a n d  w r i t e e n t r i e s i n a slee p l o g d e s c r i b i n g t h e q u a l i ty a n d  d u r a t i o n  o f  

his sleep. 

Table 6.1. Typical ISS r o u t i n e (Se p t e m b e r 25th, 2008). 

GMT Crew Activity 

06 . 0 0-06 .10 F E-I , FE-2 M o r n i n g insp e c t i o n 

06.00 - 06 . 10 C D R  S O N O C A R D . Exper i m e n t c o m p l e t i o n 

06 .I 0-06 . 4 0 F E-2 Post-sleep 

06 . 10-06.20 C D R  M o r n i n g ins p e c t i o n 

06.10-06.40 F E- I Post-sleep 

06.20-06.40 C D R  

06.40-07.30 All M o r n i n g meal 

07.30 - 07.40 All W o r k pre p 

07.40-07.55 All Daily pl a n n i n g conference (S-ban d ) 

07.55-08.00 F E-2 LAB window closing 

07.55 - 08.15 C D R , F E- I W o r k P r e p 

08 . 0 0-08 . 05 F E-2 J E M  window closing 

08.05 - 09 . 35 F E-2 F E  R E D 

08.15 - 08.45 C D R  6CK-2B device t e a r d o w n . Conf with specialists if needed 
(S-hand) 

08.45-09.15 C D R  R o u t i n g cables - 17KC.IOIO 8210A-3730 , -3740 , -3860 

o C K-I B to co n n e c t A C H-M ( S a t N a v 

system). Conf with specialists if needed (S-hand) 
08.50 - 10.20 F E- I F E  TVIS-4 

09.15 - 09.30 C D R  S O N O C A R D . Co pying d a t a  to L a p t o p R S E- M E D 

09.3 0-09.40 C D R  F i l t r a t i o n u n i t C02 f A  HK0501 R&R. In s t a l l u n i t #30 

(CMI_4_449_1 , b a r c o d e 008545R , ba g 363-25); 

replaced u n i t is p l a n n e d for disp o s a l 

09.35 - 10 . 35 F E-2 F E  CEVIS 

09.5 0-10.20 C D R  T u r n o f f P R I N T E R  I. Ins t a l l 6CK-2B device to its 

no m i n a l l o c a t i o n ( a f t e r A C H- M ( S a t N a v system) test) . 

Conf with specialists if needed (S-hand) 
10.20-11.50 C D R  F E  TVIS-4 

10.35 - 10.55 F E-2 I n-F l i g h t M a i n t e n a n c e CE V I S 

10 . 55 - 11.30 FE-2 O U M- P F E - h / w i n s t a l l a t i o n 

11.20-12.00 F E- I L a p t o p a n t i v i r u s d a t a b a s e u p d a t e (f o r R S S I , R S K I , 

R S K 2 , R S E I ) . Confwith specialists (S-hand) /rg 
11.30-11.35 FE-2 H a m r a d i o h / w p r e p 

11.35 - 11.45 FE-2 H a m ra d i o comm . session 
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GMT Crew 

11.45 - 12.15 F E-2 

11.50-12 . 50 C D R  

12.00-12 . 15 FE-1 

12 . 15-13 . 15 F E- l , F E- 2 

12.50 - 13 . 00 C D R  

13.15 - 14 . 15 C D R  

13 . 15 - 13 . 25 FE-2 

13.15 - 14 . 15 FE-1 

13.25 - 14.25 F E-2 

14 . 15 - 14.35 C D R , FE-1 

14 . 25 - 14.45 F E-2 

14.45 - 15.15 F E-2 

15 . 05 - 15.45 C D R  

15 . 05 - 15.45 FE-1 

15.15 - 16.15 F E-2 

15.45 - 15.55 FE-1 

15.45 - 17.45 C D R  

15.55 - 16.55 FE-1 

16.15 - 17.35 FE-2 

16.55 - 18.40 F E- I 

17.35 - 17.45 FE-2 

17.45-18 . 00 FE-2 

17.45 - 18.05 C D R  

18.00 - 18 . 30 F E-2 

18 . 15 - 18.45 C D R  

18 . 30-18.45 F E-2 

18.40 - 18.45 F E- I 

18.45 - 19 . 00 

19.00-19.30 

19 . 3 0-20 . 00 

20 . 0 0-20 . 3 0 

20 . 3 0-21.30 

21.30-06. 0 0 

T a b l e 6.1. continued 

Activity 

O U M - P F E- in s t a l l a t i o n 

M i d d ay meal 

f A H K  d a t a  r e a d o u t 

Ooe,n; 

A c t i v a t i n g P R I N T E R  I in SM. Con[ with specia lists if 
needed (S-band) 
C a r d i o- O D N T . Expe r i m e n t p r e p a r a t i o n 

Systems D C c o n v e r t e r a n d m i c r o g r a v i ty me a s u r e m e n t 

e q u i p m e n t a c t i v a t i o n 

C a r d i o- O D N T . Expe r i m e n t p r e p a r a t i o n ( f o r assi s t i n g 

crew me m b e r ) 

L o c a t i n g a n d ins t a l l i n g K- b a r h / w in Columbus 
C a r d i o- O D N T . M e a s u r e m e n t s d u r i n g co m m . pas s 

T o = 14 . 16 . Confwith specialists (VHF) 
P h o t o g r a p h i n g L a b-O n-a-C h i p glass slide 

U p d a t i n g PCS c o m p u t e r s w i t h s o f t w a r e vers i o n R l l  

CO)K, M a i n t e n a n c e 

" E l e c t r o n " ac t i v a t i o n a n d Se c o n d a ry Puri f i c a t i o n U n i t 

temp mo n i t o r i n g . Conf with specialists if needed ( S-band) 
P C S h a r d drives re p l a c e m e n t 

New E t h e r n e t clients com m . che c k 

CY-95 m a t c h i n g u n i t i n s t a l l a t i o n in D C ! . I n s t a l l uni t 002 

(<l>fE I I I f O _  4_ 417 _I , b a r c o d e 00045690R , sof t c o n t a i n e r 

364-8 ) Conf with specialists ( S-band) 
F E  TVI S-4 

St o w i n g S O D F  

St o w i n g S O D F  

ewe i n v e n t o ry 

S t a r t i n g filling C W C from LAB c o n d e n s a t e c o n t a i n e r 

JMS u p d a t e 

W o r k p r e p 

F i n i s h i n g filling C W C fr o m LAB c o n d e n s a t e c o n t a i n e r 

TVI S R E D  H R M  d a t a  t r a n s f e r to M E C  

D a i ly p l a n n i n g co n f e r e n c e (S-band) 
W o r k p r e p 

Eve n i n g meal 

D a i ly food p r e p 

Pre-sleep 

Sleep 

I n A u g u s t , C h a m i t o f f  c o m p l e t e d a series o f  tests as p a r t  o f  N A S A s N u t r i t i o n 

expe r i m e n t , desi g n e d to assess b o n e m e t a b o l i s m , oxid a t i v e d a m a g e , a n d h o r m o n a l 

c h a n g e s d u r i n g l o n g- d u r a t i o n spa c e f l i g h t . T h e tests in c l u d e d coll e c t i n g uri n e samp l e s 
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Figure 6.2. I n t e r n a t i o n a l Space S t a t i o n . R e g u l a r re-boo s t s are needed to over c o m e the 

effects o f  residual a t m o s p h e ric d r a g , which ma k e s the s t a t i o n lose a b o u t 100 m in 

a l t i t u d e p e r day . These re-boo s t s are usually per f o r m e d by the E u r o p e a n Space 

Agency's A u t o m a t e d T r a n s f e r Vehicle loc a t e d to the left in this image . Image courtesy: 

NAS A . 

a n d b a n k i n g them, t o g e t h e r with a series o f  bl o o d samples t h a t were mad e ava i l a b l e 

to i n v e s t i g a t o r s p o s t flight. I n a d d i t i o n t o th e tests , C h a m i t o f f c o m p l e t e d a re g u l a r 

series o f  q u e s t i o n n a i r e s ch r o n i c l i n g the effects o f  is o l a t i o n a n d c o n f i n e m e n t on b o a r d 

the ISS. I n between c o n d u c t i n g exper i m e n t s a n d m a i n t e n a n c e activities , the crew 

c o n t i n u e d to use the h a m r a d i o to m a k e c o n t a c t with schools for e d u c a t i o n a l events 

as p a r t o f  th e A m a t e u r R a d i o o n the I n t e r n a t i o n a l Space S t a t i o n (A R I S S ) 

experi m e n t . O t h e r activities inc l u d e d t a k i n g images as p a r t  o f  the Crew E a r t h 

O b s e r v a t i o n p r o g r a m . F o r  examp l e , the crew c a p t u r e d images o f  T r o p i c a l S t o r m 

Edouard as it he a d e d t h r o u g h the G u l f  o f  Mexico (F i g u r e 6 . 3). 

While C h a m i t o f f was h a r d a t w o r k c o n d u c t i n g N A S A ' s science experi m e n t s , 

Vol k o v a n d K o n o n e n k o c o n t i n u e d the Ru s s i a n exper i m e n t p r o g r a m . I n a d d i t i o n to 

the medi c a l experi m e n t s , which inc l u d e d bi-weekly c a l f vol u m e a n d body mass 

me a s u r e m e n t s , a n d b l o o d a n d ur i n e analysis, the two c o s m o n a u t s c o n d u c t e d the 

P r o f i l a k t i k a ( R u s s i a n for " p r e v e n t i o n " ) exper i m e n t . T h e i n v e s t i g a t i o n , which 

me a s u r e s the effects o f  mi c r o g r a v i ty o n the h u m a n bo dy, req u i r e d th e c o s m o n a u t s 

t o ride a s t a t i o n a ry bike while wearin g a b r e a t h i n g ma s k a n d h e a r t r a t e m o n i t o r . A 
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Figure 6.3. T r o p i c a l S t o r m Edouard c a p t u r e d from the I n t e r n a t i o n a l Space S t a t i o n as it 

he a d e d acr o s s the G u l f  o f  Mexico d u r i n g Expedi t i o n 17. Th e s t o r m caused J o h n s o n 

Space C e n t e r to be closed between 4 t h a n d 6th o f  Aug u s t , 2008. Im a g e courtesy: NASA. 

few d ays la t e r , th e p a i r c o n d u c t e d th e C a r d i o- O D N T ,  wh i c h in v e s t i g a t e s re s p o n s e s 

o f  th e b l o o d c i r c u l a t i o n wh e n ne g a t i v e p r e s s u r e is a p p l i e d t o th e lo w e r p a r t  o f  th e 

b o dy. I n th e s e c o n d week o f  A u g u s t , V o l k o v a n d  K o n o n e n k o  onc e m o r e t u r n e d t h e i r 

h a n d to m a i n t e n a n c e ac t i v i t i e s when they re p a i r e d a t o r n t r e a d b e l t o n th e T r e a d m i l l 

w i t h V i b r a t i o n I s o l a t i o n System (TVIS). T h ey als o re p l a c e d r o l l e r b e a r i n g ass e m b l i e s 

o n  th e TV I S b e f o r e c h e c k i n g it o u t  a n d al l o w i n g it t o be used f o r exercise o n c e ag a i n . 

While th e c o s m o n a u t s w o r k e d o n th e t r e a d m i l l , C h a m i t o f f  s p e n t som e o f  his off•

d u ty time p l ayin g " s p a c e c h e s s " w i t h g r o u n d c o n t r o l l e r s ( F i g u r e s 6. 4 a n d 6 . 5). T h e 

" s p a c e c h e s s " was a t e a m-b u i l d i n g exercise in v o l v i n g several N A S A c e n t e r s . E a c h 

d ay, C h a m i t o f f  w o u l d p l ay a g a i n s t g r o u n d c o n t r o l l e r s a t  a specific N A S A c e n t e r 

b e f o r e m o v i n g o n t o th e next c e n t e r th e foll o w i n g day. T h e o f f-w o r l d chess 

t o u r n a m e n t  s t a r t e d o n A u g u s t 13th, w i t h C h a m i t o f f  w i n n i n g t h e fir s t game. 

A week a f t e r th e chess t o u r n a m e n t  c a m e to a close, th e crew was bu sy sc a n n i n g 

t h e i r l a p t o p c o m p u t e r s a f t e r th e di s c o v e ry o f  a virus. I t  was t h o u g h t  th e vi r u s , whi c h 

m ay hav e been t r a n s f e r r e d t o th e l a p t o p s fro m a flash dr i v e (t h i s is o n e o f  th e r e a s o n s 

th e ISS d o e s n o t  ha v e d i r e c t access to t h e i n t e r n e t ) , was i n t e n d e d t o steal p a s s w o r d s 

a n d  relay t h e m to a r e m o t e server. 

A f t e r re s o l v i n g the vi r u s p r o b l e m , th e crew t u r n e d its a t t e n t i o n t o two o f  th e 

science r a c k s in s i d e th e A m e r i c a n D e s t i ny L a b o r a t o ry. By the e n d o f  S e p t e m b e r , 

ni n e o f  D e s t i ny' s ra c k s were p l a n n e d f o r r e l o c a t i o n i n t o th e J a p a n e s e Kibo m o d u l e . 
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Figure 6.4. G r e g C h a m i t o f f cons i d e r s his st r a t e gy carefully as he p r e p a r e s for his next 

move a g a i n s t flight c o n t r o l teams. Image co u r t e sy : NASA . 

Figure 6.5. F l i g h t D i r e c t o r , Ch r i s Edelen , co n s i d e r s a move he hopes will s t o p E a r t h ' s 

losing s t r e a k in the space chess c o m p e t i t i o n . Image courtesy: NAS A . 
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Fi g u r e 6.6. C h a m i t o f f  w o r k s in t h e K i b o l a b o r a t o ry to mo v e a n expe r i m e n t r a c k d u r i n g 

a r e l o c a t i o n t a s k . I m a g e c o u r t e sy: N A S A . 

Remo v i n g the ra c k s was a l a b o r i o u s t a s k ( F i g u r e 6 . 6) , r e q m n n g the crew to 

di s c o n n e c t a s s o c i a t e d l a p t o p s , cables , a n d s u p p o r t e q u i p m e n t bef o r e flo a t i n g the 

rac k s i n t o Kibo , where they h a d t o re c o n n e c t ev e rythi n g ag a i n . L a t e r in the week, the 

crew ignited the engines o f  th e A u t o m a t e d T r a n s f e r Vehicle (ATV) for 5 min to 

lower the o r b i t o f  the ISS. T h e firing was a De b r i s Av o i d a n c e M a n o e u v r e ( D A M ) to 

t a k e the ISS o u t o f  the p a t h  o f  a possible colli s i o n with a small piece o f  debr i s from a 

Ru s s i a n satellite. 

I n th e first week o f  Se p t e m b e r , the crew m a d e p r e p a r a t i o n s to bid farewell t o the 

A TV. T h e A T V h a d b r o u g h t 269 liters o f  wa t e r , 21 kg o f  a i r a n d 811 kg o f  refuelling 

p r o p e l l a n t to the ISS in J u n e a n d now it was time t o use the vehicle as a waste 

di s p o s a l unit. I t t o o k the crew 31 h r t o l o a d d ry car g o a n d liquid waste (a cu m u l a t i v e 

t o t a l o f  mo r e t h a n 1,000 kg) i n t o th e ATV. Once the ATV was lo a d e d with ma t e r i a l , 

the crew c o n d u c t e d a safety check, closed the h a t c h between th e ISS a n d th e ATV , 

a n d u n d o c k e d the vehicle fr o m the r e a r Zvezda do c k i n g p o r t . A f t e r p e r f o r m i n g a 

b u r n o f  its a t t i t u d e t h r u s t e r s , the A TV g r a d u a l ly inc r e a s e d its di s t a n c e ( F i g u r e 6. 7) 

from the ISS un t i l it re a c h e d a n a l t i t u d e 5 km below the s t a t i o n , a t which p o i n t the 

crew disa b l e d the s t a t i o n ' s a u t o m a t i c emergency systems (which c a n in i t i a t e a 

collision av o i d a n c e man e u v e r ) . 

N ext o n the cr e w ' s a g e n d a was p r e p a r i n g for the a r r i v a l o f  a Pr o g r e s s c a r g o 

vehicle. O n Se p t e m b e r 17th, the crew, aid e d by Miss i o n C o n t r o l in Rus s i a a n d 

N A S A ' s b a c k u p (JSC was closed d u r i n g the do c k i n g du e to a hu r r i c a n e ) c o n t r o l 
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Figu r e 6.7. T h e E S A ' s A u t o m a t e d T r a n s f e r Vehicle (AT V ) begi n s its re l a t i v e s e p a r a t i o n 

fr o m t h e I n t e r n a t i o n a l Sp a c e S t a t i o n . I m a g e c o u r t e sy : ESA . 

t e a m in A u s t i n , Texas, c o m m a n d e d the Pr o g r e s s vehicle t o a d o c k i n g with th e a f t 

p o r t o f  the Zv ezda mo d u l e . S h o r t ly aft e r , th e crew was inside the ca r g o c r a f t 

u n l o a d i n g science e q u i p m e n t a n d p e r s o n a l items . A week a f t e r the d o c k i n g o f  the 

Pr o g r e s s vehicle, the crew b e g a n re l o c a t i n g ra c k s inside the A m e r i c a n module. T h e 

r e l o c a t i o n was needed to inc r e a s e th e science ca p a b i l i t i e s o f  the E u r o p e a n Columbus 
a n d J a p a n e s e Kibo l a b o r a t o r i e s a n d t o cr e a t e r o o m for new life s u p p o r t rac k s . The 

first to be mov e d was th e Crew H e a l t h C a r e Systems (CH e C S ) r a ck, followed a week 

l a t e r by the H u m a n  R e s e a r c h Fa c i l i ty ( H R F )  rack. Once aga i n , the crew h a d to 

di s c o n n e c t a sn a k e ' s nest o f  umbil i c a l s before re c o n f i g u r i n g the c o n n e c t i o n s a f t e r the 

ra c k s h a d bee n re l o c a t e d . 

I n  between the mo v i n g o f  science racks, th e crew c o n t i n u e d with its experi m e n t s . 

C h a m i t o f f b e g a n the S o d i u m L o a d i n g in M i c r o g r a v i ty (SOLO) exper i m e n t , a new 

life-sciences s t u dy re q u i r i n g him to follow a r a t h e r u n p a l a t a b l e hi g h-sal t di e t to 

inve s t i g a t e th e mec h a n i s m s o f  fluid a n d sal t r e t e n t i o n in the body d u r i n g long•

d u r a t i o n flights. Me a n w h i l e , the c o s m o n a u t s , in p r e p a r a t i o n for t h e i r r e t u r n to E a r t h  

o n O c t o b e r 24th, c o n d u c t e d r e g u l a r sessions in the Chibis low-pre s s u r e leggings. 

U n f o r t u n a t e ly, th e i r p r e p a r a t i o n for r e t u r n t o E a r t h was i n t e r r u p t e d when the ISS 

to i l e t b r o k e do w n a f t e r th e failure o f  a gas s e p a r a t o r , r e q u i r i n g K o n o n e n k o t o 

pr a c t i c e his p l u m b i n g skills. Once the to i l e t was fixed, the crew t u r n e d its a t t e n t i o n to 

the a r r i v a l o f  Soyuz TM A-13, ca r ryin g V o l k o v ' s a n d K o n o n e n k o ' s replac e m e n t s . 

The Soyuz doc k e d wi t h th e ISS o n O c t o b e r 14th, ca r ryin g Y u r i L o n c h a k o v , Michael 
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F i n c k e , a n d  t h e w o r l d ' s sixth sp a c e f l i g h t p a r t i c i p a n t , R i c h a r d G a r r i o t t .  S h o r t ly a f t e r 

t h e d o c k i n g , th e t w o crews c o m m e n c e d h a n d o v e r w o r k wit h V o l k o v a n d K o n o n e n k o  

b r i e f i n g F i n c k e a n d  L o n c h a k o v o n  t h e d e t a i l e d o p e r a t i o n o f  th e myr i a d systems in 

t h e ISS . T h e fol l o w i n g week , th e crew c o n d u c t e d a c h a n g e o f  c o m m a n d c e r e m o ny 

a n d  V o l k o v a n d K o n o n e n k o  m a d e final p r e p a r a t i o n s for lea v i n g th e ISS, p a c k i n g 

a w ay sa m p l e s in th e d e s c e n t m o d u l e a n d r u n n i n g t h r o u g h d e s c e n t p r o c e d u r e s . O n 

O c t o b e r 24 t h , th e Soyuz u n d o c k e d f r o m th e ISS a n d V o l k o v fired th e Soyuz engin e s 

t o in c r e a s e th e d i s t a n c e fro m th e s t a t i o n . S h o r t ly t h e r e a f t e r , th e Soyuz be g a n a 

n o m i n a l e n t ry i n t o th e E a r t h ' s a t m o s p h e r e , followed by a l a n d i n g in K az a k h s t a n , 

90 k m a w ay f r o m t h e city o f  A r k ayk h . V o l k o v a n d  K o n o n e n k o  h a d s p e n t 198 days, 

16 h r  a n d 19 m i n in flight. 

F o l l o w i n g th e d e p a r t u r e o f  Vo l k o v a n d  K o n o n e n k o , F i n c k e , C h a m i t o f f , a n d 

L o n c h a k o v h a d  3 weeks t o p r e p a r e t h e ISS for th e a r r i v a l o f  STS-126 . D u r i n g t h e i r 

p r e p a r a t i o n s , F i n c k e a n d  C h a m i t o f f  p a r t i c i p a t e d in t h e i r first P e r i o d i c F i t n e s s 

E v a l u a t i o n te s t , t a k i n g b l o o d p r e s s u r e a n d  e l e c t r o c a r d i o g r a p h ( E C G ) m e a s u r e m e n t s 

while exerci s i n g o n th e Cycle E r g o m e t e r wit h V i b r a t i o n I s o l a t i o n System (CE V I S ) . 

O n  O c t o b e r 2 9 t h , th e engi n e s o f  th e P r o g r e s s vehicle were fired to b o o s t th e s t a t i o n ' s 

a l t i t u d e by 1 k m t o 352 k m , t h e r e by pla c i n g the ISS in th e c o r r e c t o r b i t for th e 

a r r i v a l o f  th e S p a c e S h u t t l e a n d  the next P r o g r e s s c r a f t . I n a d d i t i o n t o th e science 

w o r k a n d  b o o s t i n g th e s t a t i o n ' s a l t i t u d e , the crew al s o p e r f o r m e d th e u s u a l s h o p p i n g 

list o f  m a i n t e n a n c e ac t i v i t i e s , r a n g i n g f r o m servicing th e r e c a l c i t r a n t Z v ezd a to i l e t t o 

exch a n g i n g di f f u s e r p l a t e s o n the T e m p e r a t u r e a n d  H u m i d i ty C o n t r o l ( T H C ) system 

in th e H a r m o ny no d e . I n m i d- N o v e m b e r , th e crew onc e a g a i n h a d  to t a k e o u t  th e 

g a r b a g e . A f t e r p a c k i n g th e P r o g r e s s vehicle wit h u n n e e d e d ite m s a n d  r u b b i s h , th ey 

c o m m a n d e d th e u n d o c k i n g o f  th e c r a f t be f o r e firing its eng i n e s , c a u s i n g it to de s c e n d 

40 km p e r o r b i t . T h e n ext d ay, th e Sp a c e S h u t t l e , wit h a crew o f  seven, l a u n c h e d 

f r o m K S C , c a r ryi n g 6,500 kg o f  c a r g o , e n a b l i n g the ISS crew to d o u b l e fro m t h r e e to 

six me m b e r s in J u n e , 2009. 

Whi l e th e S p a c e S h u t t l e was b e r t h e d wit h th e ISS, several EV As ( F i g u r e 6 . 8) were 

c o n d u c t e d t o i n s t a l l new h a r d w a r e , s u c h as t h e L i g h t w e i g h t M u l t i- P u r p o s e 

Exp e r i m e n t S u p p o r t  S t r u c t u r e C a r r i e r ( L M E S S C ) , a n d effect r e p a i r s , su c h as 

r e p l a c i n g th e t r u n d l e b e a r i n g ass e m b l i e s (TB A ) for th e S o l a r A l p h a R o t a ry J o i n t  

( S A R J ) . Whi l e s o m e a s t r o n a u t s f l o a t e d a b o u t  o u t s i d e , a s t r o n a u t s insi d e th e s t a t i o n 

were bu sy w o r k i n g wit h th e m u c h pu b l i c ized W a t e r R e c o v e ry System ( W R S ) a f t e r 

t h e U r i n e P r o c e s s i n g Ass e m b ly ( U P A ) c a u s e d it to s h u t d o w n , m u c h to the 

e m b a r r a s s m e n t o f  N A S A . A f t e r a m a r a t h o n  series o f  EV As a n d  ISS m a i n t e n a n c e , 

th e S h u t t l e a n d  ISS crews s a i d t h e i r farewells o n  T h a n k s g i v i n g D ay a n d  Endeavour 
u n d o c k e d , lea v i n g f o r m e r STS-126 c r e w m e m b e r S a n d r a  M a g n u s o n the ISS as 

C h a m i t o f f s  r e p l a c e m e n t . 

W h i l e ISS i n c r e m e n t s will g e n e r a t e i m p o r t a n t  i n f o r m a t i o n  r e g a r d i n g t h e 

p e r f o r m a n c e o f  h u m a n s d u r i n g l o n g- d u r a t i o n mis s i o n s , th e s t a t i o n serves p r i m a r i ly 

as a s t e p p i n g-s t o n e f o r missions t o th e M o o n  a n d  b eyon d . While a s t r o n a u t s will still 

u n d o u b t e d ly s a v o r t h e i r time o n b o a r d  th e ISS , m a ny will be l o o k i n g f o r w a r d t o the 

tim e wh e n h u m a n s finally r e t u r n to th e M o o n . W h a t  th ey will d o o n c e th ey get t h e r e 

is d e s c r i b e d in th e fol l o w i n g se c t i o n . 
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Figure 6.8. A s t r o n a u t s  c o n d u c t  o n e o f  se v e r a l ext r a v e h i c u l a r a c t i v i t i e s d u r i n g  

Expe d i t i o n 17 . Ima g e cou r t e sy: NASA. 
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L U N A R M I S S I O N S  

S u r f a c e activities 

T h e c o r e o f  t h e Vision f o r Space Exp l o r a t i o n (VSE) is exp l o r a t i o n . T o  achieve 

exp l o r a t i o n goal s , a s t r o n a u t s will s e a r c h f o r res o u r c e s , l e a r n h o w t o w o r k safely in a 

h a r s h e n v i r o n m e n t , a n d  expl o r e th e l u n a r sur f a c e . Th e s e acti v i t i e s ( T a b l e 6.2) will 

r e q u i r e s u s t a i n e d p e r i o d s o f  EVA o u t s i d e th e p r o t e c t i v e e n v i r o n m e n t o f  th e o u t p o s t . 

EVA 

Site 

p r e p a r a t i o n 

Shielding 

i n s t a l l a t i o n 

P o w e r 

systems a n d 

t h e r m a l 

c o n t r o l 

system 

Re s o u r c e 

o p e r a t i o n s 

M i n i n g 

o p e r a t i o n s 

T a b l e 6.2. EVA tas k s d u r i n g lun a r mission s . 1 

Description 

• Survey a n d s t a k e-o u t 

• Roc k re m o v a l 

• S m o o t h i n g 

• Cl e a r i n g d u s t c o n t r o l a r e a s 

• Es t a b l i s h n a v i g a t i o n aids 

• S u p p o r t fo r re g o l i t h 

• Re g o l i t h bag g i n g fo r 

r a d i a t i o n p r o t e c t i o n 

• Bag s t a c k i n g a n d  lifting 

cl e a r i n g access p a t h s 

• Site p r e p a r a t i o n 

• U n l o a d e q u i p m e n t fr o m 

l a n d e r a n d  t r a n s p o r t 

• De p l oy a n d assemble 

• R a d i a t o r  d e p l oyme n t a n d 

a c t i v a t i o n 

• C o n n e c t to d i s t r i b u t i o n 

• Shiel d i n g exca v a t i o n 

• Re s o u r c e proc e s s site 

se t-up (p r e s s u r e vessel, 

p l u m b i n g , gas h o l d i n g t a n k s , 

p u m p s , h e a t exchan g e r s ) 

• E q u i p m e n t t r a n s p o r t a t i o n 

to site 

• System s e t-u p ( b u c k e t wheel 

exca v a t o r , co n v eyors , reg o l i t h 

bag g i n g e q u i p m e n t , so r t e r s , 

s e p a r a t o r s ) 

• System r e l o c a t i o n 

EVA 

H a b i t a t  

i n s t a l l a t i o n 

Science 

Logistics 

L a n d e r 

o p e r a t i o n s 

U p k e e p 

Description 

• Hol e exca v a t i o n 

• T r a n s p o r t h a b mo d u l e s 

to base site 

• U n l o a d , loc a t e , level 

• De p l oy a n d inf l a t e ba c k 

filling 

• Samp l e col l e c t i o n 

• I n s t a l l a t i o n o f  

exper i m e n t s 

• Lo c a t i o n o f  m a p p i n g for 

geological survey 

• Es t a b l i s h o b s e r v a t o r i e s 

• U n l o a d fr o m h a n g a r 

• U n p a c k 

• T r a n s p o r t  

• T r a n s f e r 

• St o r a g e 

• W a s t e dis p o s a l 

• St o r a g e o f  s p e n t 

recyclables 

• Servicing / m i n o r r e p a i r s 

• Refueli n g 

• P r e-l a u n c h a n d c h e c k o u t 

• Re l o c a t i o n o f  fuelling 

d e p o t 

• In s p e c t i o n 

• Field checks a n d 

m e a s u r e m e n t s 

• Re p l a c e m e n t o f  sy s tems / 

subsystems 

• R e p a i r o f  e q u i p m e n t 
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Bio-Sui t 

EV A s will r e q u i r e a s t r o n a u t s  t o w e a r a n  ext r a- v e h i c u l a r m o b i l i ty s u i t ( E M U ) ,  

c o m p r i s i n g a s p a c e s u i t a s s e m b ly a n d  a p o r t a b l e  life s u p p o r t  syst e m ( P L S S ) . T h e  

h o s t i l e e n v i r o n m e n t  o f  t h e l u n a r  s u r f a c e , c o m b i n e d  w i t h t h e c h a l l e n g e s p o s e d by t h e 

c o n d i t i o n s  o f  r e d u c e d l u n a r  g r a v i ty a n d  t h e d u r a t i o n  o f  s u r f a c e exc u r s i o n s , will 

r e q u i r e a t r e m e n d o u s ly v e r s a t i l e a n d  r u g g e d s u i t . S u c h a s u i t is t h e  B i o-S u i t ( P a n e l 

6.1 ), a c o n c e p t t h a t  m ay e v e n t u a l ly r e v o l u t i o n iz e h u m a n  s p a c e exp l o r a t i o n . T h e  Bio•

S u i t is b a s e d o n  t h e  c o n c e p t  o f  b i o m e c h a n i c a l ly a n d  cyb e r n e t i c a l ly a u g m e n t i n g  

h u m a n  p e r f o r m a n c e  c a p a c i ty ( F i g u r e  6 . 9). I t was c o n c e i v e d by P r o f e s s o r  D a v a  

N e w m a n  o f  t h e M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o gy ( M I T ) ,  w h o e n v i s i o n e d t h e 

s u i t t o f u n c t i o n a s a s e c o n d s k i n by p r o v i d i n g  m e c h a n i c a l c o u n t e r- p r e s s u r e ( M C P ) . 

Pa n e l 6.1. Bio-Suit 

I n t e g r a t e d i n t o t h e B i o-S u i t i a b i o i n s t r u m e n t a t i o n  sy tern m o d e l e d o n  the 

O p e r a t i o n a l  Bioin t r u m e n t a t i o n  Syste m (O B S ) , d e v e l o p e d in the 1970s a t  t h e 

n i v e r s i ty o f  D e n v e r fo r u e d u r i n g  S p a c e S h u t t l e m i s s i o n s . T h e  o r i g i n a l OB S 

c o n i ted o f  a Si g n a l C o n d i t i o n e r ,  a n  E V A C a b l e , a S t e r n a l H a r n e s s , a n d t h r e e 

e l e c t r o d e s - a s u i t e o f  c o m p o n e n t s  t h a t  will be s i g n i f i c a n t ly u p g r a d e d in t h e 

Bi o-Su i t , wh i c h will f e a t u r e b i o s e n s o r s i n t e g r a t e d i n t o t h e textiles. T h e  

bio en o r  will mea u r e b i o m e d i c a l ig n a l s s u c h a s h e a r t f u n c t i o n , oxygen 

c o n s u m p t i o n ,  a n d  b o dy t e m p e r a t u r e ,  whi l e a s u i t e o f  b i o c h e m i c a l s e n s o r s will 

p r o v i d e i n f o r m a t i o n  c o n c e r n i n g b o dy fluid a n d  d o s i m e t e r will mea u r e t h e 

loc a l r a d i a t i o n e n v i r o n m e n t . 

A n VA y tern f i t t e d w i t h w e a r a b l e se n o r s  b e c o m e i n c r e a i n g ly 

i m p o r t a n t  a s u r f a c e exc u r i o n s b e c o m e l o n g e r , EVA l o c a t i o n s b e c o m e m o r e 

i o l a t e d , a n d  a c t i v i t i e b e c o m e i n c r e a s i n g ly co m p l ex. T h e c o m b i n a t i o n  o f  t h e e 

f a c t o r h a t h e p o t e n t i a l to i n c r e a e t h e di t r a c t i o n a n d  f a t i g u e o f  t h e 

c r e w m e m b e r . H o w e v e r , h o u l d a n  a c c i d e n t o c c u r  in a n i s o l a t e d l o c a t i o n o r  a 

c r e w m e m b e r  b e c o m e exce ively ti r e d , h a v i n g acce s s to the i n f o r m a t i o n  

p r o v i d e d by a w e a r a b l e e n s o r  y tern m ay i m p r o v e c h a n c e o f  ur v i v a l . 

W h e r e a s t h e l i g h t e s t N A S A  E M U  we i g h s a t  l e a s t 40 k g , N e w m a n ' s s k i n- t i g h t 

B i o-S u i t will we i g h t w o o r  t h r e e o r d e r s  o f  m a g n i t u d e  less. C o n s t r u c t e d  o f  s p a n d ex 

a n d  nyl o n , t h e m u l t i- l aye r e d s u i t h u g s t h e b o dy ' s  c o n t o u r s  l i k e a s e c o n d l aye r o f  s k i n 

a n d  its M C P  t e c h n o l o gy e n s u r e s c o n s t a n t  p r e s s u r e is a p p l i e d  t o  t h e s u r f a c e o f  t h e 

b o dy. T h i s p r e s s u r e is n e e d e d n o t  o n ly t o c o u n t e r a c t  t h e v a c u u m  o f  t h e l u n a r  s u r f a c e 

a n d  m a i n t a i n  t h e b o dy ' s h o m e o s t a s i s , b u t  a l s o t o  a v o i d b l o o d  p o o l i n g . 

M a i n t a i n i n g  a n  ev e n p r e s s u r e o v e r t h e s u r f a c e o f  t h e h u m a n  b o dy h a s , u n t i l n o w , 

b e e n a c h i e v e d by u t i l iz i n g t h e  b u l ky g a s- p r e s s u r iz a t i o n syst e m s e m b o d i e d  by 

N A S A ' s  b u l ky E M U  s u i t s . T h a n k s  t o new M C P  t e c h n o l o gy t h a t  w o r k s a l o n g lines 
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Fig u r e 6.9. F u t u r e l u n a r a t t i r e : the Bio -Suit. I m a g e c o u r t e sy : P r o f e s s o r D a v a N e w m a n , 

M I T : i n v e n t o r , Science a n d Engin e e r i n g ; G u i l l e r m o T r o t t i , A . I . A ., T r o t t i & Ass o c i a t e s , 

Inc. ( C a m b r i d g e , MA): de s ign; D a i n e s e (Vicenza , It a ly) : fa b r i c a t i o n ; D o u g l a s Sonde r s : 

p h o t o g r a p hy. 

o f  n o n-exte n s i o n ( t h o s e lines a l o n g the b o dy un d e r g o i n g little s t r e t c h i n g as the b o dy 

moves) , the g a s-p r e s s u r iza t i o n system o f  the H-S u i t is no l o n g e r necessary. A n o t h e r 

a d v a n t a g e o f  the Bio-Sui t is su i t c o m p r o m i s e ; i f N A S A ' s t r a d i t i o n a l E M U  su i t 

suff e r s a p u n c t u r e , the c r e w m e m b e r m u s t r e t u r n to the o u t p o s t a n d u n d e r g o 
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d e c o m p r e s s i o n , w h e r e a s a sm a l l p u n c t u r e o f  t h e s k i n o f  t h e B i o-Su i t will r e q u i r e o n ly 

a ba n d a g e ! 

Science on the M o o n 

C l a d in t h e i r Bi o-Sui t s , a s t r o n a u t s  e m b a r k e d u p o n  l u n a r  o u t p o s t  mi s s i o n s will s p e n d 

a s i g n i f i c a n t a m o u n t  o f  t h e i r ti m e c o n d u c t i n g scie n t i f i c a c t i v i t i e s s u c h as the one s 

d e s c r i b e d here. 

Astronomy and astrophysics 

194 , 068 s q u a r e k m  o n  t h e f a r side o f  t h e M o o n  h a v e be e n set a s i d e f o r t h e p u r p o s e o f  

e s t a b l i s h i n g a f u t u r e M o o n  b a s e fo r o b s e r v a t o r i e s . O n e o f  the s e , t h e I c a r u s L u n a r  

O b s e r v a t o ry Base ( I L O B ) , will be l o c a t e d a t  t h e p o i n t  f a r t h e s t a w ay fr o m E a r t h  a n d , 

t h a n k s t o t h e a b s e n c e o f  a t m o s p h e r i c i n t e r f e r e n c e a n d  s u n l i g h t , p r o v i d e a s t r o n o m e r s 

w i t h t h e p e r f e c t l o c a t i o n t o e s t a b l i s h o p t i c a l a n d  r a d i o tel e s c o p e s . I n  a d d i t i o n t o 

r e q u i r i n g a s t r o n a u t s  to a s s e m b l e a n d  e m p l a c e t h e I L O B , a s t r o n a u t s  will a l s o be 

r e q u i r e d to re m o v e t h e l u n a r  d u s t  t h a t , c h a r g e d by th e s o l a r w i n d , will a t t a c h  

e l e c t r o s t a t i c a l ly to t h e c o m p o n e n t s o f  t h e o b s e r v a t o ry . 

O f  p a r t i c u l a r i m p o r t a n c e t o t h o s e living o n  t h e M o o n  will be s t u d i e s a i m e d a t  

de f i n i n g , c h a r a c t e r iz i n g , a n d  p r e d i c t i n g t h e l u n a r  r a d i a t i o n e n v i r o n m e n t . Since t h e 

M o o n  is o u t s i d e t h e E a r t h ' s m a g n e t o s p h e r e a n d  l a c k s a n  a t m o s p h e r e , it is s u b j e c t t o 

c o n s t a n t  b o m b a r d m e n t  by en e r g e t i c s o l a r p a r t i c l e s a n d  c o s m i c rays. By in s t a l l i n g 

la r g e h i g h-e n e r gy co s m i c r ay d e t e c t o r a r r ays o n  t h e l u n a r  s u r f a c e , a s t r o p hys i c i s t s will 

be a b l e t o m e a s u r e r a d i a t i o n s t r i k i n g t h e s u r f a c e a n d  p e r h a p s p r o v i d e a m e t h o d t o 

f o r e c a s t s e r i o u s r a d i a t i o n e v e n t s . O n c e a g a i n , t h e e m p l a c e m e n t o f  su c h e q u i p m e n t 

will be t h e t a s k o f  a s t r o n a u t s  living o n  the su r f a c e . 

Earth observation 

T h e s u r f a c e o f  t h e M o o n  is the i d e a l l o c a t i o n fo r a r e m o t e se n s i n g p l a t f o r m , since i t 

a f f o r d s g l o b a l o b s e r v a t i o n o f  t h e E a r t h . Synt h e t i c A p e r t u r e R a d a r  ( S A R ) will utilize 

t h i s f e a t u r e t o c r e a t e h i g h ly a c c u r a t e t e r r e s t r i a l t o p o g r a p hy , a l t i m e t ry, a n d  

v e g e t a t i o n c h a r t s . T h e l u n a r  s u r f a c e a l s o p r o v i d e s t h e p e r f e c t v a n t a g e p o i n t  fo r 

s i m u l t a n e o u s o b s e r v a t i o n s o f  t h e E a r t h - S u n syste m , h e l p i n g sc i e n t i s t s t o u n d e r s t a n d  

t h e r e a c t i o n o f  t h e E a r t h ' s  a t m o s p h e r e t o s o l a r a c t i v i ty , in t u r n  h e l p i n g t o e s t i m a t e 

t h e effec t o f  l o n g-t e r m s o l a r c h a n g e s o n  c l i m a t e . T h e a d v a n t a g e o f  viewin g the who l e 

E a r t h  dis c a l s o e n a b l e s t h e c o l l a t i o n o f  i n f o r m a t i o n c o n c e r n i n g l a n d s u r f a c e 

m i n e r a l o gy, l a n d use, l a n d c h a n g e , a n d  b i o m a s s u t i l iza t i o n . O n c e a g a i n , a s t r o n a u t s  

will be i n s t r u m e n t a l in d e p l oyi n g a n d  m a i n t a i n i n g the e q u i p m e n t r e q u i r e d t o hel p 

E a r t h- b o u n d  s c i e n t i s t s ac h i e v e the s e obj e c t i v e s . 
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Figure 6.10. A r t i s t ' s renderin g o f  a s t r o n a u t co n d u c t i n g seismic expl o r a t i o n on the 

M o o n . Image courtesy: NASA. 

Geology 

O n e o f  th e fir s t geol o g i c a l i n v e s t i g a t i o n s p e r f o r m e d by a s t r o n a u t s m ay be c o l l a t i n g 

d a t a  o n M o o n q u a k e s , p r o v i d i n g l u n a r i n h a b i t a n t s wit h a m e a n s t o d e t e r m i n e whi c h 

a r e a s a r e safe a n d whi c h a r e liab l e t o seismic a c t i v i ty ( F i g u r e 6.1 0) . I n a d d i t i o n t o 

rev e a l i n g site h az a r d s , seismic exp l o r a t i o n will al s o he l p ge o l o g i s t s defi n e m a n t l e 

c h a r a c t e r i s t i c s , i d e n t i fy b u r i e d la v a tu b e s a n d  p r o v i d e a n  i n s i g h t i n t o th e pro c e s s e s 

in v o l v e d in p l a n e t a ry e v o l u t i o n a n d  c r u s t a l genesis. 

O t h e r  g e o l o g i c a l v a r i a b l e s o f  i n t e r e s t will i n c l u d e t h e c h a r a c t e r iz a t i o n o f  

e n d o g e n o u s ( f r o m t h e l u n a r i n t e r i o r ) a n d  exog e n o u s (de l i v e r e d exte r n a l ly) proc e s s e s , 

whi c h r e s u l t e d in t h e d e p o s i t i o n o f  vo l a t i l e s o n  th e l u n a r s u r f a c e . Th e s e s t u d i e s will 

le a d t o p r e d i c t i v e mo d e l s o f  th e d i s t r i b u t i o n o f  vo l a t i l e s t h a t  may assis t in th e 

p r o c u r e m e n t o f  m a t e r i a l s for i n-si t u r e s o u r c e u t i l iza t i o n ( I S R U ) . S i m i l a r st u d i e s will 

be d i r e c t e d a t  c h a r a c t e r iz i n g th e ge n e r a l geo l o gy o f  t h e M o o n  by in v e s t i g a t i n g 

m a t e r i a l s p r e s e n t in r e g o l i t h t o l o c a t e a n d  i d e n t i fy e l e m e n t s u s e f u l in t h e 

d e v e l o p m e n t o f  a l u n a r o u t p o s t . A c c o m p l i s h i n g these st u d i e s will r e q u i r e a s t r o n a u t s 

t o use th e l u n a r  r o v e r ( F i g u r e 6 . 11) t o visit sites o f  i n t e r e s t . 

I n a d d i t i o n t o c o n d u c t i n g geo l o g i c a l exp l o r a t i o n , a s t r o n a u t s will al s o i n v e s t i g a t e 

t h e l u n a r re g o l i t h . T h e s e i n v e s t i g a t i o n s will be nec e s s a ry n o t on ly t o defi n e p o t e n t i a l 

I S R U  sites, b u t  al s o to he l p u n d e r s t a n d th e n a t u r e a n d  h i s t o ry o f  s o l a r emi s s i o n s , 

g a l a c t i c cos m i c rays ( G C R s ) , a n d  d u s t f r o m i n t e r s t e l l a r m e d i u m , all o f  whic h a r e 

p r e s e r v e d in l u n a r re g o l i t h . T h e s t u dy o f  r e g o l i t h will al s o p r o v i d e i n f o r m a t i o n 

p e r m i t t i n g ge o l o g i s t s t o b e t t e r c h a r a c t e r iz e t h e p r o c e s s o f  sp a c e w e a t h e r i n g o f  
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Figure 6.11. One i t e r a t i o n o f  N A S A ' s l u n a r rover. Image courtesy: NASA. 

p l a n e t a ry bo d i e s w i t h o u t a i r o r  wa t e r . T h e s e s t u d i e s will r e q u i r e a s t r o n a u t s t o m a p 

r e g o l i t h m a t u r i ty to i d e n t i fy reg i o n s o f  a n c i e n t a n d  new re g o l i t h . Th e s e d a t a  will t h e n 

be used to u n d e r s t a n d th e w e a t h e r i n g pr o c e s s a n d al s o p r o v i d e a refe r e n c e p o i n t for 

u n d e r s t a n d i n g th e p o t e n t i a l h az a r d s o f  re s o u r c e m i n i n g o n t h e M o o n . 

Materials science 

O n e o f  th e p r i m a ry ef f o r t s o f  m a t e r i a l sc i e n t i s t s will be to des i g n m i t i g a t i o n s t r a t e g i e s 

a i m e d a t  e n s u r i n g t h e r o b u s t p e r f o r m a n c e o f  h a r d w a r e , p a r t i c u l a r ly d u r i n g exte n d e d 

st ays o f  6 m o n t h s o r  m o r e . T o  achiev e th i s , a s t r o n a u t s will d e p l oy in v e s t i g a t i o n s t o 

s t u dy pro c e s s e s such as f r a c t i o n a l g r a v i ty , u l t r a-h i g h v a c u u m , r a d i a t i o n b o m b a r d•

m e n t , t h e r m a l cycling , a n d  p e r h a p s th e l u n a r i n h a b i t a n t s ' big g e s t h e a d a c h e - l u n a r 

d u s t . C h a r a c t e r iz i n g t h e c u m u l a t i v e effects o f  these a s p e c t s o f  th e l u n a r e n v i r o n m e n t 

will e n a b l e en g i n e e r s t o m a k e i n f o r m e d de c i s i o n s r e g a r d i n g th e m a t e r i a l s be s t s u i t e d 

t o w i t h s t a n d exte n d e d use o n t h e M o o n . 

Physiological adaptation 

E v e ry a s t r o n a u t  t r a v e l i n g t o t h e M o o n  in t h e n ext sev e r a l de c a d e s will serve as a l a b 

r a t  for t e r r e s t r i a l p hysi o l o g i s t s t a s k e d w i t h u n d e r s t a n d i n g th e effects o f  exten d e d 

l u n a r st ays a n d  e n s u r i n g th e h e a l t h a n d saf e ty o f  cr e w m e m b e r s . Whi l e t h e effects o f  

f r a c t i o n a l g r a v i ty u p o n  th e b o dy a r e s o m e w h a t u n d e r s t o o d , o t h e r s , su c h as th e 

effects o f  de e p spa c e r a d i a t i o n b o m b a r d m e n t , will r e q u i r e f u r t h e r s t u dy. I n a d d i t i o n 
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t o c h a r a c t e r iz i n g th e physio l o g i c a l r e s p o n s e t o exte n d e d l u n a r st ays, it will be 

nec e s s a ry to s t u dy h u m a n  f a c t o r s , su c h as st r a t e g i e s t o help a s t r o n a u t s  d e a l w i t h th e 

effects o f  p r o l o n g e d i s o l a t i o n , a n d c o m m u n i c a t i o n lag o n p e r f o r m a n c e a n d mi s s i o n 

c o o r d i n a t i o n . T h e s e d a t a  will be a c c u m u l a t e d g r a d u a l ly by a s t r o n a u t s d u r i n g t h e i r 

s u r f a c e st ays a n d , p o s t mis s i o n , by scie n t i s t s exam i n i n g r e t u r n i n g cr e w m e m b e r s . 

In-si t u reso u r c e ut i l izat i o n 

I S R U  is a p r o c e s s i n v o l v i n g any h a r d w a r e o r  o p e r a t i o n expl o i t i n g a n d  ut i l izin g 

e i t h e r n a t u r a l o r  d i s c a r d e d i n-si t u r e s o u r c e s t o c r e a t e p r o d u c t s a n d  services for 

r o b o t i c a n d  h u m a n  exp l o r a t i o n . F o r  exam p l e , o n the M o o n , natural i n-s i t u re s o u r c e s 

in c l u d e re g o l i t h , m i n e r a l s , vol a t i l e s , me t a l s , w a t e r , s u n l i g h t , a n d  t h e r m a l g r a d i e n t s , 

w h e r e a s discarded i n-s i t u m a t e r i a l s in c l u d e th e de s c e n t s t a g e o f  th e L S A M , fuel 

t a n k s , a n d  crew t r a s h . 

O n e o f  the fir s t I S R U  mis s i o n s a s t r o n a u t s will be t a s k e d w i t h will be e n s u r i n g 

t h e i r o w n sur v i v a l . T h i s will r e q u i r e p r o t e c t i n g themselves f r o m the h a r s h r a d i a t i o n 

e n v i r o n m e n t by us i n g r e g o l i t h t o b u ry the h a b i t a t . O n c e th e h a b i t a t beco m e s 

e s t a b l i s h e d a n d I S R U  pr o c e s s e s bec o m e m o r e de v e l o p e d , t h e crew will begin to 

pro c e s s l u n a r m a t e r i a l s t o p r o d u c e w a t e r a n d oxygen, us e d as a c o n t i n g e n cy su p p ly 

for th e E n v i r o n m e n t a l C o n t r o l Life S u p p o r t  System (E C L S S ) a n d as a c o n s u m a b l e 

s o u r c e for EVA mi s s i o n s . 

Extracting water ice 

A n a lysis o f  l u n a r  s a m p l e s r e t u r n e d by the A p o l l o mis s i o n s c o n f i r m l u n a r soil is ri c h 

in oxygen, silicon, i r o n , ca l c i u m , m a g n e s i u m , a n d  t i t a n i u m , e a c h o f  whic h m ay be 

extr a c t e d f r o m t h e r e g o l i t h by va r i o u s p r o c e s s i n g te c h n i q u e s . I n  a d d i t i o n t o 

c o n d u c t i n g v a r i o u s I S R U  st u d i e s , th e a s t r o n a u t s m ay be t a s k e d wit h extr a c t i n g 

w a t e r f r o m th e ice-rich l u n a r  re g o l i t h f o u n d in th e col d t r a p  a r e a s n e a r t h e l u n a r 

S o u t h Pole. T h e l a t e s t a n a lysi s o f  d a t a  f r o m L u n a r  P r o s p e c t o r ' s n e u t r o n s p e c t r o•

m e t e r i n d i c a t e s t h e r e m ay be as m u c h as 300 mil l i o n t o n n e s o f  w a t e r ice c o n t a i n e d i n 

t h e p e r m a n e n t ly s h a d o w e d c o l d t r a p s n e a r th e poles. T o ext r a c t w a t e r ice, a s t r o n a u t s 

m ay use a r e g o l i t h r e d u c t i o n r e a c t o r , whi c h will w o r k by simp ly he a t i n g th e r e g o l i t h , 

us i n g s o l a r energy. 

Developing construction materials 

As t h e o u t p o s t  g r o w s , t h e r e will be a n  i n c r e a s e d n e e d f o r c o n s t r u c t i o n m a t e r i a l s . 

R a t h e r  t h a n  p ay t h e ex o r b i t a n t  c o s t o f  f e r ryin g t h e s e m a t e r i a l s f r o m E a r t h , it will 

m a k e m o r e sense t o use w h a t  is a v a i l a b l e l o c a l ly . O n e m e t h o d  th e a s t r o n a u t s  m ay 

us e to d e v e l o p c o n s t r u c t i o n  m a t e r i a l s f r o m t h e l u n a r  r e g o l i t h is sintering. S i n t e r i n g 

is a p r o c e s s in w h i c h soi l is h e a t e d a n d  m a i n t a i n e d  a t  t e m p e r a t u r e s b e l o w its 
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me l t i n g p o i n t , t h e r e by p e r m i t t i n g vis c o u s flow on t h e g r a i n s u r f a c e s t o f o r m nec k s 

b e t w e e n p a r t i c l e s , r e s u l t i n g i n the p a r t i c l e s b o n d i n g t o g e t h e r . S t u d i e s i n v e s t i g a t i n g 

s i n t e r i n g o f  l u n a r  soil 2 r e t u r n e d by th e A p o l l o 14 mi s s i o n d e m o n s t r a t e d  t h a t  t h e 

p r o c e s s r e s u l t s i n a p o r o u s  a n d b r i t t l e m a t e r i a l , a l t h o u g h t h e co h e s i v e n e s s o f  t h e 

sol i d c a n be i n c r e a s e d by ap p lyi n g h i g h e r t e m p e r a t u r e s a n d  g r e a t e r p r e s s u r e s . N o  

d o u b t , a s t r o n a u t s  will be he a v i ly in v o l v e d in t e s t i n g th e s e p r o c e d u r e s ; in d o i n g so , 

th ey will be a b l e t o a d d  " o f f-w o r l d c o n s t r u c t i o n w o r k e r "  to t h e i r l o n g li s t o f  

q u a l i f i c a t i o n s ! 

Mining Helium-3 

I n  a d d i t i o n to th e i r science, w a t e r extr a c t i o n , a n d si n t e r i n g activities, a s t r o n a u t s will 

also be in v o l v e d in minin g . I n  1985, s t u d e n t engine e r s a t  the U n i v e r s i ty o f  Wis c o n s i n 

dis c o v e r e d t h a t  a sa m p l e o f  l u n a r soil, t a k e n by Ap o l l o 17 a s t r o n a u t-s c i e n t i s t , 

H a r r i s o n S c h m i t t , f r o m t h e rim o f  the M o o n ' s  C a m e l o t c r a t e r , c o n t a i n e d sign i f i c a n t 

q u a n t i t i e s o f  a special type o f  he l i u m k n o w n as Heli u m-3 (He-3) . Th e disco v e ry 

in t r i g u e d the scientific c o m m u n i ty due to He-3 ' s u n i q u e a t o m i c s t r u c t u r e , m a k i n g it a 

pe r f e c t fuel fo r n u c l e a r fusi o n , a pro c e s s c a p a b l e o f  g e n e r a t i n g c o n s i d e r a b l e a m o u n t s 

o f  elect r i c a l pow e r . I n a d d i t i o n to being extremely p o t e n t , He-3 is n o n-p o l l u t i n g a n d 

ha s v i r t u a l ly no r a d i o a c t i v e by-pr o d u c t , m a k i n g it a n  ideal c a n d i d a t e for a twen ty•

fir s t-ce n t u ry fuel s o u r c e . U n f o r t u n a t e ly, h a r d ly any He-3 exists o n E a r t h  b u t 

scientists e s t i m a t e th e r e m ay be a mill i o n t o n n e s o f  He-3 o n the M o o n , e n o u g h to 

su p p ly the w o r l d ' s ener gy re q u i r e m e n t s for several t h o u s a n d years. 

He-3 is d e p o s i t e d i n t h e p o w d e ry l u n a r soil when s o l a r wind, c o m p o s e d o f  a 

s t r e a m o f  c h a r g e d p a r t i c l e s e m i t t e d by the Sun , str i k e s t h e M o o n . T h i s pro c e s s ha s 

c o n t i n u e d for bil l i o n s o f  years, r e s u l t i n g in a p o t e n t i a l c a s h c r o p o f  He-3 rea dy to be 

s t r i p-m i n e d f r o m the l u n a r su r f a c e . Extr a c t i n g He-3 will r e q u i r e te a m s o f  a s t r o n a u t s 

t r a i n e d in t h e a r t  o f  mi n i n g a n d the h a n d l i n g o f  r o b o t i c e q u i p m e n t . Once refine d , the 

He-3, whic h w o u l d n o w be in the for m o f  e i t h e r p r e s s u r ize d gas o r cryoge n i c li q u i d , 

w o u l d be re a dy to be s h i p p e d t o E a r t h  by u n m a n n e d s p a c e c r a f t fuelled by lu n a r•

derived p r o p e l l a n t systems . 

Oxygen production 

T o  en s u r e t h e se t t l i n g a n d e v o l u t i o n o f  a p e r m a n e n t a n d a u t o n o m o u s l u n a r o u t p o s t , 

a s t r o n a u t s will need to p r o d u c e l u n a r li q u i d oxygen ( L L O X ) util izing i n d i g e n o u s 

res o u r c e s . N o t  only will such in-si t u u t i l iza t i o n re s u l t i n c o s t savings o n  p r o p e l l a n t 

fo r t r a n s p o r t a t i o n systems, b u t  i t will also s u p p o r t  the a s t r o n a u t s living o n the l u n a r 

surface. F o r t u n a t e ly, oxygen is the m o s t a b u n d a n t  el e m e n t o n the M o o n  b u t the 

p r o b l e m is it m u s t be extr a c t e d fr o m l u n a r roc k a n d r e g o l i t h , whe r e it exists in 

chem i c a l c o m b i n a t i o n wi t h ele m e n t s such as i r o n a n d t i t a n i u m . 
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Thermal recovery of oxygen 

O n e si m p l e p r o c e s s a s t r o n a u t s m ay use to p r o d u c e oxygen is to r o a s t l u n a r soil to 

t e m p e r a t u r e s o f  900 ° C. 3 A t thi s t e m p e r a t u r e , all the hyd r o g e n c o n t a i n e d in th e l u n a r 

soil is relea s e d a n d  c a n  r e a c t w i t h oxide m i n e r a l s t o p r o d u c e w a t e r in a pr o c e s s 

si m i l a r t o t h a t  used t o re d u c e il m e n i t e by hydr o g e n . Ele c t r o lysis may t h e n be used to 

d i s s o c i a t e w a t e r i n t o hyd r o g e n a n d oxygen. A l t h o u g h th e pr o c e s s is simple a n d 

r e q u i r e s n o di f f i c u l t d e v e l o p m e n t , a m a j o r d i s a d v a n t a g e is th e h u g e q u a n t i ty o f  l u n a r 

soil t h a t  w o u l d r e q u i r e p r o c e s s i n g . H o w e v e r , thi s s h o r t c o m i n g m ay be slightly offset 

by the po s s i b i l i ty o f  c o-p r o d u c i n g oxygen, he l i u m , a n d hydr o g e n in th e rec o v e ry 

process. 

I f  all goes t o p l a n , N A S A  (p o s s i b ly with some help f r o m th e ESA) will have 

e s t a b l i s h e d a l u n a r o u t p o s t  by 2025. J u s t as t h e ISS serv e d as a te s t-be d for th e 

te c h n o l o g i e s used f o r a l u n a r o u t p o s t , so t o o will the M o o n  b a s e serve as a l a u n c h 

p a d  for mi s s i o n s t o M a r s . 

M A R S M I S S I O N  

A j o u r n ey t o M a r s  will rival th e j o u r n eys o f  S h a c k l e t o n , A m u n d s e n , a n d  N a n s e n , 

especially in te r m s o f  mis s i o n d u r a t i o n , a n d  i s o l a t i o n f r o m s o u r c e s o f  s u p p ly a n d 

as s i s t a n c e . O n c e in t r a n s i t f r o m E a r t h  to M a r s , th e crew will ha v e n o r e s u p p ly a n d 

on ly limi t e d re s o u r c e s a n d c a p a b i l i t i e s a v a i l a b l e to them to m a i n t a i n a n d  r e p a i r the 

vehicle. While t h e ISS is o u t f i t t e d wit h a l i f e b o a t t o a s s u r e crew saf e ty in case a 

system fails o r  a s t r o n a u t  illness w a r r a n t s a r e t u r n t o E a r t h , a s t r o n a u t s en r o u t e to 

M a r s will ha v e n o su c h luxury. On c e t h e vehicle p e r f o r m s its t r a n s- M a r s i n s e r t i o n 

( T M I ) b u r n , th e crew will be c o m m i t t e d t o a t r a j e c t o ry to th e R e d P l a n e t , a n d 

s u p p o r t  f r o m E a r t h  will be li m i t e d t o c o m m u n i c a t i o n s a n d  g r o u n d- b a s e d experien c e . 

Crew acti v i t i e s en ro u t e 

O n c e en r o u t e , o n e o f  t h e first d a i ly ri t u a l s o f  th e p i l o t will be ch e c k i n g t h e t r a j e c t o ry 

o f  t h e vehicle as it h e a d s f o r M a r s . I f  the flight p a t h  is f o u n d t o be mi s a l i g n e d , it will 

be ne c e s s a ry to m a k e a t r a j e c t o ry c o r r e c t i o n m a n e u v e r ( T C M ) bas e d o n c o r r e c t i v e 

b u r n  p a r a m e t e r s c a l c u l a t e d by Mi s s i o n C o n t r o l a n d  al s o i n f o r m a t i o n p r o v i d e d by 

the i n e r t i a l n a v i g a t i o n syste m ( I N S ) o n b o a r d  th e vehicle . H a v i n g c h e c k e d t h ey ar e 

still o n co u r s e , th e crew will t h e n se t t l e d o w n to da i ly life o n b o a r d  th e h a b i t a t i o n 

m o d u l e . 

Contingencies 

G i v e n th e seemi n g ly endl e s s list o f  po s s i b l e c o n t i n g e n c i e s , it is i n e v i t a b l e t h e crew will 

be c o m e f a m i l i a r w i t h d e a l i n g wit h emerge n c i e s . So m e o f f-n o m i n a l e v e n t s will be 
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ben i g n , o t h e r s false a l a r m s , a n d  m o s t will be n o n-l i f e-t h r e a t e n i n g , b u t  s o m e m ay 

have th e p o t e n t i a l t o t h r e a t e n the crew a n d th e mi s s i o n . 

P e r h a p s th e m o s t w o r ryin g o f  all th e t h r e a t s is t h a t  p o s e d by a s o l a r p a r t i c l e e v e n t 

(SPE), a b u r s t o f  p o t e n t i a l ly le t h a l r a d i a t i o n t h a t  will t r i g g e r t h e a u t o m a t i c flare 

a l a r m . A l t h o u g h th e s p a c e c r a f t will be des i g n e d t o shield the crew f r o m s o l a r a n d 

g a l a c t i c r a d i a t i o n , the i n t e n s e d o s e s r e s u l t i n g fro m a SP E may be a l i f e-t h r e a t e n i n g 

event. D u r i n g th e S P E , a s t r o n a u t s  will r e t r e a t t o th e s t o r m s h e l t e r o n b o a r d  the 

s p a c e c r a f t a n d  s p e n d m u c h o f  t h e i r tim e clo s e ly m o n i t o r i n g  t h e i r p e r s o n a l 

d o s i m e t e r s , t o ga u g e h o w m u c h r a d i a t i o n t h e i r bod i e s a r e a b s o r b i n g . 

Expedition clothes 

T h e crew will p r o b a b ly sp e n d m o s t o f  t h e i r time w e a r i n g a f i r e-r e t a r d a n t , two•

g a r m e n t ens e m b l e , c o n s i s t i n g o f  p a n t s a n d sh i r t s . H o w l o n g th ey will w e a r th e sa m e 

set o f  c l o t h e s is o p e n t o q u e s t i o n , a s t h e r e is no d o c u m e n t e d i n t e r p l a n e t a ry missi o n 

p r o t o c o l for c l o t h i n g c h a n g e s . Since t h e r e will be n o w a s h i n g facilities o n b o a r d ,  

c r e w m e m b e r s will b r i n g several sets o f  c l o t h i n g w i t h t h e m b u t , d u e to spa c e 

r e s t r i c t i o n s , t h e r e will o b v i o u s ly be a limit. F o r  examp l e , weekly ch a n g e s o f  t h e i r 

mi s s i o n u n i f o r m w o u l d t o t a l m o r e t h a n 300 ite m s a n d  w o u l d i m p o s e a si g n i f i c a n t 

weight p e n a l ty , so i t is likely cr e w m e m b e r s will on ly ch a n g e twice p e r m o n t h . 

Hygiene 

Hygie n e s t a n d a r d s  a r e likely to c o n t r a s t  m a r k e d ly with t h o s e de e m e d a c c e p t a b l e o n 

c u r r e n t ISS miss i o n s . A l t h o u g h a s t r o n a u t s will still sh a v e , t r i m t h e i r nails , b r u s h 

t h e i r te e t h , a n d  w a s h t h e i r faces a n d h a n d s r e g u l a r ly , th e da i ly sh o w e r will e i t h e r be a 

l uxury ac t i v i ty o r  u n a v a i l a b l e , d u e to spa c e r e s t r i c t i o n s . G i v e n th e c r a m p e d q u a r t e r s 

o f  the crew vehicle, it is likely a co l l a p s i b l e s h o w e r will be p r o v i d e d , r e q u m n g  

c r e w m e m b e r s t o u n s t o w a n d d e p l oy the s h o w e r o n c e o r  twice a week. 

Running to Mars 

A l t h o u g h th e r e c r e a t i o n a l va l u e o f  exercise will no d o u b t  be a c k n o w l e d g e d by M a r s•

b o u n d a s t r o n a u t s , t h e r e q u i r e m e n t t o s p e n d 3 o r 4 h r  r u n n i n g o r  cycling eve ry d ay 

will al s o h a v e o t h e r  ben e f i t s for t h o s e c o n f i n e d t o a m i c r o g r a v i ty e n v i r o n m e n t . 

Evi d e n c e f r o m d oze n s o f  l o n g- d u r a t i o n s p a c e mi s s i o n s h a s c o n f i r m e d a s t r o n a u t s 

s u b j e c t e d t o l o n g p e r i o d s o f  m i c r o g r a v i ty lose n o t  on ly b o n e ma s s , b u t  also muscle 

s t r e n g t h . T h e loss o f  b o n e ma s s is th e g r e a t e s t c o n c e r n f o r mi s s i o n p l a n n e r s , since th e 

b o n e s o f  a s t r o n a u t s c o u l d b e c o m e so w e a k th ey c o u l d f r a c t u r e u n d e r M a r t i a n  

gr a v i ty. A s t r o n a u t s as s i g n e d t o l o n g- d u r a t i o n i n c r e m e n t s o n b o a r d  t h e ISS u n d e r•

s t a n d th e i n s i d i o u s effects o f  b o n e d e m i n e r a l iz a t i o n a n d  m o s t a d h e r e t o a s t r i c t 

regime o f  exercise i n v o l v i n g a t  lea s t 2 h r  o f  r u n n i n g o n a t r e a d m i l l o r  cycling o n a n  
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e r g o m e t e r . E v e n w h e n fol l o w i n g s u c h a r i g o r o u s t r a m m g  regime, a s t r o n a u t s  

r e t u r n i n g t o E a r t h  still lose as m u c h as 10% o f  t h e i r l o w e r b o dy b o n e m a s s . 

Preparing meals 

Exp l o r a t i o n mi s s i o n s a n d  p r o l o n g e d p e r i o d s o f  ze r o-g r a v i ty p r e s e n t ch a l l e n g e s f o r 

f o o d p r e p a r a t i o n . T h e  cr e w will n o t  h a v e a r e f r i g e r a t o r o r  fre ezer o n b o a r d ,  so f o o d s 

will be t h e r m o-s t a b i l iz e d , i r r a d i a t e d , fr e eze-dri e d , o r  c a n n e d . D u e t o t h e a b s e n c e o f  

fr i e n d s , family , a n d  n o r m a l r e c r e a t i o n a l p u r s u i t s , c o m b i n e d w i t h t h e effects o f  

p r o l o n g e d i s o l a t i o n a n d  c o n f i n e m e n t , f o o d will a s s u m e a d d e d i m p o r t a n c e , as 

c r e w m e m b e r s will focus o n me a l s as a s u b s t i t u t e fo r t h e c u s t o m a ry so u r c e s o f  

p e r s o n a l g r a t i f i c a t i o n o n  E a r t h . I t is likely th e p r e p a r a t i o n  o f  me a l s will be viewed as 

a p l e a s a n t a c t i v i ty a n d  d i s t r a c t i o n f r o m t h e o t h e r w i s e m u n d a n e  r o u t i n e o f  exercise 

a n d  i n f l i g h t m o n i t o r i n g  o f  d a t a . Al s o , it is p r o b a b l e s o m e a s t r o n a u t s  will t a k e 

a d v a n t a g e o f  t h e l o w-t e m p o o p e r a t i o n s a n d  s p e n d time p r e p a r i n g l a b o r-i n t e n s i v e 

me a l s f o r t h e i r fellow c r e w m e m b e r s . 

Working en route 

G i v e n t h e d u r a t i o n  o f  a M a r s expe d i t i o n , mi s s i o n p l a n n e r s will hav e t o w o r k h a r d  t o 

e n s u r e b o r e d o m do e s n o t  bec o m e a si g n i f i c a n t mi s s i o n s t r e s s o r . T o  d o this, w o r k l o a d s 

will be d e v i s e d t o e n s u r e  m i s s i o n- r e l a t e d t a s k s a r e d i v i d e d e q u a l ly a m o n g  

c r e w m e m b e r s . T a s k s will p r o b a b ly inc l u d e r e g u l a r c o n t i n g e n cy s i m u l a t i o n s , act i v i t i e s 

p r e p a r i n g fo r l a n d i n g o n  M a r s , reviews o f  d e s c e n t p r o c e d u r e s , a n d , o f  co u r s e , 

exercise . Y e t , even wh e n follo w i n g a ca r e f u l ly sc r i p t e d d ay-t o-d ay list o f  a s s i g n m e n t s , 

a s t r o n a u t s will i n e v i t a b ly oc c a s i o n a l ly find themse l v e s w i t h n o t h i n g t o do. 

Personal communication 

D u r i n g  t h e m i s s i o n , news will n o t  t r a v e l a s qu i c k ly as i t d i d o n  p r e v i o u s L E O  

mi s s i o n s . U n l i k e all sp a c e m i s s i o n s t o d a t e , a s t r o n a u t s  en r o u t e t o M a r s  will n o t  h a v e 

the l uxu ry o f  t w o-w ay c o m m u n i c a t i o n d u e t o t h e la g time , wh i c h will in c r e a s e as the 

m i s s i o n p r o g r e s s e s . I n  fac t , by th e time t h e a s t r o n a u t s  a r r i v e a t  M a r s , t h e lag time 

m ay be as m u c h as 20 min. D u e  t o t h e r e s p o n s e l a g , c r e w m e m b e r s will i n s t e a d lo g 

p e r s o n a l c o m m u n i c a t i o n mes s a g e s f r o m t h e i r p r i v a t e q u a r t e r s . T h e mes s a g e s will 

t h e n be s e n t via a s c r a m b l e r t o e n s u r e t r a n s m i s s i o n s a r e k e p t p r i v a t e . 

Getting along 

T h e j o b  o f  t h e i n t e r p l a n e t a ry a s t r o n a u t  will be a st r e s s f u l o n e . F o r t u n a t e ly , 

a s t r o n a u t s  a r e t r a i n e d t o de a l w i t h s t r e s s b e t t e r t h a n  a l m o s t a nyo n e . N o t  o n ly m u s t 
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they dea l wi t h the d a n g e r s o f  explosive d e c o m p r e s s i o n , slow d e a t h by r a d i a t i o n 

sickness , a n d e q u i p m e n t m a l f u n c t i o n s , they m u s t also deal w i t h ea c h o t h e r , Jiving in 

c l o s e-q u a r t e r s 24 h r  a d ay for m o n t h  a f t e r m o n t h . F o r  a crew b o u n d for M a r s , the 

stress will be c o m p o u n d e d by miss i o n co m p l exity, limit e d a b o r t  o p t i o n s , a n d the 

she e r le n g t h o f  time aw ay f r o m ho m e a n d family. Un s u r p r i s i n g ly, the effect o f  being 

c o o p e d up wi t h o t h e r m e m b e r s in w h a t c o n s t i t u t e s a tiny society for several m o n t h s 

will exer t a d d i t i o n a l stress u p o n  crew m e m b e r s . T o offse t i n t e r p l a n e t a ry st r a i n s a n d 

anxietie s , cr e w m e m b e r s will need to find ways to relax. 

Leisure time 

A n ins i g h t i n t o t h e type o f  leisure activ i t i e s a s t r o n a u t s m i g h t p u r s u e ha s been glea n e d 

f r o m re s e a r c h c o n d u c t e d a t  A n t a r c t i c re s e a r c h s t a t i o n s , o n b o a r d  n u c l e a r s u b m a r•

ines, in a c c o u n t s o f  p o l a r explo r e r s , a n d , o f  cou r s e , fr o m p r e v i o u s l o n g-d u r a t i o n 

space missions. 

Based o n these r e p o r t s , on e o f  the m o s t p o p u l a r o f f-d u ty activi t i e s is simply 

ta l k i n g , wi t h a te n d e n cy for r e a d i n g to oc c u py mor e time as a mission pr o g r e s s e s . 4 • 5 

Also high u p on the list is w a t c h i n g movies, which h a p p e n s t o be the ove r w h e l m i n g 

fa v o r i t e leisure act i v i ty o n b o a r d  n u c l e a r s u b m a r i n e s . G i v e n the role o f  r e c r e a t i o n in 

m a i n t a i n i n g psycho l o g i c a l h o m e o s t a s i s d u r i n g p e r i o d s o f  str e s s , it is highly likely the 

crew will have access t o extensive lib r a r i e s t h a t  will inc l u d e l i t e r a t u r e , p r e r e c o r d e d 

p r o g r a m m i n g , f e a t u r e films, e d u c a t i o n a l m a t e r i a l s , a n d special b r o a d c a s t s . 

O n e r e c r e a t i o n a l ac t i v i ty t h a t  may be i m p l e m e n t e d en r o u t e to M a r s is the weekly 

lec t u r e series, a t r a d i t i o n e s t a b l i s h e d by p o l a r explo r e r s . T h e sub j e c t s o f  these lect u r e s 

co u l d in c l u d e top i c s o f  i n t e r e s t such as M a r t i a n g e o g r a p hy, the finer p o i n t s o f  

a e r o c a p t u r e , a n d i n s t r u c t i o n in as s i s t i n g the crew medical officer ( C M O ) in the e v e n t 

o f  a cr e w m e m b e r su f f e r i n g a r a p i d d e c o m p r e s s i o n event. 

In-flight medical care 

A m a n n e d M a r s mission will be on e o f  g r e a t me d i c a l significance a n d it is p r o b a b l e 

a t  le a s t on e o f  the crew will be a physic i a n wi t h su r g i c a l t r a i n i n g , a n d the o t h e r 

cr e w m e m b e r s will have received extensive C M O  t r a i n i n g . T h i s t r a i n i n g will be 

necessa ry since the wei g h t a n d vo l u m e r e s t r i c t i o n s o n the vehicle will severely limit 

the av a i l a b i l i ty o f  sur g i c a l a n d a n e s t h e t i c e q u i p m e n t to co v e r all b u t the m o s t likely 

si t u a t i o n s . 

M e d i c a l c a r e will also exte n d to e n s u r i n g the b e h a v i o r a l h e a l t h o f  cre w m e m b e r s , a 

r e q u i r e m e n t in v o l v i n g a t e a m o f  N A S A p sych i a t r i s t s a n d psycho l o g i s t s wi t h 

extensive experience w o r k i n g wi t h a s t r o n a u t s a n d t h e i r families d u r i n g missions. 

M u c h o f  the m o n i t o r i n g o f  a s t r o n a u t s ' b e h a v i o r a l h e a l t h will be by me a n s o f  p r i v a t e 

psycho l o g i c a l co n f e r e n c e s ( P P C ) a n d  C M O-a d m i n i s t e r e d psycho l o g i c a l d i a g n o s t i c 

tests. T h e res u l t s o f  the d i a g n o s t i c tests will be se n t t o the crew s u r g e o n a t  Mi s s i o n 

C o n t r o l fo r review a n d a ny re c o m m e n d e d t h e r a p e u t i c re s p o n s e . Some m i g h t 
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q u e s t i o n t h e need to m o n i t o r the crew so closely , a r g u i n g t h a t the crew selected to 

tr a v e l to M a r s  will m o s t likely be the m o s t t h o r o u g h ly scr u t i n ized a n d r i g o r o u s ly 

scree n e d h u m a n s in hist o ry. How e v e r , while a ser i o u s o r m i s s i o n-t h r e a t e n i n g 

psycho l o g i c a l i n c i d e n t m ay be unlikely, the co n s e q u e n c e s o f  a severe psychos i s wo u l d 

be c a t a s t r o p h i c for a n expe d i t i o n with n o a b o r t  ca p a b i l i ty. 

Crewed ini t i a l surf a c e op e r a t i o n s 

Once the crew ha s su r v i v e d the h aza r d s o f  M a r s o r b i t i n s e r t i o n ( M O l ) , a t m o s p h e r i c 

d e c e l e r a t i o n , a e r o c a p t u r e , a n d e n t ry, de s c e n t , a n d l a n d i n g ( E D L ) , th ey will 

co m m e n c e su r f a c e o p e r a t i o n s . 

I m m e d i a t e ly af t e r l a n d i n g , t h e C o m m a n d e r will r u n t h r o u g h the p o s t-t o u c h d o w n 

ch e c k l i s t a n d a dec i s i o n to st ay / n o s t ay will be ma d e bas e d u p o n the in t e g r i ty o f  the 

l a n d i n g site a n d a ny d a m a g e to the vehicle o r  its systems. T h e crew will then p r e p a r e 

for a p e r i o d o f  a d a p t a t i o n  t o M a r t i a n g r a v i ty a n d t h e i r first steps on the M a r t i a n 

s u r f a c e . T o bodi e s a d a p t e d to life in zer o-gr a v i ty , be c o m i n g a c c u s t o m e d to wa l k i n g 

a r o u n d  t h e vehicle will be d i s o r i e n t i n g , b u t , a f t e r 3 o r 4 days , the crew will p r e p a r e 

fo r the first M a r t i a n  EVA. T h e m o s t a r t i c u l a t e m e m b e r o f  the crew will egress first 

a n d , ho l d i n g ti g h t ly o n t o  the h a n d r a i l s o f  the l a d d e r , m a k e his / h e r way slowly t o the 

su r f a c e . 

Crewed long-term su r f a c e op e r a t i o n s 

A f t e r t h e d a i ly r i t u a l o f  s h o w e r i n g a n d  e a t i n g a b r e a k f a s t o f  r e c o n s t i t u t e d c e r e a l 

a n d S t a r b u c k s co f f e e , t h e cre w will p r e p a r e f o r p l a n n e d s u r f a c e ac t i v i t i e s . A f t e r 

d o n n i n g s p a c e s u i t s , t w o c r e w m e m b e r s will e n t e r the egress c h a m b e r  a n d p a s s 

t h r o u g h  t h e a i r l o c k , b e f o r e e m e r g i n g o n t o  t h e s u r f a c e o f  M a r s , while t h e t h i r d 

c r e w m e m b e r r e m a i n s in s i d e , p r e p a r i n g t o s u p p o r t  a n d  c o o r d i n a t e s u r f a c e a c t i v i t i e s 

( T a b l e 6 . 3) . 

O n e o f  the first t a s k s will be t o u n s t o w the drill rig a n d begin the se a r c h for w a t e r 

a n d evidence o f  life. By extr a c t i n g c o r e sa m p l e s ( F i g u r e 6 . 12) f r o m v a r i o u s sites o v e r 

a p e r i o d o f  several weeks, the crew will c h a r a c t e r ize the local a r e a , bef o r e movi n g 

f a r t h e r afield using the u n p r e s s u r ize d rov e r . A f t e r 6-8 h r p e r f o r m i n g t h e i r su r f a c e 

acti v i t i e s , the a s t r o n a u t s will h e a d h o m e t o the h a b i t a t . Ba c k inside, t h e a s t r o n a u t s 

will relax in the small b u t c o m f o r t a b l e co n f i n e s o f  t h e i r h a b i t a t , hel p i n g e a c h o t h e r 

p r e p a r e the even i n g meal. 
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Table 6.3. Scientific a n d h u m a n  i n t e r e s t-d r i v e n activ i t i e s . 

Scientific activities 

Activity Indoor 

G e o l o gy R o c k an a lysis 

G e o c h e m i s t ry 

Sam p l e s t o r a g e 

Age d a t i n g 

T e l e o p e r a t e r o v e r s 

G e o p hysi c s D i s p l ays 

D a t a  an a lysis 

System o p e r a t i o n s 

C l i m a t e Evolv e d gas a n a lyzer 

M e t e o r o l o gy Di s p l ay 

A t m o s p h e r e 

c o m p o s i t i o n 

Exob i o l o gy C u l t u r e sa m p l e s 

P l a n e t a ry q u a r a n t i n e 

B a c k- c o n t a m i n a t i o n 

c o n t r o l s 

Human interest-driven activities 

Outdoor 

F i e l d geol o gy 

M a p p i n g 

G e o m o r p h o l o gy 

S t r a t i g r a p hy 

Dr i l l i n g 

Acti v e seismic 

e l e c t r o m a g n e t i c 

s o u n d i n g 

Hydr o l o g i c h i s t o ry 

Re c e n t cyclic c h a n g e s 

O u t p o s t  m e t e o r o l o gy 

s t a t i o n 

T e t h e r e d b a l l o o n 

Expl o r e p r o m i s i n g 

e n v i r o n m e n t s 

Hyd r o t h e r m a l a r e a s 

De e p s u b s u r f a c e 

D r i l l i n g 

Robotic 

S a m p l e c o l l e c t i o n 

Ae r i a l r e c o n n a i s s a n c e 

L o c a l r e s o l u t i o n m a p s 

M u l t i s p e c t r a l m a p p i n g 

L o c a l r e g i o n a l geop hysical 

n e t w o r k (seismic) 

A e r i a l r e c o n n a i s s a n c e 

R e g i o n a l n e t w o r k 

R o b o t i c field w o r k 

A r r i v a l o n  M a r s  

O u t p o s t  s e t-up 

H e a l t h m a i n t e n a n c e 

C r e w c o n n e c t s p o w e r , ass e m b l e s h a b i t a t , a n d raises flag(s) 

C r e w ass e m b l e s s t r u c t u r e s , p o w e r systems, de p l oys r a d i a t o r s 

Cr e w me e t i n g s 

Cr e w r e c r e a t i o n 

C r e w u n d e r r o u t i n e m e d i c a l su r v e i l l a n c e r e q u i r i n g te s t s for r a d i a t i o n 

expo s u r e , exercise c a p a c i ty, a n d  b o n e loss 

D a i ly dis c u s s i o n s c o n c e r n i n g r e c e n t a n d f u t u r e exp l o r a t i o n activ i t i e s . 

C h a n g e s to exp l o r a t i o n p l a n dis c u s s e d 

Sig h t s e e i n g excu r s i o n s o n f o o t a n d by ro v e r 

Departure preparations and departure 

D u r i n g the i r final days on Ma r s , the crew will c o n d u c t p r e-d e p a r t u r e o p e r a t i o n s , 

includ i n g clean i n g u p the h a b i t a t , disposing o f  tr a s h , placing systems in s t a n d by o r 

o f f mo d e , a n d verifying asce n t vehicle systems. On the final day on Ma r s , the crew 

will c o n d u c t a final EVA t o lo a d samples i n t o the car g o bay , an d the n p r e p a r e for 

r e t u r n t o M a r t i a n or b i t . 
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Figure 6.12. A r t i s t ' s r e n d e r i n g o f  a M a r s  crew ext r a c t i n g c o r e samp l e s . I m a g e c o u r t e sy : 

N A S A . 

H a v i n g descri b e d the types o f  missions an a s t r o n a u t may be selected for in th e next 

two decades, it is also wo r t h w h i l e co n s i d e r i n g some o f  the t r a i n i n g c o m m o n t o these 

missions. D u e t o complexities o f  the im m e d i a t e a n d n e a r-f u t u r e exped i t i o n a ry 

missions descri b e d here, it is p e r h a p s v i r t u a l e n v i r o n m e n t a n d a n a l o g t r a i n i n g t h a t 

will become increasingly rele v a n t feat u r e s o f  p r e p a r a t i o n . 

ANALOG AND VIRTUAL ENVIRONMENT TRAINING 

Virtual Environment Generator training 

P r i o r t o th e i r first ISS mission , a s t r o n a u t s receive some o f  th e i r f a m i l i a r iza t i o n 

t r a i n i n g by using a Vi r t u a l E n v i r o n m e n t G e n e r a t o r (VEG) . T h e V E G 6• 7 is a vi r t u a l 

real i ty (VR) system t h a t c a n si m u l a t e c e r t a i n asp e c t s o f  mi c r o g r a v i ty, assist in 

n a v i g a t i n g new e n v i r o n m e n t s , such as the ISS o r  l u n a r h a b i t a t , a n d serve as a 

c o u n t e r m e a s u r e t o s p a t i a l d i s o r i e n t a t i o n . The V E G (F i g u r e 6 . 13) co m p r i s e s a head•

m o u n t e d di s p l ay (HMD) , the p o s i t i o n a n d o r i e n t a t i o n o f  which c o m m a n d a 

c o m p u t e r t o ge n e r a t e a scene c o r r e s p o n d i n g to the p o s i t i o n a n d o r i e n t a t i o n o f  the 

o p e r a t o r ' s hea d . Thi s synth e t i c presence p e r m i t s th e o p e r a t o r to move a r o u n d in the 

art i f i c i a l world o f  the ISS, o r  even tra v e r s e the M a r t i a n surface. 

Wh e n a s t r o n a u t s d o n the V E G e q u i p m e n t , they ar e pr e s e n t e d with an image o f  

the space s t a t i o n ' s j h a b i t a t ' s i n t e r i o r a n d a spac e-stab i l ized v i r t u a l c o n t r o l pa n e l with 

a n image o f  the a s t r o n a u t ' s h a n d in the HMD. As the a s t r o n a u t s move the i r h a n d s , 



Analog and virtual environment training 119 

Figure 6.13. Vir t u a l E n v i r o n m e n t G e n e r a t o r . Image courtesy: N A S A (see colour section). 

t h e v i r t u a l h a n d also moves. Co l l i s i o n d e t e c t i o n s o f t w a r e in the g r a p h i c s c o m p u t e r 

d e t e c t s when the o p e r a t o r ' s h a n d p e n e t r a t e s the v i r t u a l c o n t r o l p a n e l , e n a b l i n g t h e 

a s t r o n a u t  to i n t e r a c t wi t h the v i r t u a l switches o r ob j e c t s t o c o n t r o l ev e n t s wi t h i n t h e 

h a b i t a t . A s t r o n a u t s ar e also ab l e t o m a n i p u l a t e ob j e c t s in the v i r t u a l h a b i t a t a n d t o 

experi e n c e re s i s t a n c e t o m o v e m e n t , t extu r e , mass , a n d c o m p r e s s i b i l i ty , t h a n k s to the 

h a p t i c (ta c t i l e ) a n d  force fee d b a c k systems. T o help a s t r o n a u t s in the v i r t u a l h a b i t a t , 

the system ha s been des i g n e d t o p r o v i d e a u d i t o ry cues when a n ob j e c t is gr a s p e d o r  

d r o p p e d , o r  when a v i r t u a l switch is o p e r a t e d . T h i s synthe s i s o f  visual a n d a u d i t o ry 
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cues a u g m e n t s t h e vi s u a l i n f o r m a t i o n p r e s e n t e d t o t h e o p e r a t o r ,  t h e r e by e n h a n c i n g 

t h e p e r f o r m a n c e o f  c r e w m e m b e r s w i t h i n t h e h a b i t a t . 

D a t a  c o m p r e s s i o n t e c h n i q u e s r e s u l t i n t h e v i r t u a l h a b i t a t  c o n t a i n i n g all o b j e c t s 

o n e expec t s t o see in t h e r e a l h a b i t a t . S o f t w a r e a l s o t a k e s i n t o a c c o u n t t h e effec t o f  

h u m a n  b e h a v i o r a n d  the ef f e c t o f  co l l i s i o n f o r r e a l-t i m e o p e r a t i o n , w h i c h m e a n s n o 

m a t t e r  h o w fa s t t h e o p e r a t o r  m o v e s t h r o u g h  t h e e n v i r o n m e n t , he / she exper i e n c e s n o 

vi s u a l lags . T h e r e a l-t i m e o p e r a t i o n  r e s u l t s in t h e o p e r a t o r  expe r i e n c i n g t h e hi g h 

de g r e e o f  re a l i s m a n d  i n t e r a c t i v i ty ne c e s s a ry to a l l o w c r e w m e m b e r s to p e r f o r m t a s k s 

n e c e s s a ry f o r t r a i n i n g . 

Anal o g s 

T h r o u g h o u t  t h e h i s t o ry o f  spa c e exp l o r a t i o n , a n a l o g e n v i r o n m e n t s h a v e p l ayed a 

v i t a l r o l e in a s t r o n a u t  t r a i n i n g . G i v e n t h e p o t e n t i a l o f  h i g h-fi d e l i ty s i m u l a t i o n s t o 

p r e p a r e a s t r o n a u t s  t o c o n d u c t  exp l o r a t i o n a n d science ac t i v i t i e s , it is i n e v i t a b l e 

c r e w m e m b e r s b o u n d  fo r t h e M o o n  a n d  M a r s  will s p e n d a s i g n i f i c a n t p a r t  o f  t h e i r 

t r a i n i n g in o n e o r  m o r e o f  t h e a n a l o g e n v i r o n m e n t s d e s c r i b e d here. 

Antarctica 

A n t a r c t i c a h a s a n u m b e r  o f  c h a r a c t e r i s t i c s m a k i n g it a s e r i o u s c a n d i d a t e f o r use as a 

p l a n e t a ry s i m u l a t i o n facility. F i r s t , the c o n t i n e n t is r e m o t e a n d  ho s t i l e , as ev i d e n c e d 

by th e fa c t t h e U n i t e d  S t a t e s A n t a r c t i c p r o g r a m  h a s expe r i e n c e d m o r e t h a n  60 d e a t h s 

since 1946. H o w e v e r , w i t h p r o p e r  lo g i s t i c a l s u p p o r t  a n d  s a f e ty aw a r e n e s s , t r a i n i n g 

c a n be c o n d u c t e d w i t h a c c e p t a b l e levels o f  risk. S e c o n d , t h e i s o l a t i o n o f  t h e c o n t i n e n t 

serves as a n  ide a l a n a l o g f o r s t u dyi n g h u m a n  f a c t o r s a n d  sm a l l h u m a n  p o p u l a t i o n s 

o v e r l o n g p e r i o d s o f  time. D u r i n g  t h e w i n t e r m o n t h s , t h o s e living o n  t h e c o n t i n e n t 

a r e c o m p l e t e ly s h u t o f f  f r o m t h e r e s t o f  t h e w o r l d exce p t f o r r a d i o c o m m u n i c a t i o n s 

a n d  t h e o c c a s i o n a l a i r d r o p  r e s u p p ly . W h a t  b e t t e r pla c e t o s i m u l a t e a l u n a r o r  

M a r t i a n  mis s i o n ? T h i r d , t h e A n t a r c t i c T r e a ty pr o v i d e s a p r o v e n f r a m e w o r k fo r 

i n t e r n a t i o n a l c o o p e r a t i v e exp l o r a t i o n a n d  sci e n t i f i c e f f o r t s s i m i l a r t o t h e m o d e l 

e n v i s a g e d f o r a h u m a n  m i s s i o n t o t h e M o o n  a n d  M a r s . 

Haughton Mars Project 

W h i l e n o t  as i s o l a t e d as A n t a r c t i c a , t h e p o l a r  r e g i o n o f  C a n a d a  h a s p l aye d h o s t t o a 

p l a n e t a ry s i m u l a t i o n faci l i ty f o r m o r e t h a n  a de c a d e . D e s i g n e d t o serve as a n  a n a l o g 

f o r M a r s ,  t h e H a u g h t o n  M a r s  P r o j e c t ( H M P ) ,  s u p p o r t e d  by b o t h  t h e A m e r i c a n a n d  

C a n a d i a n  s p a c e ag e n c i e s , is p e r h a p s t h e m o s t suc c e s s f u l a n d  widely k n o w n p l a n e t a ry 

a n a l o g . 

T h e H M P  is a n  i n t e r n a t i o n a l i n t e r d i s c i p l i n a ry field r e s e a r c h p r o j e c t c o n d u c t e d in 

t h e vi c i n i ty o f  t h e H a u g h t o n  i m p a c t c r a t e r  o n  C a n a d a ' s  D e v o n  I s l a n d . T h e p r o j e c t , 
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c o n d u c t e d j o i n t ly by th e M a r s  I n s t i t u t e , N A S A , S e a r c h f o r Ext r a t e r r e s t r i a l 

Int e l l i g e n c e ( S E T I ) , a n d  th e C a n a d i a n  Sp a c e Agency (CSA) , utilizes th e M a r s-l i k e 

f e a t u r e s o f  th e i s l a n d a n d  th e c r a t e r t o d e v e l o p a n d e v a l u a t e new t e c h n o l o g i e s a n d 

field o p e r a t i n g p r o c e d u r e s t h a t  may on e d ay be us e d o n a m a n n e d miss i o n t o M a r s . 

Crewmembers 

E a c h s u m m e r , d oze n s o f  re s e a r c h e r s , s t u d e n t s , s u p p o r t  st a f f , a n d  m e d i a j o u r n ey to 

the H M P  site . So m e s p e n d t h e e n t i r e s u m m e r th e r e , while o t h e r s r o t a t e in a n d o u t  for 

s h o r t e r s t ays o f  a few d ays o r  c o u p l e o f  weeks . I n 2008 , H M P  c e l e b r a t e d its 12th field 

s e a s o n , f e a t u r i n g sc i e n t i s t s a n d  re s e a r c h e r s f r o m Si m o n F r a s e r U n i v e r s i ty ( S F U ) in 

V a n c o u v e r , N A S A ' s  Ames R e s e a r c h C e n t e r ( A R C ) , th e CSA , th e M a r s  I n s t i t u t e , 

H a m i l t o n S u n d s t r a n d , M c G i l l U n i v e r s ity , a n d th e N a t i o n a l Sp a c e Biomed i c a l 

R e s e a r c h I n s t i t u t e ( N S B R I ) . M o s t  c r e w m e m b e r s a r r i v e c o u r t e sy o f  M a r i n e C-130 

crews, wh o s u p p o r t  H M P  wit h th e delivery o f  expe d i t i o n a ry e q u i p m e n t , r e s e a r c h 

g e a r , a n d  exp l o r a t i o n vehicles . G e t t i n g a r o u n d  th e H M P  site is e i t h e r by a l l-t e r r a i n 

vehicle o r  simply by wal k i n g , o f t e n while w e a r i n g a s p a c e s u i t s i m i l a r t o the o n e t h a t  

may be used o n th e M a r t i a n  su r f a c e . 

Environment 

A l t h o u g h th e H a u g h t o n  C r a t e r  is a co l d , d ry , b a r r e n , d u s ty, a n d  wi n dy plac e wit h a n 

a v e r a g e t e m p e r a t u r e o f  on ly - l 7 ° C , in c o m p a r i s o n wit h M a r s , whi c h h a s a n a v e r a g e 

t e m p e r a t u r e o f  - 60 ° C a n d  is d r e n c h e d in le t h a l r a d i a t i o n , th e H M P  a n a l o g is a 

c o m p a r a t i v e ly p l e a s a n t place. H o w e v e r , while el e m e n t s o f  th e M a r t i a n  s u r f a c e 

e n v i r o n m e n t m ay be a b s e n t , th e c r a t e r  is a st e p in t h e r i g h t d i r e c t i o n t o e v a l u a t i n g 

s t r a t e g i e s t h a t  will help t h e f u t u r e exp l o r a t i o n o f  M a r s . 

T h e H a u g h t o n  C r a t e r  is c h a r a c t e r iz e d by a n c i e n t l a k e b e d s , r o c ky t e r r a i n , 

o c c a s i o n a l va l l eys, a n d  s t e e p-w a l l e d c a nyo n s . A l t h o u g h  r o c k s o n  M a r s  m ay h a v e a 

d i f f e r e n t c o m p o s i t i o n , t h e p hysi c a l p r o p e r t i e s o f  th e i m p a c t  d e p o s i t s still p r o v i d e a 

v a l u a b l e a n a l o g f o r t h e s c i e n t i s t s s t a t i o n e d  t h e r e . R e c e n t n e u t r o n  s p e c t r o m e t ry 

d a t a  f r o m t h e M a r s  O dyss ey s p a c e c r a f t h a v e p r o v i d e d e v i d e n c e o f  ice d e p o s i t s a t  

s h a l l o w d e p t h s in t h e M a r t i a n  s u b s u r f a c e , s i m i l a r t o s u b s u r f a c e ice a t  t h e 

H a u g h t o n  C r a t e r . 

I n a d d i t i o n t o these s u b s u r f a c e ice d e p o s i t s , th e H a u g h t o n  C r a t e r  p r o v i d e s 

r e m n a n t s i g n a t u r e s o f  hyd r o t h e r m a l a c t i v i ty a n d n e t w o r k s o f  c h a n n e l s b e a r i n g a 

close r e s e m b l a n c e t o th e small valley n e t w o r k s o n M a r s . P e r h a p s th e m o s t v a l u a b l e 

a t t r i b u t e o f  t h e H a u g h t o n  C r a t e r  is th e pr e s e n c e o f  life. D e s p i t e th e hig h u l t r a v i o l e t 

r a d i a t i o n e n v i r o n m e n t d u r i n g the s u m m e r a n d th e h a r s h w e a t h e r d u r i n g t h e w i n t e r , 

H a u g h t o n  C r a t e r  m i c r o o r g a n i s m s a r e a b l e to sur v i v e a n d  a d a p t - a c a p a b i l i ty with 

p o t e n t i a l i m p l i c a t i o n s for th e s e a r c h for life o n M a r s . 
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Figure 6.14. NAS A FS, J o s e f F. Schmid (left) , a n d a s t r o n a u t , Jo s e M. H e r n a n d ez, 

p a r t i c i p a t e in a n u n d e r w a t e r extra v e h i c u l a r activity session d u r i n g the 12th N E E M O  

mission. Image courtesy: NAS A (see colour section). 

N A S A Ext r e m e E n v i r o n m e n t s M i s s i o n O p e r a t i o n s P r o j e c t 

A q u a r i u s  is a u n i q u e s p a c e a n a l o g r e s e a r c h s t a t i o n ( F i g u r e 6.14) a n c h o r e d  16 km 

f r o m K ey L a r g o i n t h e F l o r i d a  K eys N a t i o n a l  M a r i n e S a n c t u a ry. T h e  fac i l i ty, t h e 

o n ly u n d e r s e a l a b o r a t o ry in t h e w o r l d , p r o v i d e s livi n g q u a r t e r s  p e r m i t t i n g r e s i d e n t 

a s t r o n a u t s  ( a q u a n a u t s )  t o s t ay o n  t h e s e a f l o o r f o r ext e n d e d p e r i o d s . T h e  a i r i n s i d e 

A q u a r i u s  is p r e s s u r iz e d t o c o u n t e r b a l a n c e  t h e w e i g h t o f  s u r r o u n d i n g  w a t e r , w h i c h 

m e a n s c r e w m e m b e r s m u s t  b r e a t h e p r e s s u r iz e d ai r . B r e a t h i n g p r e s s u r iz e d a i r f o r 

s e v e r a l d ays m e a n s t h e a q u a n a u t s  a r e s a t u r a t e d  w i t h n i t r o g e n , r e q u i r i n g t h e m t o  

p e r f o r m a l e n g t hy 16-hr d e c o m p r e s s i o n t o th e s u r f a c e a t  t h e e n d o f  t h e i r 2-week s t ay. 

Undersea missions 

T h e  A q u a r i u s  e n v i r o n m e n t  closely re s e m b l e s t h e li v i n g a n d  w o r k i n g c o n d i t i o n s 

a s t r o n a u t s  face i n s p a c e so i t is n o t  s u r p r i s i n g N A S A  h a s u s e d t h e faci l i ty t o c o n d u c t  

2-week m i s s i o n s a n d  ext r a v e h i c u l a r a c t i v i ty (E V A ) s i m u l a t i o n s (see C h a p t e r  7). 
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Th e s e s i m u l a t i o n s a r e a n e l e m e n t o f  th e N A S A Extr e m e E n v i r o n m e n t M i s s i o n 

O p e r a t i o n s P r o j e c t ( N E E M O ) . T h e 2-we e k mis s i o n s a r e p l a n n e d in a very sim i l a r 

m a n n e r t o p h a s e s o f  a n ISS i n c r e m e n t , wit h ea c h c r e w m e m b e r b e i n g as s i g n e d a 

de t a i l e d ti m e l i n e o f  act i v i t i e s a n d specific t i m e s l o t s for e a c h a c t i v i ty , in c l u d i n g 

o u t r e a c h , sleep, c h o r e s , a n d  hygiene . O n e o f  th e m a ny act i v i t i e s p e r f o r m e d by 

N E E M O ' s  a q u a n a u t s  a r e dives, p l a n n e d a n a l o g o u s t o spa c e EV As, r e q u i r i n g 

a d v a n c e d p l a n n i n g a n d a series o f  ob j e c t i v e s , timelines, a n d goal s . Whi l e c o n d u c t i n g 

u n d e r w a t e r EV As , a s t r o n a u t s  p r a c t i c e c o m m u n i c a t i o n t a s k s su c h as s h i p-t o-s h i p 

calls to th e ISS, a n d even c o n s t r u c t i o n a s s i g n m e n t s such a s b u i l d i n g s o l a r a r r ays . 

Exploration operations 

D u r i n g t h e i r 2-week u n d e r s e a i n c r e m e n t s , c r e w m e m b e r s ha v e t h e o p p o r t u n i ty t o 

p r a c t i c e all s o r t s o f  o p e r a t i o n s a n d  t e c h n i q u e s t h a t  m ay on e d ay be c o n d u c t e d for 

real as p a r t  o f  a m a n n e d M o o n / M a r s  mi s s i o n . F o r  examp l e , a s t r o n a u t s p r a c t i c e 

o p e r a t i n g re m o t e ly o p e r a t e d vehicles ( R O V s ) , p r o v i d i n g t r a i n i n g s i m i l a r t o t h a t  

r e q u i r e d for o p e r a t i n g ro v e r s o n th e l u n a r su r f a c e . T h ey als o go o n o c c a s i o n a l 

t r e a s u r e h u n t s , t ryin g to figure o u t  th e be s t way to p e r f o r m s e a r c h a n d rescue. T h e 

t r e a s u r e h u n t s begin wit h a c r e w m e m b e r d r o p p i n g m a r k e r s a t  r a n d o m  l o c a t i o n s 

a l o n g th e reef. U s i n g D o p p l e r n a v i g a t i o n a n d t r a n s p o n d e r s , c r e w m e m b e r s t h e n go 

o u t s i d e the h a b i t a t  a n d  t ry t o find th e m a r k e r s using v a r i o u s s e a r c h te c h n i q u e s . 

While th e A q u a r i u s facility is u n d o u b t e d ly a hig h-fid e l i ty s i m u l a t i o n i m i t a t i n g 

m a ny asp e c t s o f  s p a c e f l i g h t , d u e to th e 2-week d u r a t i o n , a s t r o n a u t s d o n ' t  h a v e a n 

o p p o r t u n i ty t o experi e n c e th e i s o l a t i o n a n d c o n f i n e m e n t a w a i t i n g t h e m d u r i n g a 6-

m o n t h  s t ay o n b o a r d  the ISS o r  a 3-year j o u r n ey to M a r s . F o r  thi s , a n i s o l a t i o n 

c h a m b e r is r e q u i r e d . 

MARSSOO 

Re c e n t ly, ESA p r e p a r e d t o s i m u l a t e a 500-day mis s i o n t o M a r s , d u b b e d M a r s 5 0 0 . 

T h e ai m o f  th e fir s t p a r t  o f  th e s t u dy was to seal f o u r ca r e f u l ly selected c a n d i d a t e s 

insi d e a n i s o l a t i o n c h a m b e r f o r 105 d ays , t h a t  c o m m e n c e d M a r c h  31st, 2009. T h i s 

p e r i o d was t h e n foll o w e d by the full i s o l a t i o n p e r i o d o f  520 d ays . O n e s e c t i o n o f  th e 

i s o l a t i o n c h a m b e r ( F i g u r e 6.15) used in th e s t u dy si m u l a t e d t h e s p a c e c r a f t t h a t  w o u l d 

t r a n s p o r t  t h e m t o a n d  fro m M a r s , a n d  a n o t h e r  se c t i o n s i m u l a t e d the l a n d i n g m o d u l e 

t h a t  w o u l d t r a n s f e r th e m to a n d  f r o m th e s u r f a c e o f  M a r s . 

T h e expe r i m e n t a l facility (T a b l e 6.4) , whi c h in c l u d e s th e i s o l a t i o n facility, 

o p e r a t i o n s r o o m , a n d t e c h n i c a l facilities, is l o c a t e d in a b u i l d i n g o f  th e I B M P in 

Mo s c o w . T h e l ayo u t c o m p r i s e s f o u r h e r m e t i c a l ly sealed i n t e r c o n n e c t e d h a b i t a t  

m o d u l e s a n d o n e exte r n a l m o d u l e , whi c h will be utilized as a n a n a l o g f o r a M a r t i a n  

s u r f a c e excu r s i o n . T h e v o l u m e o f  all h a b i t a t  m o d u l e s is 550 c u b i c m e t e r s . 

O n c e se a l e d insi d e th e i s o l a t i o n c h a m b e r , th e p a r t i c i p a n t s were s u b j e c t t o th e sa m e 

r e s t r i c t i o n s a s a n a s t r o n a u t  e m b a r k i n g u p o n a sp a c e mis s i o n . F o r  exam p l e , voice 
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Figure 6.15. O v e r h e a d view o f  the i s o l a t i o n c h a m b e r used m th e ESA ' s M a r s 5 0 0 

mission. I m a g e c o u r t e sy: ESA . 

c o n t a c t w i t h family a n d fr i e n d s was c o n d u c t e d via a s i m u l a t e d M i s s i o n C o n t r o l 

c e n t e r a n d , a s w i t h all a s t r o n a u t s , th ey were s u b j e c t t o extens i v e te s t i n g a n d  

e v a l u a t i o n . Scie n t i f i c i n v e s t i g a t i o n s i n c l u d e d an a lysis o f  uri n e , b l o o d , E C G , sleep 

q u a l i ty, a n d t h e in f l u e n c e o f  exercise a n d f o o d s u p p l e m e n t a t i o n , in a n a t t e m p t  t o aid 

the d e v e l o p m e n t o f  p o t e n t i a l c o u n t e r m e a s u r e to o l s a n d t e c h n i q u e s t h a t  may be 

i m p l e m e n t e d d u r i n g th e real m a n n e d mi s s i o n t o M a r s . 

D u e t o t r a i n i n g d e m a n d s , it is unlik e ly a s t r o n a u t s will be cal l e d u p o n to s p e n d 

500 d ays in a n i s o l a t i o n c h a m b e r ! H o w e v e r , given th e u n i q u e p sych o s o c i a l d e m a n d s 

a s s o c i a t e d w i t h a n expe d i t i o n t o M a r s , it is p r o b a b l e mi s s i o n p l a n n e r s will r e q u i r e a 

M a r s  crew to s p e n d a t  le a s t a c o u p l e o f  m o n t h s in a si m i l a r facility. Su c h a n exercise 

w o u l d sa t i s fy mis s i o n p l a n n e r s a n d  crew t h a t  n o i n t e r p e r s o n a l co n f l i c t s exist t h a t  

m i g h t j e o p a r d iz e t h e mi s s i o n , a n d  al s o serve to in c r e a s e g r o u p co h e s i v e n e s s in a 

c o n f i n e d e n v i r o n m e n t . 

T h i s c h a p t e r h a s de s c r i b e d th e types o f  mi s s i o n s a s t r o n a u t s selected in 2009 may 

be as s i g n e d t o in th e n ext 20 years. I t h a s al s o d e s c r i b e d s o m e o f  th e spe c i a l ized 

t r a i n i n g t h a t  will likely fe a t u r e p r o m i n e n t ly in th e p r e p a r a t i o n  o f  a s t r o n a u t s b o u n d  

for th e l u n a r a n d M a r t i a n  sur f a c e s . H o w e v e r , f o r th e n ext 10 years a t  le a s t , 

a s t r o n a u t s will be c o n f i n e d t o o r b i t s o f  th e E a r t h  o n b o a r d  the ISS. P r e p a r i n g for 

these mis s i o n s r e q u i r e s a s t r o n a u t s t o s p e n d 18 m o n t h s  in w h a t is k n o w n as 

In c r e m e n t-Sp e c i f i c T r a i n i n g . 
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Ta b l e 6.4. Ma r s 5 0 0 exper i m e n t a l facility. 

Module Dimensions (m) Designation Description 

3.2 X 11.9 

2 3 . 6 X 20 

3 6.3 X 6 .17 

4 3 . 9 X 24 

Te c h n i c a l •

medical 

Living 

q u a r t e r s 

M a r s l a n d i n g 

m o d u l e 

S t o r a g e 

m o d u l e 

Ho u s e s two medical b e r t h s , a to i l e t , a n d 

e q u i p m e n t for r o u t i n e medical exam i n a t i o n s . 

Also includes e q u i p m e n t fo r p e r f o r m i n g tele 

medicine a n d d i a g n o s t i c in v e s t i g a t i o n s 

T h e m a i n living q u a r t e r s co m p r i s e six 

ind i v i d u a l c o m p a r t m e n t s , in c l u d i n g a kit c h e n •

d i n i n g r o o m , ma i n c o n t r o l r o o m , a n d l a v a t o ry . 

T h e 2 . 8 x 3 . 2 m crew c o m p a r t m e n t s ea c h have 

a bed , desk, c h a i r , a n d  shelves 

Th i s c o m p a r t m e n t will be used only du r i n g the 

30-day M a r s o r b i t i n g pha s e . I t c o m p r i s e s thr e e 

b u n k beds , two w o r k s t a t i o n s , a l a v a t o ry , 

c o n t r o l a n d d a t a  co l l e c t i o n system , 

c o m m u n i c a t i o n s system , v e n t i l a t i o n system, 

waste t r e a t m e n t facility, a n d a fire s u p p r e s s i o n 

system 

C o m p r i s ing f o u r c o m p a r t m e n t s 

C o m p a r t m e n t I Fr i d g e 

C o m p a r t m e n t 2 S t o r a g e o f  n o n-pe r i s h a b l e 

food 

C o m p a r t m e n t 3 L o c a t i o n o f  expe r i m e n t a l 

gr e e n h o u s e 

C o m p a r t m e n t 4 B a t h r o o m , s a u n a , a n d gym 
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A f t e r s p e n d i n g year s p e r f o r m i n g v a r i o u s te c h n i c a l a s s i g n m e n t s s u p p o r t i n g a s t r o•

n a u t s w h o a r e a l r e a dy in spa c e , a n d th o s e t r a i n i n g t o go, a s c a n s a r e finally called in 

to mee t th e C h i e f o f  th e A s t r o n a u t  Office. T h e C h i e f A s t r o n a u t , t h e m o s t s e n i o r 

a s t r o n a u t  p o s i t i o n , serves a s h e a d o f  th e N A S A A s t r o n a u t  C o r p s a n d is th e p r i n c i p a l 

a d v i s o r t o th e N A S A A d m i n i s t r a t o r o n  the su b j e c t o f  a s t r o n a u t  t r a i n i n g a n d 

o p e r a t i o n s . A call to his / h e r office us u a l ly m e a n s o n e t h i n g a n d  o n e t h i n g only: 

missi o n a s s i g n m e n t . 

T h e m e e t i n g u s u a l ly begi n s wit h th e C h i e f A s t r o n a u t  m a k i n g c o m p l i m e n t a ry 

r e m a r k s a b o u t  how well th e a s c a n di d in his / h e r te c h n i c a l a s s i g n m e n t s a n d  e n d s wit h 

a s k i n g w h e t h e r th e a s c a n w o u l d still like to go to space. M o s t  a s c a n s d o n ' t  t a k e t o o 

lo n g a n s w e r i n g t h a t  qu e s t i o n ! 

F o r  th e fore s e e a b l e f u t u r e , sp a c e f l i g h t s c o n d u c t e d by Am e r i c a n , C a n a d i a n , a n d 

E u r o p e a n a s t r o n a u t s will be to th e I n t e r n a t i o n a l Sp a c e S t a t i o n (ISS) . A t  th e time o f  

wr i t i n g , a n  Expe d i t i o n c r e w m e m b e r s p e n d s a l m o s t 1, 800 h r  t r a i n i n g for a n ISS 

( F i g u r e 7.1) miss i o n . T h i s tim e in c l u d e s a p p r oxi m a t e ly 330 h r  l e a r n i n g a b o u t  U S ISS 

systems, 350 h r  l e a r n i n g a b o u t  R u s s i a n ISS systems a n d th e Soyuz s p a c e c r a f t , 400 h r 

l e a r n i n g t o d o s p a c e w a l k s (300 in US s p a c e s u i t s a n d  100 in R u s s i a n sp a c e s u i t s ) , 65 h r 

o f  me d i c a l t r a i n i n g , 150 h r  o f  science expe r i m e n t t r a i n i n g , 300 h r o f  l a n g u a g e 

t r a i n i n g , a n d  200 h r  o f  r o b o t i c a r m t r a i n i n g . T h e t r a i n i n g is c o n d u c t e d a t  d oze n s o f  

l o c a t i o n s a r o u n d  t h e w o r l d , som e o f  whic h a r e listed in T a b l e 7 . 1. 

Center 

J o h n s o n Space C e n t e r 

(JSC), H o u s t o n , Texas 

Table 7.1. Mission t r a i n i n g ce n t e r s . 

Description 

JSC is home base for N A S A ' s a s t r o n a u t s a n d a home away from 

home for visiting c o s m o n a u t s a n d Exped i t i o n crewmembers from 

o t h e r cou n t r i e s . JSC is also the p r i m a ry tr a i n i n g l o c a t i o n for 

Exped i t i o n crews. Tea m s o f  pro f e s s i o n a l i n s t r u c t o r s use its 

cl a s s r o o m s , s t a n d a l o n e t r a i n i n g facilities , i n t e g r a t e d si m u l a t i o n 

e n v i r o n m e n t s , a n d l a b o r a t o r i e s to help crew m e m b e r s to p r e p a r e 

for their missions 

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_ ,  
© Springer Science + Business Media, LLC 2010 
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Center 

K e n n e dy Spa c e C e n t e r 

( K S C ) , F l o r i d a 

C a n a d i a n Sp a c e Agen cy 

(CS A ) , Q u e b e c , C a n a d a  

G a g a r i n C o s m o n a u t  

T r a i n i n g C e n t e r ( G C T C ) , 

S t a r C i ty, R u s s i a 

B a i k o n u r C o s m o d r o m e , 

B a i k o n u r , K az a k h s t a n  

E u r o p e a n A s t r o n a u t  

C e n t r e ( E A C ) 

Table 7.1. cont. 

Description 

K S C is l o c a t e d o n  F l o r i d a ' s A t l a n t i c C o a s t . N A S A ' s new family o f  

l a u n c h vehicles , Ares I a n d Ares V, will be l a u n c h e d f r o m K S C 

s t a r t i n g in 2015 a n d will e v e n t u a l ly c a r ry crews a n d  c a r g o t o the 

M o o n . Expe d i t i o n crews al s o visit K S C t o t r a i n for l a u n c h a n d 

p r a c t i c e em e r g e n cy pr o c e d u r e s 

C a n a d a  c o n t r i b u t e s es s e n t i a l c o m p o n e n t s o f  the ISS , suc h as the 

M o b i l e Servic i n g System , which in c l u d e s C a n a d a r m 2 a n d t h e 

M o b i l e Base System . In M o n t r e a l , a s t r o n a u t s receive r o b o t i c s 

t r a i n i n g t o p r e p a r e t h e m for c o m p l ex a r m o p e r a t i o n s . Th ey also 

use t h e Vi r t u a l O p e r a t i o n s T r a i n i n g E n v i r o n m e n t l o c a t e d a t  the 

C S A ' s h e a d q u a r t e r s in S a i n t- H u b e r t , Que b e c . I t p r o v i d e s crew 

m e m b e r s with a n immersive v i r t u a l-r e a l i ty e n v i r o n m e n t in which 

th ey c a n w a t c h a s i m u l a t e d a r m mo v e in t h r e e d i m e n s i o n s a n d  gai n 

a d e e p e r u n d e r s t a n d i n g o f  th e C a n a d a r m 2 ' s m o v e m e n t s rela t i v e t o 

exte r n a l s t r u c t u r e s o n  t h e ISS 

T h e G C T C , l o c a t e d n e a r M o s c o w , is t h e p r i m a ry t r a i n i n g facility 

for R u s s i a n el e m e n t s o f  t h e ISS. I n s t r u c t o r s use c l a s s r o o m s , 

s i m u l a t o r s , a n d full-scale m o c k u p s t o p r o v i d e cr e w m e m b e r s with 

t h e kn o w l e d g e th ey need t o  w o r k in t h e Z v ezd a Service M o d u l e 

a n d t h e Z a rya Mo d u l e . Also l o c a t e d a t G C T C  is the Hyd r o l a b , 

R u s s i a ' s e q u i v a l e n t o f  N A S A ' s N e u t r a l B u oyan cy L a b a t  J S C , 

which p r o v i d e s a reali s t i c t r a i n i n g e n v i r o n m e n t for sp a c e w a l k s 

p e r f o r m e d o u t  o f  th e Ru s s i a n a i r l o c k in R u s s i a n sp a c e w a l k i n g 

s u i t s 

B a i k o n u r ha s been h o m e t o R u s s i a n sp a c e l a u n c h e s since 

K az a k h s t a n  was a p a r t  o f  the old Sov i e t U n i o n . T h e co m p l ex o f  

l a u n c h p a d s a n d s u p p o r t  facilities a r e k n o w n collectively as th e 

B a i k o n u r C o s m o d r o m e . Expe d i t i o n crews a n d taxi crews who will 

t r a v e l t o t h e ISS a b o a r d  a Soyuz s p a c e c r a f t visit B a i k o n u r for 

so m e o f  t h e i r Soyuz t r a i n i n g 

P r o v i d e s crew t r a i n i n g for t h e Columbus m o d u l e , i n c l u d i n g f o u r 

ESA p ayl o a d r a c k s ( E u r o p e a n D r a w e r R a c k , F l u i d Science 

L a b o r a t o ry , E u r o p e a n Physio l o gy M o d u l e , a n d t h e Biologi c a l 

L a b o r a t o ry) a n d t h e A u t o m a t e d T r a n s f e r Vehicle (AT V ) . Al s o 

h o u s e s ESA ' s N e u t r a l B u oyan cy Fa c i l i ty 
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Figure 7.1. Current configuration o f the International Space Station. Image courtesy : 
NASA. 

I N C R E M E N T- S P E C I F I C  T R A I N I N G  

As s o o n a s a N A S A , E u r o p e a n  Sp a c e Agen cy (ESA), o r  C a n a d i a n  Sp a c e Agen cy 

(CSA) a s t r o n a u t  is as s i g n e d t o a mi s s i o n , I n c r e m e n t-Sp e c i f i c T r a i n i n g (1ST) begins. 

T h e w o r d increment is a f a v o r i t e t e r m a m o n g s p a c e agencies a n d  sim p ly refers t o th e 

time p e r i o d be t w e e n crew excha n g e s o n b o a r d  th e ISS. So m e t i m e s , 1ST is al s o 

r e f e r r e d t o as mi s s i o n-spe c i f i c t r a i n i n g . D u r i n g th e 18-mo n t h 1ST ph a s e , t h e p r i m e 

a n d  b a c k u p crews t r a i n t o g e t h e r a n d  l e a r n e v e ryth i n g th ey need t o k n o w for t h e i r 

mission. T h e t e a m t r a i n i n g is a vi t a l e l e m e n t o f  th e p r e p a r a t i o n , since c r e w m e m b e r s 

m u s t be c o m e f a m i l i a r w i t h e a c h o t h e r b e f o r e s p e n d i n g th e b e t t e r p a r t  o f  h a l f  a yea r 

c o o p e d u p  in a n en c l o s e d e n v i r o n m e n t no l a r g e r t h a n a t h r e e-b e d r o o m hou s e . Also , 

by sp e n d i n g so m u c h tim e t o g e t h e r d u r i n g t r a i n i n g , th e c r e w m e m b e r s l e a r n h o w to 

w o r k effectively a n d  h o w to assi g n roles a n d  r e s p o n s i b i l i t i e s a m o n g themselves. 

Crew qu a l i f i c a t i o n levels 

D u r i n g  1ST, a s t r o n a u t s a t t a i n  t h r e e crew q u a l i f i c a t i o n levels: user, o p e r a t o r , a n d / o r  

spe c i a l i s t level. F o r  e a c h o n b o a r d  system, a set o f  m i n i m u m q u a l i f i c a t i o n s ne e d e d t o 

safely o p e r a t e a n d  m a i n t a i n th e system is p r e-de f i n e d . F o r  examp l e , t h e r e is n o r m a l ly 

on e sp e c i a l i s t , o n e o p e r a t o r , a n d  o n e user. E a c h c r e w m e m b e r , while be i n g spe c i a l i s t 
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Fig u r e 7.2. C a n a d i a n a s t r o n a u t , R o b e r t T h i r s k , Exped i t i o n 20 / 21 flight engin e e r , 

p a r t i c i p a t e s in a t r a i n i n g session in an I n t e r n a t i o n a l Space S t a t i o n m o c k u p / t r a i n e r in the 

Space Vehicle M o c k- u p Fa c i l i ty a t N A S A ' s J o h n s o n Space C e n t e r . Im a g e cour t e sy: 

N A S A . 

f o r s o m e syst e m s , will be a n  o p e r a t o r  o r  o n ly a u s e r f o r o t h e r  syste m s . C o n s e q u e n t ly, 

t h e t r a i n i n g p r o g r a m  f o r e a c h  c r e w m e m b e r is i n d i v i d u a l ly t a i l o r e d t o his o r  h e r se t o f  

t a s k s a n d  exis t i n g q u a l i f i c a t i o n levels. 

E m e r g e n cy t r a i n i n g a n d s u p p l e m e n t a ry t r a i n i n g 

1ST a l s o i n c l u d e s t r a i n i n g  t o d e a l w i t h w h a t  s p a c e a g e n c i e s e u p h e m i s t i c a l ly re f e r t o 

a s o f f- n o m i n a l s i t u a t i o n s ( w h a t  m o s t  p e o p l e w o u l d ca l l a n  e m e r g e n cy!) , f a i l u r e 

a n a lys i s , a n d  r e c o v e ry / r e p a i r  a c t i v i t i e s . A s t r o n a u t s  a l s o l e a r n h o w t o r u n  t h e sci e n c e 

exp e r i m e n t s s c h e d u l e d f o r t h e i r m i s s i o n , a n d  a r e  t r a i n e d  in t h e d e l i c a t e a r t  o f  

r e n d ez v o u s a n d  d o c k i n g s p a c e c r a f t w i t h t h e ISS , s u c h a s E S A ' s  A u t o m a t e d  T r a n s f e r  

V e h i c l e ( A T V ) . T h e  1ST p h a s e  a l s o i n c l u d e s m u l t i- s e g m e n t t r a i n i n g , i m p l e m e n t e d a t  

N A S A ' s  S p a c e S t a t i o n  T r a i n i n g  F a c i l i ty ( S S T F ) , l o c a t e d a t  J o h n s o n  S p a c e C e n t e r  

( J S C ) . T h e  S S T F  ( F i g u r e  7.2) is a r e p l i c a o f  t h e e n t i r e ISS in w h i c h t h e a s t r o n a u t s  

c a n  t r a i n  f o r e m e r g e n cy s i t u a t i o n s t h a t  m ay a f f e c t t h e w h o l e s t a t i o n . 

A l t h o u g h  a s t r o n a u t s , w h e t h e r  t h ey b e l o n g t o  N A S A ,  t h e C S A , o r  t h e E S A , fo l l o w 

a v e ry s i m i l a r t r a i n i n g  s c h e d u l e , t h e r e a r e s o m e d i f f e r e n c e s . T h e s e d i f f e r e n c e s a r e  

u s u a l ly r e l a t e d t o syst e m s o n b o a r d  t h e IS S t h a t  h a v e b e e n d e v e l o p e d by t h e a g e n cy 

t o w h i c h  t h e  a s t r o n a u t  b e l o n g s . F o r  exa m p l e ,  t h e  C S A ' s  m o s t  p r o m i n e n t  
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c o n t r i b u t i o n  t o t h e ISS is t h e r o b o t i c a r m , so w h e n C a n a d i a n  a s t r o n a u t s  a r e a s s i g n e d 

t o a mi s s i o n , they a r e u s u a l ly d e s i g n a t e d as t h e r o b o t i c a r m  o p e r a t o r .  T h e E S A ' s 

m o s t h i g h-p r o f i l e c o n t r i b u t i o n s  i n c l u d e t h e Columbus m o d u l e a n d  t h e A T V , so i t is 

n o t  s u r p r i s i n g ESA a s t r o n a u t s  receive t r a i n i n g specific t o these . W h i l e m o s t o f  th i s 

c h a p t e r is d e v o t e d t o N A S A ' s  a s t r o n a u t  1ST sc h e d u l e , it is w o r t h w h i l e r e c o g n izi n g 

so m e o f  t h e t r a i n i n g o f f e r e d by o t h e r  ISS p a r t n e r  age n c i e s , s u c h as t h e ESA . 

E U R O P E A N  S P A C E  A G E N C Y T R A I N I N G  

M u c h o f  t h e 1ST u n i q u e t o t h e E S A focuses o n  t h e E S A ' s 2 0-t o n n e A T V ( a b o u t  t h e 

size o f  a L o n d o n  d o u b l e- d e c k e r bu s ) , wh i c h is t h e l a r g e s t s p a c e c r a f t e v e r b u i l t in 

E u r o p e . T h e u n m a n n e d vehicle is us e d t o ferry c a r g o t o t h e ISS a n d  t o rai s e its o r b i t . 

T o  l e a r n h o w t o o p e r a t e t h e A TV ( F i g u r e 7 .3), a s t r o n a u t s  u n d e r g o exten s i v e t r a i n i n g 

a t  t h e E S A ' s E u r o p e a n  A s t r o n a u t  C e n t r e ( E A C ) , in C o l o g n e , G e r m a ny . T h e t r a i n i n g 

is di v i d e d i n t o t w o 1-week m o d u l e s . I n  a d d i t i o n t o receiv i n g t h e o r e t i c a l i n s t r u c t i o n 

o n  A T V mi s s i o n s a n d  m a l f u n c t i o n s c e n a r i o s , t h e a s t r o n a u t s  a l s o s p e n d time in s i d e 

t h e h i g h-fi d e l i ty A TV m o c k u p  a n d  A T V s i m u l a t o r . T h e m o c k u p  he l p s t h e a s t r o n a u t s  

o r i e n t a t e th e m s e l v e s t o t h e v a r i o u s p a r t s  o f  t h e AT V , while t h e s i m u l a t o r t e a c h e s t h e 

a s t r o n a u t s  h o w t o c o n t r o l the s o f t w a r e t h a t  n a v i g a t e s t h e s p a c e c r a f t . H e l p i n g t h e 

a s t r o n a u t s  d u r i n g t h e i r i n s t r u c t i o n a r e seven i n s t r u c t o r s , w h o t e a c h t h e fo l l o w i n g 

f o u r p h a s e s o f  ATV t r a i n i n g ( T a b l e 7 . 2): 

1. C o r e le s s o n s 

2. R e n d ez v o u s a n d  d o c k i n g 

3 . A t t a c h e d p h a s e o p e r a t i o n s 

4. E m e r g e n cy t r a i n i n g 

Tab l e 7.2. T h e E u r o p e a n Space Age n cy's ATV inc r e m e n t-spec i f i c t r a i n i n g flow. 

ISS pre-requisite training 

N A S A I n v e n t o ry M a n a g e m e n t 

System 

ATV Training Period 1 

ESA CORE Block 

G C T C  Eme r g e n cy eq u i p m e n t . 

R u s s i a n D o c k i n g System 

R VD: Re n d ezvo u s a n d  D o c k i n g 

Vehicle systems & O p s 

c o n c e p t 

RVD Block 
R V D & u n d o c k i n g 

Emerge n cy pr o c e d u r e s 

Ing r e s s / egress o p s 

R u s s i a n Se g m e n t 

Systems re l e v a n t fo r 

ATV op s 

ATV Training Period 2 

Attached Phase Ops 
C a r g o t r a n s f e r , waste 

di s p o s a l , d e p a r t u r e o p s 

Si m u l a t i o n s : R V D 

u n d o c k i n g & d e p a r t u r e 

R V D , u n d o c k i n g a n d 

d e p a r t u r e pro f i c i e n cy 

S i m S  
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Figure 7 . 3 . T h e  E u r o p e a n  S p a c e A g e n cy' s A u t o m a t e d  T r a n s f e r  Vehicle. i m a g e  

c o u r t e sy: E S A . 

Core lessons 

Before a s t r o n a u t s c o m m e n c e A T V t r a i n i n g , th ey m u s t m e e t c e r t a i n pr e-re q u i s i t e s . 

F o r  examp l e , th ey m u s t h a v e experience wi t h t h e R u s s i a n D o c k i n g System ( R D S ) , 

needed be c a u s e the A T V d o c k s with t h e R u s s i a n Service M o d u l e Zv ezda . T h e 

a s t r o n a u t s al s o m u s t ha v e experi e n c e o p e r a t i n g the A m e r i c a n I n v e n t o ry M a n a g e•

m e n t System ( I M S ) , a b a r c o d e r e a d e r system s i m i l a r t o t h a t  used in s u p e r m a r k e t s , 

which he l p s t h e a s t r o n a u t s find ite m s o n  t h e ISS a n d keep i t ti dy (P a n e l 7.1). 

U s i n g t h e re a d e r , a s t r o n a u t s sc a n t h e c a r g o " o u t "  o f  its l o c a t i o n inside t h e A T V 

a n d " i n "  t o t h e new l o c a t i o n where i t is s t o r e d i n t h e ISS. U s i n g this m e t h o d , a 

c o m p u t e r c a n t r a c k t h e i n v e n t o ry o n b o a r d  t h e ISS a n d t h e a s t r o n a u t s d o  n o t  ha v e t o 

mem o r ize t h e w h e r e a b o u t s o f  every single item. A l t h o u g h ti m e-co n s u m i n g , the 
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P a n e l 7.1. Keeping a pac e s t a t i o n tid y 

A s e t t r a c k i n g fo r s p a c e exp l o r a t i o n  relie o n a b a r c o d e- b a s e d sy tem 

i n t e r f a c i n g wi t h a n  In v e n t o ry M a n a g e m e n t  Sy tem ( I M S ) d a t a b a s e . U n f o r t u •

n a t e ly, fo r t h e a t r o n a u t  , u s i n g t h i s sy tem fo r i n v e n t o ry m a n a g e m e n t  i very 

l a b o r- i n t e n ive a n d  o c c a i o n a l ly a n  u p d a t e  i mi ed a n d  a n  item ' s s t a t u 

b e c o m e s u n k n o w n . In fa c t , o n a ny given d ay o n b o a r d  t h e ISS , 3 %  o f  US item 

in t h e I M S  d a t a b a  e a r e li ted as " lo t " ,  m e a n i n g t h e item wa s n o t  in t h e 

l o c a t i o n it wa s h o w i n g in t h e I M S t h e Ia t time the c r e w l o o k e d fo r it! T h i 

o b v i o u s ly c r e a t e p r o b l e m s for Mi i o n  C o n t r o l ,  ince , i f  a c r iti c a l item is lo t , 

M i s io n C o n t r o l m u  t d e c i d e w h e t h e r to a l l o c a t e c r i t i c a l cre w t i m e to c o n t inu e 

l o o k i n g fo r t h e it e m . A l t e r n a t i v e ly, i f t h e r e i a s p a r e o n th e g r o u n d ,  M i s ion 

C o n t r o l m u s t d e c i d e w h e t h e r to l a u n c h a r e p l a c e m e n t o n  a n  u p c o m i n g 

mi s i o n . E i t h e r o p t i o n  i very cos t ly. T o  keep t r a c k o f  item o n b o a r d ,  a n ISS 

c r e w i a ll o t t e d 20 min ev e ry d ay to m a k e u p d a t e to the I M S . In r e a l i ty , a 

mu c h l a r g e r p o r t i o n  o f  t h e i r d ay is d e d i c a t e d to th i s t a s k . 

sys t e m is i n v a l u a b l e , si n c e t h e r e is a c r e w r o t a t i o n  e v e ry 6 m o n t h s .  O n c e t h ey a r e 

p r o f i c i e n t i n t h e o p e r a t i o n  o f  t h e I M S ,  a s t r o n a u t s  b e g i n t h e t h e o r e t i c a l i n s t r u c t i o n  

t h a t  p r o v i d e s t h e m w i t h a g e n e r a l o v e r v i e w o f  w h a t  t h e A T V is, h o w  i t w o r k s , a n d  

w h a t  h a p p e n s  d u r i n g  a n  A T V  m i s s i o n . T h e s e l e s s o n s a r e  f o l l o w e d by a t o u r  t h r o u g h  

t h e A T V  m o c k u p  w h e r e t h e a s t r o n a u t s  p u t  i n t o  p r a c t i c e w h a t  t h ey l e a r n t  i n cl a s s . 

A f t e r t h e m o c k u p  t o u r ,  t h e  a s t r o n a u t s  p r e p a r e  f o r t h e r e n d ez v o u s a n d  d o c k i n g 

p h a s e . B u t , b e f o r e t h i s , t h ey m u s t  l e a r n a b o u t  t h e  A T V ' s  syst e m s a n d  i t s n a v i g a t i o n 

s e n s o r s . 

Ren d ezvou s a n d d o c k i n g 

T h e  s e c o n d se t o f  A T V  l e s s o n s f o c u s o n  r e n d ez v o u s a n d  d o c k i n g m a n e u v e r s . I n  th i s 

serie s o f  l e s s o n s , t h e a s t r o n a u t s  a r e t a u g h t  h o w t o  p e r f o r m  t h e o p e r a t i o n s  n e e d e d 

w h e n t h e A T V  a r r i v e s a t  t h e ISS. T h i s p h a s e  o f  i n s t r u c t i o n  be g i n s w i t h a n  

i n t r o d u c t i o n  t o t h e A T V ' s  c o n c e p t  o f  o p e r a t i o n s .  

A f t e r l a u n c h , t h e A T V  m ay o r b i t  t h e  E a r t h  f o r a n u m b e r  o f  d ays b e f o r e 

c o m m e n c i n g r e n d ez v o u s w i t h t h e ISS . T o  t e s t all syst e m s a r e  f u n c t i o n i n g n o m i n a l ly, 

t h e A T V  C o n t r o l  C e n t r e  ( A T V- C C ) , in T o u l o u s e , F r a n c e ,  a n d  t h e ISS c r e w s e n d 

c o m m a n d s  t o  t h e s p a c e c r a f t a n d  c h e c k t h e A T V  r e s p o n d s  c o r r e c t ly t o e a c h 

c o m m a n d .  T h e s e m a n e u v e r s a r e i n t e n d e d  t o d e m o n s t r a t e  s a t i s f a c t o r i ly t h a t  t h e 

s e n s o r s a n d  t h e g u i d a n c e , n a v i g a t i o n , a n d  c o n t r o l  syst e m o n b o a r d  t h e  A T V  c a n 

s a f e ly a p p r o a c h  a n d  d o c k  w i t h t h e ISS. O n c e t h i s is a c c o m p l i s h e d , A T V  d o c k i n g is 

g u i d e d by s e n s o r s t h a t  r e c o g n ize t h e c o r r e c t  d o c k i n g a r e a  a n d  i n i t i a t e t h e  p r o c e s s in a 

very p r e c i s e m a n n e r .  S i n c e t h e A T V  d o c k i n g is a u t o m a t e d ,  y o u m ay w o n d e r  w hy 
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a s t r o n a u t s  n e e d  s o m u c h  t r a i n i n g . O n e  r e a s o n  is t h e  A T V  is a n e w v e h i c l e w i t h  l i t t l e 

i n f l i g h t exp e r i e n c e . A s e c o n d  r e a s o n  is s a f e ty . M i s s i o n  m a n a g e r s  h a v e n ' t  f o r g o t t e n  

t h e  c o l l i s i o n o f  a R u s s i a n  P r o g r e s s  s p a c e c r a f t  w i t h t h e  R u s s i a n  s p a c e s t a t i o n  M i r o n  

J u n e  2 5 t h , 1997. O n  t h a t  f a t e f u l d ay , M i r  c o m m a n d e r ,  T s i b l i e v , w a s r e m o t e ly 

c o m m a n d i n g  t h e  a p p r o a c h  o f  P r o g r e s s  t o  M i r ' s  Kvant m o d u l e .  T h i s r e q u i r e d  g u i d i n g  

t h e  P r o g r e s s  u s i n g a t e l e v i s i o n m o n i t o r .  T h e  P r o g r e s s  w a s d i f f i c u l t t o  see a g a i n s t  t h e  

c l o u dy E a r t h  b a c k g r o u n d  a t  t h e  t i m e o f  t h e  a t t e m p t e d  d o c k i n g ,  w i t h t h e r e s u l t t h a t  i t 

w e n t  o f f  c o u r s e  a n d  c o l l i d e d w i t h  a s o l a r  a r r ay o n  t h e  Spektr m o d u l e  a n d  t h e n  t h e  

m o d u l e  it s e l f . A l a r g e h o l e w a s m a d e  i n a s o l a r  p a n e l ,  o n e  o f  t h e  r a d i a t o r s  w a s 

b u c k l e d ,  a h o l e  w a s p u n c h e d  i n t o  Spektr's h u l l , t h e m o d u l e  b e g a n t o  d e p r e s s u r iz e , 

a n d  t h e  c r e w n e a r ly h a d  t o  a b a n d o n  t h e  s t a t i o n .  N e e d l e s s t o  s ay, t h e  l e s s o n t h a t  

a c c i d e n t s c a n  h a p p e n  e v e n w i t h  a t r a i n e d  a s t r o n a u t  p e r f o r m i n g  t h e  r e n d ez v o u s 

w a s n ' t  l o s t o n  m i s s i o n p l a n n e r s ,  w h i c h is w hy t h e " a u t o m a t e d "  A T V  a l w ays h a s a n  

ex t r a  p a i r  o f  eyes! 

W h i l e o n b o a r d  t h e  I S S , t h e  c r e w c a n  see t h e  A T V  u s i n g  a v i d e o c a m e r a  m o u n t e d  

o n  t h e  ISS a n d  a s p e c i a l ly d e s i g n e d t a r g e t  o n  t h e  A T V . W i t h  t h i s v i d e o i m a g e , t h e  

c r e w c a n  j u d g e  w h e t h e r  t h e  A T V  is f lyin g w i t h i n a c o r r i d o r  a l i g n e d w i t h  t h e  d o c k i n g  

p o r t  o n  t h e  I S S . T h i s  a b i l i ty e n a b l e s t h e  c r e w t o  m o n i t o r  t h e  A T V  a n d  p r o v i d e s  a n  

a d d i t i o n a l  level o f  s a f e ty. F i n a l ly, g i v e n t h e  A T V ' s  size, a ny d o c k i n g  m a n e u v e r  w i t h 

t h e  I S S is c o n s i d e r e d  a r i s ky o p e r a t i o n  a n d  e v e ry p o s s i b l e p r e c a u t i o n  is u s e d . T o  

t r a i n  f o r  t h i s d o c k i n g  a n d  u n d o c k i n g  m a n e u v e r  o n  t h e  g r o u n d ,  a s t r o n a u t s  a r e 

t r a i n e d  i n t h e  s i m u l a t o r  a n d  i n t h e  h i g h- f i d e l i ty A T V  m o c k u p .  I n  t h e  s i m u l a t o r ,  t h e 

c r e w l e a r n s h o w  t o  h a n d l e  t h e  T e l e- o p e r a t o r  C o n t r o l  Sys t e m ( T O R U )  c o n t r o l  

w o r k s t a t i o n .  T h e  T O R U  i n c l u d e s t h e S i m v o l s c r e e n , w h i c h  d i s p l ays a n  o v e r l ay o f  

r e n d e z v o u s  d a t a ,  e n a b l i n g  t h e  a s t r o n a u t s  t o m o n i t o r  t h e  A T V ' s  a p p r o a c h  t o  t h e  IS S 

u s i n g n o  m o r e  t h a n  a R u s s i a n  l a p t o p .  T h e  s e c o n d s t e p o f  t h e  d o c k i n g  a n d  d e p a r t u r e  

t r a i n i n g  is c o n d u c t e d  i n s i d e t h e  m o c k u p ,  w h e r e t h e  a s t r o n a u t s  o p e r a t e  i n s i t u . T h e r e , 

a n  i n s t r u c t o r  g u i d e s t h e  a s t r o n a u t s  w h i l e s i m u l t a n e o u s ly a c t i n g  a s t h e  g r o u n d  v o i c e 

c o m m u n i c a t i o n .  O n c e  t h ey h a v e b e e n t r a i n e d  in t h e  b a s i c s o f  r e n d e z v o u s  a n d  

d o c k i n g ,  t h e  a s t r o n a u t s  m o v e o n  t o  a t t a c h e d  p h a s e  o p e r a t i o n s .  

Attached phase operations 

I n  t h e  m o c k u p ,  t h e  a s t r o n a u t s  c o n d u c t  o p e r a t i o n s  t h a t  a r e  n e c e s s a ry o n c e t h e  A T V  

is a t t a c h e d  t o  t h e  I S S . F o r  exa m p l e , t h ey l e a r n  h o w  t o  o p e n  t h e  A T V ' s  h a t c h ,  a n  

o p e r a t i o n  k n o w n  a s " i n g r e s s " ,  a n d  a r e  t a u g h t  h o w  t o  c o n n e c t  t h e  c o m p l ex w a t e r  

t r a n s f e r  sys t e m u s e d t o  p u m p  w a t e r  f r o m t h e A T V  t a n k s  t o  t h e IS S t a n k s .  T h ey a l s o 

l e a r n  h o w  t o  t r a n s f e r  g a s e s s u c h  a s oxyg e n a n d  n i t r o g e n  f r o m  t h e  A T V  t o  t h e  IS S . 

A n o t h e r  i m p o r t a n t  c o m p o n e n t  o f  t h e  A T V  a t t a c h e d  p h a s e  t r a i n i n g  is s p e n t  l e a r n i n g  

t o  p r e p a r e  t h e  A T V  f o r d e p a r t u r e . F o l l o w i n g  d e p a r t u r e  f r o m  t h e  I S S , t h e  A T V  is 

s i m p ly d e- o r b i t e d  a n d  a l l o w e d t o  b u r n  u p  in t h e  E a r t h ' s  a t m o s p h e r e .  P r e p a r i n g  t o  

c o n d u c t  s u c h  a m a n e u v e r  m ay se e m r e l a t i v e ly s i m p l e , b u t ,  i n  l o w E a r t h  o r b i t  ( L E O ) , 

e v e n g e t t i n g r i d  o f  w a s t e  is a c o m p l i c a t e d  b u s i n e s s , s i n c e t h e  A T V  m u s t  f i r s t b e 

l o a d e d  t o  e n s u r e  t h e  w e i g h t o f  t h e  c a r g o  is c o r r e c t ly b a l a n c e d .  I f  t h e  A T V  is o f f-
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ba l a n c e , the t h r u s t e r c o n t r o l o f  the vehicle is di f f i c u l t t o c a l c u l a t e a n d t h e r e is a risk 

the vehicle will be c o m e di f f i c u l t to c o n t r o l . 

Emergency operations 

E m e r g e n cy o p e r a t i o n s t r a i n i n g co m p r i s e s a serie s o f  s i m u l a t i o n s c o n d u c t e d inside 

the ATV m o c k u p . T h e t r a i n i n g focuses o n two s i t u a t i o n s : fire a n d  d e p r e s s u r iza t i o n . 

By co n d u c t i n g t h e s i m u l a t i o n s , the crew g r a d u a l ly im p r o v e s its ab i l i ty t o re a c t to 

these two cr i t i c a l emergencies in a timely ma n n e r . 

Columbus training 

I n a d d i t i o n t o being t r a i n e d in A TV o p e r a t i o n s , r e s i d e n t ISS crews m u s t also be 

t r a i n e d in the n o m i n a l o p e r a t i o n a n d m a l f u n c t i o n o f  systems o n b o a r d  the E S A ' s 

Columbus l a b o r a t o ry . T h e 4.5-m d i a m e t e r Columbus l a b o r a t o ry (F i g u r e 7.4) is the 

ESA ' s biggest single c o n t r i b u t i o n to t h e ISS. E q u i p p e d wi t h re s e a r c h facilities 

off e r i n g extensive science ca p a b i l i t i e s , the l a b o r a t o ry en a b l e s E a r t h- b a s e d res e a r c h•

ers, t o g e t h e r wi t h the ISS crew, to c o n d u c t exper i m e n t s in the disciplines o f  life 

sciences , m a t e r i a l s science, a n d fluid physics. D u r i n g t h e a d v a n c e d p h a s e o f  t r a i n i n g , 

a s t r o n a u t s will have received i n t r o d u c t o ry lessons o n Columbus's five systems: D a t a  

Figure 7.4. T h e E u r o p e a n Space Agency's Columbus l a b o r a t o ry. Ima g e courtesy: ESA. 
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Figure 7 . 5 . T h e Columbus l a b o r a t o ry m o c k u p c o n t a i n s al l t h e r a c k s a n d expe r i m e n t 

facilities c u r r e n t ly m o u n t e d in t h e flight v e r s i o n d o c k e d wi t h t h e ISS. I m a g e c o u r t e sy: 

E S A  (see colour section) . 

M a n a g e m e n t  Syste m ( D M S ) , E l e c t r i c a l P o w e r D i s t r i b u t i o n Syst e m ( E P D S ) , 

T h e r m a l C o n t r o l  System (TC S ) , E n v i r o n m e n t a l C o n t r o l a n d  Life S u p p o r t System 

(EC L S S ) , a n d  t h e C o m m u n i c a t i o n System. D u r i n g  t h e 1ST p h a s e , t h e a s t r o n a u t s 

sp e n d m o r e time l e a r n i n g m a l f u n c t i o n o p e r a t i o n s as well as p r e v e n t i v e a n d c o r r e c t i v e 
m a i n t e n a n c e . T h i s t r a i n i n g is deliv e r e d i n t h r e e visits t o E A C , d u r i n g which 

o p e r a t o r s a n d  specialists receive 84 a n d  104 h r  o f  t r a i n i n g , respectively. 

I n  c o m m o n w i t h t h e A T V t r a i n i n g , a n u m b e r o f  well e q u i p p e d m o c k u p s a n d 

s i m u l a t o r s a r e av a i l a b l e a t  E A C t o p r o v i d e a s t r o n a u t s w i t h high-fide l i ty facilities. I n  
a d d i t i o n t o t h e c o m p u t e r-b a s e d t r a i n i n g facilities, E A C  h o u s e s t h e Columbus 
m o c k u p ( F i g u r e 7.5) a n d  t h e C o l u m b u s T r a i n e r E u r o p e , whi c h ho u s e s a s i m u l a t o r 
p e r m i t t i n g flight-like t e l e m e t ry t o the cre w a n d  g r o u n d s u p p o r t  p e r s o n n e l . 

O n c e a s t r o n a u t s h a v e c o m p l e t e d t h e A TV a n d  Columbus t r a i n i n g p h a s e s , th ey 

in t e g r a t e b a c k i n t o t h e r e g u l a r 1ST s c h e d u l e , which m ay m e a n t r a i n i n g wi t h t h e i r 

N A S A a n d  C S A coll e a g u e s in H o u s t o n , S t a r Ci ty, a n d  J a p a n . Since N A S A is 

re s p o n s i b l e f o r deliv e r i n g t h e l i o n ' s s h a r e o f  I S T p r e p a r a t i o n , the r e s t o f  t h i s c h a p t e r 

is d e v o t e d t o de s c r i b i n g a typical 18-mo n t h 1ST pe r i o d . 
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EXPEDITION TRAINING 

F o r  N A S A a n d  C S A a s t r o n a u t s , 1ST / Expe d i t i o n t r a i n i n g begins a t  J S C in C l e a r 

L a k e , n e a r H o u s t o n , T exas . D u r i n g t h e i r fir s t t r a i n i n g class , th e a s t r o n a u t s  l e a r n 

ho w t o d o  th e t h i n g s t h ey'l l d o every d ay a b o a r d  t h e ISS . T h ey le a r n ho w to r e a d 

p r o c e d u r e s w r i t t e n by pe o p l e o n th e g r o u n d , whi c h th ey m u s t c o m p l e t e c o r r e c t ly in 

o r b i t . T h ey als o l e a r n ho w to use t h e I S S ' s l a p t o p c o m p u t e r s a n d  th e s o f t w a r e . T h ey 

sp e n d time in s i m u l a t o r s , whe r e they wo r k in a m o c k u p o f  th e ISS a n d  p r a c t i c e w h a t 

th ey hav e l e a r n e d so far. A t  th e b e g i n n i n g o f  e a c h new t r a i n i n g sess i o n , th e ISS 

t r a i n i n g lead a n d  th e t r a i n i n g t e a m give e a c h a s t r o n a u t  a Cr e w T r a i n i n g N o t e b o o k  

( C T N ) . T h i s b i n d e r c o n t a i n s all th e h a n d o u t s  a n d s t u dy aid s th e a s t r o n a u t s need 

d u r i n g a p a r t i c u l a r t r a i n i n g session. T h i s i n t r o d u c t o ry p h a s e o f  t r a i n i n g is t h e n 

followed by on e o f  m a ny tr i p s to Ru s s i a . 

O n c e a n a s t r o n a u t  is as s i g n e d t o a n ISS flight, th ey re q u i r e a b o u t  18 m o n t h s o f  

t r a i n i n g . H o w e v e r , it m ay t a k e l o n g e r t h a n 18 m o n t h s i f th e c r e w m e m b e r h a s n ' t  

received specific t r a i n i n g o n  c e r t a i n ISS systems, o r  i f  th ey d o n ' t  have th e re q u i s i t e 

l a n g u a g e skills. I t a l s o hel p s i f  the a s t r o n a u t  h a s t r a i n e d a s a b a c k u p t o a n o t h e r 

expe d i t i o n c r e w m e m b e r a n d h a s l e a r n e d t o s p e a k R u s s i a n . Id e a l ly, as a n a s t r o n a u t  

w o r k i n g o n  th e ISS , it help s to ha v e a g o o d u n d e r s t a n d i n g o f  e i t h e r F r e n c h o r  

G e r m a n , given th e t r u ly i n t e r n a t i o n a l n a t u r e o f  t h e ISS p r o g r a m . D u r i n g t h e i r 18 

m o n t h s o f  t r a i n i n g , a s t r o n a u t s  m a k e several t r i p s be t w e e n N A S A ' s  J S C a n d th e 

G a g a r i n C o s m o n a u t  T r a i n i n g C e n t e r ( G C T C ) in S t a r C i ty , Mo s c o w , R u s s i a . I n 

a d d i t i o n t o r a c k i n g u p ai r m i l e s be t w e e n H o u s t o n  a n d  M o s c o w , a s t r o n a u t s al s o m a k e 

a s m a ny as ei g h t o r  nine o v e r s e a s t r i p s to o t h e r  ISS m e m b e r s t a t e s . F o r  examp l e , 

a s t r o n a u t s t a s k e d w i t h o p e r a t i n g D E X T R E *  will visit S a i n t H u b e r t  in C a n a d a  t o 

t r a i n o n th e s t a t i o n ' s r o b o t i c a r m . So m e a s t r o n a u t s will al s o visit J a p a n  t o be t r a i n e d 

o n system s specific t o J a p a n ' s  Kibo m o d u l e . 

As s o o n as c r e w m e m b e r s a r e assi g n e d t o a mis s i o n , a C r e w Q u a l i f i c a t i o n s a n d  

R e s p o n s i b i l i ty M a t r ix ( C Q R M )  is c r e a t e d . T h e C Q R M  d o c u m e n t  c o n t a i n s  

i n f o r m a t i o n a b o u t  w h a t e a c h c r e w m e m b e r will be d o i n g d u r i n g t h e i r mis s i o n . 

T r a i n i n g s t a f f in R u s s i a a n d th e US use th e C Q R M  t o dec i d e w h e t h e r a c r e w m e m b e r 

will be a n o p e r a t o r  o r  a sp e c i a l i s t f o r ISS systems. W h e r e a s a n  o p e r a t o r  is on ly 

r e q u i r e d t o k n o w h o w t o o p e r a t e a piece o f  e q u i p m e n t , su c h a s s e n d i n g a c o m m a n d 

t o rai s e th e t e m p e r a t u r e in o n e o f  th e ISS m o d u l e s , a sp e c i a l i s t nee d s to k n o w ho w to 

r e p a i r th e system c o n t r o l l i n g t h e t e m p e r a t u r e inside the m o d u l e . 

E a c h ISS system, su c h as el e c t r i c a l , h e a t i n g , c o o l i n g , a n d  c o m m u n i c a t i o n s , h a s a 

s e p a r a t e t r a i n i n g p l a n for o p e r a t o r s a n d  spec i a l i s t s , a n d c r e w m e m b e r s m u s t k n o w 

e n o u g h a b o u t  every syste m t o be a t  le a s t a n o p e r a t o r . Since be i n g a spe c i a l i s t 

reqUires m o r e t r a i n i n g , a s t r o n a u t s  a r e o n ly tr a i n e d t o be a sp e c i a l i s t o n  a few 

system s . 

* Also kno w n as the Special P u r p o s e Dexter o u s M a n i p u l a t o r (SPDM ) . 
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T e a m  a s s i g n m e n t 

T h e  n ext s t e p  in t h e  t r a i n i n g  p l a n  is t o a s s i g n t h e a s t r o n a u t s  t o a t r a i n i n g  t e a m . T h e  

t r a i n i n g  t e a m  t e a c h e s t h e c r e w e v e ryt h i n g t h ey n e e d t o  k n o w  t o  h a v e  a s a f e a n d  

s u c c e s s f u l m i s s i o n . I n  c h a r g e  o f  t h e t r a i n i n g  t e a m  is t h e S t a t i o n  T r a i n i n g  L e a d  ( S T L ) , 

typ i c a l ly a f o r m e r  i n s t r u c t o r  w i t h m a ny ye a r s ' exp e r i e n c e t e a c h i n g a s t r o n a u t s  ( P a n e l 

7.2). T h e  t e a m  h a s  o n e  i n s t r u c t o r  f o r e a c h  o f  t h e e i g h t m a i n  I S S syst e m s , in a d d i t i o n  

t o h a v i n g  i n s t r u c t o r s  f o r t h e  s c i e n t i f i c exp e r i m e n t s t h e a s t r o n a u t s  will be c o n d u c t i n g  

a b o a r d  t h e s t a t i o n ,  a n d  o t h e r  i n s t r u c t o r s  t o t e a c h sk i l l s s u c h a s E V A . 

P a n e l 7.2. I n t e rn a t i o n a l S p ace S t a t i o n T r a inin g Lea d 

T h e  S T L  ha a t e a m o f  in t r u c t o r s  w h o h e l p t h e a t r o n a u t s  d u r i n g  t h e i r 

mi i o n t r a i n i n g . T r a i n i n g  b e g i n s in a cia s r o o m ,  w h e r e t h e S T L ' s  t e a m 

p r o v i d e s s t u d e n t  w i t h a g e n e r a l o v e r v i e w o f  t h e ISS a n d  its syst e m s . F r o m  

t h e r e , t h e c r e w m o v e s t o h a n d  -o n w o r k  in s p a c e t a t i o n  i m u l a t o r  , w h e r e 

t h ey p r a c t i c e w h a t  t h ey ' v e  l e a r n e d . O n c e t h e c r e w h a s m a s t e r e d t h e ba ics , t h e 

S T L  m a k e  t h i n g a l i t t l e m o r e  d i f f i c u l t by p r e p a r i n g  t h e c r e w f o r t h i n g s t h a t  

m i g h t g o w r o n g . Ba s i c a l ly , i t ' s t h e j o b  o f  t h e S T L  t o t ry to l i n d a ny 

s h o r t c o m i n g s  in t h e c r e w ' s a b i l i ty. T h i s c o n t i n g e n cy p l a n n i n g  ha been a vit a l 

p a r t  o f  all I S S- i n c r e m e n t p r e p a r a t i o n  b e c a u e it i n o t  e n o u g h  f o r t h e c r e w t o 

be p r e p a r e d  j u  t f o r t h e i r p r i m a ry mi i o n o b j e c t i v e . T h ey mu t al o be 

t r a i n e d f o r ta k f r o m t h e p r e c e d i n g mi i o n , in c a e o m e t h i n g  d o e s n ' t g e t 

lini hed , a n d  in ta ks f o r f u t u r e mi i o n , in ca e t h e c u r r e n t  c r e w ha t i m e t o 

g e t a h e a d .  

T h e  S T L ' t e a m c o n s i ts o f  exp e r t s in th e v a r i o u s ISS y tem , uch a life 

u p p o r t  a n d  r o b o t i c  . T e a m  m e m b e r  u ua l ly w o r k in a pe c i l i c t r a i n i n g a r e a 

b e f o r e j o i n i n g  t h e i n t e g r a t e d t a t i o n  t r a i n i n g t e a m . F o r  e a c h o f  th e c o r e ISS 

y tem , t h e r e i s o m e o n e  w h o i a n  exp e r t in t h a t  a r e a . In a d d i t i o n  t o w o r k i n g  

d i r e c t ly w i t h t h e a s t r o n a u t  , t h e S T L  a n d  hi / h e r t e a m p l a n t h e c r e w ' 

t r a i n i n g , a n d  te s t t h e i m u l a t o r  t h e c r e w will u e. 

T R A I N I N G  F L O W  F O R  A G E N E R I C  I S S  M I S S I O N  

R u s s i a P a r t  I 

A n  a s t r o n a u t  a s s i g n e d t o  a m i s s i o n m ay fi r s t t r a v e l t o t h e G C T C  i n S t a r  C i ty. I f  t h ey 

h a v e  w o r k e d  a s  a b a c k u p  ( w h a t  N A S A  d e s i g n a t e s a s I S S b a c k u p  flo w ) f o r a p r e v i o u s 

m i s s i o n , t h e c h a n c e s a r e t h i s will n o t  be t h e i r f i r s t t r i p t o R u s s i a . T h e  f i r s t t r i p  m ay 

l a s t b e t w e e n 4 a n d  12 we e k s a n d  will be t h e f i r s t o f  p e r h a p s  a s m a ny a s six t r i p s  i n I 
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year. T h e fir s t week is very m u c h like a t t e n d i n g un i v e r s i ty, wi t h a s t r o n a u t s a t t e n d i n g 

classes every day, 5 days a week . E a c h d ay typica l ly co m p r i s e s f o u r p e r i o d s o f  1 h r  

a n d 50 min e a c h w i t h a l u n c h b r e a k be t w e e n 1.00 a n d  2.00 in th e a f t e r n o o n . Cla s s e s 

u s u a l ly begin a t  9.00 i n t h e m o r n i n g a n d  e n d j u s t be f o r e 6.00 i n the eveni n g , so thi s 

a s p e c t is a lit t l e d i f f e r e n t f r o m b e i n g a t  university! 

Living in Star City 

A s t r o n a u t s wh o t r a i n in S t a r C i ty live in " T h e  C o t t a g e s " , wh i c h a r e a set o f  du p l exes 

N A S A b u i l t f o r t h e i r empl oyees. T h e dup l exes c o m p r i s e six t h r e e- b e d r o o m hou s e s , 

a n d  a r e s i t u a t e d a c o n v e n i e n t 1 0-min wal k f r o m th e t r a i n i n g facilities. O n e o f  the 

c o t t a g e s h a s a b a s e m e n t t h a t  ho u s e s a gym wi t h weig h t s a n d c a r d i o m a c h i n e s , used 

by th o s e t r a i n i n g t o fly to spa c e o r  r e h a b i l i t a t i n g f r o m a spa c e f l i g h t . A n o t h e r 

p o p u l a r  h a n g o u t is " S h e p ' s  B a r " , l o c a t e d in th e b a s e m e n t o f  o n e o f  th e o t h e r 

c o t t a g e s . T h e b a r  is n a m e d a f t e r Bill S h e p h e r d (wh o b u i l t t h e b a r ) , a N A S A 

a s t r o n a u t  who s p e n t so m a ny years t r a i n i n g in S t a r C i ty t h a t  he de c i d e d it w o u l d be 

a n i d e a to ha v e a pl a c e whe r e crews c o u l d c o n g r e g a t e socially. O v e r th e years , the b a r  

h a s been us e d int e n s i v e ly, a n d  d o n a t i o n s f r o m a s t r o n a u t s a n d  o t h e r vi s i t o r s ha v e 

p a i d for a p o o l a n d p i n g p o n g t a b l e , a tele v i s i o n , a n d  st e r e o systems. 

S h o r t ly a f t e r a r r i v i n g in S t a r Ci ty, a s t r o n a u t s a r e given a s h o r t  t o u r  o f  t h e t r a i n i n g 

facilities, whi c h u s u a l ly co m p r i s e t h r e e o r  f o u r bui l d i n g s . So m e t i m e s , d e p e n d i n g o n  

w h e t h e r it is o c c u p i e d , th ey hav e th e o p p o r t u n i ty to have a f a m i l i a r iza t i o n session in 

t h e Soyuz s i m u l a t o r , whe r e th ey will s p e n d m a ny h o u r s p r a c t i c i n g drills a n d  

p r o c e d u r e s . O n c e t h e t o u r  is ove r , t h e a s t r o n a u t s s t a r t  t r a i n i n g . 

Learning Russian 

O n e o f  th e fir s t t a s k s f o r p r o s p e c t i v e ISS c r e w m e m b e r s is to l e a r n Rus s i a n ! Th i s 

o f t e n p r o v e s a ch a l l e n g e f o r m a ny a s t r o n a u t s , as t h e i r m o s t r e c e n t m e m o ry o f  

R u s s i a n was th e i n t r o d u c t o ry c o u r s e th ey received while they were ascans! 

A s t r o n a u t s m u s t be a b l e to u n d e r s t a n d R u s s i a n ( P a n e l 7.3) so th ey ca n t a l k w i t h 

R u s s i a n M i s s i o n C o n t r o l C e n t e r a n d u n d e r s t a n d t h e i r R u s s i a n i n s t r u c t o r s w h o t e a c h 

t h e m ho w t o o p e r a t e system s o n  th e Soyuz. G i v e n th e co m p l exiti e s o f  th e l a n g u a g e , 

all t h e a s t r o n a u t s ha v e w h a t t h ey call " g o o d  R u s s i a n d ays " a n d " b a d  R u s s i a n d ays " . 

Praktika and konsultatziya 

T h e first series o f  classes a r e m o s t ly th e o r e t i c a l , a l t h o u g h a s t r o n a u t s sp e n d som e 

tim e in v o l v e d in praktika t r a i n i n g o n ISS m o c k u p m o d u l e s , su c h as th e Service 

M o d u l e (S M ) a n d  th e F u n c t i o n a l C a r g o Block ( F G B ) . E v e n t u a l ly, e a c h a s t r o n a u t  is 

r e q u i r e d t o e n t e r t h e t r a i n i n g m o c k u p s a n d d e m o n s t r a t e t h e i r k n o w l e d g e t o th e 

i n s t r u c t o r s  i n w h a t  t h e R u s s i a n s r e f e r t o a s konsultatziya ( exam ) . I n  t h e 
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P a n e l 7. 3 . p e a k i n g Ru s i a n 

M a ny a t r o n a u t  a g r e e t h a t  l e a r n i n g Ru ia n is the h a r d e t p a r t  o f  a s t r o n a u t  

t r a m t n g . o t  o n ly mu t th ey m a s t e r a n  al i e n a l p h a b e t ,  th ey mu t a l s o t r a i n 

t h e i r e a r  a n d m o u t h s  to li ten to a n d  e n u n c i a t e new s o u n d  . I f t h a t  wa n ' t 

e n o u g h  o f  a c h a l l e n g e , a t r o n a u t  mu t al o g r a p p l e wi t h a v o c a b u l a ry rich 

w i t h m e a n i n g s . P r o t o c o l a n d  a g r e e m e n t h a v e to be t r a n l a t e d fr o m E n g li sh 

to Ru ian , a n d  t h e n b a c k i n t o E n g l i s h to m a k e ure t r a n l a t o r  ha v e n o t 

kewed i n f o r m a t i o n . 

F o r  o m e o f  t h e m o t hi g h ly t r a i n e d h u m a n s  o n ( a n d off!) t h e p l a n e t , 

Ru ian l a n g u a g e t r a i n i n g c a n be a h u m b l i n g expe r i e n c e . S o m e a t r o n a u t s  

h a v e de c r i b e d t h e i r l i r t few R u ia n l es o n a s b e i n g i m i l a r to a f i r s t-g r a d e r 

a t t e n d i n g  g r a d u a t e  c h o o l . F o r  m o t a t r o n a u t s ,  it t a k e a t  lea t 6 m o n t h  to 

a c h i e v e even a s e m b l a n c e o f  fluency. F o r  o t h e r  , it m ay t a k e l o n g e r , whi c h c a n 

be f r u s t r a t i n g w h e n o n e c o n s i d e r a ll o r a l exa m s a n d  l e c t u r e in S t a r  ity a r e 

in R u ian! 

konsultatziya , t h e a s t r o n a u t s  a r e q u izze d o n  t h e o r e t i c a l a s p e c t s o f  t h e m o d u l e  a n d  

m u s t  t h e n d e m o n s t r a t e  t o t h e  i n s t r u c t o r s  h o w  t o  o p e r a t e  e v e ry syst e m i n t h e m o d u l e . 

M a k i n g  t h e t a s k  e v e n m o r e  d e m a n d i n g  is t h e f a c t t h e konsultatziya a r e c o n d u c t e d  in 

R u s s i a n , f u r t h e r  c o m p o u n d e d  by th e f a s t- t a l k i n g R u s s i a n  i n s t r u c t o r s ! T h e  exa m s a r e 

u s u a l ly c o n d u c t e d  i n t h e s a m e r o o m  u s e d f o r l e c t u r e s , s o a s t r o n a u t s  c a n  t o u c h  o r  

p o i n t  t o t h e h a r d w a r e  i f  t h ey ne e d t o . F o r  t h e t e s t , t h e a s t r o n a u t  si t s in t h e  s e a t w h e r e 

t h e i r i n s t r u c t o r  u s u a l ly sit s , a n d  t w o exa m i n e r s p l u s t h e i n s t r u c t o r  si t o p p o s i t e . 

F o r t u n a t e ly , f o r t h o s e a s t r o n a u t s  w h o a r e n o t  yet f l u e n t in R u s s i a n , t h e r e is a n  

i n t e r p r e t e r  in t h e  b a c k o f  t h e r o o m ! 

I n  a d d i t i o n  t o  b e i n g i n s t r u c t e d  o n  t h e S M a n d  F G B ,  t h e  a s t r o n a u t s  s p e n d m u c h 

o f  t h e i r t i m e l e a r n i n g a b o u t  t h e S oyuz s p a c e c r a f t , u s u a l ly b e i n g t a u g h t  by R u s s i a n  

T r a i n i n g  I n t e g r a t o r s  ( R T I )  w h o a r e f r o m  t h e t r a i n i n g  d e p a r t m e n t  in H o u s t o n . T h e  

R T i s  a r e  exp e r t s o n  t h e R u s s i a n syst e m s a n d  m a k e  s u r e t h e a s t r o n a u t s  receive 

exac t ly t h e r i g h t level o f  t r a i n i n g . I f  t h ey a r e n o t  h a p py w i t h h o w t h e R u s s i a n 

i n s t r u c t o r s  t e a c h a l e s s o n , t h e R T i s  will s t e p in a n d  c o v e r it. T h e  R T i s  a l s o e n s u r e 

t h e a s t r o n a u t s  h a v e all t h e t r a i n i n g m a t e r i a l s in b o t h  R u s s i a n  a n d  E n g l i s h a n d ,  

b e c a u s e t h ey a r e  exp e r t s o n  t h e syst e m s , t h ey he l p t o  p r e p a r e  t h e  a s t r o n a u t s  f o r t h e 

exam s . 

G r a d u a l ly , t h e a s t r o n a u t s  w o r k  t h e i r w ay t h r o u g h  t h e myr i a d  S oyuz syst e m s , 

r a n g i n g f r o m life s u p p o r t  t o t h e f u n c t i o n a l i d i o syn c r a s i e s o f  t h e s p a c e c r a f t ' s t o i l e t . 

A f t e r l e a r n i n g t h e t h e o r e t i c a l a s p e c t s o f  t h e h a r d w a r e ,  t h ey h a v e t h e o p p o r t u n i ty t o  

p r a c t i c e d r i l l s in t h e  s i m u l a t o r s . A f t e r s e v e r a l we e k s o f  i n t e n s i v e s t u dyi n g , m a ny 

we l c o m e t h e o p p o r t u n i ty t o d o  s o m e t h i n g t h a t  t a k e s p l a c e o u t s i d e t h e c l a s s r o o m s . 
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Survival training 

I n be t w e e n system s t r a i n i n g a n d  th e ch a l l e n g e s o f  s t r u g g l i n g t o l e a r n w h a t s o m e t i m e s 

feels like a n ali e n l a n g u a g e , the a s t r o n a u t s  ha v e th e o p p o r t u n i ty t o s p e n d a few d ays 

in th e wil d e r n e s s as p a r t  o f  su r v i v a l t r a i n i n g , R u s s i a n style! F o r  t h o s e a s t r o n a u t s 

who s e l a s t exper i e n c e o f  su r v i v a l t r a i n i n g was as a n a s c a n in the b a l my cl i m a t e o f  

Ra n g e l ey, M a i n e , the R u s s i a n ve r s i o n is s o m e t i m e s a sh o c k to th e syste m , especially 

tho s e wh o a r e d e p l oyed t o R u s s i a d u r i n g th e winter! 

F o r  a s t r o n a u t s a c c u s t o m e d t o H o u s t o n ' s h o t  a n d  h u m i d cl i m a t e , su r v i v a l t r a i n i n g 

in a R u s s i a n w i n t e r de f i n i t e ly br i n g s a t o u c h o f  rea l i s m t o th e a r t  o f  s t ayin g alive. 

W i t h  t e m p e r a t u r e s  r e g u l a r ly b e l o w - 20 ° C, s u r v i v a l t r a i n i n g  in t h e f o r e s t s 

s u r r o u n d i n g S t a r C i ty ta k e s o n  new m e a n i n g t o N o r t h  A m e r i c a n a s t r o n a u t s , who 

us u a l ly use all t h e i r iss u e d layers o f  a r c t i c c l o t h i n g t o s t ay w a r m . 

T o  s i m u l a t e l a n d i n g in a r e m o t e a r e a , a s t r o n a u t s p r a c t i c e g e t t i n g o u t  o f  a ca p s u l e 

in all t h e i r su r v i v a l g e a r b e f o r e s p e n d i n g th e n i g h t o u t  in th e o p e n . O t h e r su r v i v a l 

exercises s i m u l a t e l a n d i n g in th e w a t e r . I n thi s exercise , a s t r o n a u t s m u s t s p e n d 

a l m o s t 2 h r  g e t t i n g d r e s s e d in t h e i r su r v i v a l e q u i p m e n t insi d e th e c r a m p e d c o n f i n e s 

o f  th e S oyuz c r a f t ( F i g u r e 7.6) be f o r e j u m p i n g o u t . T h e p r o b l e m is t h a t  all the 

d r e s s i n g is d o n e w i t h t h e h a t c h clos e d , which g e n e r a t e s s i g n i f i c a n t h e a t l o a d s , t o say 

n o t h i n g o f  t h e m o t i o n sickness i n d u c e d by all th e b o b b i n g a b o u t  in th e waves! 

F i n a l ly , on c e all th e a s t r o n a u t s  a r e dr e s s e d , th ey j u m p  o u t  o f  th e c a p s u l e a n d  l a u n c h 

Figure 7.6 . C a n a d i a n a s t r o n a u t , R o b e r t T h i r s k , sits inside the c r a m p e d i n t e r i o r o f  the 

Soyuz . Image courtesy: CSA. 
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si g n a l flares . A l t h o u g h th ey ar e on ly tr a i n i n g , du e to th e l e a k r a t e s o f  th e t r a i n i n g 

su i t s , m o s t a s t r o n a u t s  a r e a c t u a l ly in need o f  be i n g res c u e d a t  t h a t  stage! 

Typical survival training week 

A typical surv i v a l t r a i n i n g week begins wit h two p r e p a r a t o ry days sp e n t in the 

cl a s s r o o m le a r n i n g a b o u t  the Soyuz emergency kit (Ha3, p r o n o u n c e d naz), ho w to 

bu i l d shelters, a n d be c o m i n g famil i a r with cl o t h i n g a n d th e elem e n t s o f  basic wi n t e r 

survival. A f t e r th e t h e o ry lessons, a s t r o n a u t s are t a k e n to a garage-like bui l d i n g o n  the 

S t a r City tr a i n i n g a r e a o f  G C T C . Here , they pra c t i c e d o n n i n g th e i r Soko l spacesuits 

( F i g u r e 7.7) they will wea r when they leave the ISS wit h the Soyuz cap s u l e a t  the end 

o f  the mission. Since the Soyuz has a b o u t  as much space as a c o m p a c t ca r , the d o n n i n g 

exercise is ne a r ly always a struggle. Once th ey've bu i l t u p a sweat inside th e Soyuz, the 

a s t r o n a u t s a r e t a k e n o u t i n t o th e field, where they spe n d 2 days pr a c t i c i n g survival 

skills. F i r s t , the a s t r o n a u t s org a n ize t h e i r e q u i p m e n t , before se a r c h i n g for ma t e r i a l s for 

firewood a n d t o bu i l d a shelter. Next, they build a le a n-to-type she l t e r using p a r a c h u t e 

c l o t h as the roof. T o in s u l a t e the floor, the a s t r o n a u t s use w o o d sticks a n d m o r e 

p a r a c h u t e cl o t h . O n c e the she l t e r is c o n s t r u c t e d , the a s t r o n a u t s t u r n their a t t e n t i o n t o 

food. F i r s t , th ey have t o lig h t a fire. T h e fire serves n o t  only as a mea n s o f  he a t i n g 

food, b u t also as a signal, al e r t i n g rescue forces in th e eve n t o f  a real emergency 

land i n g . Fin a l ly, once the a s t r o n a u t s have e a t e n , they d r a w st r a w s t o see wh o will ta k e 

the first w a t c h (m a ny o f  the la n d i n g sites i n Ru s s i a h a p p e n t o be i n h a b i t e d by wolves 

a n d bears), which is usually between 10.00 p m  a n d 1.00 am. W i t h the w a t c h schedule 

decided, the a s t r o n a u t s t u r n in for the n i g h t , leaving th e a s t r o n a u t o n g u a r d to wat c h 

for h u n g ry be a r s a n d m a k i n g sure the fire d o e s n ' t go o u t . W h e n m o r n i n g finally rolls 

a r o u n d , the a s t r o n a u t s sn a c k o n r a t i o n pa c k s , con s i s t i n g o f  freeze-dried ch o c o l a t e , 

cookies, a n d tea flavore d with s u g a r a n d lemon. 

D ay Tw o o f  t h e i r su r v i v a l exercise is s p e n t g a t h e r i n g m o r e fir e w o o d f o r th e fire, 

s t ayin g w a r m , a n d  t ryin g to get some sleep. A f t e r w a k i n g u p  o n D ay Th r e e , th e 

a s t r o n a u t s a r e i n s t r u c t e d t o g a t h e r t h e i r e q u i p m e n t a n d  m a r c h to a rescue h e l i c o p t e r . 

I t m ay s o u n d like a sim p l e exercise, b u t th e i n s t r u c t o r s u s u a l ly t h r o w a s p a n n e r in th e 

w o r k s by " d i s a b l i n g " o n e o f  the a s t r o n a u t s . T h e o t h e r a s t r o n a u t s have to r e s p o n d by 

a d m i n i s t e r i n g me d i c a l a t t e n t i o n a n d  b u i l d a s t r e t c h e r t o effect a n  e v a c u a t i o n . 

F i n a l ly, wh e n th ey re a c h th e h e l i c o p t e r , th e exercise ends . F o r  th e a s t r o n a u t s , i t ' s n o t  

a m o m e n t t o o soon! 

C a n a d a 

Robotics training in Saint Hubert 

A f t e r s p e n d i n g 4 weeks in S t a r Ci ty, a s t r o n a u t s h e a d b a c k o v e r th e A t l a n t i c t o 

M o n t r e a l , C a n a d a ,  wh e r e t h ey u n d e r g o 2 weeks o f  r i g o r o u s t r a i n i n g , l e a r n i n g ho w to 
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Figure 7.7. C a n a d i a n a s t r o n a u t , R o b e r t T h i r s k , d o n s the Sokol spacesuit. Image 

courtesy: CSA . 

o p e r a t e  t h e  C a n a d a r m 2  ( P a n e l  7 . 4 a n d  F i g u r e  7 . 8) a n d  D ex t r e  ( P a n e l  7.5 a n d  F i g u r e  

7.9 ) , t w o r o b o t  a r m s  d e s i g n e d by M a c D o n a l d  D e t t w e i l e r  o f  C a n a d a .  

P a n e l  7 . 4 . C a n a d a r m 2  

T h e  C a n a d a r m 2  m o v e e n d- t o- e n d t o r e a c h m a ny p a r t  o f  t h e ISS in a n  

i n c h w o r m- l i k e m o v e m e n t . I t s r a n g e i li m i t e d o n ly by th e n u m b e r  o f  P o w e r 

D a t a  G r a p p l e  F ixt u r e ( P D G F  ) o n  t h e t a t i o n . T h e  P D G F  a r e  l o c a t e d a t  

v a r i o u p o i n t s o n  t h e ISS a n d  p r o v i d e p o w e r , d a t a ,  a n d  v i d e o t o t h e a n a d a r m 2  

t h r o u g h  it L a t c h i n g E n d E f f e c t o r ( L E E  ). T h e  a n a d a r m 2  i al o c a p a b l e o f  

t r a v e l i n g t h e e n t i r e l e n g t h o f  t h e ISS o n  t h e M o b i l e Base Sy tern (M BS). 

T h e  v e r a t i l e a r m  h a eve n d e g r e e o f  f r e e d o m ( D o F )  a n d ,  m u c h like a 

h u m a n  a r m ,  h a a h o u l d e r  ( t h r e e j o i n t  ), a n  e l b o w ( o n e j o i n t ) , a n d  wri t ( t h r e e 

j o i n t  ). T h a n k  t o i t j o i n t  c o n f i g u r a t i o n , t h e a n a d a r m 2  c a n r o t a t e  540 . F o r c e 

m o m e n t  en o r  p r o v i d e a en e o f  t o u c h a n d  t h e a r m  i fit t e d w i t h a n  a u t o m a t i c  

vis i o n f e a t u r e fo r c a p t u r i n g  o b j e c t a n d  a u t o m a t i c  colli io n a v o i d a n c e . I t a l s o 

h a f o u r c o l o r  c a m e r a  , o n e  o n  e a c h si d e o f  t h e e l b o w a n d  t w o o n  t h e L E E s . 
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Figure 7.8. NAS A a s t r o n a u t , S c o t t E. P a r azynsk i , mission specialist , wor k s with cables 

linked to th e C a n a d a r m 2 . Im a g e co u r t e sy : NASA. 

P a n e l  7 . 5 . D ex t r e  

T h e  t w o- a r m e d  S p e c i a l P u r p o  e D ex t e r o u  M a n i p u l a t o r ,  k n o w n  a " D ex t r e " ,  

i a c o m p o n e n t  o f  t h e  M o b i l e  S e r v i c i n g Sy t e m ( M S S )  d e v e l o p e d  by 

M a c D o n a l d  D e t t w e i l e r  o f  C a n a d a  f o r t h e  I S. I t c o m p l e m e n t  t h e  m o b i l e  

b a  e a n d  C a n a d a r m 2  a l r e a dy in t a i l e d a n d  o p e r a t i n g  o n  t h e  ISS . W i t h  it s 

a d v a n c e d  t a b i l i z a t i o n  a n d  h a n d l i n g  c a p a b i l i t i e  , D ex t r e  c a n  p e r f o r m  d e l i c a t e  

t a k u u a l ly re e r v e d f o r h u m a n  a n d ,  t h a n k  t o it v e r a t i l i ty, i t i n c r e a e 

c r e w  a f e ty a n d  r e d u c e t h e  a m o u n t  o f  t i m e a t r o n a u t  m u  t p e n d  o u t  i d e t h e  

ISS o n  r o u t i n e  m a i n t e n a n c e ,  t h e r e by f r e e i n g t i m e f o r c i e n t i f i c a c t i v i t i e s . 

A k i n  t o  a m e c h a n i c  in p a c e , D ex t r e  c a n  p i v o t  a t  t h e  wa i t, a n d  i t 

h o u l d e r  u p p o r t  t w o  i d e n t i c a l  a r m  w i t h e v e n of~ e t  j o i n t  , p e r m i t t i n g  g r e a t  

f r e e d o m  o f  m o v e m e n t .  I t  i e q u i p p e d  n o t  o n ly w i t h li g h t  , v i d e o e q u i p m e n t ,  

a n d  a t o w a g e  p l a t f o r m ,  b u t  a l o w i t h  e v e r a l r o b o t i c  t o o l . t t h e  e n d  o f  e a c h  

a r m  i a n  o r b i t a l  r e p l a c e m e n t  u n i t  t o o l  c a p a b l e  o f  g r a s p i n g  a p ay l o a d  w i t h a 

vice- lik e g r i p . F o r  fin e m a n i p u l a t i o n  t a k , D ex t r e i c a p a b l e o f  p r e c i e l y 

e n i n g f o r c e a n d  t o r q u e  in i t g r i p  by m e a n  o f  a u t o m a t i c  c o m  p e n a t i o n .  T o  

g r a b  o b j e c t  , D ex t r e  h a a r e t r a c t a b l e  m o t o r i z e d  o c k e t  w r e n c h  t o  t u r n  b o l t  

a n d  m a t e  o r  d e t a c h  m e c h a n i  m a well a a c a m e r a  a n d  l i g h t f o r c l o e- u p  

v i e w i n g . D ex t r e  c a n  e i t h e r  b e a t t a c h e d  t o  t h e  e n d  o f  a n a d a r m 2  o r  r i d e 
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i n d e p e n d e n t ly on the m o b i l e ba e sy tem . T h a n k  to its i n g e n i o u de ign, 

D ext r e c a n a c c o m p l i h ta k r e q u i r i n g high preci ion , uch as re m o v i n g a n d 

re p l a c i n g ISS c o m p o n e n t  , o p e n i n g a n d clo ing c o v e r , a n d d e p l oyin g o r  

r e t r a c t i n g me c h a n i m . 

Figure 7.9. Dextre is a so p h i s t i c a t e d d u a l-a r m e d r o b o t , which is p a r t o f  C a n a d a ' s 

c o n t r i b u t i o n t o the I n t e r n a t i o n a l Space S t a t i o n . Image co u r t e sy : CSA. 

T h e t r a i n i n g t a k e s p l a c e a t  t h e C a n a d i a n  S p a c e A g e n cy's ( C S A ' s ) O p e r a t i o n s 

E n g i n e e r i n g T r a i n i n g F a c i l i ty ( O E T F )  a t  t h e J o h n  H. C h a p m a n  S p a c e C e n t r e in 

L o n g u e u i l , a sm a l l t o w n o u t s i d e M o n t r e a l . L i k e so m u c h o f  t h e i r t r a i n i n g , a s t r o n a u t s  

m u s t fi r s t go t h r o u g h  t h e o r e t i c a l l e a r n i n g , fol l o w e d by p r a c t i c a l t r a i n i n g . I n  S a i n t•

H u b e r t ,  t h e a s t r o n a u t s  a r e t a u g h t  t h e t h e o r e t i c a l a s p e c t s in t h e M u l t i m e d i a L e a r n i n g 

C e n t r e ( M L C ) , b e f o r e m o v i n g o n t o  m o r e p r a c t i c a l t r a i n i n g in t h e M o b i l e Ser v i c i n g 

Syst e m s O p e r a t i o n s  T r a i n i n g  S i m u l a t o r  ( M S S O T S , F i g u r e  7.10). F o r  t h o s e 

a s t r o n a u t s  w h o a r e p i l o t s , t h e p i t c h , roll, a n d  yaw m o v e m e n t s o f  t h e r o b o t  a r m s 

a r e i n t u i t i v e a n d  eas i ly g r a s p e d . F o r  a s t r o n a u t s  w i t h o u t a p i l o t i n g b a c k g r o u n d , t h e 

i n s t r u c t i o n c a n s o m e t i m e s be a li t t l e f r u s t r a t i n g . 
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Figure 7.10. C a n a d i a n  a s t r o n a u t ,  Ju l i e P aye t t e , p r a c t i c e s u s i n g t h e M o b i l e Ser v i c i n g 

System s O p e r a t i o n s T r a i n i n g S i m u l a t o r . I m a g e c o u r t e sy: CSA (see colour section). 

Robotic Workstation 

A s t r o n a u t s al s o t r a i n o n  a R o b o t i c W o r k s t a t i o n (R W S ) , l o c a t e d i n a t h r e e-q u a r t e r•

scale m o c k u p o f  the US D e s t i ny Lab. T h e R WS c o n t a i n s a Di s p l ay a n d C o n t r o l 

P a n e l , a P o r t a b l e C o m p u t e r S ys te m f o r di s p l aying the G r a p h i c a l Us e r I n t e r f a c e , a n d 

two h a n d  c o n t r o l l e r s . T h e h a n d  c o n t r o l l e r s c o n t r o l the t r a n s l a t i o n s a n d r o t a t i o n s o f  

t h e e n d o f  t h e a r m . As s i s t i n g t h e a s t r o n a u t s a r e t h r e e m o n i t o r s di s p l aying views f r o m 
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c a m e r a s l o c a t e d o n  C a n a d a r m 2  a n d  o t h e r  l o c a t i o n s o u t s i d e t h e ISS . A sp e c i a l 

f e a t u r e o f  t h e R W S is t h e C a n a d i a n  S p a c e Visio n Syste m (CSVS), e n a b l i n g 

a s t r o n a u t s  t o p i n p o i n t  t h e exa c t l o c a t i o n a n d  m o v e m e n t o f  p ayl o a d s , p r o v i d i n g t h e m 

wi t h a n  a c c u r a t e m e a s u r e o f  d i s t a n c e a n d  o r i e n t a t i o n , whi c h is c r i t i c a l in t h e 

m a i n t e n a n c e o f  t h e ISS. 

Flying the arm 

A s t r o n a u t s ref e r t o o p e r a t i o n  o f  t h e a r m  as " flying the a r m " , a re f e r e n c e t o t h e a r m s 

p i t c h , yaw , a n d roll c a p a b i l i t i e s . L e a r n i n g t o fly the a r m  c a n be a li t t l e c o n f u s i n g b u t 

o n c e a s t r o n a u t s  i m a g i n e t h e r o b o t  a r m  as b e i n g a n  exte n s i o n o f  t h e i r o w n a r m , t h e 

who l e o p e r a t i o n  b e c o m e s a li t t l e ea s i e r . T h e a s t r o n a u t ' s  j o i n t s , m u c h in t h e s a m e way 

as t h e r o b o t  a r m , p r o v i d e D o F s ,  a n d  t h e " s h o u l d e r "  a n d  " w r i s t "  j o i n t s mo v e in ways 

c o m p a r a b l e t o t h e e n g i n e e r i n g e q u i v a l e n t . O n c e the a s t r o n a u t s  h a v e be c o m e 

a c c u s t o m e d t o t h e a r m ' s  s h o u l d e r , e l b o w , a n d  wr i s t , t h ey m u s t t h e n g r a p p l e w i t h 

ho w t o use t h e h a n d , w h i c h , in r o b o t  t e r m i n o l o gy , is t h e L E E . 

I f  you w a n t t o visua l ize h o w t o o p e r a t e t h e C a n a d a r m 2 , j u s t  r e a c h o u t  wi t h yo u r 

r i g h t a r m  t o p i c k a p e n o f f  a des k . T o  d o  thi s , you will exte n d yo u r a r m  a n d  pi c k up 

t h e p e n by g r a s p i n g i t w i t h yo u r L E E . By g r a s p i n g t h e p e n in yo u r h a n d , you will 

h a v e exec u t e d a succ e s s f u l g r a p p l e . N o w , mo v e t h e pen t o a p o s i t i o n d i r e c t ly a b o v e 

yo u r h e a d while s i m u l t a n e o u s ly r o t a t i n g  t h e pen so t h e p o i n t faces d o w n . Y o u will 

n o t i c e h o w yo u r j o i n t s m o v e t o execu t e t h e m a n e u v e r . N ext , t ry to m o v e yo u r a r m  

o v e r yo u r h e a d so t h e t i p o f  t h e p e n t o u c h e s yo u r left s h o u l d e r , while s i m u l t a n e o u s ly 

r o t a t i n g t h e p e n so t h a t  i t p o i n t s b e h i n d you. A g a i n , n o t i c e h o w yo u r j o i n t s m o v e 

a n d  you h a v e will hav e s o m e i d e a o f  the c o m p l exity o f  the r o b o t i c a r m s . 

O n e o f  t h e m o s t d i f f i c u l t t a s k s t h e i n s t r u c t o r s give t h e a s t r o n a u t s  is the free-flyer 

c a p t u r e exercise. I n  th i s s c e n a r i o , a n  o b j e c t is f l o a t i n g freely in sp a c e w i t h t h e 

p o s s i b i l i ty it m ay i m p a c t t h e ISS . T o  p r e v e n t i m p a c t , t h e a s t r o n a u t  m u s t c h a s e t h e 

o b j e c t a n d  se c u r e it - a t a s k r e q u i r i n g t h e use o f  c o m p l i c a t e d s e n s o ry a n d  m o t o r  skills 

in a very lim i t e d a m o u n t  o f  ti m e ( u s u a l l y less t h a n  90 sec). 

Ru s s i a P a r t  I I  

A f t e r 2 weeks o f  i n t e n s i v e t r a i n i n g , a s t r o n a u t s  a r e ce r t i f i e d as M i s s i o n R o b o t i c s 

O p e r a t o r s  ( M R O s )  a n d  t h ey h e a d b a c k o v e r t h e A t l a n t i c t o S t a r  C i ty on c e a g a i n fo r 

t h e i r s e c o n d 4-week ISS t r a i n i n g se s s i o n . A f t e r s p e n d i n g 2 weeks in F r e n c h- s p e a k i n g 

M o n t r e a l , m a ny a s t r o n a u t s  find they ha v e t o b r u s h up o n  t h e i r R u s s i a n l a n g u a g e 

skills , whi c h were p r e t ty ba s i c t o begin wit h . A t t h i s s t a g e , m a ny a s t r o n a u t s  h a v e yet 

t o m a s t e r t h e Cyril l i c a l p h a b e t , while o t h e r s s t r u g g l e p u t t i n g  ba s i c s e n t e n c e s 

t o g e t h e r . By no w , f o r m o s t a s t r o n a u t s , t h e r e a l iz a t i o n h a s d a w n e d o n t h e m t h a t  t h e 

c h a l l e n g e s o f  t h e R u s s i a n l a n g u a g e a r e as f o r m i d a b l e as a nyt h i n g t h ey will e n c o u n t e r 

d u r i n g m i s s i o n t r a i n i n g . 
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Soyuz training 

W h i l e still c o m i n g t o g r i p s with t h e i n t r i c a c i e s o f  s p e a k i n g R u s s i a n , t r a m m g 

c o n t i n u e s in t h e o p e r a t i o n  o f  Soyuz systems. T h i s m e a n s t h e a s t r o n a u t s  m u s t s t u dy 

li t e r a l ly re a m s o f  t e c h n i c a l d a t a  (all in Ru s s i a n ! ) a n d  a t t e n d a seem i n g ly end l e s s series 

o f  t h e o r e t i c a l clas s e s ( a g a i n , in Ru s s i a n ! ) . T h e first system s a s t r o n a u t s  s t u dy is the 

S oyuz' s d o c k i n g a n d  a t t a c h m e n t  syste m , the t h e r m a l c o n t r o l system , a n d  t h e 

el e c t r i c a l p o w e r a n d  p r o p u l s i o n syste m . T h e i n s t r u c t i o n c o v e r s all a s p e c t s o f  t h e 

a c t i v e a n d pa s s i v e e l e m e n t s o f  t h e t h e r m a l c o n t r o l system , t h e a i r c o n d i t i o n i n g a n d  

v e n t i l a t i o n system s , a n d  t h e fire s u p p r e s s i o n system. I n c o m m o n  w i t h all t r a i n i n g , 

e a c h syste m is t a u g h t  in a t h e o r e t i c a l le c t u r e (lek-see-ya) f o l l o w e d by a p r a c t i c a l 

(prak-ti-ka) s e s s i o n . T h e t h e o r e t i c a l ses s i o n c o n s i s t s o f  a n  i n s t r u c t o r t a l k i n g while the 

a s t r o n a u t s  t a k e n o t e s , while t h e p r a c t i c a l ses s i o n s , wh i c h t h e a s t r o n a u t s  e n j oy m o r e , 

a r e h a n d s- o n . I n  t h e p r a c t i c a l sessio n s , the a s t r o n a u t s  h a v e t h e o p p o r t u n i ty to t o u c h 

h a r d w a r e , flip swi t c h e s , r e a d g a u g e s , t u r n  di a l s , a n d  even e n t e r c o m m a n d s i n t o 

c o m p u t e r s . O n c e t h e l e c t u r e s a r e o v e r , t h e a s t r o n a u t s  typic a l ly go s t r a i g h t h o m e t o 

s t u dy all the d o c u m e n t a t i o n a c c u m u l a t e d t h a t  d ay a n d o n  p r e v i o u s d ays . T h e en d l e s s 

s t u dyi n g is ne c e s s a ry be c a u s e , e v e n t u a l ly , t h e a s t r o n a u t s  a r e te s t e d o n  w h a t t h ey 

ha v e be e n t a u g h t . Be f o r e t h e exam , j u s t  like a t  un i v e r s i ty, t h e r e is a review se s s i o n in 

wh i c h a s t r o n a u t s  c a n a s k a ny q u e s t i o n t o cl a r i fy c o n c e p t s a b o u t  t h e system s . 

O c c a s i o n a l ly , t h e syste m de s i g n e r s f r o m E n e r g i a a t t e n d t h e review sessio n s , whi c h is 

he l p f u l , since the s e e n g i n e e r s a r e t h e s a m e o n e s w h o a s k the q u e s t i o n s in the exam. 

I n  t h e exam s , w h i c h u s u a l ly l a s t a n h o u r , t h e a s t r o n a u t s  a r e a s k e d v a r i o u s 

q u e s t i o n s t o d e m o n s t r a t e t h e i r k n o w l e d g e o f  t h e syste m a n d o c c a s i o n a l ly a r e a s k e d 

t o p e r f o r m v a r i o u s f u n c t i o n s wi t h i n t h e s i m u l a t o r . O n  c o m p l e t i o n o f  t h e exam , the 

e n g i n e e r s r a t e t h e a s t r o n a u t s  o n a scale o f  I (fail) t o 5 (excellent) . 

Spacesuit fitting 

A f t e r a c i n g t h e system s exam s ( m o s t o f  t h e m d o ) , a s t r o n a u t s  a r e fi t t e d f o r t h e i r s e a t s 

o n  the Soyuz. T h e s u i t f i t t i n g beg i n s w i t h a 60-km dr i v e t o Z v ezd a Sp a c e F a c i l i ty 

( Z S F ) , wh e r e t h e s p a c e s u i t s a r e m a n u f a c t u r e d . F i r s t , a s t r o n a u t s  a r e given a p a c k a g e 

c o n t a i n i n g t h r e e sets o f  u n d e r w e a r , t h r e e p a i r s o f  so c k s , a n d  t h r e e sets o f  k n e e-l e n g t h 

l o n g j o h n s . T h e n , t h ey' r e s e n t t o t h e b a t h r o o m  a n d  t o l d t o c h a n g e i n t o t h e bri e f s a n d  

so c k s wi t h t h e l o n g j o h n s  o v e r t h e brief s . As s o o n as t h ey'v e c h a n g e d , a t e a m o f  five 

e n g i n e e r s s u r r o u n d s  t h e m a n d  s t a r t s t a k i n g m e a s u r e m e n t s . A f t e r t h e m e a s u r e m e n t s 

a r e c o m p l e t e d , t h e a s t r o n a u t s  a r e pl a c e d in a p l a s t i c m o c k u p  o f  a S oyuz sea t . 

W e a r i n g t h e i r l e s s-t h a n-c h i c u n d e r w e a r , t h e a s t r o n a u t s  a r e t h e n p l a c e d in a n o t h e r  

m o c k u p  s e a t , wh i c h l o o k s s u r p r i s i n g ly si m i l a r t o a sm a l l b a t h t u b .  O n c e in t h e s u p i n e 

p o s i t i o n , t h e e n g i n e e r s s t a r t  p o u r i n g f a s t-d ryin g p l a s t e r a r o u n d  t h e a s t r o n a u t ,  w i t h 

t h e i n t e n t i o n o f  f o r m i n g a m o l d a r o u n d  t h e i r b o dy - a pr o c e s s t h a t  e v e n t u a l ly lea d s 

t o b u i l d i n g a c u s t o m s e a t l i n e r ( F i g u r e 7 . l l ) .  N o t  o n ly do e s t h e c u s t o m li n e r fit t h e 

a s t r o n a u t ' s  b o dy c o n t o u r s  wh e n w e a r i n g his / h e r S o k o l s p a c e s u i t , b u t i t a l s o p r o v i d e s 

a s n u g fit d u r i n g  t h e dyn a m i c l a u n c h l o a d s a n d , u p o n r e t u r n t o E a r t h , the p o t e n t i a l ly 
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F i g u r e 7.11. En g i n e e r s p o u r  p l a s t e r i n t o the S oyuz se a t l i n e r t o e n s u r e a c o m f o r t a b l e fit. 

I m a g e c o u r t e sy: N A S A . 

violent g r o u n d lan d i n g . A f t e r the engineers p o u r  p l a s t e r a r o u n d the u p p e r b o dy , they 

wai t for it to d ry befo r e as k i n g the a s t r o n a u t to get o u t o f  the t u b , a f t e r which they 

carve a n d s m o o t h th e p l a s t e r f o r m to relieve any po t e n t i a l pr e s s u r e points. T h e process 

is t h e n r e p e a t e d a n u m b e r o f  times as th e engineers s m o o t h the final sh a p e un t i l finally 

they are left wit h a full-size final mold . A f t e r th e se a t lin e r fitting, a n d ch a n g i n g i n t o 

new u n d e r w e a r (!), the a s t r o n a u t s ha v e a n o p p o r t u n i ty to d o n the Soko l s u i t , a n  

experience t h a t  m a k e s th e d r e a m o f  flying i n t o space a p p e a r j u s t  a little closer. 

A f t e r t h e i r se c o n d p h a s e o f  t r a i n i n g in S t a r Ci ty, a s t r o n a u t s o n c e a g a i n h e a d ba c k 

o v e r th e A t l a n t i c t o J o h n s o n  Sp a c e C e n t e r (JSC) , whe r e th ey ar e i n t r o d u c e d to th e 

ch a l l e n g e s o f  c o n d u c t i n g extr a v e h i c u l a r ac t i v i ty (EVA) in th e w o r l d ' s l a r g e s t 

sw i m m i n g p o o l . 

Uni t e d S t a t e s P a r t  I 

Neutral buoyancy training 

M e a s u r i n g 62 m i n  le n g t h , 31 m in w i d t h , a n d  1 2 m  in d e p t h , th e N e u t r a l B u oyan cy 

L a b o r a t o ry (N B L ) is filled wit h 22 . 7 mi l l i o n lit e r s o f  w a t e r . A t th e b o t t o m  o f  the 
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Figure 7.12. A n  a s t r o n a u t  e n t e r i n g N A S A ' s N e u t r a l B u oyan cy L a b o r a t o ry. I m a g e 

c o u r t e sy: N A S A . 

N B L  ( F i g u r e 7.12) sits a full-size m o c k u p o f  t h e ISS, wh i c h is why the N B L  need s to 

be so big! Because t h e facility is used to t r a i n a s c a n s t o sc u b a-di v e , th e N B L  is 

f a m i l i a r t o a s t r o n a u t s , b u t  th e real p u r p o s e o f  th e ov e r s ized p o o l is t o t r a i n 

c r e w m e m b e r s i n th e a r t  o f  EVA. 

A s t r o n a u t s l e a r n i n g h o w t o p e r f o r m EV As use a b u l ky t r a i n i n g suit. Because th e 

s u i t is so lar g e , a s t r o n a u t s s p e n d a l o t o f  t i m e sim p ly p r a c t i c i n g m o v i n g a r o u n d  while 

w e a r i n g it a n d l e a r n i n g h o w to use t o o l s w i t h b u l ky gloves o n t h e i r h a n d s . D u e  to th e 

c u m b e r s o m e s u i t s a n d  th e co m p l ex ta s k s a s t r o n a u t s m u s t p e r f o r m d u r i n g EV As, the 

t r a i n i n g o f t e n oc c u p i e s a si g n i f i c a n t p r o p o r t i o n  o f  mis s i o n p r e p a r a t i o n . I n fact, 

a s t r o n a u t s u s u a l ly sp e n d 7 h r  t r a i n i n g u n d e r w a t e r for every h o u r th ey sp e n d 

s p a c e w a l k i n g d u r i n g a miss i o n . 
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Being u n d e r w a t e r i n  t h e N B L  is s i m i l a r t o , b u t  n o t  q u i t e t h e s a m e as, b e i n g i n 

space bec a use t h e a s t r o n a u t  is n o t  t r u ly weightless a s in sp a c e . I n s t e a d , t h ey a r e w h a t 

s c u b a-di v e r s ref e r to a s n e u t r a l ly b u oya n t . Being n e u t r a l ly b u oy a n t  m e a n s a n  o b j e c t 

d o e s n ' t w a n t t o f l o a t to t h e s u r f a c e o r  s i n k t o t h e b o t t o m . S c u b a-d i v e r s t ry t o b e 

n e u t r a l ly b u oy a n t  so t h ey d o n ' t  s i n k o r  f l o a t u p w a r d s wh e n t h ey' r e u n d e r w a t e r . I n  

th e N B L , t o h e l p a s t r o n a u t s achie v e n e u t r a l b u oya n cy , dive r s a t t a c h  we i g h t s t o th e 

rel a t i v e ly b u oy a n t  sp a c e s u i t . W i t h  th e r i g h t a m o u n t  o f  b a l l a s t , a s t r o n a u t s  feel m u c h 

like th ey will i n space . 

Be f o r e a s t r o n a u t s d o n  t h e i r t r a i n i n g s p a c e s u i t s , t h ey m u s t  fi r s t p r a c t i c e t h e i r 

EV As while we a r i n g s t a n d a r d  s c u b a gea r . O n c e t h ey' r e c o m f o r t a b l e w i t h t h e i r 

assi g n e d t a s k s , they s t a r t  p r a c t i c i n g t h e m while w e a r i n g t h e s p a c e s u i t . I n  t h e N B L ,  

s c u b a-di v e r s ( F i g u r e 7 . 13) h e l p t h e a s t r o n a u t s  mo v e a r o u n d  u n t i l th ey ge t us e d t o  

m o v i n g i n t h e i r s p a c e s u i t . T h e di v e r s a r e a l s o t h e r e to p r o t e c t  t h e a s t r o n a u t  i n c a s e 

th ey ha v e a p r o b l e m w i t h t h e s u i t . A l t h o u g h t h e N B L t r a i n i n g is o n e o f  t h e m o s t 

exha u s t i n g types o f  t r a i n i n g , i t is al s o o n e o f  t h e m o s t e n j oyab l e b e c a u s e a s t r o n a u t s 

get t o exper i e n c e t h e w o n d e r f u l s e n s a t i o n  o f  b e i n g weightless , a l b e i t si m u l a t e d ! 

O n c e th e a s t r o n a u t s le a r n  h o w t o s t ay in o n e pla c e ( i f t h ey p u s h t o o h a r d i n s p a c e , 

th ey will si m p ly fl o a t away!), t h ey a r e t a u g h t  ho w to use all t h e t o o l s th ey will ne e d 

d u r i n g t h e i r s p a c e w a l k . T h e eff e c t s o f  wei g h t l e s s n e s s , c o m b i n e d w i t h t h e c u m b e r-

Figure 7.13. Di v e r s assis t a s t r o n a u t s d u r i n g t h e i r s imul a t e d E V As . I m a g e c o u r t esy: 

N A S A (see colour section). 
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s o m e E V A s u i t s , m e a n  t h e t a s k  o f  m a n i p u l a t i n g  t o o l s c a n  be ex t r a  c h a l l e n g i n g , a s 

S T S-126 a s t r o n a u t  H e i d e S t e f a nys hyn- P i p e r d i s c o v e r e d ( P a n e l 7.6) in N o v e m b e r , 

2008. 

P a n e l 7.6 . T o o l b a g o v e r b o a r d 

D u r i n g  S p a c e S h u t t l e Endeavour' m1 10n S T S-126 in o v e m b e r , 2008, 

A a t r o n a u t  H e i d e t e f a ny hyn-P i p e r wa c l e a n i n g u p t h e me f r o m a 

l e a ky g re a e g u n w h e n t h e m a l l b a g c a m e  l o o e a n d  d r i f t e d b eyo n d h e r r e a c h 

w i t h it l o a d o f  v i t a l ( a n d  ex pe n ive!) t o o l . t e f a ny hyn-P i p e r w a c o n d u c t i n g  

a n  EV o u t  ide t h e ISS w i t h fellow a t r o n a u t , teve Bo w e n , t o c l e a n g r i t o u t  

o f  a d a m a g e d  o l a r  g e a r a n d  a d d l u b r i c a t i o n to re t o r e it h e a l t h . T h e  g e a r i 

u ed t o t u r n  t h e t a t i o n ' l a r b o a r d  s o l a r  a r r ay o th ey a l w ay face t h e S u n . 

lt w a s whi l e p r e p a r i n g  f o r t h e EVA t h a t  S t e f a nys hyn-P i p e r , a v e t e r a n 

s p a c e w a l k e r , o p e n e d t h e t o o l b a g a n d  f o u n d it full o f  s t i c ky gr e a e. T h e  g r e a e, 

S t e f a ny hyn-P i p e r d e c r i b e d , filled t h e b a g w i t h t h i c k , g o o py piece t h a t  t u c k 

n o t  o n ly to t o o l , b u t  al o t o h e r p a c e uit . W h i l e he was us i n g wipe t o c l e a n 

u p t h e mes s, t h e 13-kg b a g ( c o n t a i n i n g  I 00 , 0 0 0 o f  t o o l s ) p o p p e d  l o o se a n d  

t a r t e d  f l o a t i n g away! F o r  a m o m e n t , S t e f a nys hyn-P i p e r t h o u g h t  he m i g h t be 

a b l e t o j u m p  a n d g r a b  it, b u t  q u i c k ly re a l ize d t h a t  w o u l d h a v e m a d e  e v e ryt h i n g 

w o r s e , ince t h e r e w o u l d h a v e be e n t w o f l o a t i n g o b j e c t s , o n e  o f  wh i c h w o u l d 

h a v e been her! T o  be fa i r t o S t e f a nys hyn-P i p e r , Mi i o n C o n t r o l  be l i e v e d t h e 

b a g  m i g h t n o t  h a v e be e n s e c u r e d p r o p e r ly fr o m th e t a r t . AI o, Bow e n t o o k  

o r n e o f  t h e h e a t , inc e it wa he w h o p r e p a r e d  a n d  c l e a r e d t h e b a g f o r u e 

b e f o r e t h e s p a c e w a l k . e v e r t h e l e , t h e r e w a s or n e g o o d- n a t u r e d  r i b b i n g 

a m o n g  Endem•our' c r e w f o l l o w i n g t h e e v e n t . 

R e g a r d l e s s o f  w h a t  E V A t a s k s  t h ey a r e r e q u i r e d t o  p e r f o r m  o n  o r b i t , t h e 

a s t r o n a u t s  m u s t  p r a c t i c e  e v e ry t a s k d oz e n s o f  t i m e s in t h e N B L ,  u n d e r  t h e c a r e f u l 

s u p e r v i s i o n o f  t h e d i v e r s u n t i l t h ey c a n  d o  it c o r r e c t ly every t i m e . S i n c e e v e ry 

a s t r o n a u t  will b e a m e m b e r  o f  t h e I S S c r e w , t h ey m u s t  a l s o be t r a i n e d  t o  p e r f o r m  

n u m e r o u s  t a s k s , w h i c h  is a n o t h e r  r e a s o n  N B L  t r a i n i n g  is o f t e n  s o a r d u o u s .  I n  m o s t  

c a s e s , t h e t a s k s t a u g h t  a r e n o t  p l a n n e d  t o be c o n d u c t e d  in o r b i t ,  b u t  a r e  t a u g h t  i n 

c a s e s o m e t h i n g  b r e a k s  o u t s i d e  t h e s t a t i o n . B e c a u s e o f  t h e my r i a d  syst e m s t h a t  c o u l d 

c o n c e i v a b ly fail , i t is n e c e s s a ry t o  t r a i n  a s t r o n a u t s  t o be a j a c k  o f  all t r a d e s , w h i c h 

m e a n s  a n  E V A  a s t r o n a u t  is o f t e n w o r k i n g  a s a n  E V A  r e p a i r m a n .  

Challenges of EVA 

T h e  m o s t  d i f f i c u l t p a r t  o f  E V A  t r a i n i n g ,  a s t r o n a u t s  will te l l y o u , is t h e l e n g t h o f  t i m e 

it t a k e s . I n c l u d i n g  t h e p r e p a r a t i o n  p e r i o d , a typ i c a l E V A  t r a i n i n g  s e s s i o n c a n  e a s i ly 
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s t r e t c h t o 9 o r  10 h r  ( T a b l e 7 . 3) . A n o t h e r  c h a l l e n g e is sim p ly tryin g to keep t r a c k o f  

all th e t o o l s ( a l m o s t 100!) a n  a s t r o n a u t  m ay use in a session. T h e n , t h e r e a r e th e 

co m p l exiti e s a s s o c i a t e d w i t h t ryin g to c o m p l e t e w h a t w o u l d be a n  easy ta s k i f  it 

w e r e n ' t f o r th e b u l ky gloves a n d c o m p o u n d i n g p r o b l e m s o f  lack o f  g r a v i ty . F o r  

examp l e , th e simple a c t o f  u n f a s t e n i n g a b o l t m i g h t s o u n d s t r a i g h t f o r w a r d , b u t  ea c h 

a s t r o n a u t  will p e r f o r m th e t a s k di f f e r e n t ly , d e p e n d i n g o n  t h e i r s t r e n g t h , skill , a n d 

fati g u e level. Because no EVA p r o c e d u r e is simple, EVA t r a i n i n g s t a f f s p e n d h o u r s 

dis c u s s i n g a session wit h a s t r o n a u t s b e f o r e a t r a i n i n g sess i o n a n d h o u r s de b r i e f i n g 

th e crew a f t e r w a r d s . Because o f  t h e co m p l ex n a t u r e o f  EVA , it is a fa v o r i t e t o p i c o f  

di s c u s s i o n a m o n g a s t r o n a u t s , wit h m o s t a g r e e i n g t h a t  " s l o w e r is f a s t e r " is the m o s t 

effective ta c t i c . 

T a b l e 7.3. D a i ly dive o p e r a t i o n s in t h e N e u t r a l B u oyan cy L a b o r a t o ry . 

Time 

0 5 . 3 0-0 6 . 3 0 

06 . 3 0-0 7 . 3 0 

07 . 3 0-0 8 . 0 0 

08 . 0 0-0 8 . 15 

08.15 

08 . 15--08.40 

0 8 . 4 0-0 9 . 0 0 

09 . 00 

0 9 . 0 0-15 . 00 

0 9 . 0 0-11.0 0 

11.00 - 13 . 00 

13.00 - 15.00 

15.0 0-15.15 

15 . 15 - 15.30 

15 . 3 0-17. 0 0 

15 . 3 0-18. 3 0 

20 . 0 0-2 2 . 0 0 

22 . 0 0- 2 3 . 00 

NASA suit fitting 

Event 

C r i t i c a l syste m s t a r t u p  

P r e-t e s t c h e c k l i s t ( t e s t t e a m : 50 p e r s o n n e l ) 

P hysi c a l t r a i n i n g fo r s t a f f  ( l a p swim) 

S u i t a n d  t o o l de l i v e ry t o t a n k  de c k 

A s t r o n a u t  p r e- b r i e f by tes t c o n d u c t o r  

D a i ly physic a l s 

F i n a l t e s t s e t u p p r e p a r a t i o n  ( 2 n d dive t e a m , R o t a t i o n  I ) 

T e s t t e a m p r e-d i v e b r i e f i n g 

T e s t t e a m call t o s t a t i o n 

S u i t d o n n i n g 

S u b j e c t i m m e r s i o n a n d  i n i t i a l w e i g h-o u t 

T r a n s i t i o n o f  c o n t r o l  o f  t e s t f r o m t e s t d i r e c t o r t o  t e s t c o n d u c t o r  

S u b j e c t t e s t p r o c e d u r e s 

1st dive t e a m , R o t a t i o n  I ( f o u r di v e r s / s u b j e c t : t w o sa f e ty, o n e 

u t i l i ty, o n e c a m e r a ) 

2 n d dive t e a m , R o t a t i o n  2 

1st dive t e a m , R o t a t i o n  2 

S u b j e c t re c o v e ry a n d  s u i t d o f f i n g (10-min p o s t-d i v e o b s e r v a t i o n 

p e r i o d ) 

L o c k e r r o o m 

S u i t a n d t o o l re c o v e ry a n d  serv i c i n g 

D e b r i e f  

R e c o n f i g u r a t i o n s h i f t , first dive (3 h r ) 

R e c o n f i g u r a t i o n s h i f t , s e c o n d dive (2 h r ) 

P o s t-d i v e o b s e r v a t i o n p e r i o d ( O S H A r e q u i r e m e n t ) 

I n be t w e e n t h e i r N B L t r a i n i n g sessions, a s t r o n a u t s m u s t al s o be fitt e d f o r a N A S A 

suit. I n c o n t r a s t t o t h e " o n e size fits a l l " l i m i t a t i o n s o f  th e R u s s i a n S o k o l su i t , N A S A 



154 Mi s s i o n t r a i n i n g 

c u s t o m ize s its suit s . T h e s u i t f i t t i n g is a rel a t i v e ly s t r a i g h t f o r w a r d p r o c e d u r e , 

r e q u i r i n g a s t r o n a u t s  t o s t r i p d o w n t o t h e i r u n d e r w e a r , d o n  s o m e s p a n d ex, a n d  be 

s h o t a t  wi t h l a s e r b e a m s fo r 3 hr! N A S A a l s o utilizes th i s l a s e r t e c h n o l o gy as a m e a n s 

t o g a t h e r d a t a  o n  t h e a s t r o n a u t ' s  p hysi c a l m e a s u r e m e n t s . By c r e a t i n g a d a t a b a s e , 

s c i e n t i s t s a n d  e n g i n e e r s c a n a n a lyze t h e d a t a  a n d  d e t e r m i n e t h e d i f f e r e n t b o dy 

s h a p e s , he i g h t s , a r m  l e n g t h s , a n d  h a n d  sizes o f  t h o s e sel e c t e d t o fly in sp a c e . T h i s , in 

t u r n , will n o t  o n ly e n a b l e b e t t e r des i g n in t h e d e v e l o p m e n t o f  new s p a c e s u i t s , b u t will 

a l s o ai d in t h e d e v e l o p m e n t o f  s p a c e s u i t s , p r o v i d i n g a m o r e u n i f o r m fit a n d  i n c r e a s e d 

c o m f o r t  a n d  f u n c t i o n a l i ty. T h e i n t e n t o f  t h e de s i g n e r s is t o f o r g o t h e t r a d i t i o n a l ly 

bu l ky, stiff, he a vy, a n d ta s k-sp e c i f i c d e s i g n s in o r d e r  t o c r e a t e a su i t , s u c h as t h e 

B i o S u i t (see C h a p t e r  6) , t h a t  is m o r e flexible, l i g h t e r-w e i g h t , a n d  e a s i e r t o m a n e u v e r 

a n d  w o r k in. 

Survival training in the US 

F o l l o w i n g s u i t f i t t i n g a n d  N B L  t r a i n i n g , a s t r o n a u t s  s p e n d 2 weeks s u r v i v a l t r a i n i n g 

t o r e f r e s h skills l e a r n e d while t h ey were as c a n s . T h e t r a i n i n g beg i n s w i t h a n  

o r i e n t a t i o n o f  t h e t r a i n i n g faciliti e s a n d  a m e e t i n g w i t h t h e i n s t r u c t o r s . T h i s is 

fol l o w e d by e q u i p m e n t issue a n d  a dr i v e t o t h e t r a i n i n g a r e a . I f  they a r e b e i n g t r a i n e d 

in w i n t e r s u r v i v a l , the a s t r o n a u t s  a r e e q u i p p e d w i t h b a c k p a c k s , skis, a n d  sleds, a n d  

Figure 7.14 . The Ab s aroka Mountains serve as an ideal location for astronauts to 

practice survival training . Image courtesy: Wikimedia . 
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d r o p p e d  o f f  in t h e w i l d e r n e s s , s u c h a s t h e A b s a r o k a  M o u n t a i n s  ( F i g u r e  7.14) , a s u b•

r a n g e  o f  t h e R o c k i e s , w i t h d oz e n s  o f  m o u n t a i n s  h i g h e r t h a n  3 , 0 0 0 m. H e r e , t h e 

a s t r o n a u t s  h i k e u p  s o m e  o f  t h e  s m a l l e r m o u n t a i n s  a n d  l e a r n h o w  t o  b u i l d s n o w  

s h e l t e r s , u n d e r s t a n d  a v a l a n c h e  t e r r a i n ,  r e s c u e o t h e r  c r e w m e m b e r s  t r a p p e d  in 

a v a l a n c h e s , a n d  n a v i g a t e  u s i n g m a p s , c o m p a s s e s , a n d  G l o b a l  P o s i t i o n i n g  S a t e l l i t e s 

( G P S ) . 

I n  a d d i t i o n  t o d o d g i n g  a v a l a n c h e s , t h e a s t r o n a u t s  l e a r n h o w t o c o o k  o u t d o o r s  

a n d  b e c o m e f a m i l i a r w i t h t h e  my r i a d  sk i l l s r e q u i r e d t o s t ay al i v e i n t h e w i n t e r . O n c e  

t h e i n s t r u c t o r s  a r e  s a t i s f i e d t h e a s t r o n a u t s  h a v e m a s t e r e d  a t  l e a s t t h e b a s i c sk i l l s , t h ey 

lea v e t h e m t o f e n d f o r t h e m s e l v e s . F o r  t h e n ext few d ays , t h e a s t r o n a u t s  m o v e t o  a n d  

f r o m t h e i r b a s e c a m p  w i t h t h e o b j e c t i v e o f  l o c a t i n g c a c h e s o f  f o o d a n d  fuel. W i t h  

t e m p e r a t u r e s  o f  n o m o r e  t h a n  - 1 o o c a n d  w i n d c h i l l s m a k i n g  i t feel t w i c e a s c o l d , t h e 

t a s k s a r e  o f t e n a c c o m p l i s h e d o n ly w i t h c o n s i d e r a b l e  d i s c o m f o r t . O n  t h e c o l d e s t d ay s , 

t h e a s t r o n a u t s  b u i l d s n o w  s h e l t e r s , f o r c i n g t h e m t o  live li k e g o p h e r s  in h o l e s 

b u r r o w e d  i n t o  t h e sn o w ! F i n a l ly , a f t e r h a v i n g  s u r v i v e d m o r e  t h a n  a w e e k i n t h e 

o p e n , t h e a s t r o n a u t s  t r e k  t h e 10 k m  b a c k  t o t h e r o a d  t o be c o l l e c t e d by t h e i r 

i n s t r u c t o r s . 

S o m e m ay w o n d e r  w hy a s t r o n a u t s  s p e n d so m u c h  t i m e o n  s u r v i v a l t r a i n i n g . S u r e ly , 

wi t h all t h e t e c h n o l o gy a v a i l a b l e o n  A m e r i c a n a n d  R u s s i a n s p a c e c r a f t , a s t r o n a u t s  

s h o u l d be a b l e t o  m a k e  a p i n p o i n t  l a n d i n g a nyw h e r e o n  E a r t h ? U n f o r t u n a t e ly , i t ' s n o t  

t h a t  s i m p l e . M o r e  t h a n  o n c e , t h e t r a j e c t o ry o f  a r e t u r n i n g S oyuz h a s g o n e a w ry a n d  

c o s m o n a u t s  h a v e f o u n d t h e m s e l v e s m a ny k i l o m e t e r s f r o m t h e p l a n n e d  l a n d i n g site. I n  

f a c t , gi v e n t h e r e m o t e n e s s o f  m u c h  o f  R u s s i a a n d  t h e l o c a l wildlife , R u s s i a n S oyuz 

c a p s u l e s r o u t i n e ly c a r ry g u n s so d o w n e d c o s m o n a u t s  c a n  d e f e n d t h e m s e l v e s in t h e 

e v e n t o f  e n c o u n t e r i n g h u n g ry b e a r s o r  wolves. I n  c a s e yo u t h i n k th i s is a li t t l e fa r•

f e t c h e d , t h e p r a c t i c e o f  is s u i n g g u n s ( F i g u r e 7 .15) o n  s p a c e c r a f t s t a r t e d in 1965 a f t e r a 

S oyuz l a n d e d in a r e m o t e a r e a  o f  R u s s i a n t e r r i t o ry . A p p a r e n t ly, t h e c r e w e n c o u n t e r e d  

h u n g ry wolv e s , a l t h o u g h , r e p o r t e d ly , t h e re s c u e h e l i c o p t e r t e a m s t a t e d  t h e wol v e s we r e 

a b o u t  3 k m  a w ay f r o m t h e l a n d i n g si t e a n d  n o w h e r e n e a r  t h e c a p s u l e . I n  c o n t r a s t , 

N A S A  h a s  n e v e r c a r r i e d f i r e a r m s i n t o  s p a c e , a l t h o u g h  m a c h e t e s h a v e b e e n p r o v i d e d i n 

c a s e a c a p s u l e we r e t o  l a n d  i n a j u n g l e a r e a . 

Russia Part III 

Orlan spacesuit 

O n  t h e i r r e t u r n  t o  S t a r  C i ty , t h e  a s t r o n a u t s  l o o k  f o r w a r d  t o  t r a i n i n g  o n  t h e O r l a n  

s p a c e s u i t . U n l i k e  t h e S o k o l s u i t , w h i c h is d e s i g n e d t o b e w o r n  o n ly d u r i n g  l a u n c h  

a n d  e n t ry , t h e O r l a n- M is R u s s i a ' s  s p a c e w a l k i n g s u i t . W h e r e a s  N A S A  a s t r o n a u t s  

p e r f o r m  E V A s , R u s s i a n  c o s m o n a u t s  p e r f o r m  s p a c e w a l k s o r  Bhrxo.n; B OTKPhiThni: 

KOCMOC ( l i t e r a l ly, t o  w a l k i n o p e n  s p a c e ) . A l s o , w h e r e a s a s t r o n a u t s  u s e a n  ext r a•

v e h i c u l a r m o b i l i ty u n i t , o r  E M U  ( F i g u r e  7 .16), t o p e r f o r m  t h e i r E V A s , t h e 

c o s m o n a u t s  use t h e O r l a n- M ( F i g u r e  7.17). 



156 Mission trainin2 

Figure 7.15. C a n a d i a n  a s t r o n a u t ,  R o b e r t  T h i r s k , p r a c t i c e s fi r i n g a w e a p o n m 

p r e p a r a t i o n fo r his u p c o m i n g mission. Image cour t e sy: CSA (see colour section). 

Figure 7.16. N A S A ' s Extr a v e h i c u l a r M o b i l i ty Un i t . Im a g e c o u r t e sy : NAS A . 
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Fig u r e 7.17. T h e R u s s i a n O r l a n- M sp a c e s u i t . I m a g e c o u r t e sy: N A S A . 

While the R u s s i a n s use d i f f e r e n t t e r m i n o l o gy a n d spa c e s u i t s , t h e i r a p p r o a c h to 

t r a i n i n g a s t r o n a u t s a n d c o s m o n a u t s in the skills r e q u i r e d to p e r f o r m EV As is m u c h 

the same as the Am e r i c a n s . In H o u s t o n , EVA t r a i n i n g is c o n d u c t e d while we a r i n g a 

t r a i n i n g E M U  in the N B L , whe r e a s the R u s s i a n s have t h e i r own p o o l , called the 

Hyd r o La b . T o m a k e t r a i n i n g a p p e a r as real i s t i c as po s s i b l e , the R u s s i a n s su s p e n d 

th e i r c o s m o n a u t s , t h e r e by p r o v i d i n g t h e m wi t h an a p p r oxi m a t e s i m u l a t i o n o f  zero 

gr a v i ty . He l p i n g with the realis m is the m o c k u p o f  the R u s s i a n ISS segm e n t a i r l o c k , 

which s p o r t s a h a t c h e n a b l i n g a s t r o n a u t s t o pr a c t i c e som e basic EVA te c h n i q u e s 

while we a r i n g t h e O r l a n . Thes e te c h n i q u e s in c l u d e d e p r e s s u r iza t i o n j r e-p r e s s u r iza t i o n 

p r o c e d u r e s , o p e n i n g / c l o s i n g the a i r l o c k h a t c h , use o f  te t h e r s , a n d , m o s t i m p o r t a n t , 

executi n g steps used in the e v e n t o f  e q u i p m e n t m a l f u n c t i o n s . 

U n l i k e N A S A ' s E M U  suit, which comes in v a r i o u s sizes, the O r l a n is a " o n e  size 

fits a l l " suit. F o r  some a s t r o n a u t s , it m a k e s for a t i g h t fit, a l t h o u g h t h e su i t c a n be 

sized by le n g t h e n i n g the a r m s a n d legs. U n f o r t u n a t e ly, th e r e a r e o n ly two sizes o f  

gloves , which m o s t a s t r o n a u t s refer to as size small a n d very small! 

Food tasting 

Yes, f o o d t a s t i n g is a t r a i n i n g session! Un l i k e the N A S A vers i o n , in which a s t r o n a u t s 

a r e p r e s e n t e d w i t h a c t u a l meal s ( a p p e t ize r s followed by m a i n co u r s e s , d r i n k s , a n d 

desser t s ) , the R u s s i a n s p r e s e n t t h e i r f o o d i n di f f e r e n t g r o u p i n g s , on e fo r ea c h d ay o f  
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t a s t i n g , w i t h d r i n k s i n t e r s p e r s e d be t w e e n e a c h session. I n a d d i t i o n t o g1vmg 

a s t r o n a u t s  a n  a p p r e c i a t i o n for R u s s i a n cui s i n e , th e f o o d t a s t i n g all o w s c r e w m e m b e r s 

t o expre s s fo o d pr e f e r e n c e s for t h e i r t r i p i n t o spa c e . T h e p r o c e s s is q u i t e simple. 

A f t e r e a c h fo o d s a m p l e , th e a s t r o n a u t s c o m p l e t e a d o c u m e n t a t i o n she e t a n d r e c o r d a 

r a t i n g for th e foo d . A " n i n e "  r a t i n g i n d i c a t e s th e a s t r o n a u t  likes th e item , wh e r e a s a 

" o n e "  r a t i n g m e a n s th e a s t r o n a u t s p r o b a b ly w o n ' t  be i n c l u d i n g th e it e m d u r i n g his / 

h e r mission! A f t e r r a t i n g th e food it e m , th e a s t r o n a u t  is a s k e d to e s t i m a t e ho w m a ny 

times th ey m i g h t w a n t to e a t it d u r i n g a fo o d cycle a n d  list a ny c o m m e n t s th ey hav e . 

N o t  s u r p r i s i n g ly, R u s s i a n g a s t r o n o my is r a t h e r d i f f e r e n t f r o m th e fare A m e r i c a n 

a s t r o n a u t s a r e used to. D u r i n g a t a s t i n g session in S t a r Ci ty, they will typica l ly try 

ev e ryth i n g fro m m a s h e d p o t a t o e s wit h m e a t to ch i c k e n w i t h prune s ! T h e fo o d t a s t i n g 

sess i o n l a s t s 3 days, a f t e r which th e a s t r o n a u t ' s  t a s t e b u d s a r e lit t l e t e n d e r . L a t e r 

d u r i n g t h e i r t r a i n i n g , th e a s t r o n a u t s ha v e the o p p o r t u n i ty to e a t a n e n t i r e R u s s i a n 

m e n u , s p r e a d o u t  o v e r several t r a i n i n g days, ba s e d u p o n t h e i r fo o d r a t i n g s . O n b o a r d  

th e ISS, th ey will receive t h e i r f o o d in a I 0-d ay r o t a t i o n , b u t  t h ey' r e n o t  re s t r i c t e d t o 

e a t i n g j u s t  p o t a t o e s a n d  m e a t be c a u s e they hav e th e o p t i o n o f  e a t i n g e i t h e r two 

A m e r i c a n me a l s a n d  o n e R u s s i a n , o r  t w o R u s s i a n a n d  o n e A m e r i c a n . 

Living away from home 

I n e v i t a b ly, wi t h so m u c h tim e s p e n t a w ay fr o m h o m e , th e stre s s e s o f  de a l i n g wit h 

s e p a r a t i o n b e c o m e m o r e a n d  m o r e ch a l l e n g i n g . U n l i k e a m i l i t a ry de p l oyme n t , whe r e 

so l d i e r s c o m e b a c k h o m e a f t e r h a v i n g s p e n t a year a w ay , for a s t r o n a u t s , the e n d o f  

t r a i n i n g signifies th e b e g i n n i n g o f  a 6-m o n t h mi s s i o n a n d even m o r e tim e away! A t 

thi s sta g e o f  t r a i n i n g , h a v i n g s p e n t several m o n t h s a w ay fr o m family a n d  frie n d s , 

m a ny a s t r o n a u t s reco g n ize t h a t  t h e m o s t di f f i c u l t o b s t a c l e t o o v e r c o m e is n o t 

l e a r n i n g R u s s i a n o r  w e a r i n g d i a p e r s , b u t  h a n d l i n g th e p e r s o n a l t r i a l s t h a t  c o m e wit h 

be i n g s e p a r a t e d f o r m o n t h s o n end . F o r  all a s t r o n a u t s , th e time a w ay fr o m h o m e is 

especially dif f i c u l t , unless you h a p p e n t o be a C a n a d i a n , who s e e m p l oym e n t c o n t r a c t  

is a lit t l e m o r e fa m i ly-fri e n d ly t h a n t h e i r A m e r i c a n c o u n t e r p a r t s . A C a n a d i a n  

a s t r o n a u t  d e p l oyed a b r o a d  is e n t i t l e d t o a free visit f r o m his / h e r s p o u s e eve ry 21 

days, a privilege t h a t  c e r t a i n ly help s th e m a r i t a l s i t u a t i o n wh e n o n e c o n s i d e r s m a ny 

a s t r o n a u t s s p e n d less t h a n 10 weeks a t  h o m e in a ny given year! 

Fore/ suit 

A f t e r l e a r n i n g h o w to s h o o t  wolves a n d  b e a r s , a s t r o n a u t s a r e i n d o c t r i n a t e d i n t o th e 

use o f  th e c o l o r f u l F o r e l s u i t ( F i g u r e 7.18). T h e F o r e l ( R u s s i a n f o r " t r o u t "  

in c i d e n t a l ly) s u i t is used in th e e v e n t t h e Soyuz l a n d s in freezing w a t e r . I n t r a i n i n g for 

w a t e r l a n d i n g s , a s t r o n a u t s a r e t a u g h t t o j u m p  f r o m th e Soyuz in th e sui t , w i t h w a t e r 

wings a n d F o r e l s u i t in tow. T h e on e-pi e c e r u b b e r s u i t wit h gloves a n d a h o o d seals 

th e a s t r o n a u t ' s  b o dy a n d  keep s w a t e r o u t . T o  sur v i v e o t h e r  types o f  w e a t h e r a n d  

t e r r a i n , a s t r o n a u t s  sim p ly a d d o r  re m o v e s o m e o f  th e m u l t i p l e layers t o keep w a r m 
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Figure 7.18. C a n a d i a n a s t r o n a u t , R o b e r t Th i r s k , models the col o r f u l Fore! suit. Image 

courtesy: CSA (see colour section). 

o r  cool , d e p e n d i n g o n th e c o n d i t i o n s they e n c o u n t e r when they exit the capsule. 

F o r t u n a t e ly for the a s t r o n a u t s , R u s s i a n se a r c h a n d rescue forces g u a r a n t e e a pi c k u p 

wit h i n 48 hr! 

Pulling Gs 

D u r i n g th e l a u n c h , asc e n t , o r b i t a l , d e-o r b i t , a n d re-en t ry phase s , a s t r o n a u t s 

e n c o u n t e r di f f e r e n t a c c e l e r a t i o n stresses. F o r  example, d u r i n g a n o m i n a l re-ent ry 

o f  the Soyuz sp a c e c r a f t , a s t r o n a u t s will experience between 4 a n d 5 G. A l t h o u g h the 

sp a c e c r a f t has been designed t o reduce these stresses , in the event o f  a con t i n g e n cy, 

especially du r i n g re-en t ry, these forces may be very large (Pan e l 7.7), which is why G•

tr a i n i n g in the ce n t r i f u g e is inc l u d e d in th e a s t r o n a u t ' s t r a i n i n g schedule. 

G theory 

T h e s u s t a i n e d a c c e l e r a t i o n ( + Gz) a n a s t r o n a u t experiences d u r i n g l a u n c h a n d re•

en t ry is ac c e l e r a t i o n t h a t las t s for mo r e t h a n 1 sec a n d is a force t h a t c a n m a k e it 
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Panel 7.7. Ballistic re-entry 

I n  O c t o b e r , 2007, a S oyuz T M A-1 0 l a n d e d in K a z a k h s t a n , b r i n g i n g o u t g o i n g 

I S S c o m m a n d e r  Fy o d o r  Y u r c h i k h i n , f l i g h t e n g i n e e r O l e g K o t o v , a n d  

M a l ays i a ' s fir s t m a n in s p a c e , S h e i k h M u s z a p h a r  S h u k o r , b a c k to E a r t h  a f t e r 

a s t e e p e r- t h a n- u s u a l d e s c e n t . P l u n g i n g b a c k to E a r t h  f r o m wes t to e a s t o v e r 

c e n t r a l K a z a k h s t a n , t h e fli g h t p l a n c a l l e d fo r a l a n d i n g n e a r t h e t o w n o f  

A r k a lyk . B u t , fo r s o m e r e a s o n , t h e S oyuz flew a s t e e p e r- t h a n- p l a n n e d 

t r a j e c t o ry a n d  l a n d e d s h o r t  o f  t h e i n t e n d e d t o u c h d o w n p o i n t , s u b j e c t i n g the 

c r e w to G-f o r c e s in excess o f  8 G . I t  was t h e l i r t " b a l l i s t i c " r e-e n t ry since a 

S oyuz r e t u r n e d o n M ay 3 r d , 2003, wi t h the ISS ' sixth crew. 

T h e  f o l l o w i n g year , in A p r i l , a s i m i l a r e v e n t o c c u r r e d wh e n a S oyuz T M A-

11 a l s o l a n d e d fo l l o w i n g a b a l l i s t i c r e-e n t ry . An exa m i n a t i o n o f  t h e c r a f t ' s  

fli g h t p a t h  i n d i c a t e d a c a t a s t r o p h e  h a d been n a r r o w ly a v o i d e d a n d t o t a l 

d i s a s t e r h a d been p r e v e n t e d n o t  by th e cr e w , b u t  by th e r o b u s t  c o n s t r u c t i o n o f  

t h e s p a c e c r a f t . S o m e r e p o r t s i n d i c a t e d t h e S oyuz hi t I I  G f o r a few s e c o n d s , 

a n d  o n e o f  t h e a s t r o n a u t s ,  P e g gy W h i t s o n , rec a l l e d se e i n g 8.4 G o n the 

s p a c e c r a f t ' s G- m e t e r . 

a l m o s t  i m p o s s i b l e f o r a s t r o n a u t s  t o b r e a t h e . H i g h  r a t e s o f  s u s t a i n e d a c c e l e r a t i o n c a n  

a l s o r e s u l t i n b l o o d  p o o l i n g  t o s u c h a d e g r e e t h a t  i t m ay c a u s e a s t r o n a u t s  t o c o n v u l s e 

a n d  e v e n t u a l ly b l a c k o u t . G i v e n t h e s e r i o u s c o n s e q u e n c e s o f  t h e s e e v e n t s , i t is 

i m p o r t a n t  a s t r o n a u t s  b e c o m e f a m i l i a r w i t h t h e  ef f e c t s so t h ey a r e a b l e t o  d e a l w i t h 

i n f l i g h t e v e n t s , s u c h a s g r ay-o u t , b l a c k o u t , o r  ev e n u n c o n s c i o u s n e s s . 

D u r i n g  t h e i r t r i p t o a n d  f r o m o r b i t , a s t r o n a u t s  expe r i e n c e five d i s t i n c t p h a s e s o f  

a c c e l e r a t i v e s t r e s s , e a c h  d i f f e r i n g i n m a g n i t u d e  a n d  d u r a t i o n :  

1. Launch. Typ i c a l ly b e t w e e n 3.5 a n d  4.5 G . 

2. Orbital. T h e  c e n t r i f u g a l fo r c e o f  t h e s p a c e c r a f t b a l a n c e s t h e g r a v i t a t i o n a l  fo r c e , 

t h u s  p r o d u c i n g  a m i c r o g r a v i ty e n v i r o n m e n t  o f  ze r o-g r a v i ty! 

3. Re-entry. A c c e l e r a t i o n s t r e s s e s b e g i n a t  a n  a l t i t u d e o f  75 , 000 m d u e  t o t h e 

s u d d e n  d r a g  a n d  d e c e l e r a t i o n d u r i n g  r e- e n t ry i n t o t h e d e n s e r a t m o s p h e r e . T h e  

m a g n i t u d e  o f  G- f o r c e s exp e r i e n c e d d e p e n d s o n  t h e s p a c e c r a f t ' s a n g l e o f  e n t ry 

i n t o  t h e a t m o s p h e r e .  H i g h  r e- e n t ry an g l e s ( > 10 ° ) p r o d u c e  ve ry l a r g e fo r c e s 

( > 25 G ) w h e r e a s s h a l l o w a n g l e s o f  less t h a n 1 o u s u a l ly r e s u l t i n fo r c e s o f  less 

t h a n  5 G .  I n  a b a l l i s t i c r e- e n t ry o f  t h e S oyuz , G-f o r c e s m ay exceed 8 G! 

4 . Landing. T h a n k s  t o t h e S oyuz ' s us e o f  big p a r a c h u t e s  a n d  t h e f a c t i t u s u a l ly 

l a n d s o n  s o f t t e r r a i n , a s t r o n a u t s  n o r m a l ly expe r i e n c e l a n d i n g  fo r c e s n o  g r e a t e r 

t h a n  5 G . 

5 . Emergency egress. T h e  f o r c e s exp e r i e n c e d d u r i n g  a n  e m e r g e n cy egr e s s will be 

d i f f e r e n t i n d i f f e r e n t p h a s e s o f  fl i g h t , b u t  a s t r o n a u t s  c a n  exp e c t h i g h m a g n i t u d e  

a c c e l e r a t i o n s exce e d i n g 15 G ,  s u s t a i n e d f o r 1 o r  2 sec. 
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T h e p hysi o l o g i c a l syst e m m o s t  sen s i t i v e t o G  is t h e c a r d i o v a s c u l a r syste m (CVS). T o  

m o n i t o r  CVS c h a n g e s , a s t r o n a u t s  a r e i n s t r u m e n t e d w i t h E C G  a n d  h e a r t r a t e 

m o n i t o r i n g e q u i p m e n t so t h ey c a n see f o r th e m s e l v e s h o w t h ey r e a c t t o i n c r e a s i n g G . 

G e n e r a l ly, th ey c a n expe c t t h e i r h e a r t r a t e t o i n c r e a s e in c o r r e l a t i o n w i t h i n c r e a s e d G 

d u e t o t h e a c c e l e r a t i o n force ef f e c t a n d  t h e g e n e r a l p sych o p hysi o l o g i c a l st r e s s 

syn d r o m e a s s o c i a t e d w i t h exp o s u r e t o a c c e l e r a t i o n . I n  fac t , m o s t p e o p l e exper i e n c e 

a n  i n i t i a l c a r d i o v a s c u l a r r e s p o n s e , even b e f o r e t h e s t a r t  o f  t h e r u n , d u e t o t h e 

a n t i c i p a t i o n o f  t h e event! 

M a ny o f  t h e c e n t r a l n e r v o u s syste m ( C N S ) effects o f  G a r e a d i r e c t c o n s e q u e n c e 

o f  t h e CVS effects. T h i s is b e c a u s e a r e g u l a r b l o o d s u p p ly is r e q u i r e d fo r t h e C N S  t o 

f u n c t i o n , so t h e a b i l i ty o f  the a s t r o n a u t ' s  b o dy to t o l e r a t e a c c e l e r a t i o n is r e l a t e d 

d i r e c t ly to a d e q u a t e b l o o d flowing t o t h e i r b r a i n . Becau s e o f  t h i s r e l a t i o n s h i p , 

sym p t o m s t h a t  r e l a t e t o i n s u f f i c i e n t b l o o d flow t o t h e b r a i n a r e us e d t o d e t e r m i n e 

t o l e r a n c e t o G. T h e n o r m a l  i n d ex o f  d e f i n i n g G-leve l t o l e r a n c e is t o use loss o f  visi o n 

(L O Y ) in a n  u p r i g h t-s e a t e d p o s i t i o n a t  a specific level o f  G expo s u r e . T h e visual 

sym p t o m s a s t r o n a u t s  expe r i e n c e d u r i n g t h e i r c e n t r i f u g e r u n s a r e c a u s e d by a 

r e d u c t i o n o f  b l o o d flow t o t h e r e t i n a o f  t h e eye, whi c h , in t u r n , is c a u s e d by a 

r e d u c t i o n in d r i v i n g p r e s s u r e a n d  h i g h e r i n t r a o c u l a r  p r e s s u r e . T a b l e 7.4 s u m m a r iz e s 

t h e s e n s o ry sym p t o m s a s t r o n a u t s  m ay expe r i e n c e d u r i n g t h e i r r u n s . 

Ta b l e 7.4. C a t e g o r iz a t i o n o f  light-loss c r i t e r i a . 

Symptom Description Onset of 
symptoms 

Criteria 

G r ay-o u t P a r t i a l LOY . O f t e n oc c u r s as 3 . 5 G 

first physio l o g i c a l effect o f  

I 0 0 % P e r i p h e r a l Lig h t Loss 

( P L L ) c o m b i n e d with 50% 

C e n t r a l L i g h t Loss (C L L ) s u s t a i n e d G loads . Low 

bl o o d oxygen levels ca u s e 

p e r i p h e r a l vision to fade. 

Obj e c t s in c e n t e r o f  F O V 

c a n be seen b u t seem 

s u r r o u n d e d by gr ay haze 

B l a c k o u t G r ay haze env e l o p s e n t i r e Ab o v e 5 G I 0 0 % C L L , b u t sufficient 

b l o o d reach e s b r a i n t o p e r m i t 

co n s c i o u s n e s s a n d h e a r i n g 

G r a v i ty 

In d u c e d 

Loss o f  

F O V a n d a l m o s t imm e d i a t e ly 

becomes black. A s t r o n a u t 

will be co n s c i o u s b u t u n a b l e 

to see 

Fo l l o w s quic k ly a f t e r 

b l a c k o u t with s u s t a i n e d G 

lo a d . A s t r o n a u t will be 

Co n s c i o u s n e s s u n c o n s c i o u s b u t  will rega i n 

( G-L O C ) co n s c i o u s n e s s when G l o a d 

is released 

LOY , Loss o f  Vision; F O V , Fi e l d o f  Vision . 

Ab o v e 5 G N o r m a l ly oc c u r s following 

incre a s e o f  ac c e l e r a t i o n a f t e r 

b l a c k o u t 
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Figure 7.19. S t a r  C i ty' s ce n t r i f u g e . I m a g e co u r t e sy: R u s s i a n Sp a c e Agency. 

A s t r o n a u t s  a r e a b l e t o  m e a s u r e  l i g h t l o s s by w a t c h i n g  a l i g h t b a r  p l a c e d i n f r o n t  o f  

t h e m  a t  eye level. T h e  b a r  h a s  a g r e e n l i g h t a t  e a c h e n d  a n d  a r e d l i g h t in t h e c e n t e r . 

W h e n  t h e a s t r o n a u t  l o o k s  d i r e c t ly a t  t h e l i g h t b a r  w i t h o u t  m o v i n g  h i s / h e r  eyes o r  

h e a d  a n d  c a n n o t  see t h e  g r e e n l i g h t s , b u t  c a n  see t h e r e d l i g h t , 100 % PLL h a s  

o c c u r r e d . 

Centrifuge training 

T r a i n i n g  f o r G m e a n s  b e i n g t r a i n e d  i n  S t a r  C i ty ' s m o t h e r  o f  a l l c e n t r i f u g e s ( F i g u r e 

7.19). I n  c o m m o n  w i t h so m u c h  o f  t h e t r a i n i n g , c e n t r i f u g e i n d o c t r i n a t i o n  b e g i n s w i t h 

a r e v i e w o f  m a j o r  t h e o r e t i c a l e l e m e n t s o f  G t o l e r a n c e . 

D u r i n g  t h e i r i n t r o d u c t i o n  t o  t h e fa c i l i ty, a s t r o n a u t s  a r e s h o w n  t h e  i n t e r i o r  o f  t h e 

g o n d o l a  a n d  t h e i n s t r u c t o r  p o i n t s  o u t  t h e a d j u s t a b l e  r u d d e r  p e d a l s p r o v i d e d  f o r f o o t  

s u p p o r t ,  a n d  t h e  s h o u l d e r  a n d  l a p  h a r n e s s e s t h a t  s e c u r e t h e p a s s e n g e r s . T h e  

a s t r o n a u t s  a l s o h a v e t h e o p p o r t u n i ty t o d o n  t h e f a c e m a s k t h ey w e a r d u r i n g  t h e r u n  

t o m o n i t o r  t h e i r  b r e a t h i n g  a n d  t o  e n a b l e t w o- w ay c o m m u n i c a t i o n  w i t h t h e c o n s o l e 

o p e r a t o r .  W h e n  t h ey si t i n t h e c h a i r , t h ey m ay n o t i c e a s m a l l v i d e o c a m e r a , w h i c h 

r e c o r d s  t h e a s t r o n a u t  d u r i n g  t h e r u n . 

S h o r t ly a f t e r  b r e a k f a s t  o n  t e s t d ay, t h e a s t r o n a u t s  o b s e r v e a d ry r u n  f r o m t h e 
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co n s o l e r o o m . T h e c o n s o l e o p e r a t o r  t h e n reviews th e G o n s e t l o a d s a n d th e 

o p e r a t i o n o f  th e c o m m u n i c a t i o n system be f o r e as s i g n i n g e a c h a s t r o n a u t  t o a 

ce n t r i f u g e r o t a t i o n . I n s t r u c t o r s t h e n expl a i n th e s a f e ty p r o c e d u r e s a n d  th e role s o f  

th e flight s u r g e o n a n d  c e n t r i f u g e o p e r a t o r  b e f o r e a final review o f  th e t r a i n i n g . 

F o l l o w i n g th e review, s u p p o r t  p e r s o n n e l sup e r v i s e th e a s t r o n a u t ' s  ingress i n t o th e 

g o n d o l a , whe r e th ey a r e c o n n e c t e d t o b i o m e d i c a l i n s t r u m e n t a t i o n i n c l u d i n g a 12-

lea d E C G , b l o o d p r e s s u r e cuffs , a n d  r e s p i r a t o ry m o n i t o r i n g e q u i p m e n t . T h e n th ey 

spin th e " f u g e " ,  using pr o f i l e s s i m i l a r t o the o n e s d e s c r i b e d in T a b l e 7 .5. 

T a b l e 7.5. R u n sc h e d u l e f o r d e t e r m i n a t i o n o f  G-sen s i t i v i ty. 

Run Type of run Rate of onset Peak G Rate of 
number offset 

G / sec M a g n i t u d e D u r a t i o n  a t  G (sec) G / sec 

I W a r m- u p 0.1 6 . 0 5 0.2 

2 G O R 1 0.1 5.0 5 1.0 

3 R O R 2 I 1.0 3.0 20 1.0 

4 R O R  2 1.0 4.0 15 1.0 

5 R O R  3 1.0 5.0 15 1.0 

6 G O R  0 . 1 8.0 5 1.0 

1 G r a d u a l  o n s e t run: 0.1 G / sec. 2 R a p i d o n s e t r u n : 2.5 G j sec. 

Whi l e a s t r o n a u t s t o l e r a t e th e g r a d u a l o n s e t r a t e s ( G O R s ) w i t h o u t t o o  m u c h 

e f f o r t , th e r a p i d o n s e t r a t e s ( R O R s ) a r e a d i f f e r e n t m a t t e r . F o r  th e final test , th e 

c e n t r i f u g e o p e r a t o r  c r a n k s it u p t o 8 G. Whi l e m o s t a s t r o n a u t s des c r i b e th e 

experi e n c e a k i n to a n e l e p h a n t s i t t i n g o n t h e i r che s t , the R u s s i a n i n s t r u c t o r s p r e f e r t o 

use the a n a l o gy o f  h u g g i n g a big g r a n d m o t h e r ! 

United S t a t e s  P a r t  I I  

Gs in the T-38 

Back in th e US , a s t r o n a u t s  ha v e the o p p o r t u n i ty to experi e n c e a m o r e p l e a s a n t way 

o f  exper i e n c i n g G i n  N A S A ' s  T-38 t r a i n i n g j e t , wh i c h a s t r o n a u t s use for s p a c e f l i g h t 

re a d i n e s s t r a i n i n g . Since th e T-38 c a n easily fly b eyo n d M a c h I, p u l l i n g G s  by 

p e r f o r m i n g b a r r e l rolls, l o o p-t h e-l o o p s , a n d  a i l e r o n rolls is fairly easy. 

Science preparation 

A b o u t  a yea r i n t o th e t r a m m g , m o r e missiOn d e t a i l s a r e fina l ized, su c h as th e 

i n t r a v e h i c u l a r ac t i v i ty (IV A) sch e d u l e s , t h e a c t u a l EV As, a n d  crew re s p o n s i b i l i t i e s . 



164 M i s s i o n t r a i n i n g 

I n  a d d i t i o n t o re f i n i n g sche d u l e s , a s t r o n a u t s s p e n d m o r e tim e l e a r n i n g ho w to 

p e r f o r m science. Since e a c h c r e w m e m b c r is assi g n e d to p e r f o r m science expe r i m e n t s , 

it is i m p o r t a n t  they k n o w h o w to p e r f o r m t h e m a c c u r a t e ly. T o  he l p th e a s t r o n a u t s , 

t e a m s o f  expe r t s s p e n d h u n d r e d s o f  h o u r s to e n s u r e e a c h c r e w m e m b e r h a s th e 

k n o w l e d g e a n d  skills ne e d e d t o p e r f o r m th e as s i g n e d exper i m e n t s . 

Science onhoard the ISS 

P r e v i o u s ISS crews h a ve g r o w n h u m a n  cells t o s t u dy h o w c a n c e r s gr o w a n d w o r k e d 

w i t h a n t i b i o t i c s t o fin d a way t o p r o d u c e t h e m f a s t e r o n E a r t h . T h ey'v e g r o w n p l a n t s 

t o de v e l o p d r o u g h t- r e s i s t a n t c r o p s a n d  c ryst a l s to i m p r o v e ga s o l i n e p r o d u c t i o n . 

T h ey' v e al s o s t u d i e d th e h u m a n  b o dy i n m i c r o g r a v i ty, g a t h e r i n g i n f o r m a t i o n o n 

e v e ryth i n g f r o m h o w the lun g s p e r f o r m t o th e f o r m a t i o n o f  k i d n ey sto n e s a n d the 

p e r f o r m a n c e o f  liver cells. O t h e r expe r i m e n t s t a k e a d v a n t a g e o f  the m i c r o g r a v i ty 

e n v i r o n m e n t o n  the ISS to s t u dy physica l proc e s s e s . By el i m i n a t i n g g r a v i ty , 

r e s e a r c h e r s c a n b e t t e r u n d e r s t a n d s o m e o f  th e s m a l l e r forces t h a t  o c c u r in su c h 

pr o c e s s e s as s e m i c o n d u c t o r p r o d u c t i o n . While som e ISS expe r i m e n t s only re q u i r e 

c r e w m e m b e r s t o s t a r t  a n d  s t o p th e m (e.g. c ryst a l g r o w t h st u d i e s ) , o t h e r  expe r i m e n t s 

r e q u i r e t h e c r e w m e m b e r s t o be o p e r a t o r s (P a n e l 7.8). F o r  examp l e , h u m a n life 

sciences expe r i m e n t s a r e u n i q u e , since they re q u i r e c r e w m e m b e r s t o serve as b o t h  te s t 

su b j e c t s and o p e r a t o r s . Th e s e types o f  expe r i m e n t s a r e p a r t i c u l a r ly useful , as th ey 

hel p r e s e a r c h e r s b e t t e r u n d e r s t a n d h o w the h u m a n  b o dy a d a p t s  to s p e n d i n g lo n g 

p e r i o d s o f  tim e i n m i c r o g r a v i ty. 

Def i n i n g the schedule t o t r a i n a s t r o n a u t s t o p e r f o r m science is a complex process. 

I n s t r u c t o r s m u s t first de t e r m i n e ho w m a ny cre w m e m b c r s will be tr a i n e d o n ea c h 

exper i m e n t , ho w m a ny h o u r s o f  t r a i n i n g arc re q u i r e d , a n d wh o will p e r f o r m the 

tr a i n i n g . T h e n , they m u s t de t e r m i n e w h a t p r o c e d u r e s a n d so f t w a r e will be needed, a n d 

w h a t e q u i p m e n t a n d  facilities m ay be used, based o n th e b u d g e t available. Once all this 

i n f o r m a t i o n is es t a b l i s h e d , in d i v i d u a l t r a i n i n g pla n s f o r e a c h exper i m e n t are c o m b i n e d 

i n t o a single p l a n t h a t  incl u d e s all th e experi m e n t s in a p a r t i c u l a r scientific discipline. 

Since crew time, w h e t h e r b e f o r e , d u r i n g , o r  a f t e r flight, is a very lim i t e d re s o u r c e , 

eve ry de t a i l o f  a n  expe r i m e n t t r a i n i n g session is p l a n n e d , p r a c t i c e d , a n d  c o o r d i n a t e d . 

O f t e n , du e t o t h e co m p l exiti e s o f  some expe r i m e n t s , th e r e s e a r c h e r o r  p r i n c i p a l 

i n v e s t i g a t o r (PI ) i n s t r u c t s c r e w m e m b e r s i n h o w to o p e r a t e t h e i r expe r i m e n t . A i d i n g 

th e a s t r o n a u t s i n t h e i r science t r a i n i n g a r e C o m p u t e r  Based T r a i n i n g (CBT) lessons, 

d e v e l o p e d by i n s t r u c t i o n a l des i g n expe r t s t o p r o v i d e g r o u n d- b a s e d a n d o n- o r b i t crew 

t r a i n i n g . C B T s a r e al s o useful for pr o f i c i e n cy t r a i n i n g wh e n th e crew is in o r b i t . 

Exercise countermeasures 

I n  be t w e e n p e r f o r m i n g science, a s t r o n a u t s will s p e n d a si g n i f i c a n t p a r t  o f  t h e i r day 

exercising, r e q u i r i n g t h e m t o c o n d u c t  g r o u n d t r a i n i n g o n  so m e o f  th e exercise 

e q u i p m e n t t h ey will be usi n g while o n b o a r d  th e ISS. 
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P a n e l 7.8. Scie n c e o n b o a r d th e I n t e r n a t i o n a l S p a c e S t a t i o n 

O n e r e c e n t exa m p l e o f  sc i e n c e c o n d u c t e d  o n b o a r d  t h e ISS f o r wh i c h 

a s t r o n a u t s  h a d  to be t r a i n e d o n th e g r o u n d  was th e A n o m a l o u s  L o n g T e r m 

E f f e c t s in A s t r o n a u t s - D o s i m e t ry ( A L T E A- D o s i )  exp e r i m e n t . I n v o l v i n g 

i n v e s t i g a t o r s f r o m I t a ly a n d  t h e US , t h e A L  T E A- D o s i exp e r i m e n t was 

de s i g n e d t o as ess th e r a d i a t i o n e n v i r o n m e n t  in ide th e ISS ' s U S L a b o r a t o ry , 

Destiny. 
A l t h o u g h a s t r o n a u t s  a r e re l a t i v e ly well p r o t e c t e d fr o m r a d i a t i o n exp o s u r e in 

low E a r t h  o r b i t ( L E O ) , th e eff e c t s o f  l o n g-t e r m r a d i a t i o n exp o s u r e a r e still 

p o o r ly u n d e r s t o o d . W i t h p l a n s t o e n d h u m a n s  t o t h e l u n a r s u r f a c e for 6 

m o n t h s , w h e r e r a d i a t i o n level s will be m u c h h i g h e r t h a n in L E O , it is 

i m p o r t a n t  r a d i a t i o n exp o s u r e be i n v e s t i g a t e d m o r e t h o r o u g h ly . T o  t h a t  e n d , 

I t a l i a n a n d A m e r i c a n c i e n t i s t s d e v e l o p e d t h e A L T E A- D o s i exp e r i m e n t to 

m e a s u r e th e p a r t i c l e flux o n b o a r d  th e ISS in o r d e r  to d i s c r i m i n a t e p a r t i c l e 

type , a n d  me a u r e p a r t i c l e t r a j e c t o ry a n d d e p o s i t e d e n e r gy. T h e  exp e r i m e n t 

r e q u i r e d a s t r o n a u t  to be t r a i n e d in t h e o p e r a t i o n  o f  e q u i p m e n t s u c h as th e 

I n t r a v e h i c u l a r C h a r g e d P a r t i c l e D i r e c t i o n a l S p e c t r o m e t e r ( I V C P D S ) , t h e 

Ext r a v e h i c u l a r C h a r g e d P a r t i c l e D i r e c t i o n a l S p e c t r o m e t e r ( E V C P D S ) , a n d a 

h e l m e t- s h a p e d device h o l d i n g six sil i c o n p a r t i c l e d e t e c t o r , de s i g n e d t o 

m e a s u r e c o s m i c r a d i a t i o n p a s s i n g t h r o u g h t h e d e t e c t o r s . 

A s t r o n a u t s  r e s p o n s i b l e f o r a d m i n i s t e r i n g t h e A L T E A- D o s i  exp e r i m e n t were 

t r a i n e d to p o s i t i o n t h e h e l m e t a t  a spe c i f i c a n g l e , b e f o r e s t a r t i n g t h e te s t 

p r o t o c o l  f r o m a l a p t o p . A t  t h e b e g i n n i n g o f  ea c h A L  T E A- D o  i m e a s u r e m e n t , 

t h e a s t r o n a u t  h a d to s t a r t  th e a u t o m a t i c  s e t-u p / c a l i b r a t i o n p r o c e d u r e a n d  th e 

D o s i se s s i o n . A t  t h e e n d o f  th e ses s i o n , t h e a s t r o n a u t s  en u r e d th e d a t a  

co l l e c t e d by t h e p a r t i c l e d e t e c t o r s were s e n t t o E a r t h  in real t i m e via a u t o m a t e d  

t e l e m e t ry. 

A s t r o n a u t s  m u s t  s p e n d so m u c h t i m e exerc i s i n g b e c a u s e exp o s u r e t o  m i c r o g r a v i ty 

p r o d u c e s a d a p t a t i o n s  i n n e a r ly eve ry physi o l o g i c a l system . S o m e a d a p t a t i o n s ,  s u c h 

as m o t i o n  si c k n e s s , a r e se l f-li m i t i n g , w i t h sy m p t o m  r e s o l u t i o n o c c u r r i n g w i t h i n d ays , 

while o t h e r  a d a p t a t i o n s  p r o d u c e  m o r e p r o g r e s s i v e c h a n g e s , t h e m o s t  s e r i o u s b e i n g 

t h o s e i m p o s e d u p o n  t h e s k e l e t a l syst e m , w h i c h s h o w s n o  sign s o f  r e s o l u t i o n . O n e o f  

t h e m o s t  r e g u l a r ly d o c u m e n t e d  p hysi o l o g i c a l c h a n g e s a s s o c i a t e d w i t h t h e s p a c e f l i g h t 

e n v i r o n m e n t  is t h e p r o c e s s o f  b o n e d e m i n e r a l iz a t i o n , c a u s e d by t h e a b s e n c e o f  

w e i g h t- b e a r i n g whi l e in m i c r o g r a v i ty. A n  a b s e n c e o f  l o a d r e m o v e s n o t  o n ly t h e d i r e c t 

c o m p r e s s i v e fo r c e s o n t h e l o n g b o n e s a n d  s p i n e , b u t  a l s o t h e i n d i r e c t l o a d i n g o n  

th e s e b o n e s f r o m t h e p u l l o f  mu s c l e s o n  t h e v a r i o u s b o n e s t r u c t u r e s t o w h i c h t h ey a r e 

a t t a c h e d . I n v a r i a b ly, t h e u n l o a d i n g  o f  t h e s k e l e t o n le a d s t o  o s t e o p o r o s i s , w e a k e n i n g 

o f  th e b o n e s , a n d  d e l ayed h e a l i n g o f  f r a c t u r e s . 

Exerc i s e is o n e  o f  a v a r i e ty o f  c o u n t e r m e a s u r e s t h a t  h a v e b e e n i n c o r p o r a t e d  i n t o 
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Figure 7.20. R u n n i n g on the I n t e r n a t i o n a l Space S t a t i o n ' s tre a d m i l l . Im a g e c o u r t e sy : 

N A S A . 

b o t h  s h o r t  a n d  l o n g- d u r a t i o n spa c e flights t o he l p a s t r o n a u t s of f s e t b o n e loss. 

D u r i n g  th e M i r mis s i o n s , c o s m o n a u t s r e g u l a r ly exercised f o r be t w e e n 2 a n d 3 h r  a 

d ay while be i n g held wit h s t r o n g elas t i c c o r d s a g a i n s t a r u n n i n g su r f a c e a n d 

s u p p o r t e d by a belt a r o u n d  the wa i s t - a p r a c t i c e t h a t  c o n t i n u e s o n b o a r d  th e ISS 

t o d ay ( F i g u r e 7.20). H o w e v e r , de s p i t e v a r i o u s a t t e m p t s t o l o a d th e s k e l e t o n a n d all 

m a n n e r  o f  exercise regimes, c r e w m e m b e r s c o n t i n u e t o suf f e r b o n e loss a n d , a f t e r f o u r 

de c a d e s o f  s t u dyin g t h e effects o f  sk e l e t a l l o a d i n g o n b o n e g r o w t h , m i n i m u m l o a d i n g 

t h r e s h o l d s a r e still u n k n o w n . 

T o  o f f s e t t h e d e l e t e r i o u s e f f e c t s u p o n  t h e c a r d i o v a s c u l a r , s k e l e t a l , a n d  

m u s c u l o s k e l e t a l systems, a s t r o n a u t s will s p e n d a t  le a s t 2 h r  p e r d ay d u r i n g t h e i r 

mi s s i o n p e r f o r m i n g a b r o a d  p r o g r a m  o f  exercise c o u n t e r m e a s u r e s . Th e s e exercises 

a r e de s i g n e d t o l o a d th e s k e l e t o n a n d i n d u c e m e c h a n i c a l s t r a i n u p o n th e muscles. 

C r e w m e m b e r s will foll o w a n i n d i v i d u a l exercise t r a i n i n g p r o g r a m  d e v e l o p e d 

p r e f l i g h t , b a s e d u p o n  exerci s e t e s t i n g , p r i o r  f l i g h t expe r i e n c e , a n d  level o f  

c o n d i t i o n i n g . F o l l o w i n g e a c h exercise session, physic a l t r a i n e r s will receive a 

d o w n l i n k e d file c o n t a i n i n g h e a r t r a t e a n d  e r g o m e t e r d a t a  o f  the c r e w m e m b e r ' s 

exercise t r a i n i n g sessions. Ev e ry m o n t h , th e cr e w will be s u b j e c t t o fitness 

as s e s s m e n t s t o d e t e r m i n e a e r o b i c c a p a c i ty a n d  s t r e n g t h levels. Based o n th e fitness 

as s e s s m e n t s , r e c o m m e n d a t i o n s a n d  c h a n g e s will be m a d e to th e exercise p r o g r a m t o 

e n s u r e c o u n t e r m e a s u r e s c o n t i n u e t o be effective. 
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Medical training 

I n F e b r u a ry, 2008, a n  u n d i s c l o s e d me d i c a l issue a m o n g th e crew o f  th e Sp a c e S h u t t l e 

Atlantis p r o m p t e d  a 24-hr de l ay to a n EVA. E S A a s t r o n a u t , H a n s  Schlegel, was 

ev e n t u a l ly re p l a c e d by N A S A a s t r o n a u t , S t a n l ey Love, a n d  l a t e r r e j o i n e d t h e E V A 

r o t a t i o n . T h e i n c i d e n t was typi c a l o f  th e m a ny m i n o r me d i c a l c o n d i t i o n s a s t r o n a u t s 

suf f e r d u r i n g sp a c e f l i g h t . T o  d a t e , th e s p e c t r u m o f  me d i c a l c o n d i t i o n s r e p o r t e d by 

N A S A a n d  E S A a s t r o n a u t s h a v e r a r e ly re q u i r e d se r i o u s me d i c a l a t t e n t i o n a n d  t h e r e 

h a s been n o me d i c a l e v a c u a t i o n o f  a ny N A S A o r  ESA cr e w m e m b e r . H o w e v e r , given 

th e extre m e n a t u r e o f  th e spa c e e n v i r o n m e n t c o m b i n e d w i t h th e exte n d e d d u r a t i o n  o f  

a typica l expe d i t i o n-cl a s s mi s s i o n , it is i n e v i t a b l e t h a t , s o o n e r o r  l a t e r , me d i c a l 

i n t e r v e n t i o n will be r e q u i r e d t o d e a l wit h o n e o r  m o r e o f  th e illnesses o r  in j u r i e s listed 

in T a b l e 7.6. 

Tab l e 7.6. Cl a s s i f i c a t i o n o f  illnesses a n d injuries in space f l i g h t . 1 

Characteristics 

Class I 

• Mil d sympt o m s 

• Mi n i m u m effect u p o n 

p e r f o r m a n c e 

• No n-l i f e-t h r e a t e n i n g 

Class I I 

• M o d e r a t e to p r o n o u n c e d 

symp t o m s 

• Sign i f i c a n t effect u p o n 

p e r f o r m a n c e 

• Po t e n t i a l ly li f e-th r e a t e n i n g 

Class I I I 

• Im m e d i a t e severe 

symp t o m s 

• I n c a p a c i t a t i n g 

• Un s u r v i v a b l e i f definitive 

ca r e u n a v a i l a b l e 

Crew medical training 

Examples 

• Space m o t i o n sickness 

• G a s t r o i n t e s t i n a l dist r e s s 

• U r i n a ry t r a c t in f e c t i o n 

• Up p e r r e s p i r a t o ry 

inf e c t i o n 

• Sinusitis 

• De c o m p r e s s i o n sickness 

• Ai r em b o l i s m 

• C a r d i a c a r r hyt h m i a 

• Toxic s u b s t a n c e 

expos u r e 

• Op e n / closed ch e s t in j u ry 

• F r a c t u r e 

• L a c e r a t i o n 

• Explosive d e c o m p r e s s i o n 

• Ove r w h e l m i n g in f e c t i o n 

• Massive c r u s h i n j u ry 

• Op e n b r a i n i n j u ry 

• Severe r a d i a t i o n expo s u r e 

Type of response 

• Self-care 

• A d m i n i s t r a t i o n o f  

p r e s c r i p t i o n a n d / o r  n o n•

p r e s c r i p t i o n m e d i c a t i o n 

• I m m e d i a t e in-fli g h t 

di a g n o s i s a n d  t r e a t m e n t 

• Possible e v a c u a t i o n 

• Possible mission t e r m i n a t i o n 

• Im m e d i a t e e v a c u a t i o n 

following r e s u s c i t a t i o n a n d 

s t a b i l iza t i o n i f nece s s a ry 

• C o m f o r t me a s u r e s a p p l i e d 

F a c e d w i t h th e p o s s i b i l i ty o f  d e a l i n g w i t h e i t h e r a Cl a s s I I o r  I I I  m e d i c a l 
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c o n t i n g e n cy, it is likely cr e w m e m b e r s will p e r f o r m m o s t ne c e s s a ry o p e r a t i o n s 

a u t o n o m o u s ly , w i t h l i m i t e d s u p p o r t  f r o m t h e g r o u n d . T h e r e a s o n f o r t h e 

r e q u i r e m e n t  o f  a u t o n o m o u s  h e a l t h  c a r e  w h i l e o n t h e  ISS is d u e t o  t h e 

c o m m u n i c a t i o n la t e n cy, whic h limits o p e r a t i o n a l c a p a b i l i t i e s . A l t h o u g h t h e r e is 

on ly a 1-sec de l ay in c o m m u n i c a t i o n s t o th e ISS, s t a t i o n-b a s e d h e a l t h c a r e 

m a i n t e n a n c e is be i n g de s i g n e d t o be i n c r e a s i n g ly a u t o n o m o u s  - a n  i m p o r t a n t  

c o n s i d e r a t i o n i f  th e crew d o e s n o t  i n c l u d e a physic i a n . 

Since it is n o t  c e r t a i n every missi o n will ha v e a p hys i c i a n- a s t r o n a u t , th e b u r d e n o f  

a ny in-mi s s i o n me d i c a l c o n t i n g e n cy will fall u p o n th e s h o u l d e r s o f  th e c r e w ' s me d i c a l 

off i c e r ( C M O ) . A t p r e s e n t , th e C M O  is a p i l o t o r  sc i e n t i s t w i t h 34 h r o f  med i c a l 

t r a i n i n g , w h e r e a s o t h e r  c r e w m e m b e r s receive on ly 17 h r o f  p r e-fl i g h t me d i c a l 

t r a i n i n g . H o w e v e r , given th e exte n d e d mis s i o n s t o th e ISS , crew me d i c a l t r a i n i n g 

m ay be i n c r e a s e d a n d  a s t r o n a u t s selected for ISS mi s s i o n s will follow a sc h e d u le 

s i m i l a r t o th e o n e o u t l i n e d in T a b l e 7.7. 

Table 7.7. N A S A medical t r a i n i n g for I n t e r n a t i o n a l Space S t a t i o n cr e w m e m b e r s 2 

Training session Crew Time Time prior 
to launch 

ISS space medicine overview E n t i r e crew 0.5 h r  18 m o n t h s 

Crew h e a l t h ca r e system (C H e C S ) overview E n t i r e crew 2 h r 18 m o n t h s 

C r o s s-c u l t u r a l fa c t o r s E n t i r e crew 3 h r 18 m o n t h s 

Psychol o g i c s u p p o r t  f a m i l i a r iza t i o n E n t i r e crew I h r 18 m o n t h s 

C o u n t e r m e a s u r e s system o p e r a t i o n s I E n t i r e crew 2 h r 12 m o n t h s 

C o u n t e r m e a s u r e s system o p e r a t i o n s 2 E n t i r e crew 2 h r 12 m o n t h s 

Toxicol o gy overview E n t i r e crew 2 h r 12 m o n t h s 

E n v i r o n m e n t a l h e a l t h system mi c r o b i o l o gy ECLS S 2 h r 12 m o n t h s 

o p e r a t i o n s a n d  i n t e r p r e t a t i o n 

E n v i r o n m e n t a l h e a l t h system w a t e r q u a l i ty ECLSS 2 h r 12 m o n t h s 

o p e r a t i o n s 

E n v i r o n m e n t a l he a l t h system toxicol o gy o p e r a t i o n s ECLSS 2 h r 12 m o n t h s 

E n v i r o n m e n t a l h e a l t h system r a d i a t i o n o p e r a t i o n s ECLSS 1.5 h r 12 m o n t h s 

C a r b o n di oxide expo s u r e t r a i n i n g E n t i r e crew I h r 12 m o n t h s 

Psycho l o g i c f a c t o r s E n t i r e crew I h r 12 m o n t h s 

D e n t a l p r o c e d u r e s C M O s I h r 8 m o n t h s 

ISS Me d i c a l d i a g n o s t i c s 1 C M O s 3 h r 8 m o n t h s 

ISS Me d i c a l di a g n o s t i c s 2 C M O s 2 h r 8 m o n t h s 

ISS Med i c a l t h e r a p e u t i c s I C M O s 3 h r 8 m o n t h s 

ISS Med i c a l t h e r a p e u t i c s 2 C M O s 3 h r 6 m o n t h s 

A d v a n c e d c a r d i a c life s u p p o r t (A C L S ) e q u i p m e n t C M O s 3 h r 6 m o n t h s 

ACL S p h a r m a c o l o gy C M O s 3 h r 4 m o n t h s 

A C L S p r o t o c o l s I C M O s 2 h r 4 m o n t h s 

ACL S p r o t o c o l s 2 C M O s 2 h r 4 m o n t h s 

C a r d i o p u l m o n a ry re s u s c i t a t i o n E n t i r e crew 2 h r  4 m o n t h s 

Psychi a t r i c issues E n t i r e crew 2 h r 4 m o n t h s 

C o u n t e r m e a s u r e s system e v a l u a t i o n o p e r a t i o n s C M O s 3 h r 4 m o n t h s 

N e u r o c o g n i t i v e ass e s s m e n t s o f t w a r e E n t i r e crew 1 h r 4 m o n t h s 
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Ta b l e 7.7. continued 

Training session Crew Time 

C o u n t e r m e a s u r e s system m a i n t e n a n c e E n t i r e crew 2 . 5 h r 

E n v i r o n m e n t a l h e a l t h system Pr e v e n t i v e a n d 

Co r r e c t i v e M a i n t e n a n c e E n t i r e crew I h r 

ACL S " m e g a c o d e " p r a c t i c a l exercise E n t i r e crew 3 h r  

Psycholog i c fa c t o r s 2 En t i r e crew 2 h r  

Medical ref r e s h e r E n t i r e crew I h r 

C M O  c o m p u t e r-b a s e d t r a i n i n g C M O s I h r / 

m o n t h 

C H e C S he a l t h m a i n t e n a n c e system co n t i n g e n cy En t i r e crew I hr 

drill 

BAROTRAUMA - EAR BLOCK/SINUS BLOCK 
(ISS M E D /3 A- ALL/FI N ) Page 1 of 1 page 

B A R O T R A U M A- EAR BLOCK. SIN U S BLOC K 

NOTE 

Symptoms result from reduction in barometric pressure 
and expansion of trapped gas. Symptoms may occur 

during de compression preceding EV A or following loss 

of cabin pressure. Pain should resolve after repress in 

most cases . Persistent ear pain following repress 

requires examination . 

Symptoms 
Abdominal distention 

Ear pain 
Inability to clear ear 

Loss of hearing acuity 

Sinus pain 
Toothache 

Jaw pain 

Treatment 

Time prior 
to launch 

4 m o n t h s 

4 m o n t h s 

3 m o n t h s 

I m o n t h s 

2 weeks 

D u r i n g 

mission 

D u r i n g 

mission 

AMP 

(blue) 

1. I f ear pain persists following repress, perform Otoscope Exam (Physical 

Exam-9) . 

Look for the following signs : 

Red , inflamed ear drum 

Perforation of eardrum 

Drainage from ear drum, clear or bloody 

2. Contact Surgeon with results. 

Figure 7.21. Me d i c a l a l g o r i t h m used by crews o n the I n t e r n a t i o n a l Space S t a t i o n . Im a g e 

cour t e sy: NAS A . 
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T o  e n s u r e a d e q u a t e  t r e a t m e n t  a n d  r e h a b i l i t a t i o n d u r i n g  ext e n d e d ISS m i s s i o n s , 

s p a c e a g e n c i e s re ly o n  i n s t r u c t i n g t h e c r e w w i t h c u r r i c u l a a n d  a l g o r i t h m s  ( F i g u r e 

7.21) b a s e d  o n  m i c r o g r a v i ty p hys i o l o g i c a l m o d e l s o f  a h u m a n  p a t i e n t  s i m u l a t o r  

( H P S ) . T h e  c u r r i c u l u m  i n c l u d e s m e d i c a l t r a i n i n g a s well a s t e l e m e n t o r i n g a n d  

t e l e m e d i c i n e t e c h n i q u e s , b a s e d o n  t h e h i g h-f i d e l i ty e n v i r o n m e n t  a n a l o g  t r a i n i n g  

( H E A T )  c o n c e p t  t h a t  r e c r e a t e s a p a t i e n t- c a r e fac i l i ty o n  t h e M o o n .  

Telemedicine 

I n  t h e e v e n t o f  a s e r i o u s i n j u ry r e q u i r i n g s u r g i c a l i n t e r v e n t i o n , i t is p r o b a b l e  r e m o t e 

o r  t e l e p r e s e n c e s u r g e ry - te l e m e d i c i n e - will b e r e q u i r e d ( P a n e l 7 . 9 a n d  F i g u r e 7 . 22). 

U s i n g t h i s m e t h o d  o f  s u r g e ry, a s u r g e o n i n a r e m o t e  l o c a t i o n c o n t r o l s t h e r o b o t i c  

i n s t r u m e n t s p e r f o r m i n g  t h e a c t u a l s u r g e ry . T h e m e t h o d ,  w h i c h h a s b e e n p r a c t i c e d 

s u c c e s s f u l ly o v e r i n t e r c o n t i n e n t a l  d i s t a n c e s , h a s a l s o b e e n i n v e s t i g a t e d by N A S A , 

c o n d u c t i n g  r e s e a r c h a b o a r d  i t s u n d e r s e a r e s e a r c h s t a t i o n , A q u a r i u s ,  20 m b e l o w t h e 

o c e a n , n e a r  t h e c o a s t  o f  K ey L a r g o ,  F l o r i d a . 

P a n e l 7. 9 . T e l e m e di c in e 

A real expe r i e n c e w i t h b a s i c life u p p o r t  ( B L S ) a n d  A L S in m i c r o g r a v i ty d o e  

n o t  exist. A p a r t  fr o m s u r g e ry o n exp e r i m e n t a l a n i m a l in o r b i t , e m e r g e n cy 

me d i c a l p r o c e d u r e h a v e o n ly be e n i m u l a t e d in m o c k u p s , c e n t r i f u g e s , a n d  in 

p a r a b o l i c  fli g h t , b u t  t h e i n h e r e n t l i m i t o f  t h e e i m u l a t i o n a r e  h o r t , 2 0- 2 5-

ec m i c r o g r a v i ty p e r i o d , a l t e r n a t i n g  w i t h 2 G a c c e l e r a t i o n a s t h e a i r c r a f t 

fol l o w t h e p a r a b o l ic fl i g h t p a t h . D i f f e r e n t m e t h o d  fo r p e r f o r m i n g c h e t 

c o m p r e s i o n s h a v e bee n te t e d , i n c l u d i n g C P R o n a " f r e e- f l o a t i n g " p a t i e n t , 

b u t  it is u n l i k e ly a n  e f f i c i e n t m e c h a n i c a l C P R  c a n be p e r f o r m e d o v e r l o n g e r 

p e r i o d s in m i c r o g r a v i ty o r  in p a r t i a l g r a v i ty wi t h p r e s e n t ly r e c o m m e n d e d 

t e r r e s t r i a l m e t h o d s . A i r w ay m a n a g e m e n t  by c o n v e n t i o n a l m e a n s ( m a s k a n d  

b a g , t r a c h e a l t u b e , l a ryn g e a l rna k a i r w ay ( L M A ) )  h a bee n te ted by se v e r a l 

i n v e s t i g a t o r s ; t h e a v e r a g e t i m e to e c u r e a n  a i r w ay in m i c r o g r a v i ty wer e 

l o n g e r in c o m p a r i s o n  w i t h I G f o r b o t h  killed a n d  u n s k i l l e d o p e r a t o r  , b u t  all 

p r o c e d u r e s a r e t e c h n i c a ll y p o si b l e . 

NEEMO 

" W e  h a v e l e a r n e d t h a t  i t is p o s s i b l e , a n d  q u i t e sa f e , t o  t e l e m e n t o r a n  u n t r a i n e d  

p e r s o n  t h r o u g h  a c o m p l ex m e d i c a l t a s k . "  

D r  M e h r a n  A n v a r i , P r i n c i p a l I n v e s t i g a t o r , 

M c M a s t e r  U n i v e r s i ty C e n t r e  f o r M i n i m a l I n v a s i v e S u r g e ry 
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Figure 7.22. Te s t i n g di f f e r e n t telemedicine a r c h i t e c t u r e s in the m o c k u p o f  the ISS in the 

G a g a r i n C o s m o n a u t T r a i n i n g C e n t e r , S t a r City , Russia . Image c o u r t e sy : D L R . 

D u r i n g N A S A ' s Extr e m e E n v i r o n m e n t M i s s i o n O p e r a t i o n s ( N E E M O )  mi s s i o n in 

O c t o b e r , 2004 , D r  A n v a r i r e m o t e ly gu i d e d th e crew t h r o u g h gall b l a d d e r s u r g e ry a n d 

s u t u r i n g o f  a r t e r i e s while r e m a i n i n g in his h o m e t o w n o f  H a m i l t o n , O n t a r i o . 

A l t h o u g h t h r e e o f  t h e s ix-me m b e r crew were p hysi c i a n s , n o n e was a s u r g e o n . I n 

a d d i t i o n t o th e a s s i s t a n c e p r o v i d e d by D r  A n v a r i , N E E M O ' s  crew were a i d e d by the 

Z e u s system , a r o b o t  de s i g n e d f o r th e p u r p o s e o f  tele m e d i c i n e . 

T h e 2004 N E E M O  mi s s i o n a n d s u b s e q u e n t N E E M O  mis s i o n s h a v e d e m o n s t r a t e d 

tel e m e d i c i n e t e c h n o l o gy t o be a t o o l c a p a b l e o f  p r o v i d i n g d o w n l i n k s o f  video a n d  

d i a g n o s t i c p r o c e d u r a l ima g e s , in a d d i t i o n t o c o n n e c t i n g a c r e w m e m b e r wit h 

q u a l i f i e d s u r g e o n s . H o w e v e r , d e s p i t e th e s o p h i s t i c a t i o n o f  tel e m e d i c i n e , t e c h n o l o gy 

will nev e r be a s u b s t i t u t e f o r t h e skills o f  a well t r a i n e d C M O  a n d  a m o t i v a t e d crew . 

A l t h o u g h it is po s s i b l e t o a n t i c i p a t e a n d p r e p a r e for c o m m o n s u r g i c a l a n d  med i c a l 

emer g e n c i e s , u n a n t i c i p a t e d ev e n t s d o a n d  c a n oc c u r . F o r  examp l e , a s u b a r a c h n o i d 

h e m o r r h a g e was m a n a g e d by the i n g e n u i ty a n d  i n n o v a t i o n o f  p hysi c i a n s in 

A n t a r c t i c a , d e s p i t e i n a d e q u a t e facilities. 3 S u c h a n e v e n t n o t  on ly un d e r l i n e s th e 

h u m a n d r i v e to save life a g a i n s t all o d d s , b u t  al s o d e m o n s t r a t e s ho w i m p r o v i s a t i o n 

c a n le a d t o a successful o u t c o m e . G i v e n th e p r o v e n c a p a b i l i t i e s o f  tel e m e d i c i n e , it is 

likely it will be c o m e a n  in c r e a s i n g ly c o m m o n f e a t u r e in a s t r o n a u t  t r a i n i n g sch e d u l e s , 

especially as a d a t e f o r a r e t u r n t o th e M o o n  l o o m s closer. 
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T h e  t r a i n i n g i n c r e m e n t s d e s c r i b e d in th i s c h a p t e r c o v e r m o s t o f  t h e p r e p a r a t i o n s  

a n  a s t r o n a u t  m u s t  c o m p l e t e d u r i n g t h e i r 1ST pha s e . M i s s i o n t r a i n i n g is i n t e n s e a n d  

c h a l l e n g i n g w o r k t h a t  is t a c k l e d w i t h la s e r-li k e focus by a s t r o n a u t s  w h o s e p r i m a ry 

go a l is t o ri d e a r o c k e t i n t o s p a c e . U p o n  c o m p l e t i o n o f  1ST, they a r e r e a dy to d o j u s t  

t h a t . T h e n ext s e c t i o n d e s c r i b e s the e v e n t s l e a d i n g t o t h a t  e a g e r ly a n t i c i p a t e d go a l , 

b u t , b e f o r e f o l l o w i n g t h e a s t r o n a u t s  d u r i n g t h e i r final p r e- l a u n c h p r e p a r a t i o n , it is 

a p p r o p r i a t e ,  given N A S A ' s  a n d  the E S A ' s f a r-r e a c h i n g g o a l s , t o c o n s i d e r ho w 

a s t r o n a u t  t r a i n i n g m ay c h a n g e in t h e n e a r f u t u r e . 
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" M e n  w a n t e d for h az a r d o u s j o u r n ey. Low wages, b i t t e r c o l d , l o n g h o u r s o f  

c o m p l e t e d a r k n e s s . Safe r e t u r n d o u b t f u l . H o n o u r  a n d  r e c o g n i t i o n in e v e n t o f  

success . " 

A d v e r t i s e m e n t r u m o r e d t o ha v e be e n p o s t e d by Sir E r n e s t S h a c k l e t o n 

b e f o r e th e l a u n c h o f  his l e g e n d a ry 1914 I m p e r i a l 

T r a n s- A n t a r c t i c Expe d i t i o n 

T h e a d v e r t i s e m e n t pl a c e d by the g r e a t S h a c k l e t o n m ay hav e been a p o c ryp h a l b u t  its 

c o n t e n t a p p l i e s e q u a l ly t o t h o s e selected f o r f u t u r e exp l o r a t i o n class missions. T h e 

expe d i t i o n s e m b a r k e d u p o n by Sh a c k l e t o n , F r i d t j o f  N a n s e n , a n d D o u g l a s M a w s o n , 

a l m o s t a c e n t u ry ag o , res e m b l e in m a ny ways the c o n d i t i o n s o f  i s o l a t i o n a n d  

c o n f i n e m e n t t h a t  will be exper i e n c e d by spac e t r a v e l e r s e m b a r k e d u p o n i n t e r•

p l a n e t a ry expe d i t i o n s . T h e c o n d i t i o n s will be d i f f e r e n t , b u t m a ny o f  th e p r o b l e m s 

c o n f r o n t i n g f u t u r e s p a c e expl o r e r s will be th e sa m e o n e s t h a t  t r o u b l e d expl o r e r s in 

th e p a s t - a re a l i ty reflecte d in so m e o f  th e u n i q u e se l e c t i o n a n d t r a i n i n g c r i t e r i a 

d e s c r i b e d here. 

FUTURE CREW SELECTION CRITERIA 

I f  all goes t o p l a n , a l u n a r o u t p o s t  will be e s t a b l i s h e d s o m e tim e a f t e r 2025. W i t h thi s 

g o a l ac h i e v e d , N A S A a n d  t h e E u r o p e a n  Sp a c e Agency (ESA) will set t h e i r si g h t s o n 

a m a n n e d mi s s i o n t o M a r s . Even a f t e r 2025 , it is likely a m a n n e d expe d i t i o n t o M a r s  

( F i g u r e 8.1) will lie o n  t h e ra g g e d edge o f  a c h i e v a b i l i ty . H u m a n  exp l o r a t i o n o f  thi s 

sc o p e will r e q u i r e th e o p t i m u m  f u n c t i o n i n g n o t  on ly o f  s p a c e c r a f t , b u t  al s o o f  

a s t r o n a u t s . F a i l u r e o f  e i t h e r c o u l d r e s u l t in mi s s i o n failure. Success t h e r e f o r e will 

d e p e n d n o t  o n ly o n sel e c t i n g ( T a b l e 8.1) t h e r i g h t g r o u p o f  a s t r o n a u t s , b u t al s o o n 

t r a i n i n g t h e m effectively. 

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_ , 
© Springer Science + Business Media, LLC 2010 
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Figure 8.1. P l a n s to l a n d a s t r o n a u t s o n M a rs will re q u i r e new selection a n d  t r a i n i n g 

p r o c e d u r e s . P i c t u r e d is a t h e r m a l n u c l e a r r o c k e t a p p r o a c h i n g M a r s . Im a g e cour t e sy: 

J o h n F r a s s a n i t o a n d Associates. 

Table 8.1. M a r s mission selection r e q u i r e m e n t s . 

Personal requirements 
M a l e 

Me e t space agency medical s t a n d a r d s 

F r e e o f  psycho l o g i c a l p r o b l e m s 

Tec h n i c a l ly c o m p e t e n t 

Medical requirements 
G e n e t i c a l ly screened for disease 

U n d e r g o n e a p p e n d e c t o my 

U n d e r g o n e gall b l a d d e r re m o v a l 

Social skills and behavioral traits 
Social c o m p a t i b i l i ty 

E m o t i o n a l c o n t r o l 

P a t i e n c e 

I n t r o v e r t e d b u t socially a d e p t 

Sensitive to the n e eds o f  o t h e r s 

High to l e r a n c e fo r lack o f  ach i e v e m e n t 

Sel f-conf i d e n t w i t h o u t bein g ego t i s t i c a l 

Crew compatibility traits 
T a c t f u l n e s s in i n t e r p e r s o n a l r e l a t i o n s 

Sense o f  h u m o r  

Age: > 50 

Possess sense o f  c o m m u n i ty 

Possess effective co n f l i c t r e s o l u t i o n skill s 

Possess s ense o f  t e a m w o r k 

Ab o v e av e r a g e b o n e de n s i ty 

Gen e t i c a l ly screened fo r r a d i a t i o n res i s t a n c e 

Screened fo r kid n ey s t o n e s 

T o l e r a n c e 

Agr e e a b l e a n d flexible 

P r a c t i c a l a n d h a r d-w o r k i n g 

D o e s n o t beco m e b o r e d easily 

Desire for o p t i m i s t i c friends 

Hi g h to l e r a n c e fo r lit t l e m e n t a l s t i m u l a t i o n 

S u b o r d i n a t i o n o f  own in t e r e s t s to team goals 

Effective co n f l i c t r e s o l u t i o n skills 

Abi l i ty to be easily en t e r t a i n e d 
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Crew composition 

Crew size 

" T h e  h u m a n  f a c t o r is t h r e e q u a r t e r s o f  a ny exp e d i t i o n . " 

L e g e n d a ry N o r w e g i a n p o l a r  expl o r e r , R o a l d A m u n d s e n 

As was the case w i t h th e c r e w m e m b e r s o f  A m u n d s e n ' s a n d  S h a c k l e t o n ' s expe d i t i o n s , 

th e a u s t e r e a n d  i s o l a t e d c o n d i t i o n s facin g i n t e r p l a n e t a ry expl o r e r s will i m p o s e 

si g n i f i c a n t h a r d s h i p . I t will be a s s u m e d a n  a s t r o n a u t  h a s th e skills a n d  kn o w l e d g e 

necessary to p e r f o r m t h e d u t i e s o f  a c r e w m e m b e r , b u t  these abi l i t i e s will c o u n t for 

n o t h i n g i f  he o r  she c a n n o t  get a l o n g wit h o t h e r s f o r several years in th e co n f i n e s o f  a 

vehicle / h a b i t a t  n o l a r g e r t h a n  a sc h o o l bus! G i v e n t h e u n i q u e c h a r a c t e r i s t i c s o f  a n 

expl o r a t i o n-c l a s s mi s s i o n , th e issues o f  crew c o m p o s i t i o n a n d  crew c o m p a t i b i l i ty 

clear ly bec o m e i m p o r t a n t  se l e c t i o n f a c t o r s d u e t o th e p o t e n t i a l for these p a r a m e t e r s 

t o i m p a c t neg a t i v e ly u p o n a miss i o n . 

W h e n N A S A a n d / o r  t h e ESA finally e m b a r k u p o n  a M a r s  mi s s i o n , it is likely the 

size o f  the crew will fit w i t h th e c u r r e n t b e l i e f t h a t  sm a l l e r is b e t t e r . S u c h a policy was 

i m p l e m e n t e d o n  m a ny o f  th e m o s t successful p o l a r  expe d i t i o n s , s u c h as N a n s e n ' s 3-

yea r F r a m  v e n t u r e , wh i c h c o m p r i s e d j u s t  13 cr e w m e m b e r s , a n d  S h a c k l e t o n ' s 

I m p e r i a l A n t a r c t i c Expe d i t i o n , which c o n s i s t e d o f  j u s t  27. D e s p i t e extre m e i s o l a t i o n 

a n d p r o l o n g e d c o n f i n e m e n t , N a n s e n ' s a n d S h a c k l e t o n ' s expe d i t i o n s were c h a r a c t e r•

ized by few i n t e r p e r s o n a l p r o b l e m s , t h a n k s largely to sm a l l , h o m o g e n e o u s crews. 

Th i s les s o n is unl i k e ly to be o v e r l o o k e d w h e n i t com e s to de f i n i n g th e c o m p o s i t i o n o f  

E a r t h ' s  fir s t i n t e r p l a n e t a ry crew. 

Selecting crew roles 

T h e o c c u p a t i o n a l ro l e o f  e a c h m e m b e r o f  a n i n t e r p l a n e t a ry crew h a s yet t o be 

d e t e r m i n e d , b u t  it is a l m o s t c e r t a i n o n e c r e w m e m b e r will be a p i l o t a n d  it is likely, 

given t h e exte n d e d d u r a t i o n  o f  th e mi s s i o n , a n o t h e r c r e w m e m b e r will be a med i c a l 

d o c t o r . T h e ro l e o f  c o m m a n d e r will be as s i g n e d t o th e c r e w m e m b e r w i t h th e m o s t 

experi e n c e a n d will n o t  nec e s s a r i ly be th e p i l o t , as has be e n th e case in m a ny spac e 

miss i o n s . G i v e n t h e science obj e c t i v e s o f  s u c h a mi s s i o n , it is i n e v i t a b l e th e crew will 

i n c l u d e a t  le a s t o n e sci e n t i s t , a n d  o t h e r  c r e w m e m b e r s will be extensiv e ly cro s s•

t r a i n e d in v a r i o u s scientific disc i p l i n e s . 

Crew gender 

T h e issue o f  w h e t h e r a crew s h o u l d be al l-ma l e , all-fema l e o r  mixed r e m a i n s a 

c o n t e n t i o u s m a t t e r . So m e h a v e a r g u e d a female crew w o u l d exhi b i t p r e f e r a b l e 

i n t e r p e r s o n a l  dyn a m i c s a n d  be m o r e  l i k e ly to c h o o s e n o n- c o n f r o n t a t i o n a l  

a p p r o a c h e s t o solve i n t e r p e r s o n a l p r o b l e m s . O t h e r s h a v e m a d e a cas e f o r a mixed 
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cre w , c l a i m i n g cre w s wi t h w o m e n a r e c h a r a c t e r iz e d by less c o m p e t i t i o n a n d  seem to 

get a l o n g b e t t e r . Ev i d e n c e f r o m A n t a r c t i c w i n t e r-o v e r cre w s s u p p o r t s  e a c h o f  the s e 

a r g u m e n t s a n d  su g g e s t s w o m e n , in a d d i t i o n  t o t h e i r m i s s i o n f u n c t i o n , w o u l d serve a 

so c i a l izin g p u r p o s e . H o w e v e r , t h e i n t r o d u c t i o n o f  a single female i n t o a ma l e g r o u p  

m ay h a v e d e s t a b i l izi n g eff e c t s b e c a u s e o f  sex issues - a t o p i c t h a t  s p a c e age n c i e s ar e 

n o t o r i o u s ly r e l u c t a n t t o discuss! F o r t u n a t e ly , f o r m i s s i o n p l a n n e r s a t  le a s t , r e s e a r c h 

i n d i c a t e s a d r o p  in the sex h o r m o n e levels o f  a s t r o n a u t s  d u r i n g l o n g- d u r a t i o n 

mi s s i o n s , r e s u l t i n g in a p r o n o u n c e d de c l i n e in sex dr i v e , so t h e sex p r o b l e m m ay n o t  

be a n issue . H o w e v e r , j u s t  t o be o n  the safe side , it is likely th e first mi s s i o n will 

c o m p r i s e a n a l l-m a l e cr e w . S u c h a de c i s i o n will be b a s e d n o t  o n ly o n the 

p sych o s o c i a l issues , b u t  a l s o b e c a u s e ma l e s a r e m o r e r a d i a t i o n- r e s i s t a n t , t h e r e by 

re d u c i n g t h e o v e r a l l m i s s i o n risk. 

Crew compatibility 

D e t e r m i n i n g crew c o m p a t i b i l i ty h a s o f t e n be e n viewed a s a n  o p a q u e  pr o c e s s . 

P e r h a p s t h e m o s t  di v e r s e crew ever l a u n c h e d i n t o o r b i t  was S h u t t l e m i s s i o n STS-

51G , c o m p r i s i n g ci v i l i a n a n d  m i l i t a ry N A S A a s t r o n a u t s , b o t h  m a l e a n d  female , a 

S a u d i A r a b i a n  p r i n c e , a n d  a F r e n c h  c o s m o n a u t . D e s p i t e t h e m i s s i o n ' s o b v i o u s 

m u l t i n a t i o n a l n a t u r e  a n d  c r o s s-c u l t u r a l ch a l l e n g e s , t h e S T S-51G cr e w was , by all 

a c c o u n t s , a h a r m o n i o u s  o n e t h a t  w o r k e d effectively t h r o u g h o u t  t h e mis s i o n . 

H o w e v e r , typi c a l S p a c e S h u t t l e mi s s i o n s l a s t n o m o r e t h a n  2 weeks , w h e r e a s a n  

i n t e r p l a n e t a ry mi s s i o n will l a s t 2 yea r s o r  m o r e . C r e w c o m p a t i b i l i ty issues will 

t h e r e f o r e o b v i o u s ly a s s u m e i n c r e a s i n g si g n i f i c a n c e in d e t e r m i n i n g the eff e c t i v e n e s s o f  

t h e mis s i o n . 

T h e p r o b l e m in d e t e r m i n i n g crew c o m p a t i b i l i ty is t h a t  t h e r e is n o o n e m e a s u r e t o 

p r e d i c t w h e t h e r a cr e w will w o r k t o g e t h e r effectively. So m e r e s e a r c h e r s f a v o r t h e use 

o f  p sych o l o g i c a l p e r f o r m a n c e te s t s a n d  p e r s o n a l i ty q u e s t i o n n a i r e s . O t h e r  in v e s t i g a•

t o r s p r e f e r a m o r e b e h a v i o r- o r i e n t e d a p p r o a c h . T h e R u s s i a n s , w h o hav e i n v e s t e d 

c o n s i d e r a b ly in d e v e l o p i n g m e t h o d s t o assess i n t e r p e r s o n a l c o m p a t i b i l i ty , c o n s i d e r 

b i o r hyt h m s a us e f u l t o o l f o r se l e c t i n g c o s m o n a u t s ! P e r h a p s t h e m o s t us e f u l less o n s 

o n  t h e s u b j e c t o f  crew c o m p a t i b i l i ty c a n be f o u n d in r e s e a r c h c o n d u c t e d d u r i n g 

A n t a r c t i c w i n t e r-o v e r i n c r e m e n t s a n d  the a n n a l s o f  p o l a r  exp l o r a t i o n . I n  fact, a 

v e r i t a b l e c o r n u c o p i a o f  k n o w l e d g e r e g a r d i n g crew c o m p o s i t i o n a n d c o m p a t i b i l i ty 

exists, t h a n k s  t o t h e successful exp e d i t i o n s o f  S h a c k l e t o n , N a n s e n , a n d  A m u n d s e n , 

a n d  exper i e n c e f r o m A n t a r c t i c r e s e a r c h s t a t i o n s . T h i s h i s t o ry o f  crew dyna m i c s in 

h a r s h  e n v i r o n m e n t s p r o v i d e s m i s s i o n p l a n n e r s w i t h m o r e t h a n  e n o u g h i n f o r m a t i o n 

t o c a r e f u l ly selec t a c o m p a t i b l e crew. 

Exce p t i o n a l sel e c t i o n c r i t e r i a 

D u e t o t h e u n i q u e c h a r a c t e r i s t i c s o f  wh a t m ay be a 3-year m i s s i o n , s p a c e age n c i e s 

will e m p l oy so m e r a t h e r  u n c o n v e n t i o n a l s e l e c t i o n c r i t e r i a , s u c h as ge n e t i c s c r e e n i n g 
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a n d p r e c a u t i o n a ry sur g e ry. G i v e n th e u n u s u a l n a t u r e  o f  these c r i t e r i a , t h o s e selected 

will cr o s s a legally def i n e d b o u n d a ry; in the sa m e way as a s o l d i e r re l i n q u i s h e s 

c e r t a i n i n d i v i d u a l r i g h t s when j o i n i n g th e m i l i t a ry , a s t r o n a u t s c h o s e n f o r a M a r s  

miss i o n will be expec t e d t o d o th e s a m e a n d  a c c e p t coll e c t i v e s t a n d a r d s c o n t r i b u t i n g 

t o the c o m m o n g o o d o f  rea l izing a successful mis s i o n . 

Genetic screening 

C u r r e n t i n t e r n a t i o n a l le g i s l a t i o n b a r s e m p l oyer s f r o m us i n g the ge n e t i c i n f o r m a t i o n 

o f  i n d i v i d u a l s when m a k i n g h i r i n g de c i s i o n s . H o w e v e r , s p a c e agencies t a s k e d with 

th e o n e r o u s t a s k o f  sele c t i n g p e r h a p s th e m o s t u n i q u e spa c e crew in h i s t o ry will 

sure ly be exem p t e d f r o m thi s r e q u i r e m e n t . 

Rationale 

P r o s p e c t i v e M a r s a s t r o n a u t s , j u s t  like E t h a n  H a w k e ' s c h a r a c t e r in Gattaca ( F i g u r e 

8.2), will likely be gen e t i c a l ly te s t e d d u r i n g t h e me d i c a l exa m i n a t i o n o f  the a s t r o n a u t  

r e c r u i t m e n t c a m p a i g n . G e n e t i c te s t i n g will al l o w th e spa c e agencies t o d i a g n o s e 

v u l n e r a b i l i t i e s t o i n h e r i t e d diseases t h a t  m ay ca u s e p r o b l e m s d u r i n g lo n g mis s i o n s . 

T h e t e s t i n g will a l s o reveal i n f o r m a t i o n c o n c e r n i n g the pr e s e n c e o f  genet i c diseases 

Figure 8.2. F u t u r e  crew selection policies may echo th o s e p o r t r aye d in the film Gattaca. 
I m a g e cou r t e sy: I M D B . 
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a n d  m u t a n t  f o r m s o f  ge n e s a s s o c i a t e d w i t h i n c r e a s e d r i s k o f  d e v e l o p i n g g e n e t i c 

d i s o r d e r s . A d d i t i o n a l ly, g e n e t i c t e s t i n g c a n c o n f i r m o r  d e ny a s u s p e c t e d g e n e t i c 

c o n d i t i o n  a n d  p r o v i d e  i n f o r m a t i o n  c o n c e r n i n g t h e p o s s i b i l i ty a n  a s t r o n a u t  m ay 

d e v e l o p a d i s o r d e r . 

Types of testing 

Diagnostic t e s t i n g will be us e d t o e l i m i n a t e m o s t  g e n e t i c o r  c h r o m o s o m a l  c o n d i t i o n s , 

w h i l e carrier t e s t i n g will b e u s e d t o i d e n t i fy c a n d i d a t e s  c a r ry i n g o n e c o py o f  a gen e 

m u t a t i o n  t h a t  m ay c a u s e a g e n e t i c d i s o r d e r . Predictive t e s t i n g will be u s e d t o d e t e c t 

g e n e m u t a t i o n s  a s s o c i a t e d w i t h d i s o r d e r s p r e s e n t in t h e c a n d i d a t e  b u t  w h e r e n o 

f e a t u r e s a r e p r e s e n t a t  t h e t i m e o f  t e s t i n g ( P a n e l 8.1). T h i s typ e o f  t e s t i n g will i d e n t i fy 

t h o s e a t  r i s k o f  d e v e l o p i n g a d i s e a s e , s u c h a s c a n c e r , d u r i n g  a m i s s i o n . O b v i o u s ly, i f  

a ny o f  t h e r e s u l t s a r e  p o s i t i v e , t h e c a n d i d a t e  will be e l i m i n a t e d f r o m t h e r e c r u i t m e n t 

p r o c e s s . 

P a n e l 8.1. Ty p es o f  t es ti n g ex plai n e d 

D i a g n o s t i c  t e s t i n g is used to i d e n t i fy o r  r u l e o u t  a spe c i f i c g e n e t i c o r  

c h r o m o s o m a l  c o n d i t i o n . I n m a ny ca es , g e n e t i c t e s t i n g is used t o c o n f i r m a 

d i a g n o s i s w h e n a p a r t i c u l a r  c o n d i t i o n  i s u s p e c t e d b a s e d o n p hysi c a l si g n s a n d  

sym p t o m s . C a r r i e r  t e s t i n g is used to i d e n t i fy p e o p l e w h o c a r ry o n e c o py o f  a 

g e n e m u t a t i o n  t h a t , w h e n p r e s e n t in t w o c o p i e s , c a u s e s a g e n e t i c d i s o r d e r . 

P r e d i c t i v e t e s t i n g i used to d e t e c t g e n e m u t a t i o n s  a s s o c i a t e d w i t h g e n e t i c 

d i s o r d e r s t h a t  a p p e a r  a f t e r  b i r t h , o f t e n l a t e r  in life . T h e s e t e s t s c a n be h e l p f u l 

to p e o p l e w h o h a v e a fam i l y m e m b e r wit h a g e n e t i c d i s o r d e r b u t  w h o h a v e no 

f e a t u r e s o f  t h e d i s o r d e r a t  t h e t i m e o f  te s t i n g . 

T h e  t e s t s d e s c r i b e d a r e  p e r f o r m e d  o n  a s a m p l e o f  b l o o d , h a i r , o r  s k i n , w h i c h is 

s e n t t o a l a b o r a t o ry , w h e r e t e c h n i c i a n s s e a r c h f o r d i f f e r e n c e s in c h r o m o s o m e s , D N A ,  

o r  p r o t e i n s . D u e  t o t h e p r o b l e m s  in i n t e r p r e t i n g  g e n e t i c t e s t s , s p a c e a g e n c i e s will 

ne e d t o exerc i s e p a r t i c u l a r  c a r e  in d e t e r m i n i n g t h e g e n e t i c p r o f i l e o f  c a n d i d a t e s . F o r  

exa m p l e , a n e g a t i v e t e s t r e s u l t m e a n s  t h e l a b o r a t o ry d i d not d e t e c t a n  a b n o r m a l  ge n e , 

c h r o m o s o m e ,  o r  p r o t e i n . H o w e v e r , a l t h o u g h  s u c h a r e s u l t m ay i n d i c a t e a p e r s o n is 

n o t  a f f e c t e d by a p a r t i c u l a r  d i s o r d e r , i t is p o s s i b l e t h e t e s t m i s s e d a d i s e a s e-c a u s i n g 

g e n e t i c a l t e r a t i o n . T h i s  is b e c a u s e s o m e t e s t s s i m p ly c a n n o t  d e t e c t all g e n e t i c c h a n g e s 

a s s o c i a t e d w i t h a spe c i f i c d i s o r d e r . T o  e l i m i n a t e a ny a m b i g u i ty, s p a c e a g e n c i e s will 

h o p e f u l ly d i s c a r d u n i n f o r m a t i v e  a n d  i n c o n c l u s i v e t e s t s a n d  c o n d u c t  s e c o n d a ry tes t s . 

H o w e v e r , in t h e  e v e n t o f  a p o s i t i v e r e s u l t , t h e lik e ly c o n s e q u e n c e f o r t h e c a n d i d a t e  

will be e l i m i n a t i o n f r o m c o n s i d e r a t i o n  a s a n  a s t r o n a u t .  N e e d l e s s t o s ay, t h e ef f e c t o f  

a p o s i t i v e r e s u l t o n  c a n d i d a t e s  w h o h a v e s p e n t t h e i r p r o f e s s i o n a l lives a c c u m u l a t i n g 
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t h e q u a l i f i c a t i o n s t o be c o m e a n a s t r o n a u t  will be d e v a s t a t i n g . H o w e v e r , su c h te s t i n g 

will be nec e s s a ry, given th e p o t e n t i a l ly di r e c o n s e q u e n c e s o f  a n a s t r o n a u t  being 

d i a g n o s e d w i t h a c r i t i c a l illness d u r i n g th e mis s i o n . 

Precautionary surgery 

O n c e a c r e w m e m b e r is p r o n o u n c e d gen e t i c a l ly free o f  a ny fu t u r e dis e a s e o r  d i s o r d e r 

a n d  is p r o v i s i o n a l ly selected f o r th e M a r s  mi s s i o n , th ey m ay be r e q u i r e d t o u n d e r g o 

p r e c a u t i o n a ry sur g e ry. Whil e a c a n d i d a t e m ay be r e q u i r e d t o u n d e r g o a n u m b e r o f  

p r e c a u t i o n a ry p r o c e d u r e s , t h e m o s t likely o n e is re m o v a l o f  th e a p p e n d ix . 

Appendicitis 

T h e a p p e n d ix is a c l o s e d-en d n a r r o w t u b e a t t a c h e d t o th e fir s t p a r t  o f  th e co l o n . I f  

th e o p e n i n g t o th e a p p e n d ix becom e s b l o c k e d o r  th e f a t ty tissue in th e a p p e n d ix 

swells , b a c t e r i a , n o r m a l ly fo u n d w i t h i n the a p p e n d ix, may in v a d e a n d  in f e c t th e wall 

o f  th e a p p e n d ix. T h i s i n f e c t i o n re s u l t s in appendicitis, t o whi c h th e b o dy re s p o n d s by 

in f l a m i n g th e a p p e n d ix , wh i c h m ay ul t i m a t e ly lead to r u p t u r e , fo l l o w e d by s p r e a d o f  

b a c t e r i a o u t s i d e th e a p p e n d ix. Al t e r n a t i v e ly, t h e a p p e n d ix m ay bec o m e p e r f o r a t e d 

l e a d i n g t o a n abscess o r , in some cases , th e e n t i r e lin i n g o f  th e s t o m a c h m ay be 

inf e c t e d . A p p e n d i c i t i s m ay re q u i r e th e c o n t e n t s o f  th e s t o m a c h t o be d r a i n e d t h r o u g h 

a t u b e p a s s e d t h r o u g h  th e nos e . Nee d l e s s t o say , in t h e c o n f i n e d e n v i r o n m e n t o f  a 

s p a c e c r a f t in ze r o-g r a v i ty, s u c h a p r o c e d u r e w o u l d ch a l l e n g e even th e m o s t 

exper i e n c e d surgeon! P e r h a p s th e m o s t f e a r e d c o m p l i c a t i o n o f  a p p e n d i c i t i s is sepsis, 
a c o n d i t i o n in wh i c h b a c t e r i a e n t e r th e b l o o d a n d  inf e c t o t h e r  p a r t s  o f  t h e b o dy. 

Ev e n o n E a r t h , sepsis is c o n s i d e r e d a se r i o u s c o m p l i c a t i o n , b u t  to a n a s t r o n a u t  

b o u n d  for M a r s o r  r e t u r n i n g to E a r t h , su c h a c o m p l i c a t i o n w o u l d be a d e a t h 

sentence. 

Medical support 

T h e s e c o m p l i c a t i o n s a l o n e r e p r e s e n t a p o w e r f u l a r g u m e n t f o r r e m o v i n g th e 

a p p e n d i c e s o f  M a r s- b o u n d c r e w m e m b e r s , b u t  t h e r e a r e o t h e r f a c t o r s t o c o n s i d e r , 

su c h a s d i a g n o s i n g t h e c o n d i t i o n - a p r o c e d u r e t h a t  w o u l d use vit a l me d i c a l 

c o n s u m a b l e s . F o r  a c r e w m e m b e r s u s p e c t e d o f  su f f e r i n g f r o m a p p e n d i c i t i s , th e on ly 

pos s i b l e d i a g n o s t i c p r o c e d u r e s a v a i l a b l e w o u l d be a u r i n a lysi s a n d a n u l t r a s o u n d 

p r o c e d u r e . I n  the e v e n t o f  c o m p l i c a t i o n s , a c o m p u t e r t o m o g r a p hy (CT ) s c a n a n d 

a b d o m i n a l X-r ay wo u l d be u n a v a i l a b l e d u e t o th e li m i t e d me d i c a l r e s o u r c e s , 

a l t h o u g h a l a p a r o s c o py c o u l d p o s s i b ly be p e r f o r m e d . H o w e v e r , a l a p a r o s c o py - a 

p r o c e d u r e in whic h a sm a l l f i b e r o p t i c t u b e wit h a c a m e r a is i n s e r t e d i n t o th e 

a b d o m e n t h r o u g h a p u n c t u r e ho l e m a d e in t h e wall o f  th e s t o m a c h - re q u i r e s a 

gen e r a l a n e s t h e t i c a n d w o u l d p r e s e n t a ch a l l e n g i n g p r o c e d u r e in zer o-gr a v i ty. 
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F u r t h e r m o r e , even o n  E a r t h , a p p e n d i c i t i s is o f t e n di f f i c u l t t o d i a g n o s e b e c a u s e o t h e r  

i n f l a m m a t o ry p r o b l e m s c a n mimic t h e symp t o m s o f  th e c o n d i t i o n . 

Appendectomy 

S h o u l d a c r e w m e m b e r be c o r r e c t ly di a g n o s e d w i t h a p p e n d i c i t i s , the n ext p r o b l e m 

wo u l d be t r e a t m e n t , i n v o l v i n g the re m o v a l o f  th e a p p e n d ix in a p r o c e d u r e k n o w n as 

a n appendectomy. T h i s r e q u i r e s the s u r g e o n to m a k e a 4-6-c m inc i s i o n in th e sk i n 

a n d layers o f  th e a b d o m i n a l wall , in th e a r e a o f  the a p p e n d ix , a n d  t o remove the 

a p p e n d ix . I f  a n ab s c e s s is p r e s e n t , p u s m u s t be d r a i n e d b e f o r e th e a b d o m i n a l in c i s i o n 

is closed. I n r e c e n t year s , l a p a r o s c o p i c s u r g e ry ha s been used t o p e r f o r m th e 

p r o c e d u r e b u t  in ze r o-g r a v i ty , the m e t h o d w o u l d p r e s e n t risks. 

O n c e the c a n d i d a t e M a r s  c r e w m e m b e r h a s been gen e t i c a l ly scre e n e d , a n d h a s 

u n d e r g o n e th e r e q u i s i t e p r e c a u t i o n a ry sur g e ry, they will u n d o u b t e d ly b r e a t h e a sigh 

o f  r e l i e f a n d l o o k f o r w a r d t o miss i o n tra i n i n g ! H o w e v e r , f o r th o s e wit h t h e i r sig h t s 

set o n M a r s , th e m e d i c a l as p e c t s o f  p r e p a r a t i o n will still n o t  be o v e r . 

Cryopreservation 

I t is k n o w n s h o r t- d u r a t i o n  s p a c e f l i g h t has n o a d v e r s e effect o n th e a b i l i ty o f  

a s t r o n a u t s t o con c e i v e a n d  b e a r h e a l t hy ch i l d r e n . H o w e v e r , p r e g n a n t a s t r o n a u t s a r e 

n o t  al l o w e d t o t r a i n in th e v a c u u m c h a m b e r , KC-135 Z e r o- G a i r c r a f t , fly in T-38s, o r  

t r a i n in the N e u t r a l  B u oyan cy Fa c i l i ty ( N B F ) . D u e  to th e t r a i n i n g r e q u i r e m e n t s for a 

M a r s  mis s i o n , a ny a s t r o n a u t  b e c o m i n g p r e g n a n t w o u l d likely be d r o p p e d f r o m t h e i r 

flight a s s i g n m e n t . A n o t h e r  p r o b l e m for a s t r o n a u t s wis h i n g t o conc e i v e is th e effect o f  

a l o n g- d u r a t i o n m i s s i o n u p o n fertil i ty a n d  the in c r e a s e d c h a n c e o f  gen e t i c defe c t s as 

a r e s u l t o f  p r o l o n g e d expo s u r e to de e p spa c e r a d i a t i o n . T h e effects o f  a r e t u r n t r i p t o 

M a r s  u p o n th e r e p r o d u c t i v e c a p a c i ty o f  h u m a n s have yet to be c h a r a c t e r iz e d , so it is 

di f f i c u l t for mi s s i o n p l a n n e r s t o p r o v i d e g u i d a n c e c o n c e r n i n g th e risks o f  r a d i a t i o n . 

T h e o b v i o u s s o l u t i o n will be to i m p l e m e n t a c ryo p r e s e r v a t i o n p r o g r a m . F o r  w o m e n , 

banking ( o f  e m b ryos ) will e l i m i n a t e th e p o t e n t i a l p r o b l e m s o f  d a m a g e t o e m b ryo s by 

ga l a c t i c cos m i c r a d i a t i o n ( G C R )  a n d  s o l a r p a r t i c l e ev e n t s (SPEs). I t will al s o 

a u g m e n t ferti l i ty , since th e p r e g n a n cy a n d  m i s c a r r i a g e r a t e s for e m b ryo t r a n s f e r a r e 

d e p e n d e n t o n  t h e age o f  the e m b ryo s a t  th e tim e o f  co l l e c t i o n . A n o t h e r o p t i o n o p e n 

t o female a s t r o n a u t s will be t o c ryop r e s e r v e o v a r i a n tiss u e . F o r  male a s t r o n a u t s , 

s p e r m c ryo p r e s e r v a t i o n will be i m p l e m e n t e d as a n o p t i o n in th e very likely ev e n t o f  

t h e i r r e t u r n i n g t o E a r t h  in f e r t i l e . 
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Bioethics 

C u r r e n t e t h i c a l s t a n d a r d s f o r th e sele c t i o n a n d t r a i n i n g o f  a s t r o n a u t s were de v e l o p e d 

in a n e r a o f  s h o r t- d u r a t i o n s p a c e mi s s i o n s when r e p e a t mis s i o n s were the n o r m a n d a 

r e t u r n t o E a r t h  w i t h i n d ays was po s s i b l e . I n f u t u r e mis s i o n s b eyo n d E a r t h  o r b i t , a 

diverse g r o u p o f  a s t r o n a u t s  will v e n t u r e t o r e m o t e d e s t i n a t i o n s f o r in c r e a s i n g ly lo n g 

pe r i o d s . C o n t a c t  w i t h M i s s i o n C o n t r o l will be delayed a n d r a p i d r e t u r n im p o s s i b l e . 

L o n g- d u r a t i o n mi s s i o n s t o th e M o o n  a n d mu l t i-ye a r mis s i o n s t o M a r s  will in e v i t a b ly 

c r e a t e sp e c i a l c i r c u m s t a n c e s ( T a b l e 8.2) f o r whi c h c u r r e n t  e t h i c a l s t a n d a r d s 

g o v e r n i n g the sele c t i o n a n d  t r a i n i n g o f  a s t r o n a u t s a r e i n a d e q u a t e . As th e p r o s p e c t 

o f  m u l t i-yea r missions a p p r o a c h e s , mi s s i o n p l a n n e r s will design a new et h i c a l 

f r a m e w o r k t o gu i d e mi s s i o n c o m m a n d e r s a n d  c r e w m e m b e r s in t h e i r dec i s i o n m a k i n g 

when it co m e s to de a l i n g wit h s o m e o f  th e p o t e n t i a l ly a w k w a r d m o r a l q u e s t i o n s . 

Table 8.2. Bi o e t h i c a l se l e c t i o n a n d t r a i n i n g issues fo r l o n g- d u r a t i o n missions. 

H o w d o you get ri d o f  t h e d e a d b o dy o f  a c r e w m e m b e r ? 

W h e n s h o u l d life s u p p o r t  be d i s c o n t i n u e d f o r a cr i t i c a l ly ill a s t r o n a u t  c o n s u m i n g v a l u a b l e 

oxygen? 

S h o u l d a s t r a i t j a c k e t be i n c l u d e d in the me d i c a l s u p p l i e s ? 

S h o u l d N A S A m a n d a t e  p r o p hyl a c t i c s u r g e ry su c h as re m o v a l o f  a p p e n d ix , to n s i l s a n d gall 

b l a d d e r b e f o r e a mi s s i o n t o M a r s ? 

I f  a c r e w m e m b e r b e c o m e s d i s a b l e d d u r i n g t h e m i s s i o n , w h o b e c o m e s t h e i r s u r r o g a t e d e c i s i o n 

m a k e r ? T h e i r s p o u s e ? N A S A physic i a n s ? O t h e r  c r e w m e m b e r s ? 

S h o u l d N A S A m a n d a t e  ge n e t i c s c r e e n i n g a s a p a r t  o f  the a s t r o n a u t  r e c r u i t m e n t proc e s s ? 

S ex 

P e r h a p s the m o s t dis c u s s e d e t h i c a l q u a n d a ry is th e issue o f  ho w to c o p e w i t h sexual 

desire a m o n g a crew o f  h e a l t hy you n g men a n d  wo m e n . Whi l e sex ha s l o n g been a n 

a l m o s t t a b o o  t o p i c a m o n g mi s s i o n p l a n n e r s , th e q u e s t i o n o f  ho w to a d d r e s s sexual 

desire is p e r h a p s t h e ea s i e s t t o solve by simp ly selecting a n  al l-ma l e o r  al l-fem a l e 

crew. A l t h o u g h su c h a policy m ay deselect b e t t e r qu a l i f i e d c a n d i d a t e s , miss i o n 

p l a n n e r s m ay j u d g e t h a t  th e b e h a v i o r a l issues sex pos e s o n a m u l t i-yea r mis s i o n 

o u t w e i g h s su c h d i s a d v a n t a g e s . So m e m ay a r g u e a n al l-ma l e crew w o u l d c r e a t e its 

own p r o b l e m s . H o w e v e r , th e p r e c e d e n t set by i n n u m e r a b l e m u l t i-yea r p o l a r  

expe d i t i o n s , su c h as S h a c k l e t o n ' s I m p e r i a l T r a n s- A n t a r c t i c Expe d i t i o n ( F i g u r e 

8.3), pr o v i d e s o v e r w h e l m i n g ev i d e n c e t h a t  s p e n d i n g tim e in a c o n f i n e d e n v i r o n m e n t 
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Figure 8.3. Sir Ern e s t Sh a c k l e t o n . Im a g e c o u r t e s y: NOAA . 

wit h a g r o u p o f  men for several year s u n d e r extre m e d u r e s s d o e s n o t  re s u l t in any 

mi s s i o n-c o m p r o m i s i n g b e h a v i o r a l issues. 

Terminal illness 

M o r e p r e s s i n g e t h i c a l q u e s t i o n s c o n c e r n w h a t a c t i o n t o t a k e i f  a n a s t r o n a u t  beco m e s 

t e r m i n a l ly ill d u r i n g a mission. I n su c h a n even t , th e C o m m a n d e r  m ay be di r e c t e d by 

Mi s s i o n C o n t r o l t o e u t h a n iz e th e ill c r e w m e m b e r in o r d e r  to pre s e r v e medic a l 

su p p l i e s a n d  l i f e-s u p p o r t c o n s u m a b l e s . A l t e r n a t i v e ly , th e aff e c t e d c r e w m e m b e r , 

k n o w i n g he / she h a s o n ly a s h o r t time to live, m ay of f e r to sacrifice his / h e r life f o r th e 

mis s i o n . I n  s u c h a s i t u a t i o n , w h a t will miss i o n guid e l i n e s i n s t r u c t the C o m m a n d e r  t o 

d o ? Nee d l e s s t o say, e u t h a n iz i n g a c r e w m e m b e r will n o t  e n d e a r a sp a c e agen cy to th e 

m e d i a o r  th e p u b l i c , wh o a s s u m e a n  a s t r o n a u t ' s  well-being will t a k e pr e c e d e n c e ov e r 

mi s s i o n success. S u c h a p e r c e p t i o n is n o t  s u r p r i s i n g , since , t o d a t e , a ny a s t r o n a u t  

b e c o m i n g ill o r  i n j u r e d o n b o a r d  the ISS h a s h a d  th e o p p o r t u n i ty to simply leave th e 

o u t p o s t  o n b o a r d  the Soyuz a n d r e t u r n t o E a r t h  wi t h i n h o u r s . U n f o r t u n a t e ly , this 

will n o t be pos s i b l e wh e n th e n e a r e s t h o s p i t a l is several mil l i o n k i l o m e t e r s away! F o r  

s i t u a t i o n s such as " w h o  gets t h r o w n f r o m th e l i f e b o a t " , it will be nec e s s a ry to e q u i p 

mi s s i o n c o m m a n d e r s a n d  crew wit h th e ne c e s s a ry et h i c a l f r a m e w o r k t o m a k e 

di f f i c u l t de c i s i o n s . 
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Hibernation 

A n o t h e r  i m p o r t a n t  e l e m e n t o f  t r a m m g  will be a t h e o r e t i c a l a n d  p r a c t i c a l 

fa m i l i a r izat i o n with the pr o c e s s o f  h i b e r n a t i o n . While th i s p r o c e d u r e is c u r r e n t ly 

bar e ly beyon d the science fiction a r e n a , the t e c h n o l o gy may be o p e r a t i o n a l in time fo r 

the first M a r s  mi s s i o n . I f  t h o u g h t s o f  l o n g-d u r a t i o n space j o u r n eys a n d h i b e r n a t i o n 

c o n j u r e up images o f  the o p e n i n g scene o f  Alien, you ' re n o t  a l o n e . H o w e v e r , the 

te c h n o l o gy exists n o l o n g e r mer e ly in the re a l m o f  science fict i o n movies , as N A S A 

a n d  the ESA a r e f u n d i n g r e s e a r c h i n t o m e t h o d s e n a b l i n g a s t r o n a u t s t o sp e n d m o n t h s 

in a s t a t e o f  s u s p e n d e d a n i m a t i o n . A l t h o u g h the c o n c e p t m ay seem fu t u r i s t i c , the 

d a u n t i n g t i m e f r a m e facing a s t r o n a u t s m e a n s h i b e r n a t i o n is a n ide a t o be t a k e n 

seriously. A p a r t  f r o m t h e b o r e d o m o f  a le n g t hy t r a n s i t , t h e r e ar e po w e r f u l logistical 

re a s o n s to place a s t r o n a u t s in h i b e r n a t i o n . B o t h the ESA a n d N A S A h a v e e s t i m a t e d a 

typical r e t u r n t r i p t o M a r s  w o u l d re q u i r e 30 t o n n e s o f  c o n s u m a b l e s for a crew o f  six . 

I n a d d i t i o n t o the fo o d issue , th e r e a r e the n o t i n c o n s i d e r a b l e m a t t e r s o f  wast e 

g e n e r a t i o n a n d  oxygen c o n s u m p t i o n . H i b e r n a t i n g a s t r o n a u t s will r e q u i r e less oxygen 

a n d f o o d t h a n activ e a s t r o n a u t s , t h e r e by res u l t i n g in a li g h t e r s p a c e c r a f t a n d  less fuel 

( T a b l e 8.3)! A l r e a dy , scientists a n d  eng i n e e r s a r e desi g n i n g " s l e e p p o d s " ( F i g u r e 8.4) 

t h a t m ay resemble t h o s e o n  t h e Nostromo, t h e s p a c e c r a f t in the film Alien. 

Table 8.3. Effect o f  h i b e r n a t i o n o n life s u p p o r t r e q u i r e m e n t s . 1 

Life support component 

A t m o s p h e r e m a n a g e m e n t 

W a t e r m a n a g e m e n t 

F o o d  s t o r a g e 

W a s t e m a n a g e m e n t 

Cr e w saf e ty 

Cre w p sych o l o gy 

Cre w h e a l t h 

Purpose 

A i r r e v i t a l iza t i o n , 

t e m p e r a t u r e , h u m i d i ty 

a n d  p r e s s u r e c o n t r o l 

A t m o s p h e r e r e g e n e r a t i o n 

C o n t a m i n a t i o n c o n t r o l 

P r o v i s i o n o f  p o t a b l e a n d  

hygien i c w a t e r 

Re c o v e ry a n d pr o c e s s i n g 

o f  wa s t e w a t e r 

P r o v i s i o n o f  f o o d 

C o l l e c t i o n , s t o r a g e a n d 

pr o c e s s i n g o f  h u m a n wa s t e 

Effect of hibernation 

R e d u c e d h e a t i n g r e q u i r e m e n t 

R e d u c e d r e g e n e r a t i o n 

r e q u i r e m e n t 

R e d u c e d si g n i f i c a n t ly 

Re d u c e d si g n i f i c a n t ly 

Re d u c e d si g n i f i c a n t ly 

Fi r e d e t e c t i o n a n d s u p p r e s s i o n A u g m e n t e d systems r e q u i r e d 

R a d i a t i o n w a r n i n g system 

M a i n t e n a n c e o f  c r ew m e n t a l 

h e a l t h 

Bon e d e m i n e r a l iz a t i o n a n d 

muscle a t r o p hy 

Re d u c e d 

A u g m e n t e d systems r e q u i r e d 
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Figure 8.4. A s t r o n a u t s h i b e r n a t i n g o n th e i r way to M a r s m ay sleep in h i b e r n a c u l u m s 

si m i l a r to the one s p o r t r aye d in the classic sci-fi film , Alien. I m a g e c o u r t e sy : IMDB. 

Figure 8.5. C a l i f o r n i a G r o u n d  Sq u i r r e l (Spermophilus beecheyi). I m a g e c o u r t e sy : Fr e e 

S o f t w a r e F o u n d a t i o n / W i k i p e d i a . 
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Will h i b e r n a t i o n  a c t u a l ly w o r k ? S c i e n t i s t s w o r k i n g f o r t h e E S A ' s  A d v a n c e d 

C o n c e p t s T e a m  ( A C T ) see m t o  t h i n k  so. T h e  A C T  s c i e n t i s t s h a v e s t u d i e d o t h e r  

species , s u c h as b e a r s , g r o u n d  s q u i r r e l s , a n d  r o d e n t s , f o r w h i c h h i b e r n a t i o n  ( P a n e l 

8.2) is a r e g u l a r p a r t  o f  t h e i r lives. A l r e a dy, r e s e a r c h e r s h a v e b e e n a b l e t o c h e m i c a l ly 

in d u c e a st a s i s-li k e s t a t e i n livi n g cells a n d  h a v e p r o g r e s s e d t o sm a l l , n o n- h i b e r n a t i n g  

m a m m a l s like s q u i r r e l s 2 ( F i g u r e 8 . 5) . 

P a n e l 8.2 . H i b e r n a t i o n science 

T h e  key t o p u t t i n g  a t r o n a u t s  in a s t a t e o f  h i b e r n a t i o n m ay lie in a syn t h e t i c , 

o p i o i d-l i k e c o m p o u n d  ca l l e d Dadle, o r  Ala- ( D ) Leuenkephalin, w h i c h , wh e n 

i n j e c t e d i n t o q u i r r e l s , c a n p u t  t h e m in a t a t e o f  h i b e r n a t i o n d u r i n g th e 

s u m m e r . 2 T h i s re e a r c h h a s been a l r e a dy exte n d e d to s t u d i e s i n v e s t i g a t i n g t h e 

e f f e c t o f  a p p lyi n g D a d l e  to c u l t u r e s o f  h u m a n  cells, r e v e a l i n g h u m a n  cell 

d i v i d e m o r e slowly whe n D a d l e  is a p p l i e d . In c o n j u n c t i o n w i t h th e s t u d i e s 

i n v e s t i g a t i n g D a d l e , r e s e a r c h e r a r e t e s t i n g c o m p o u n d s  s u c h as dobutamine 
a n d  insulin-growth factor ( I G F ) . D o b u t a m i n e i n o r m a l ly a d m i n i s t e r e d to 

b e d r i d d e n p a t i e n t s to t r e n g t h e n t h e i r h e a r t musc l e s b u t , in th e ca s e o f  

h i b e r n a t i n g a s t r o n a u t  , th e c o m p o u n d  wou ld be a d m i n i s t e r e d to m a i n t a i n 

h e a l t h d u r i n g th e l o n g p e r i o d o f  i n a c t i v i ty . I G F  w o u l d be a d m i n i s t e r e d to 

b o o s t  th e a s t r o n a u t  ' i m m u n e syste m s , whi c h w o u l d be d e p r e s s e d d u r i n g th e 

l o n g p e r i o d o f  i n a c t i v i ty. 

Training for hibernation 

H o w  w o u l d t h e p r o c e s s w o r k ? F i r s t , c r e w m e m b e r s w o u l d be r e q u i r e d t o a t t a i n  a very 

h i g h level o f  fi t n e s s t o  m axim ize t h e i r b o dy ' s a b i l i ty t o d e a l w i t h t h e s t r e s s o f  

h i b e r n a t i n g a n d  t h e d e l e t e r i o u s effects o f  b e i n g in a s t a t e o f  s u s p e n d e d a n i m a t i o n  f o r 

se v e r a l m o n t h s . A s t r o n a u t s  w o u l d t h e n b e s u b j e c t e d to s h o r t  h i b e r n a t i o n  i n c r e m e n t s 

o f  7 - 10 days. T h e s e h i b e r n a t i o n  i n d o c t r i n a t i o n  se s s i o n s w o u l d t a k e p l a c e i n a 

hibernaculum, a h i g h ly a d v a n c e d m e d i c a l fa c i l i ty . H e r e , fl i g h t s u r g e o n s w o u l d 

c o n n e c t a s t r o n a u t s  t o i n t r a v e n o u s t u b e s , t h r o u g h  w h i c h f l u i d s a n d  e l e c t r o lyte s w o u l d 

b e a d m i n i s t e r e d t o c o m p e n s a t e f o r c h a n g e s i n b l o o d c o m p o s i t i o n  d u r i n g t h e 

h i b e r n a t i o n . T h e n , a d m i n i s t r a t i o n  o f  a h i b e r n a t i o n- i n d u c i n g c o m p o u n d  w o u l d p l a c e 

t h e a s t r o n a u t s  in a s t a t e o f  h i b e r n a t i o n . D u r i n g  t h e h i b e r n a t i o n , a s u i t e o f  m e d i c a l 

s e n s i n g a n d  h i b e r n a t i o n  a d m i n i s t r a t i o n  fac i l i t i e s w o u l d m o n i t o r  t h e s t a t e o f  t h e 

h i b e r n a t i n g a s t r o n a u t s . I n  a d d i t i o n  t o  e n s u r i n g b o dy t e m p e r a t u r e ,  h e a r t  r a t e , b r a i n  

a c t i v i ty a n d  r e s p i r a t i o n s t ay w i t h i n n o r m a l  b o u n d a r i e s , t h e m e d i c a l e q u i p m e n t  

w o u l d al s o m o n i t o r  b l o o d p r e s s u r e , b l o o d  g l u c o s e levels , a n d  b l o o d gases. A f t e r t h e i r 

t r a i n i n g h i b e r n a t i o n  se s s i o n , a s t r o n a u t s  w o u l d be w o k e n a n d  be as s e s s e d by the 

fli g h t s u r g e o n s . A w a k e n i n g f r o m a s t a t e o f  d e e p t o r p o r  will b e a v a l u a b l e t r a i n i n g 



186 Astronaut selection and training in the future 

ex p e n e n c e  d u e  t o  t h e  p o t e n t i a l  o f  u n d e t e r m i n e d  p hys i o l o g i c a l  a n d  b e h a v i o r a l  

o u t c o m e s  ( P a n e l  8 . 3 ) . 

Panel 8.3. Behavioral effects of hibernation 

R e  e a r c h  h a s  s h o w n  t h e d e e p  t o r p o r  a s s o c i a t e d  w i t h h i b e r n a t i o n  m ay be 

p r o b l e m a t i c  f o r t h e b r a i n . 3 • 4 T h i  f i n d i n g is a c o n c e r n  f o r t h o  e o n  t h e i r w ay t o 

M a r  - a m i s s i o n r e q u i r i n g  a fully f u n c t i o n a l  a n d  i n t a c t  b r a i n ! T h e  p r o b l e m  

o c c u r s  d u r i n g  t o r p o r  e n t ry , w h e n t h e b o dy ' s t e m p e r a t u r e  is g r a d u a l ly r e d u c e d . 

T h e  c o o l i n g  p r o c e s s r e s u l t s in r e d u c e d c o r t i c a l p o w e r  a n d  p r o f o u n d  d i f f e r e n c e s 

in le e p a r c h i t e c t u r e  a n d  m e m o ry c o n s o lid a t i o n .  M o r e  w o r ry i n g  f o r t h o s e  

a w a k e n i n g  f r o m h i b e r n a t i o n  a r e  t h e p o t e n t i a l ly d e l e t e r i o u s  e f f e c t u p o n  s p a t i a l  

m e m o ry a n d  o p e r a t i o n a l  c o n d i t i o n i n g .  O f  c o u r s e , u n t i l  h i b e r n a t i o n  is 

p e r f o r m e d  o n  h u m a n s , we j u  t w o n ' t k n o w  f o r s u r e . 

I n  t h e  e v e n t  o f  a c o n t i n g e n cy d u r i n g  a n  a c t u a l  m i s s i o n , t h e  h i b e r n a t i o n  s u i t e 

w o u l d  b e f i t t e d w i t h  i n- s i t u  m o n i t o r i n g  by a n  a r t i f i c i a l i n t e l l i g e n c e ( A I )  a g e n t  

o p e r a t i n g  o n  p r i n c i p l e s  s i m i l a r  t o  m e d i c a l m o n i t o r i n g  sys t e m s . T h e  a g e n t  w o u l d  

m o n i t o r  t h e h i b e r n a t i o n  m e d i c a l  e q u i p m e n t ,  e n s u r e  e n v i r o n m e n t a l  p a r a m e t e r s  w e r e 

m a i n t a i n e d ,  a n d  m o n i t o r  c o n t i n g e n cy e v e n t s , s u c h  a s s o l a r  s t o r m s  o r  a m i d- c o u r s e  

c o r r e c t i o n  t h a t  m i g h t  r e q u i r e  w a k i n g  t h e  c r e w . 

A l t h o u g h  p l a c i n g  a s t r o n a u t s  i n t o  h i b e r n a t i o n  w o u l d  s o l v e m a ny p r o b l e m s  d u r i n g  

t h e  d e e p  s p a c e  p h a s e s  o f  a M a r s  m i s s i o n , s e v e r a l i s s u e s r e m a i n  u n r e s o l v e d . S c i e n t i s t s 

s t i l l n e e d t o  d e v e l o p  a t r i g g e r  c o m p o u n d  c a p a b l e  o f  i n d u c i n g  a s t a t e  o f  h i b e r n a t i o n  

a n d  r e s e a r c h  c o n c e r n i n g  t h e  s e c o n d a ry e f f e c t s o f  h i b e r n a t i o n  is s t i l l l a c k i n g . F o r  

exa m p l e ,  t h e  e f f e c t s o f  h i b e r n a t i o n  o n  m e m o ry , t h e  m e t a b o l i s m ,  o r  t h e  i m m u n e  

sys t e m a r e  u n k n o w n . 4 A n o t h e r  p r o b l e m  a r e  t h e  d e l e t e r i o u s  e f f e c t s o f  z e r o- g r a v i ty 

c o m b i n e d  w i t h  t h e  i n a c t i v i ty o f  h i b e r n a t i o n ,  a l t h o u g h  t h i s  m ay b e r e s o l v e d by u s i n g 

s o m e  m e a n s  o f  a r t i f i c i a l g r a v i ty. O t h e r  c h a l l e n g e s i n c l u d e  p r o b l e m s  a s s o c i a t e d  w i t h  

h o w  t h e  h i b e r n a t i o n  s t a t e  is i n d u c e d ,  e s t a b l i s h e d , r e g u l a t e d ,  a n d  exi t e d , a n d  h o w  t o  

a d m i n i s t r a t e  c o m p o u n d s  t o  a h i b e r n a t i n g  h u m a n .  A c h i e v i n g a n d  p e r f e c t i n g  h u m a n  

h i b e r n a t i o n  wi l l r e q u i r e  exp e r t i s e i n , a n d  i n t e g r a t i o n  o f , p h a r m a c o l o gy , g e n e t i c 

e n g i n e e r i n g , e n v i r o n m e n t a l  c o n t r o l ,  m e d i c a l  m o n i t o r i n g ,  A I ,  r a d i a t i o n  s h i e l d i n g , 

t h e r a p e u t i c s ,  s p a c e c r a f t  e n g i n e e r i n g , a n d  life s u p p o r t .  O n ly w h e n  all t h e s e d i s c i p l i n e s 

h a v e  b e e n  s u c c e s s f u l ly i n t e g r a t e d  will h u m a n  h i b e r n a t i o n  b e a b l e  t o  m a k e  l o n g- h a u l  

s p a c e f l i g h t  a l i t t l e m o r e  c o m f o r t a b l e .  

Advanced surface exploration training 

S u r f a c e  a c t i v i t i e s c o n d u c t e d  by t h e  f i r s t M a r s  c r e w s wi l l r e q u i r e  a s t r o n a u t s  t o  b e 

t r a i n e d  i n  a n e w  s e t o f  sk i l l s . T h e  N A S A  r e f e r e n c e m i s s i o n  t o  M a r s  c a l l s f o r  a t w o-
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p h a s e d a p p r o a c h . I n p h a s e 1, a s t r o n a u t s , s u p p o r t e d by r o b o t i c systems, will explo r e 

the M a r t i a n su r f a c e , collect a n d an a lyze geologic a n d m e t e o r o l o g i c a l d a t a , s e a r c h for 

base sites, a n d c o n d u c t t e c h n o l o gy ve r i f i c a t i o n exper i m e n t s . I n p h a s e 2, a M a r s site 

will be selected a n d a p e r m a n e n t base will be c o n s t r u c t e d ( F i g u r e 8.6). Ach i e v i n g the 

objectives o f  the two p h a s e s will r e q u i r e a s t r o n a u t s to o p e r a t e in-si t u re s o u r c e 

u t i l iza t i o n ( I S R U ) e q u i p m e n t , n u c l e a r p o w e r systems, a gr e e n h o u s e , ere c t i n f l a t a b l e 

h a b i t a t s ( F i g u r e 8.7) a n d l a b o r a t o r i e s , a n d build s t r u c t u r e s inside the h a b i t a t s . Once 

the base ha s been e s t a b l i s h e d , a s t r o n a u t s will t u r n t h e i r a t t e n t i o n to surf a c e 

expl o r a t i o n activities, r e q u i r i n g the u t i l iza t i o n o f  rov e r s , craw l e r s , blimp s , a i r drills, 

a n d bi o m i m e t i c explo r e r s . 5- 8 T e s t i n g the feasibility o f  these systems a n d expl o r a t i o n 

a r c h i t e c t u r e s will r e q u i r e a s t r o n a u t s to s p e n d time in a n a l o g e n v i r o n m e n t s such as 

the H a u g h t o n C r a t e r o n D e v o n I s l a n d . He r e , a s t r o n a u t s b o u n d fo r M a r s will test the 

i n t e g r i ty o f  the M a r s h a b i t a t , verify c o m m u n i c a t i o n a r c h i t e c t u r e s , a n d va l i d a t e 

r e v o l u t i o n a ry expl o r a t i o n a r c h i t e c t u r e s . 

Bioinspired engineering o f explo r a t i o n systems 

A m a n n e d M a r s mission will be a s o p h i s t i c a t e d expe d i t i o n , d e m a n d i n g the g r e a t e s t 

co m p l exity a n d f u n c t i o n a l i ty o f  any miss i o n ever u n d e r t a k e n . A l t h o u g h a s t r o n a u t s 

will sp e n d a large p r o p o r t i o n o f  th e i r time c o n d u c t i n g expl o r a t i o n activities, a 

sig n i f i c a n t a m o u n t  o f  t h e i r w o r k d ay will also be s p e n t a t t e n d i n g to life s u p p o r t 

systems, r e p a i r i n g e q u i p m e n t , a n d p e r f o r m i n g r o u t i n e m a i n t e n a n c e tas k s . Ideally, 

th e n , to en s u r e the science r e t u r n is maximized, it wo u l d be hel p f u l i f the a s t r o n a u t s 

co u l d de p l oy a u t o n o m o u s explo r e r s . Th e s e systems w o u l d be c a p a b l e o f  surv eying 

Figure 8.6. A fu t u r e M a r s base. Image courtesy: NASA. 
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Figure 8.7. A n i n f l a t a b l e h a b i t a t t h a t  m ay be used to c o n s t r u c t a M a r s base. I m a g e 

c o u r t e sy: N O A A . 

t h e  s u r f a c e o f  M a r s ,  c o n d u c t i n g  s c i e n c e exp e r i m e n t s , a n d  p e r f o r m i n g  s c o u t i n g  

m i s s i o n s . F o r t u n a t e ly , t h e  m e a n s  t o a c h i e v e t h i s g o a l  a r e  a v a i l a b l e t h a n k s  t o  a 

m u l t i d i s c i p l i n a ry c o n c e p t  k n o w n  a s b i o i n s p i r e d  e n g i n e e r i n g o f  ex p l o r a t i o n  sys t e m s 

( B E E S ) . 

B E E S  r e p r e s e n t s  a n e w a p p r o a c h  N A S A  a n d  E S A  a r e  a d o p t i n g  t o  s p a c e 

ex p l o r a t i o n .  By s t u dy i n g  h o w  l i v i n g t h i n g s i n t e r a c t  w i t h  t h e i r  e n v i r o n m e n t ,  t h e  

a g e n c i e s p l a n  t o  a p p ly s i m i l a r  p r i n c i p l e s t o  exp l o r e p l a n e t s  s u c h a s M a r s .  H o w e v e r ,  

t h e  i n t e n t  is n o t  j u s t  t o  m i m i c o p e r a t i o n a l  m e c h a n i s m s  f o u n d  i n a s p e c i f i c b i o l o g i c a l 

o r g a n i s m ,  b u t  t o  t a k e  t h e  b e s t  f e a t u r e s f r o m  a v a r i e ty o f  d i v e r s e b i o- o r g a n i s m s  a n d  

a p p ly t h e m  t o  a d e s i r e d ex p l o r a t i o n  f u n c t i o n .  A d o p t i n g  t h i s a p p r o a c h ,  e n g i n e e r s 

h o p e  t o  b u i l d  ex p l o r e r  sys t e m s e n d o w e d  w i t h  c a p a b i l i t i e s exc e e d i n g t h o s e  f o u n d  i n 

n a t u r e ,  a s t h e  sys t e m s will p o s s e s s a c o m b i n a t i o n  o f  t h e  v e ry b e s t n a t u r e- t e s t e d  

m e c h a n i s m s  f o r  a s p e c i f i c f u n c t i o n .  S u c h  a n  a p p r o a c h  is a l o g i c a l o n e ,  s i n c e , t h r o u g h  

b i l l i o n s o f  ye a r s o f  e v o l u t i o n ,  n a t u r e  h a s  p e r f e c t e d i t s d e s i g n s a n d ,  by s e l e c t i n g t h e  

b e s t  o f  t h e s e d e s i g n s , i t will be p o s s i b l e t o  g o b ey o n d  b i o l o gy a n d  a c h i e v e 

u n p r e c e d e n t e d  c a p a b i l i ty a n d  a d a p t a b i l i ty i n ex p l o r e r  syst e m s . 

Biomimetic explorers 

A l r e a dy , w o r k  is u n d e r w ay t o  d e v e l o p w h a t  e n g i n e e r s c a l l biomorphic explorers, 
u s i n g p r i n c i p l e s o f  a B E E S  d i s c i p l i n e k n o w n  a s biomimetics. B i o m i m e t i c s 8 - 10 d e a l s 
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syste m a t i c a l ly with t h e t e c h n i c a l exec u t i o n a n d  i m p l e m e n t a t i o n o f  c o n s t r u c t i o n 

pro c e s s e s a n d  d e v e l o p m e n t a l p r i n c i p l e s o f  bi o l o g i c a l systems. U s i n g b i o m i m e t i c 

pr i n c i p l e s , e n g i n e e r s p l a n t o d e v e l o p th e c l a s s i f i c a t i o n o f  b i o m o r p h i c expl o r e r s i n t o 

two m a i n classes o f  s u r f a c e a n d  a e r i a l explo r e r s . U t i l izi n g the s e a u t o n o m o u s  

expl o r e r s w i t h i n a s u r f a c e exp l o r a t i o n a r c h i t e c t u r e will r e q u i r e a s t r o n a u t s  t o be 

t r a i n e d in th e o p e r a t i o n o f  b i o m i m e t i c-i n s p i r e d systems su c h as e n t o m o p t e r s a n d  

ge c k o-te c h . 

Entomopters 

D u r i n g th e 1990s , t h e D e f e n s e A d v a n c e d R e s e a r c h P r o j e c t ( D A R P A )  c o n s i d e r e d th e 

feasibility o f  usi n g m i n u t e flying vehicles, o n th e scale o f  ins e c t s . D A R P A ' s  r e s e a r c h 

gave b i r t h t o th e Entomopter, a d e s c r i p t o r c o m b i n i n g th e c o n c e p t o f  entomology w i t h 
th e w o r d helicopter. I t w a s n ' t lo n g b e f o r e N A S A , a n  agen cy fa m i l i a r wit h th e 

p o t e n t i a l o f  a i r b o r n e t e c h n o l o g i e s t o c o n d u c t exp l o r a t i o n , de c i d e d t o p u r s u e its own 

re s e a r c h . 

O n e o f  th e p r o b l e m s o f  flying o n M a r s  is th e r a r e f i e d a t m o s p h e r e . T h i s m e a n s a n  

a i r c r a f t m u s t h a v e a la r g e s u r f a c e a r e a a n d fly a t  very high speeds t o g e n e r a t e 

suf f i c i e n t lift , whi c h isn ' t very hel p f u l f o r expl o r i n g . A n o t h e r  m e a n s o f  ac h i e v i n g th e 

r e q u i r e d lift is to flap th e wings , b u t  sim p ly fl a p p i n g up a n d d o w n is still n o t  

su f f i c i e n t t o achiev e flight in th e M a r s e n v i r o n m e n t . T o  p r o d u c e su f f i c i e n t lift, th e 

f l a p p i n g m u s t be c o m b i n e d w i t h a n a d d i t i o n a l l i f t-p r o d u c i n g m e c h a n i s m k n o w n as 

th e M a g n u s force , a r o t a t i o n a l m o t i o n in s e c t s use when f l a p p i n g t h e i r wings. By 

re p l i c a t i n g these in s e c t flying m e c h a n i s m s , r e s e a r c h e r s d e v e l o p e d t h e E n t o m o p t e r , 

c a p a b l e o f  flight in th e M a r t i a n  e n v i r o n m e n t a n d a b l e to o p e r a t e close to th e s u r f a c e . 

Biomimetic training in an analog environment 

A s t r o n a u t s will c o n d u c t b i o m i m e t i c t r a i n i n g in a n a l o g e n v i r o n m e n t s su c h as 

H a u g h t o n  C r a t e r  ( F i g u r e 8.8) o n D e v o n I s l a n d . H e r e , a s t r o n a u t s  will l e a r n ho w t o 

use th e E n t o m o p t e r  t o s c o u t o u t  p o t e n t i a l l o c a t i o n s o f  i n t e r e s t a n d c o n d u c t 

su r v eying ta s k s . T h ey will al s o l e a r n t h e bas i c s o f  a bas e l i n e E n t o m o p t e r  mi s s i o n , 

wh i c h will be g i n w i t h c r e w m e m b e r s p r o g r a m m i n g  t h e d ay ' s t a s k s i n t o t h e 

E n t o m o p t e r ' s  c o m p u t e r  a n d e n s u r i n g th e a i r b o r n e ref u e l i n g r o v e r is o p e r a t i o n a l . 

O n c e p r o g r a m m e d , th e a s t r o n a u t s  will l a u n c h th e a u t o n o m o u s  exp l o r e r f r o m its 

re f u e l i n g r o v e r a n d  th e E n t o m o p t e r  will be g i n its t a s k s . A l t h o u g h t h e E n t o m o p t e r ' s  

flights will o n ly la s t be t w e e n 5 a n d  10 min, th e flights will be n u m e r o u s t h a n k s t o th e 

re f u e l i n g rov e r . T o  a v o i d c r e w m e m b e r s h a v i n g t o m o n i t o r  t h e E n t o m o p t e r  while it 

surv eys H a u g h t o n  C r a t e r , it will be fi t t e d wit h flight c o n t r o l , n a v i g a t i o n , a n d  

co l l i s i o n a v o i d a n c e s o f t w a r e , j u s t  like a r e g u l a r a i r c r a f t . A r o v e r-c e n t r i c system will 

al s o be a p a r t  o f  t h e E n t o m o p t e r ' s  s o f t w a r e , p r o v i d i n g u p d a t e s o f  its rel a t i v e p o s i t i o n 

t o th e re f u e l i n g r o v e r so it d o e s n ' t r u n o u t  o f  fuel. Also , in c o m m o n wit h r e g u l a r 

a i r c r a f t , the E n t o m o p t e r  will be fitt e d wit h r a d a r , e n a b l i n g it t o n o t  only m a p  
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Figure 8.8. H a u g h t o n C r a t e r on Devo n Is l a n d , C a n a d a . Im a g e c o u r t e s y: M a r s Society . 

o b s t a c l e s , b u t  a l s o p r o v i d e it w i t h a n  i n h e r e n t h o m i n g b e a c o n c a p a b i l i ty a n d  

b i d i r e c t i o n a l c o m m u n i c a t i o n  v i a d i r e c t t r a n s m i s s i o n f r o m t h e r e f u e l i n g r o v e r . 

Biomorphic missions 

O n c e t h e a s t r o n a u t s  h a v e d e p l oye d th e E n t o m o p t e r ,  t h ey m ay t u r n  t h e i r a t t e n t i o n  t o 

a s m a l l fleet o f  b i o m o r p h i c expl o r e r s . 8• 10 D u e  t o t h e exp l o r e r ' s v e r s a t i l i ty, t h e 

a s t r o n a u t s  m ay as s i g n a v a r i e ty o f  sci e n c e o b j e c t i v e s i n a serie s o f  b i o m o r p h i c 

m i s s i o n s . T h e s e m i s s i o n s will be c h a r a c t e r iz e d by syne r g i s t i c use o f  exis t i n g a n d  

c o n v e n t i o n a l s u r f a c e a n d  a e r i a l a s s e t s , s u c h a s t h e h a b i t a t  a n d  r o v e r . Science 

o b j e c t i v e s m ay i n c l u d e c l o s e-u p i m a g i n g f o r i d e n t i fyi n g h az a r d s , as s e s s i n g g e o l o g i c a l 

sites, g a t h e r i n g a t m o s p h e r i c i n f o r m a t i o n , a n d  d e p l oyi n g s u r f a c e p ayl o a d s s u c h as 

s u r f a c e exp e r i m e n t s . T o  a c h i e v e t h e s e o b j e c t i v e s , t h e r e c o n f i g u r a b l e b i o m o r p h i c 

exp l o r e r s will be p r o g r a m m e d  f o r specific f u n c t i o n s . 

Sample hiomorphic missions: imaging and site selection 

O n e  o f  t h e f i r s t exp l o r a t i o n o b j e c t i v e s o f  t h e cr e w t r a i n i n g in H a u g h t o n  will be t o 

s u r v ey a n d  sele c t sites o f  i n t e r e s t . D u r i n g  a n  a c t u a l m i s s i o n , i m a g i n g f r o m o r b i t i n g 

vehic l e s w i ll a l l o w o n ly b r o a d  c o v e r a g e w i t h a s p a t i a l r e s o l u t i o n l i m i t e d t o p e r h a p s 

o n ly 1 m. W i t h s u c h l i m i t e d r e s o l u t i o n , i t will be d i f f i c u l t f o r a s t r o n a u t s  t o p l a n 

r o u t e s a n d  c h a r a c t e r iz e s a m p l e r e t u r n  si t e s . T o  ac h i e v e h i g h- r e s o l u t i o n c o v e r a g e , 

a s t r o n a u t s  will d e p l oy bi o f lyer s o n  a v a r i e ty o f  fl i g h t p a t h s  t o i m a g e t h e h o r iz o n 

t e r r a i n . B i o f lyer s will be e q u i p p e d w i t h a s u i t e o f  s e n s o r s a n d  m i n i a t u r e c a m e r a s . I f  a 

b i o f lye r i d e n t i f i e s a p o t e n t i a l exob i o l o g i c a l site , i t will de c i d e t o t e r m i n a t e t h e fli g h t 

a n d  d e p l oy a sm a l l science exp e r i m e n t w i t h a pyr o t e c h n i c device t h a t  will d i s e n g a g e 
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fr o m t h e b i o f lyer b e f o r e p e n e t r a t i n g t h e g r o u n d . M e a n w h i l e , t h e bi o f lyer will 

c o n t i n u e o r b i t i n g t h e exob i o l o g i c a l site w a i t i n g f o r d a t a  to be t r a n s m i t t e d by the 

science p aylo a d . O n c e th e d a t a  a r e received, th e bio f lyer will t r a n s m i t th e re s u l t s t o 

th e h a b i t a t  a n d , i f  r e q u i r e d , c o n t i n u e t o o r b i t t h e site to serve a s a b e a c o n f o r th e 

crew . T h e crew will t h e n be g i n their m i s s i o n a n d dr i v e to t h e site id e n t i f i e d by the 

bioflyer. T h a n k s t o t h e i m a g i n g i n f o r m a t i o n s e n t by the bio f lyer, t h e crew will be 

abl e to t a k e th e m o s t d i r e c t a n d  sa f e s t r o u t e to t h e site, t h e r e by sav i n g time a n d  

r e d u c i n g risk. 

Sample biomorphic missions: surface experiments 

I n thi s t r a i n i n g mi s s i o n , a s t r o n a u t s will d e p l oy b i o m o r p h i c o r b i t e r s to a n  a r e a o f  

geol o g i c a l o r  scienti f i c i n t e r e s t i n th e vicinity o f  H a u g h t o n  C r a t e r . T h e o r b i t e r s will 

c a r ry seed wing flyers, e a c h e q u i p p e d w i t h a sm a l l s u r f a c e p r o b e , che m i c a l 

expe r i m e n t p ayl o a d , a n d  a m i n i a t u r e c a m e r a . T h e o r b i t e r will t r a v e r s e a n  a r e a o f  

i n t e r e s t while s i m u l t a n e o u s ly g a t h e r i n g m e t e o r o l o g i c a l d a t a  su c h as w e a t h e r p a t t e r n s 

used to select th e t i m i n g o f  rele a s e o f  th e seed wing flyers. On c e a n a r e a o f  i n t e r e s t is 

id e n t i f i e d , seed wing flyers will be rel e a s e d a n d  l a n d o n th e su r f a c e , whe r e they will 

c o n d u c t s u r f a c e expe r i m e n t s t h a t  m ay in c l u d e te s t i n g for t r a c e el e m e n t s . O n c e th e 

science expe r i m e n t is c o m p l e t e , th e seed wing flyer will t r a n s m i t its d a t a  t o th e 

o r b i t e r , whi c h in t u r n  will t r a n s m i t th e d a t a  t o th e a s t r o n a u t s , wh o will an a lyze it. 

Sample biomorphic missions: aerial reconnaissance 

T h e r e m ay be o c c a s i o n s wh e n th e o r b i t e r i n f o r m a t i o n re l ayed t o th e a s t r o n a u t s is n o t  

suf f i c i e n t ly de t a i l e d t o m a k e a n as s e s s m e n t o f  lar g e-sca l e geo l o g i c a l o r  m e t e o r•

olog i c a l d a t a . I n  s u c h a n e v e n t , t h e a s t r o n a u t s m ay relea s e a s q u a d r o n  o f  sm a l l 

b i o m o r p h i c gliders e q u i p p e d w i t h small i n f r a r e d ( I R ) c a m e r a s a n d  s u r f a c e p r o b e s . 

T h e glide r s will be p r e- p r o g r a m m e d by t h e a s t r o n a u t s w i t h c o o r d i n a t e s p r o v i d e d by 

the o r b i t e r a n d  d e p l oyed to p r i o r i ty ta r g e t s . As th e glide r s fly ov e r t h e i r t a r g e t s , th ey 

will t r a n s m i t h i g h-r e s o l u t i o n i m a g e ry b a c k to th e a s t r o n a u t s . F r o m  t h e i r t r a i n i n g 

h a b i t a t  in H a u g h t o n  C r a t e r , t h e a s t r o n a u t s will be abl e t o c o m m a n d t h e glide r s t o 

t a k e d i f f e r e n t flight p a t h s i n o r d e r to im a g e th e a r e a f r o m d i f f e r e n t a s p e c t angles a n d 

al s o i n s t r u c t t h e glide r s t o l a n d i f  a p a r t i c u l a r a r e a a p p e a r s it m ay yield v a l u a b l e 

d a t a . 

Sample biomorphic missions: local and regional sample return 

I n  thi s mi s s i o n , th e ob j e c t i v e will be to o b t a i n s a m p l e s f r o m p o t e n t i a l exob i o l o gy 

sites a n d  a r e a s o f  ge o l o g i c a l i n t e r e s t . T o  do this, the a s t r o n a u t s will de p l oy a n 

a u t o n o m o u s r o v e r l o a d e d w i t h a n a r s e n a l o f  scientific expe r i m e n t s a n d  a s q u a d r o n 

o f  b i o m o r p h i c expl o r e r s e q u i p p e d w i t h a m i n i a t u r e c a m e r a a n d a sm a l l I R  d e t e c t o r . 
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A t  th e t a r g e t l o c a t i o n , th e r o v e r will d e p l oy the scientific expe r i m e n t s a n d  t r a n s m i t 

th e re s u l t s t o t h e a s t r o n a u t s . I f  re s u l t s a p p e a r  i n t e r e s t i n g , th e a s t r o n a u t s will 

c o m m a n d  th e b i o m o r p h i c expl o r e r s t o r e t u r n sa m p l e s while t h e r o v e r c o n t i n u e s o n  

its mis s i o n . 

Yahhies 

A n o t h e r  b i o m i m e t i c a p p l i c a t i o n a s t r o n a u t s m ay be t r a i n e d i n th e use o f  while in 

H a u g h t o n  is a n e n g i n e e r e d v e r s i o n o f  t h e c o m m o n f r e s h w a t e r cr ayfis h , k n o w n in 

A u s t r a l i a as t h e Yabby ( P a n e l 8.4). A t  th e U n i v e r s i ty o f  M e l b o u r n e , sci e n t i s t s a n d 

zoo l o g i s t s t h i n k crews o n M a r s will be abl e to d e p l oy te a m s o f  robo-yabbies t o help 

se a r c h for w a t e r o r  c o n d u c t  che m i c a l an a lysis o f  th e p l a n e t ' s c r u s t - ta s k s t h a t  may 

be i m p r a c t i c a l o r  d a n g e r o u s for h u m a n s . 

P a n e l 8.4. The Yabby 

T h a n k s  to a d v a n c e s in c o m p u t a t i o n a l n e t w o r k m o d e l i n g ( C N M ) , en g i n e e r s 

ha v e m a n a g e d to a p p ly the m o v e m e n t o f  th e Y a b by ' s tail to the design o f  

r o b o t s c a p a b l e o f  tr a v e r s i n g o v e r di f f i c u l t t e r r a i n . T h e Y a b by' s seg m e n t e d tail , 

which ac t s like a hinged lever c a p a b l e o f  c h a n g i n g to a c t as a sail for st e e r i n g o r  

as a p a d d l e for sw i m m i n g , gave sc i e n t i s t s th e id e a o f  using a si m i l a r system in 

the design o f  m i n i a t u r e , li g h t w e i g h t r o b o t s wit h m u l t i-jo i n t e d legs , c a p a b l e o f  

p e r f o r m i n g a ra n g e o f  com p l ex tas k s needed t o expl o r e M a r s . 

T h e b i o m o r p h i c expl o r e r s a n d  Y a b b i e s r e p r e s e n t j u s t  a s n a p s h o t o f  th e types o f  

r o b o t s a s t r o n a u t s will be t r a i n e d in th e o p e r a t i o n o f  b e f o r e e m b a r k i n g o n  a M a r s  

mi s s i o n . H o w e v e r , th e dis c i p l i n e o f  b i o m i m e t i c s i s n ' t j u s t  li m i t e d t o a u t o n o m o u s  

expl o r e r s . A s t r o n a u t s t r a i n i n g in a n a l o g e n v i r o n m e n t s su c h as H a u g h t o n  m ay als o 

use t h e t e r r a i n t o p r a c t i c e u s i n g o t h e r  b i o m i m e t i c a p p l i c a t i o n s . 

Gecko-Tech 

T h a n k s  t o a myst e r i o u s geck o ad h e s i v e , gec k o s ( F i g u r e 8.9) ha v e the a b i l i ty to wal k 

u p walls a n d r u n  a c r o s s ceilings ( P a n e l 8.5). Th e s e skills c o u l d also be usef u l ly 

em p l oyed by a s t r o n a u t s expl o r i n g H a u g h t o n  a n d th e s u r f a c e o f  Mars! I n be t w e e n 

p r a c t i c i n g t h e o p e r a t i o n o f  fleets o f  b i o m o r p h i c explo r e r s , a s t r o n a u t s m ay ve n t u r e 

o u t s i d e t h e i r a n a l o g t r a i n i n g e n v i r o n m e n t w e a r i n g a G e c k o-T e c h b i o m i m e t i c su i t . 

G e c k o-d e r i v e d s p a c e s u i t s w o u l d e n a b l e a s t r o n a u t s o n  M a r s  to scale the walls o f  

t h e M a r t i a n  valleys a n d  expl o r e a l m o s t a ny t e r r a i n by being a b l e to cl i m b o v e r a ny 

ob s t a c l e s , t h e r e by sav i n g tim e ov e r a m o r e c o n s e r v a t i v e " g o i n g a r o u n d "  r o u t e . 
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Figure 8.9. T h e gecko may hold the key to spa c e s u i t s c a p a b l e o f  scaling walls . Image 

co u r t e sy : Wik i p e d i a . 

Panel 8.5. Gecko-Tech 

T h e  key t o t h e g e c k o ' s m o b i l i ty is a c h i e v e d t h a n k s  t o e v e n ly s p a c e d g r i p p i n g  

s t r i p  e r o s i n g t h e e n d  o f  t h e g e c k o ' s t o e . T h e  e s t r i p s , k n o w n a s lamellae, 
c o m p r i  e pe c i a l h a i r- l i k e t r u c t u r e s  c a l l e d setae. O n  e a c h f o o t , t h e r e a r e a b o u t  

500 , 0 0 0 e t a e , e a c h e t a  c o n s i s t i n g o f  t i ny p a d- o n- s t e m  s t r u c t u r e  c a l l e d 

spatu/ae, w h i c h a c t  a t h e g r i p p i n g  s t r u c t u r e  e n a b l i n g  t h e g e c k o t o p e r f o r m  its 

a c r o b a t i c  m o b i l i ty . R e e a r c h  i n v e s t i g a t i n g m a t e r i a l s p o s s e s s i n g t h e n e c e s s a ry 

m e c h a n i c a l t e n s i l e s t r e n g t h , f l exib i l i ty , a n d  f o r m a b i l i ty s u i t a b l e f o r f a b r i c a t i n g 

a r t i f i c i a l s p a t u l a e  a n d  s e t a e s u g g e s t g e c k o- t e c h a d h e s i o n  is a r e a l iz a b l e g o a l 

u s i n g n a n o m e t r e- s c a l e f a b r i c a t i o n  t e c h n i q u e s . 

U s i n g t h e g e c k o- s u i t , d e s i g n e d w i t h g e c k o-s tyl e a d h e s i v e p a d s  o n  t h e h a n d s ,  k n e e s , 

a n d  fe e t , M a r t i a n  exp l o r e r s w o u l d  n o t  o n ly be a b l e t o  c l i m b v e r t i c a l ly , b u t  a l s o 

a c h i e v e i n v e r t e d m o b i l i ty! 
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Artificial gravity indoctrination 

" A n  a r t i f i c i a l g r a v i ty sys t e m w a s d e e m e d  n e c e s s a ry f o r t h e  M S M ' s  o u t b o u n d  

h a b  f l i g h t t o  (1) m i n i m iz e b o n e  l o s s a n d  o t h e r  e f f e c t s o f  f r e e f a l l ; (2) r e d u c e t h e  

s h o c k  o f  d e c e l e r a t i o n  d u r i n g  M a r s  a e r o b r a k i n g ,  a n d  (3) h a v e  o p t i m a l  c r e w 

c a p a b i l i t i e s i m m e d i a t e ly u p o n  M a r s  l a n d i n g . Exp e r i e n c e w i t h a s t r o n a u t s  a n d  

c o s m o n a u t s  w h o  s p e n t  m a ny m o n t h s  o n  M i r  s u g g e s t s t h a t  i f  t h e  c r e w is n o t  

p r o v i d e d  w i t h  a r t i f i c i a l g r a v i ty o n  t h e  w ay t o  M a r s , t h ey will a r r i v e  o n  a n o t h e r  

p l a n e t  p hys i c a l ly w e a k . T h i s  is o b v i o u s ly n o t  d e s i r a b l e . U n l e s s a s e t o f  

c o u n t e r m e a s u r e s  t h a t  c a n  r e d u c e p hys i o l o g i c a l d e g r a d a t i o n  i n m i c r o g r a v i ty t o  

a c c e p t a b l e  le v e l s is d e v e l o p e d , t h e  o n ly r e a l a l t e r n a t i v e s  t o  a v e h i c l e t h a t  s p i n s 

f o r  a r t i f i c i a l g r a v i ty a r e  f u t u r i s t i c s p a c e c r a f t  t h a t  c a n  a c c e l e r a t e ( a n d  t h e n  

d e c e l e r a t e ) f a s t e n o u g h  t o  r e a c h M a r s  i n w e e k s , n o t  m o n t h s . "  

M a r s  S o c i e ty M i s s i o n  11 

T o  r e a l iz e t h e  g o a l  o f  a h u m a n  m i s s i o n t o  M a r s ,  i t will b e n e c e s s a ry t o  m i t i g a t e  t h e  

h u m a n  r i s k s a s s o c i a t e d  w i t h p r o l o n g e d  w e i g h t l e s s n e s s . D e s p i t e  t h e  exp e r i e n c e o f  

l o n g- d u r a t i o n  m i s s i o n s  o n b o a r d  t h e  I n t e r n a t i o n a l  S p a c e  S t a t i o n  ( I S S ) , n o  

c o m p l e t e ly e f f e c t i v e c o u n t e r m e a s u r e ,  o r  c o m b i n a t i o n  o f  c o u n t e r m e a s u r e s , exis t s . 

I n  f a c t , t h e  o p e r a t i o n a l  c o u n t e r m e a s u r e s  c u r r e n t ly e m p l oy e d h a v e  f a i l e d t o  ful ly 

p r o t e c t  a s t r o n a u t s  f o r m o r e  t h a n  3 m o n t h s  i n l o w E a r t h  o r b i t  ( L E O ) . I t s e e m s 

u n l i k e ly , t h e r e f o r e , t h a t  c u r r e n t  c o u n t e r m e a s u r e s  will p r o t e c t  a s t r o n a u t s  v e n t u r i n g  t o  

M a r s  a n d  b a c k  o v e r  a 3 0- m o n t h  d u r a t i o n !  

O n e  s o l u t i o n  is a r t i f i c i a l g r a v i ty ( F i g u r e  8 .10) . W h i l e i t m ay s o u n d  l i k e s c i e n c e 

f i c t i o n ( f a n s o f  2001: A Space Odyssey will r e c a l l a r t i f i c i a l g r a v i ty w a s a f e a t u r e  

Figure 8.10. R e s e a r c h using N A S A ' s s h o r t-r a d i u s cen t r i f u g e m a y hold the key t o 

realizing arti f i c i a l gra v i ty o n b o a r d fu t u r e spac e c r a f t . Image c o u r t e sy : Wyle . 
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Figure 8.11. C o n f i g u r a t i o n o f  m a n n e q u i n a n d c e n t r i f u g e in Wyle ' s l a b in H o u s t o n . 

Im a g e co u r t e sy: Wyle . 

o n b o a r d  the fi l m ' s s p a c e c r a f t , Discovery), a r t i f i c i a l g r a v i ty is a c o u n t e r m e a s u r e t h a t  

m ay m a i n t a i n n e u r o v e s t i b u l a r , c a r d i o v a s c u l a r , a n d m u s c u l o s k e l e t a l f u n c t i o n for th e 

d u r a t i o n  o f  a t r i p t o M a r s . Wh i l e it m ay n o t  be a p a n a c e a for a d d r e s s i n g all t h e risks 

a s s o c i a t e d w i t h l o n g- d u r a t i o n mis s i o n s , ar t i f i c i a l g r a v i ty off e r s p r o m i s e as a n 

effective c o u n t e r m e a s u r e a g a i n s t p hysio l o g i c a l d e c o n d i t i o n i n g effects. 12 

U n l i k e th e r o t a t i n g vehicles f e a t u r e d i n m a ny science fiction movies, the r o t a t i n g 

t o r u s is n e i t h e r feasible n o r ne c e s s a ry . T h e a r t i f i c i a l g r a v i ty system o n b o a r d  th e M a r s  

s p a c e c r a f t will c o m p r i s e a 3-m r a d i u s c e n t r i f u g e ( F i g u r e 8.11 ). A s t r o n a u t s will lie o n 

a " s u b j e c t s t a t i o n " o r  n a r r o w be d-lik e se c t i o n s t h a t  c a n be mo v e d cl o s e r o r  f a r t h e r 

f r o m th e s h o r t- r a d i u s c e n t r i f u g e ' s ( S R C ) p i v o t p o i n t . As th e c e n t r i f u g e spi n s a b o u t  

the p i v o t , c e n t r i f u g a l forces will c r e a t e G-l o a d s a l o n g th e s u b j e c t ' s b o dy axis ( h e a d to 

feet) p r o p o r t i o n a l  t o th e r a t e o f  r o t a t i o n . D u r i n g t h e i r ar t i f i c i a l g r a v i ty i n d o c t r i n a•

t i o n t r a i n i n g , a s t r o n a u t s will be i n s t r u m e n t e d w i t h h e a r t- m o n i t o r i n g se n s o r s , a puls e•

m e a s u r i n g device, a b l o o d-p r e s s u r e cuff, a n d  a n oxime t e r . T h ey will also w e a r a 

h e a d s e t a n d  b o o m  m i c r o p h o n e , e n a b l i n g c o m m u n i c a t i o n w i t h th e S R C c o n t r o l 

r o o m . T h ey will t h e n lie h o r iz o n t a l ly on o n e a r m  o f  the S R C  a n d will be s t r a p p e d to 

th e su b j e c t s t a t i o n us i n g a fi v e-po i n t ha r n e s s . A f l a t-p a n e l scr e e n d i r e c t ly a b o v e th e 

a s t r o n a u t  will al l o w t h e m to w a t c h movies ( o r p e r h a p s review te c h n i c a l d o c u m e n t s 

d e s c r i b i n g h o w E n t o m o p t e r s wor k ! ) d u r i n g t h e spin. T h e ob j e c t i v e o f  th e a r t i f i c i a l 

g r a v i ty i n d o c t r i n a t i o n will be to p r e- a d a p t a s t r o n a u t s t o a r o t a t i n g e n v i r o n m e n t a n d  

al s o to d e t e r m i n e o p t i m a l c e n t r i f u g a t i o n speeds a n d  d u r a t i o n s b e f o r e th e mis s i o n . 

D u r i n g th e m a n n e d  sp a c e f l i g h t e r a , m u c h h a s been l e a r n e d a b o u t  a s t r o n a u t  

se l e c t i o n a n d  t r a i n i n g . Ne v e r t h e l e s s , th e u n i q u e ch a l l e n g e s o f  i n t e r p l a n e t a ry miss i o n s 
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will d e m a n d a re-ev a l u a t i o n a n d r e c a l i b r a t i o n o f  the selection a n d  t r a i n i n g guidelines 

des c r i b e d in this b o o k . These new guidelines will p r e p a r e a s t r o n a u t s to co p e n o t only 

with the hos t i l e e n v i r o n m e n t o f  space, b u t also with the d a u n t i n g challenges pose d by 

extend e d i s o l a t i o n a n d co n f i n e m e n t . I n du e co u r s e , given the u n i q u e selection a n d 

t r a i n i n g r e q u i r e m e n t s for such missions, it is likely it will be a new breed o f  a s t r o n a u t 

who e m b a r k s u p o n mu l t i-year missions t o M a r s a n d beyond. While they may no t 

suffer the low wages a n d b i t t e r cold e n d u r e d by Sh a c k l e t o n ' s men mo r e t h a n a 

c e n t u ry ago, h o n o r a n d re c o g n i t i o n are a l m o s t g u a r a n t e e d , in much the same way as 

they are for t o d ay' s sp a c e f a r e r s . 
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Section III 

Preparing for Launch 

H a v i n g de s c r i b e d the chal l e n g e s o f  t r a i n i n g i n the p r e v i o u s secti o n , the objective o f  

this final se c t i o n is to follow t h e a s t r o n a u t s t h r o u g h t h e i r final 10 weeks o f  pre•

l a u n c h p r e p a r a t i o n . Before de s c r i b i n g the even t s le a d i n g u p t o l a u n c h , how e v e r , it is 

necessa ry t o c o n s i d e r the new l a u n c h vehicle a n d s p a c e c r a f t t h a t  will c a r ry a s t r o n a u t s 

to o r b i t , a n d ac k n o w l e d g e the te a m s t h a t  w o r k b e h i n d the scenes to ma k e the 

mission a reality. 

T h e new class o f  p o s t-S h u t t l e a s t r o n a u t s will fly to the I n t e r n a t i o n a l Space S t a t i o n 

(ISS) , the M o o n , a n d M a r s o n b o a r d  Orion, a s p a c e c r a f t re m i n i s c e n t o f  the A p o l l o 

capsule. H e l p i n g the new a s t r o n a u t s m a k e th e i r first j o u r n ey i n t o space ar e h u n d r e d s 

o f  pe o p l e w o r k i n g t o m a k e the mis s i o n a success . I n C h a p t e r 9, re a d e r s ar e 

i n t r o d u c e d t o N A S A ' s new family o f  l a u n c h vehicles a n d s p a c e c r a f t be f o r e being 

i n t r o d u c e d t o som e o f  the key pe r s o n n e l re s p o n s i b l e fo r se n d i n g a s t r o n a u t s o n th e i r 

way. C h a p t e r 10 pic k s u p the p r e-l a u n c h p r e p a r a t i o n s w i t h j u s t 10 weeks rem a i n i n g . 

He r e , r e a d e r s follow the a s t r o n a u t s as t h e i r sche d u l e becomes ever m o r e hectic with 

s i m u l a t i o n following s i m u l a t i o n , a n d the crew lo o k f o r w a r d to the i m p e n d i n g l a u n c h 

wi t h renew e d a n t i c i p a t i o n . F i n a l ly, in C h a p t e r 11, which begins w i t h l a u n c h j u s t days 

a w ay a n d  t h e a s t r o n a u t s  in q u a r a n t i n e , t h e se q u e n c e o f  e v e n t s c o m p r i s i n g 

c o u n t d o w n is des c r i b e d - event s t h a t  u l t i m a t e ly cu l m i n a t e in the r e a l iza t i o n o f  a 

lifelong d r e a m . 
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As N A S A moves f o r w a r d with its a m b i t i o u s p l a n to m a i n t a i n the ISS, revisit the 

M o o n a n d , ult i m a t e ly, send pe o p l e to M a r s , its b l u e p r i n t for the f u t u r e rests with a 

new family o f  la u n c h vehicles a n d sp a c e c r a f t . T h e new space h a r d w a r e includes the 

Orion s p a c e c r a f t a n d th e Ares I r o c k e t t o l a u n c h it. Ini t i a l ly, Ares I will replace the 

Sh u t t l e to ferry a s t r o n a u t s t o the ISS. F o r  M o o n  s h o t s a n d lo n g e r missions , N A S A ' s 

vision calls for a second l a u n c h vehicle to s u p p l e m e n t the Ares I. D u b b e d Ares V, 
this massive u n m a n n e d vehicle, due to be teste d in 2018, will d o the heavy lifting 

necessary to t r a n s p o r t h a r d w a r e to th e M o o n  such as the l u n a r la n d e r . 

L A U N C H V E H I C L E S 

Ares I 

N A S A ' s successor to the Space S h u t t l e is Ares I ( F i g u r e 9.1) , an inline, two-stage 

ro c k e t c o n f i g u r a t i o n t o p p e d by the Orion crew vehicle, its service m o d u l e , a n d a 

la u n c h a b o r t system (LAS). I n a d d i t i o n to its p r i m a ry mission o f  ferrying fo u r t o six 

a s t r o n a u t s to the ISS , Ares I m ay also be used to deliver u p to 25 to n n e s o f  res o u r c e s 

a n d supplies to a s t r o n a u t s in low E a r t h o r b i t ( L E O ) o r p a r k p aylo a d s in o r b i t for 

retrieval by spa c e c r a f t en r o u t e to the M o o n o r  Ma r s . 

First stage 

T h e Ares I first stage is a single, five-segment reu s a b l e solid r o c k e t b o o s t e r (SRB), 

derived fr o m the Space S h u t t l e p r o g r a m . Like the S h u t t l e ' s SRB, the Ares v a r i a n t 

b u r n s a specially fo r m u l a t e d solid p r o p e l l a n t called p o lybu t a d i e n e ac rylon i t r i l e 

(PBAN) . O n t o p o f  the u p p e r segment , a fo r w a r d a d a p t e r , called a f r u s t r u m ( F i g u r e 

9.1), ma t e s the vehicle's first stage with th e second. T o di s c o n n e c t th e stages d u r i n g 

ascent, b o o s t e r s e p a r a t i o n m o t o r s will fire. D u r i n g la u n c h , the first stage powe r s the 

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_ , 
© Springer Science + Business Media, LLC 2010 
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Space craft A dapter 

Forward S k irt 
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First Stage 
(5-Se g m ent RSRB) 

Figure 9.1. Exploded view of Ares I. Image courtesy : N A S A . 

vehicle t o w a r d L E O  a n d ,  fo l l o w i n g a b u r n  ti m e o f  126 sec, t h e r e u s a b l e b o o s t e r 

s e p a r a t e s a n d  t h e u p p e r s t a g e ' s J-2 X ( F i g u r e 9.2) en g i n e i g n i t e s , p l a c i n g t h e vehicle 

i n t o  a c i r c u l a r o r b i t . 

Upper stage 

T h e  Ares I u p p e r s t a g e ( s e c o n d s t a g e ) is p r o p e l l e d by th e li q u i d oxygen ( L O X ) a n d  

l i q u i d hyd r o g e n ( L H 2 )-f u e l l e d J-2 X en g i n e . A p p r oxi m a t e ly 133 sec a f t e r l i f t-o f f , t h e 

u p p e r s t a g e will s e p a r a t e f r o m t h e fi r s t s t a g e a n d  t h e J-2X will ig n i t e . T h e en g i n e will 

b u r n  fo r a p p r oxi m a t e ly 465 sec, b u r n i n g m o r e t h a n  137,000 kg p r o p e l l a n t , b e f o r e 

s h u t t i n g d o w n a t  a n  a l t i t u d e o f  133 . 5 km. S h o r t ly b e f o r e t h e J-2 X e n g i n e ceases 

o p e r a t i o n , Orion will s e p a r a t e f r o m the u p p e r s t a g e , w h e r e u p o n Orion's e n g i n e will 
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Figure 9.2. J-2X engine. Image courtesy: NASA. 

i g n i t e t o i n s e r t t h e c a p s u l e i n t o  L E O .  F o l l o w i n g s e p a r a t i o n  f r o m  Orion, t h e u p p e r  

s t a g e will r e- e n t e r t h e E a r t h ' s  a t m o s p h e r e  a n d  s p l a s h d o w n  i n t h e  I n d i a n  O c e a n . 

A r e s V 

T h e  g o a l s o f  N A S A ' s  C o n s t e l l a t i o n  P r o g r a m  i n c l u d e r e t u r n i n g  a s t r o n a u t s  t o t h e 

M o o n ,  a n d  o n w a r d  t o  M a r s .  R e a l iz i n g t h e s e m i s s i o n s r e q u i r e s t h e Ares V, N A S A ' s  
n e w c a r g o l a u n c h  v e h i c l e , w h i c h will s e r v e a s t h e p r i m a ry veh i c l e f o r d e l i v e r i n g l a r g e•

s c a l e h a r d w a r e  t o s p a c e s u c h a s l u n a r  l a n d i n g  c r a f t  a n d  m a t e r i a l s f o r e s t a b l i s h i n g a 

M o o n  b a s e . T h e  Ares V ( F i g u r e  9.3 ) is a t w o-s t a g e , v e r t i c a l ly s t a c k e d l a u n c h  vehi c l e 

c a p a b l e  o f  c a r ryi n g 188 t o n n e s t o  L E O  a n d  71 t o n n e s  t o t h e  M o o n . 

First stage and Core Stage 

T o  a c h i e v e o r b i t a l  i n s e r t i o n , t h e  Ares V f i r s t s t a g e relies o n  t w o f i v e-a n d-a-h a l f•

s e g m e n t S R B s d e r i v e d f r o m  t h e S p a c e S h u t t l e a n d  s i m i l a r t o t h e S R B  us e d t o  p o w e r  

Ares I . F l a n k i n g  t h e  t w o S R B s is a si n g l e l i q u i d-f u e l l e d c e n t r a l b o o s t e r  e l e m e n t , 

k n o w n  a s t h e C o r e  S t a g e . D e r i v e d f r o m t h e S h u t t l e , t h e C o r e  S t a g e d e l i v e r s L O X  

a n d  L H 2  t o  a c l u s t e r o f  six RS-6 8 B r o c k e t e n g i n e s . 
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F i g u r e 9.3. E xpl o d e d view o f  Ares V. I m a g e c o u r t e sy : NAS A . 

Interstage and departure stage 

S i t t i n g o n  t o p  o f  th e C o r e S t a g e is a n i n t e r s t a g e , wh i c h in c l u d e s b o o s t e r s e p a r a t i o n 

m o t o r s . T h e i n t e r s t a g e c o n n e c t s t h e C o r e S t a g e t o th e E a r t h  D e p a r t u r e S t a ge ( E D S ) , 

whi c h is p r o p e l l e d by a L O X / L H 2- p o we r e d J-2 X e ngine . A n c h o r e d a b o v e t h e E D S is 

a s h r o u d p r o t e c t i n g t h e Altair l u n a r l a n d e r ( F i g u r e 9.4) t h a t w i ll t r a n s p o r t  a s t r o n a u t s 

t o  t h e l u n a r  s u r f a ce a n d  t h e a s c e n t s t a g e t h a t  will r e t u r n t h e m t o  l u n a r  o r b i t . 
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Fig u r e 9.4. L u n a r  su r f a c e access module/Altair. I m a g e courtesy: NAS A . 

Concept of operations 

T h e S R B s a n d  C o r e  S t a g e p o w e r t h e Ares V t o  L E O . F o l l o w i n g s e p a r a t i o n f r o m t h e 

s p e n t C o r e  S t a g e , t h e E D S ' s  J- 2 X e n g i n e p r o v i d e s t h e p o w e r t o p l a c e t h e vehicl e i n t o  

a c i r c u l a r o r b i t , w h e r e u p o n t h e d e p a r t u r e  s t a g e s h r o u d  s e p a r a t e s t o p r e p a r e  t h e 

l a n d e r f o r r e n d ez v o u s w i t h Orion. S h o r t ly a f t e r t h e E D S h a s a c h i e v e d o r b i t , Ares I 
d e l i v e r s Orion t o  s p a c e a n d  Orion d o c k s w i t h t h e d e p a r t u r e  s t a g e a n d  its l u n a r  l a n d e r 

p ayl o a d . F o l l o w i n g d o c k i n g , t h e E D S fires t h e J-2 X en g i n e a s e c o n d ti m e t o ac h i e v e 

t r a n s- l u n a r i n s e r t i o n ( T L I ) , a f t e r wh i c h t h e E D S  is j e t t i s o n e d . 

S P A C E C R A F T  

O r i o n 

T h e ne w s p a c e c r a f t t h a t  will c a r ry a s t r o n a u t s t o t h e ISS , t h e M o o n , a n d  e v e n t u a l l y 

M a r s  is c a l l e d Orion ( F i g u r e 9.5) . W h i l e i t s h a r e s t h e c o n i c a l s h a p e o f  t h e A p o l l o 

c a p s u l e , i t is o n e- a n d- a- h a l f  t i m e s a s wide (5 m ) , a n d h a s m o r e t h a n  d o u b l e  t h e 

h a b i t a b l e i n t e r n a l v o l u m e , e n a b l i n g i t t o  c a r ry u p t o six a s t r o n a u t s  t o t h e ISS a n d  

f o u r t o t h e M o o n .  Orion a l s o f e a t u r e s a n u m b e r  o f  c u t t i n g-e d g e t e c h n o l o g i e s , s u c h a s 

a u t o m a t i c  d o c k i n g a n d  t h e a b i l i ty t o a u t o n o m o u s ly l o i t e r i n l u n a r  o r b i t  f o r u p  t o 6 

m o n t h s . T h a n k s  t o i t s d u a l- f a u l t t o l e r a n t  a v i o n i c s , b a s e d o n  t h o s e o f  t h e B o e i n g 787 , 

Orion h a s t h e c a p a b i l i ty t o  s u s t a i n tw o c o m p u t e r  fa i l u r e s a n d  still r e t u r n t o  E a r t h .  
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Figure 9 . 5. Orion . Image co u r t e sy : NAS A . 

A d d i t i o n a l safety is as s u r e d by the pl a c e m e n t o f  Orion o n t o p o f  Ares I. T h i s m e a n s 

th e ca p s u l e is n o t only pr o t e c t e d from falling deb r i s , b u t also p e r m i t s a LAS t h a t c a n 

bl a s t th e caps u l e t o safety. 

Launch abort system: launch 

T h e LAS ( F i g u r e 9.6), which fits like a glove ov e r th e t o p o f  Orion, is designed to 

deal with the mis s i o n p r o f i l e ' s m o s t cri t i c a l failure modes: l i f t-of f a n d max-Q, * which 

occ u r s a p p r oxim a t e ly 1 min a f t e r l i f t-of f when th e vehicle is trav e l i n g a t M a c h 2 

(2,124 km / h r ) a t  a n  a l t i t u d e o f  21 km. 

T h e h e a r t o f  the LAS is the solid-fuel r o c k e t , with f o u r o u t w a r d-c a n t e d reverse•

flow nozzles a t  its apex. I n the ev e n t o f  a n  i m m i n e n t fireball engu l f i n g the p a d , th e 

r o c k e t a u t o m a t i c a l ly fires for 2 sec, delivering a 15-G sho c k h a u l i n g Orion o f f the t o p 

* M ax Q is the p o i n t o f  maximu m dynam i c pre s s u r e o r  the p o i n t a t which a e r o dyna m i c stress 

o n a sp a c e c r a f t in flight is a t its pea k . 
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Figure 9.6. L a u n c h a b o r t system . Image courtesy: NASA. 

o f  Ares J a t  a speed o f  a l m o s t I , 000 km / h r a n d to a n a l t i t u d e o f  a l m o s t 2 km . Once 

cle a r o f  the d a n g e r a r e a , ei g h t a t t i t u d e t h r u s t e r s a n d two a d j u s t a b l e c a n a r d s steer 

Orion e a s t from the l a u n c h p a d  a n d p a r a c h u t e s deploy for a sp l a s h d o w n . 

Launch abort system: Max-Q 

E n s u r i n g a s t r o n a u t saf e ty d u r i n g the M ax-Q ph a s e o f  the mission profil e is a little 

mo r e cha l l e n g i n g d u e to the a e r o dyna m i c d r a g a n d the sh o c k w a v e-in d u c e d s u c t i o n 

between the ca p s u l e a n d the service m o d u l e be h i n d it. Ho w e v e r , engineers believe the 

system will be sufficiently r o b u s t t o pull the ca p s u l e clear, a f t e r which Orion would 

r i g h t it s e l f a n d desce n d bef o r e c h u t e d e p l oyme n t a t a n  a l t i t u d e o f  8 , 000 m. 

Thermal protection system 

A n o t h e r i m p o r t a n t el e m e n t o f  Orion's design is its t h e r m a l p r o t e c t i o n system (TPS). 

Re-ent e r i n g the a t m o s p h e r e ge n e r a t e s in t e n s e h e a t from a i r co m p r e s s i o n a h e a d o f  

the s p a c e c r a f t ' s s u p e r s o n i c sh o c k wave. Wh e r e a s the S h u t t l e ' s re-en t ry speed was 
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27,800 k m / h r  ( a b o u t  M a c h 23), Orion's r e-en t ry speed f r o m l u n a r mi s s i o n s will be 

38,600 k m / h r  ( a b o u t  M a c h 31.5!) , o r  a b o u t  4 0 % f a s t e r t h a n t h e S h u t t l e . A t  su c h hig h 

sp e e d s , th e h e a t  b u i l d u p r a t e is five times g r e a t e r t h a n  t h e S h u t t l e ' s, w i t h 

t e m p e r a t u r e s r e a c h i n g 2,650 ° C! F o r  en g i n e e r s w o r k i n g o n Orion's T P S A d v a n c e d 

D e v e l o p m e n t P r o j e c t , de s i g n i n g t h e h e a t s h i e l d was a hu g e ch a l l e n g e , b u t  a f t e r 

e v a l u a t i n g e i g h t c a n d i d a t e m a t e r i a l s , a n  a b l a t i v e system was c h o s e n . A v c o a t , which 

is m a d e o f  silica fibers wit h a n e p oxy-no v a l i c resi n filled in a fi b e r g l a s s-ph e n o l i c 

h o n eyc o m b , is m a n u f a c t u r e d di r e c t ly o n t o  Orion's T P S s u b s t r u c t u r e a n d a t t a c h e d as 

a u n i t t o th e c a p s u l e d u r i n g asse m b ly. T h e use o f  a n a b l a t i v e system, in whic h p a r t s 

o f  th e T P S b u r n  a w ay ( o r a b l a t e ) , m i r r o r s t h a t  o f  th e A p o l l o P r o g r a m ' s  a p p r o a c h , in 

whic h th e e n t i r e e n t ry c a p s u l e was c o v e r e d w i t h a n a b l a t o r . 

Reusability 

T h e S h u t t l e was o r i g i n a l ly des i g n e d f o r 100 flights e a c h , a n d  N A S A h a d  en v i s i o n e d a 

flight r a t e o f  60 mi s s i o n s a year, b u t it d i d n ' t  h a p p e n . T h e S h u t t l e nev e r flew m o r e 

t h a n  ni n e mi s s i o n s in a c a l e n d a r yea r , which m e a n t e c o n o m i e s o f  scale were never 

rea l ized . A l t h o u g h Orion will be r e u s a b l e , it will be less r e u s a b l e t h a n th e S h u t t l e . 

While t h e m a i n c a p s u l e is de s i g n e d t o be reuse d (five t o te n times), th e service 

m o d u l e , h e a t s h i e l d , a n d  th e LAS m u s t be re p l a c e d a f t e r every mission. 

Altair 

Altair will be c a p a b l e o f  l a n d i n g f o u r a s t r o n a u t s o n  th e M o o n  a n d p r o v i d e life 

s u p p o r t  a n d  a b a s e f o r we e k-lon g i n i t i a l s u r f a c e exp l o r a t i o n mis s i o n s , b e f o r e 

r e t u r n i n g th e crew to th e Orion s p a c e c r a f t t h a t  will b r i n g t h e m h o m e to E a r t h . Altair 
will l a u n c h a b o a r d  a n  Ares V r o c k e t i n t o L E O , whe r e it will r e n d ezv o u s with Orion. 
T h e t h r e e p r i m a ry el e m e n t s o f  t h e l u n a r l a n d e r in c l u d e a L O X / L H 2-p o w e r e d de s c e n t 

s t a g e , a hype r g o l i c-p o w e r e d a s c e n t s t a g e , a n d a L O X / L H 2-p o w e r e d d e s c e n t m o d u l e 

t h a t  will p r o v i d e p r o p u l s i o n for p o w e r e d de s c e n t t o t h e s u r f a c e a n d serve as a 

p l a t f o r m for l u n a r l a n d i n g a n d  l i f t-o f f o f  th e a s c e n t m o d u l e . 

M I S S I O N  PROFILE 

D u r i n g th e first 2 . 5 mi n o f  flight, the S R B will p o w e r th e vehicle t o a n a l t i t u d e o f  

a b o u t  57 k m a t  a spee d o f  M a c h 5 . 7. A f t e r its p r o p e l l a n t is s p e n t , t h e S R B will 

s e p a r a t e a n d  th e u p p e r s t a g e ' s J-2X eng i n e will ign i t e a n d  p o w e r Orion t o a n  a l t i t u d e 

o f  a b o u t  130 km. T h e n , th e u p p e r s t a g e will s e p a r a t e a n d  Orion's service m o d u l e 

p r o p u l s i o n system will c o m p l e t e the t r i p to a c i r c u l a r o r b i t o f  297 km. On c e in L E O , 

Orion a n d  its service m o d u l e will r e n d ezv o u s a n d  d o c k e i t h e r w i t h th e ISS o r  with th e 

Altair l u n a r l a n d e r a n d  E a r t h  d e p a r t u r e s t a g e t h a t  will c a r ry the crew t o th e M o o n . 

O n c e th ey hav e r e a c h e d l u n a r o r b i t , a s t r o n a u t s will use Altair t o tr a v e l to th e l u n a r 
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s u r f a c e while Orion r e m a i n s i n l u n a r o r b i t  f o r u p  t o 210 days, a w a i t i n g r e t u r n o f  t h e 

crew. 

F o l l o w i n g t h e i r s u r f a c e s t ay, t h e crew will use Altair's a s c e n t vehicle t o r e t u r n t o 

l u n a r o r b i t  a n d  r e u n i t e w i t h Orion. T h e service m o d u l e m a i n  en g i n e will t h e n p r o v i d e 

th e p o w e r f o r t h e t r a n s- E a r t h  i n s e r t i o n ( T E l )  b u r n , e n a b l i n g Orion t o b r e a k  o u t  o f  

l u n a r o r b i t  a n d  r e t u r n t o E a r t h .  T h e service m o d u l e will s u p p o r t  t h e cr e w m o d u l e 

u n t i l t h e t w o m o d u l e s s e p a r a t e j u s t  b e f o r e r e-e n t e r i n g E a r t h ' s  a t m o s p h e r e . Orion will 
r e-en t e r E a r t h ' s  a t m o s p h e r e a n d , w i t h t h e u s e o f  p a r a c h u t e s , r e t u r n t h e crew t o  

E a r t h . 

T h e Orion/Ares ! fAres V c o n f i g u r a t i o n h a s been l a b e l e d by f o r m e r N A S A  

A d m i n i s t r a t o r , M i c h a e l G r i f f i n , a s A p o l l o o n  S t e r o i d s . A l t h o u g h Orion a n d  Ares I 
f e a t u r e i m p r o v e m e n t s o v e r t h e A p o l l o c a p s u l e a n d  t h e Saturn V r o c k e t , m a ny a r e 

d i s a p p o i n t e d t h e r e t u r n t o t h e M o o n  will n o t  f e a t u r e m o r e n e w t e c h n o l o gy, b u t , 

given N A S A ' s  c o s t a n d  s c h e d u l i n g c o n s t r a i n t s , t h e Orion/Ares I c o n f i g u r a t i o n is t h e 

be s t o p t i o n . O f  m o r e c o n c e r n is t h e i m p e n d i n g 5-year h i a t u s (w h i c h m ay be r e d u c e d 

i f  c o m m e r c i a l o p e r a t o r s s u c h a s S p a c e X c a n  m a n- r a t e t h e i r v e h i c l e s- F i g u r e 9.7) 

be t w e e n t h e r e t i r e m e n t o f  t h e S h u t t l e a n d  t h e o p e r a t i o n a l s t a t u s o f  Orion/Ares I, a 
g a p r e q u i r i n g t h e new cl a s s o f  a s t r o n a u t s  t o  h i t c h a r i d e w i t h t h e R u s s i a n s o n  b o a r d  

t h e i r Soyuz. 

Figure 9.7. Sp a c e X ' s  D r a g o n ca p s u l e m ay ho l d t h e key to r e d u c ing the h i a t u s i n 

A m e r i c a n m a n n e d s p a c e f l i g h t c a p a b i l i ty follow i n g r e t i r e m e n t o f  t h e Space S h u t t l e i n 

2010. I m a g e cou r t e sy: Spac e X . 
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Figure 9.8. Fo l l o w i n g the S h u t t l e ' s ret i r e m e n t , Am e r i c a n a s t r o n a u t s will hi t c h rides 

o n b o a r d the R u s s i a n Soyuz caps u l e a t $51 million a ticket! Im a g e courtesy: NASA. 

Soyuz 

A S oyuz ca p s u l e ( F i g u r e 9.8) first ferri e d a crew to t h e ISS in N o v e m b e r , 2000. Since 

t h a t  time, a t  le a s t o n e Soyuz ha s been b e r t h e d a t  th e ISS, se r v i n g as a l i f e b o a t in th e 

e v e n t th e crew ha v e to r e t u r n t o E a r t h  u n expe c t e d ly . F o l l o w i n g th e Columbia 
a c c i d e n t in F e b r u a ry, 2003 , th e Soyuz als o b e c a m e th e m e a n s o f  t r a n s p o r t a t i o n  for 

c r e w m e m b e r s g o i n g to o r  r e t u r n i n g f r o m th e ISS . 

Orbital module 

T h i s e l e m e n t o f  t h e s p a c e c r a f t is used by th r e e c r e w m e m b e r s while o n o r b i t  d u r i n g 

free-flight. I t f e a t u r e s a d o c k i n g m e c h a n i s m with h a t c h a n d  r e n d ezv o u s a n t e n n a s 

l o c a t e d a t  t h e f r o n t end . T h e d o c k i n g m e c h a n i s m is used t o d o c k w i t h th e ISS a n d  

th e h a t c h allows e n t ry i n t o th e s t a t i o n . T h e r e n d ezv o u s a n t e n n a s a r e used by the 

a u t o m a t e d  d o c k i n g syste m to m a n e u v e r t o w a r d s t h e s t a t i o n f o r do c k i n g . 

Instrumentation/ Propulsion module 

T h i s m o d u l e c o m p r i s e s a n  I n t e r m e d i a t e , I n s t r u m e n t a t i o n , a n d  P r o p u l s i o n c o m p a r t•

m e n t . T h e I n t e r m e d i a t e C o m p a r t m e n t  c o n n e c t s t o th e D e s c e n t M o d u l e , while t h e 
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I n s t r u m e n t a t i o n  C o m p a r t m e n t  c o n t a i n s  oxyge n s t o r a g e t a n k s , a t t i t u d e  c o n t r o l  

t h r u s t e r s , a n d  c o m m u n i c a t i o n s  a n d  c o n t r o l  e q u i p m e n t . A l s o h o u s e d w i t h i n t h e 

I n s t r u m e n t a t i o n  C o m p a r t m e n t  a r e t h e S oyuz ' s p r i m a ry g u i d a n c e , n a v i g a t i o n , 

c o n t r o l , a n d  c o m p u t e r  syst e m s . T h e  P r o p u l s i o n  C o m p a r t m e n t  c o n t a i n s  t h e p r i m a ry 

t h e r m a l c o n t r o l  syst e m a n d  t h e r a d i a t o r .  T h e  p r o p u l s i o n  syst e m , b a t t e r i e s , s o l a r 

a r r ays , r a d i a t o r , a n d  s t r u c t u r a l  c o n n e c t i o n  t o  t h e S oyuz l a u n c h r o c k e t a r e a l s o 

l o c a t e d  i n t h i s c o m p a r t m e n t .  F o l l o w i n g  t h e  f i n a l d e- o r b i t  m a n e u v e r ,  t h e  

I n s t r u m e n t a t i o n / P r o p u l s i o n  m o d u l e s e p a r a t e s f r o m t h e D e s c e n t M o d u l e  a n d  b u r n s  

u p  i n t h e a t m o s p h e r e . 

Descent Module 

T h e  o p p o s i t e e n d  o f  t h e O r b i t a l M o d u l e  c o n n e c t s t o t h e D e s c e n t M o d u l e  via a 

p r e s s u r ize d h a t c h . F o l l o w i n g t h e d e- o r b i t m a n e u v e r , t h e O r b i t a l  M o d u l e  s e p a r a t e s 

f r o m t h e D e s c e n t M o d u l e  a n d  b u r n s  u p  i n t h e a t m o s p h e r e . Since t h e D e s c e n t 

M o d u l e  is w h e r e t h e c o s m o n a u t s / a s t r o n a u t s  sit f o r l a u n c h , r e-e n t ry, a n d  l a n d i n g , t h e 

c a p s u l e ' s c o n t r o l s  a n d  d i s p l ays a r e l o c a t e d he r e . T h e  m o d u l e a l s o c o n t a i n s t h e 

p r i m a ry a n d b a c k u p  p a r a c h u t e s  a n d  l a n d i n g r o c k e t s . 

Concept of operations 

T h e  S oyuz is l a u n c h e d f r o m t h e B a i k o n u r  C o s m o d r o m e  i n K a z a k h s t a n  a b o a r d  a 

S oyuz r o c k e t . O n c e t h e S oyuz r e a c h e s o r b i t , i t s p e n d s 2 d ays " c h a s i n g " t h e ISS. P r i o r  

t o t h e fin a l r e n d ez v o u s p h a s e , c r e w m e m b e r s d o n  p r e s s u r iz e d s u i t s a n d  m o n i t o r  t h e 

a u t o m a t e d  d o c k i n g s e q u e n c e . W h i l e t h e r e n d ez v o u s a n d  d o c k i n g a r e a u t o m a t e d , t h e 

cr e w h a s t h e c a p a b i l i ty t o  m a n u a l ly exec u t e th e s e o p e r a t i o n s . O n c e d o c k i n g is 

c o m p l e t e , t h e c r e w e q u a l iz e t h e a i r p r e s s u r e o f  th e S oyuz wi t h t h e ISS b e f o r e o p e n i n g 

t h e h a t c h e s . 

L A U N C H T E A M S 

T h e n e r v e-c e n t e r d u r i n g  l a u n c h is N A S A ' s L a u n c h  C o n t r o l  C e n t e r  ( L C C ) , a f o u r•

s t o ry b u i l d i n g l o c a t e d a t  K e n n e dy Sp a c e C e n t e r  ( K S C ) use d f o r t h e s u p e r v i s i o n o f  

l a u n c h e s f r o m L a u n c h  C o m p l ex 39. A t t a c h e d  t o  t h e s o u t h e a s t  c o r n e r  o f  t h e Vehic l e 

A s s e m b ly B u i l d i n g (VA B ) , t h e L C C  c o n t a i n s  t e l e m e t ry, t r a c k i n g a n d  i n s t r u m e n t a •

t i o n e q u i p m e n t , t h e a u t o m a t e d  L a u n c h  P r o c e s s i n g Syst e m ( L P S ) , a n d  f o u r fir i n g 

r o o m s . I t is i n s i d e th e fi r i n g r o o m s ( P a n e l 9.1) t h a t  t h e l a u n c h t e a m ( T a b l e 9 . I )  m a k e  

t h e key de c i s i o n s t h a t  will l a u n c h t h e r o o k i e a s t r o n a u t s  o n t h e i r f i r s t s p a c e f l i g h t . 

F o l l o w i n g " c a l l t o  s t a t i o n s " , t h e l a u n c h t e a m r e p o r t  t o t h e i r r e s p e c t i v e c o m p u t e r / 

c o m m u n i c a t i o n  c o n s o l e s f o r t h e fin a l c o u n t d o w n  a n d  s h a r e t h e r e s p o n s i b i l i ty a n d  

exc i t e m e n t o f  l a u n c h i n g a m a n n e d  s p a c e m i s s i o n . 
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Panel 9.1. Firing rooms 

I n  p r e p a r a t i o n  t o w a r d s u p p o r t i n g  f u t u r e l a u n c h e s f o r N A S A ' s  C o n s t e l l a t i o n 

P r o g r a m , t h e ag e n cy is r e c o n f i g u r i n g s o m e L C C  fac i l i t i e s . F o r  exa m p l e , t h e 

L C C  is b e i n g red e s i g n ed t o  u s e o n l y 50 l a u n c h  c o n t r o l l e r s c o m p a r e d wi t h t h e 

n e a r l y 200 r e q u i r e d f o r a S p a c e S h u t t l e l a u n c h . A l s o , F i r i n g  R o o m  I h a s 

a l r e a dy be e n t r a n s f e r r e d t o  t h e C o n s t e ll a t i o n  P r o g r a m f o r r e u s e a n d  is b e i n g 

r e b u i l t t o  s u p p o r t  yste m s r e q u i r e d f o r t h e A r e s r o c k e t s a n d  Orion s p a c e c r a f t . 
F i r i n g  R o o m  1 a l r e a dy h o l d s t h e d i s t i n c t i o n o f  o v e r e e i n g t h e m a i d e n l a u n c h 

o f  t h e S p a c e S h u t t l e , a n d  w a s r e c e n t ly r e n a m e d t h e Y o u n g / C r i p p e n F i r i n g 

R o o m  in h o n o r  o f  C o m m a n d e r  J o h n  Y o u n g  a n d  p i l o t , R o b e r t  C r i p p e n , a s a 

t r i b u t e  t o t h e i r fi r s t S h u t t l e flight. 

Table 9.1. P r i m a ry firing r o o m po s i t i o n s . 

Position Acronym 

L a u n c h D i r e c t o r L D  

F l o w D i r e c t o r F D  

N A S A T e s t D i r e c t o r N T D  

T e s t C o n d u c t o r T C  

L a u n c h P r o c ess in g LPS 

System C o o r d i n a t o r  

S u p p o r t T e s t M a n age r S T M 

Saf e ty Co n s o l e S A F E T Y  

C o o r d i n a t o r  

L a n d i n g a n d R e c o v e ry L R D  

D i r e c t o r 

S u p e r i n t e n d e n t  o f  S R O  

R a n ge O p e r a t i o n s 

Description 

H e a d  o f  l a u n c h te a m . R e s p o n s i b l e for m a k i n g final 

" go / n o  g o "  l a u n c h dec i s i o n a f t e r po l l i n g t e a m 

m e m b e r s 

R e s p o n s i b l e f o r p r e p a r a t i o n o f  ve hicle fo r l a u n c h , 

a n d  r e m a i n s in L C C i n a n  a d v i s o ry ca p a c i ty 

R es p o n s ible fo r all p r e -l a u n c h test i n g , w h e t h e r 

in v o l v i n g t h e flight crew, t h e vehicle, o r  g r o u n d 

s u p p o r t e q u i p m e n t . Al s o re s p o n s i b l e fo r saf e ty o f  

p e r s o n n e l o n t h e p a d a f t e r fuelling. R e p o r t s t o L D  

I n c h a r g e o f  pre-fli g h t c h e c k o u t a n d  te s t i n g o f  vehicle. 

M a n ages e ngin ee rs in t h e firin g r o o m w h o m o n i t o r  
t h e ve hicle ' s syst em s 

M o n i t o r s a n d  c o n t r o l s m o s t ve hicl e assembly, 

c h e c k o u t , a n d  l a u n c h o p e r a t i o n s 

M a n a g e s a n d  i n t e g r a tes g r o u n d s u p p o r t re s o u r c e s in 

s u p p o r t  o f  l a u n c h c o u n t d o w n 

R e s p o n s i b l e fo r en su r i n g all g r o u n d sa fety req u i r e•

m e n t s a ff e c t in g p e r s o n n e l a n d  fli g h t  h a r d w a r e sa f e ty 

a re me t d u r i n g l a un c h c o u n t d o w n a ctivities t h r o u g h 

ve r i f i c a t i o n o f  a p p r o p r i a t e sa f e ty mea s u r e s 

M a n ages K S C assets t o s u p p o r t  l a n d i n g o p e r a t i o n s 

a n d  S R B re c o ve ry . Pr o v i d e s c o o r d i n a t i o n f o r a ny 

co n t i n g e n cy l a n d i n g o p e r a t i o n s with D e p a r t m e n t o f  

Def e n s e M a n n e d Space F l i g h t S u p p o r t ( D D M S ) 

office a n d the JS C L a n d i n g S u p p o r t Of f i c e r (L S O ) 

E n s u r e s d o w n r a n g e a i r s p a c e a n d s p l a s h d o w n a r e a s 

r em a i n c l e a r fo r l a u n c h , a n d m o n i t o r s w e a t h e r n e a r 

t h e l a u n c h si t e 



Position 

G r o u n d L a u n c h 

Sequen c e r Eng i n e e r 

cha r g e 

Acronym 

G L S E 
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Table 9.1. continued 

Description 

R e s p o n s i b l e for m o n i t o r i n g o p e r a t i o n o f  the 

a u t o m a t e d G r o u n d  L a u n c h Sequen c e r system, which 

c o n t r o l s the c o u n t d o w n from T - 9 min un t i l l a u n c h . 

A f t e r T - 9 min . t h r o u g h to T - 31 s ec , they are in 

o f  impl e m e n t i n g a m a n u a l h o l d i f necessary 

Launch Director 

L e a d i n g the te a m is the L a u n c h D i r e c t o r . M a ny peo p l e t h i n k the L a u n c h D i r e c t o r ' s 

j o b  is to get th e l a u n c h vehicle o f f  the g r o u n d , b u t it i s n ' t . T h e L a u n c h D i r e c t o r ' s j o b 

is n o t to l a u n c h the l a u n c h vehicle, b u t t o say " n o "  i f so m e t h i n g d o e s n ' t l o o k o r  feel 

exactly right , even when the rest o f  the l a u n c h te a m say " g o " .  U l t i m a t e ly , it is the 

L a u n c h D i r e c t o r ' s j o b t o ma k e sure th e l a u n c h vehicle stays o n th e g r o u n d in the 

e v e n t o f  w h a t N A S A e u p h e m i s t i c a l ly refer s t o as a n  " o f f- n o m i n a l e v e n t " . 

Sometimes , w e a t h e r may p r o m p t  the L a u n c h D i r e c t o r to wave o f f the l a u n c h ; 

sometimes it may be a m i n o r tech n i c a l glitch , b u t , no m a t t e r w h a t th e p r o b l e m , the 

L a u n c h D i r e c t o r h a s the last say. Giv e n th e m a g n i t u d e o f  suc h a decision, i t i s n ' t 

su r p r i s i n g the leade r s o f  th e l a u n c h te a m are calm, a s s u r e d in d i v i d u a l s who possess a 

n a t u r a l reserve t h a t keeps the m from bec o m i n g excited even when o t h e r s mi g h t be 

he a d i n g for a co r o n a ry! T h e pr e s s u r e o f  res p o n s i b i l i ty is c o m p o u n d e d by the 

e n o r m i ty o f  the stage , since the L a u n c h D i r e c t o r is the focal p o i n t d u r i n g the 

c o u n t d o w n , his wo r d s being t r a n s m i t t e d live to millions a r o u n d  th e world. 

T o en s u r e the c o u n t d o w n pr o c e e d s s m o o t h ly o n l a u n c h d ay , the L a u n c h D i r e c t o r 

a n d his t e a m o f  tes t d i r e c t o r s , c o n t r o l l e r s , a n d engineers will go t h r o u g h a t least two 

s i m u l a t e d c o u n t d o w n s bef o r e l a u n c h day. D u r i n g the s i m u l a t e d c o u n t d o w n s , 2 0-30 

si m u l a t e d p r o b l e m s are t h r o w n i n t o the mix, with the i n t e n t o f  let t i n g th e te a m mak e 

mistakes. T h e t r a i n i n g p h i l o s o p hy o f  these s i m u l a t e d c o u n t d o w n s is t h a t the bes t 

way to le a r n s o m e t h i n g is to ma k e a mis t a k e , c o r r e c t it, a n d move on. T h e 

p h i l o s o p hy ha s been tri e d a n d teste d ov e r mo r e t h a n 100 Space S h u t t l e la u n c h e s a n d 

is p a r t  o f  the re a s o n the p r e s s u r e c o o k e r e n v i r o n m e n t o f  the L C C is a n  oasis o f  calm 

come l a u n c h d ay . 

I n a d d i t i o n t o sup e r v i s i n g his te a m , th e L a u n c h D i r e c t o r m u s t have a basi c 

knowledge o f  all the l a u n c h vehicle ' s systems , a n u n d e r s t a n d i n g o f  o r b i t a l mechanics, 

and be c a p a b l e o f  fa c t o r i n g in w e a t h e r a n d a b o r t  re q u i r e m e n t s . I n a d d i t i o n to his / h e r 

l a u n c h dutie s , the L a u n c h D i r e c t o r also serves as c h a i r m a n o f  the R a p i d Re s p o n s e 

T e a m (RRT) , a d u ty req u i r i n g him / h e r t o c o o r d i n a t e the n e t w o r k o f  N A S A first 

re s p o n d e r s in th e ev e n t o f  a d r e a d e d o f f-no m i n a l ev e n t d u r i n g lift -o f f o r  landi n g . T h e 

j o b is so u n f a t h o m a b ly complex t h a t few people o u t s i d e o f  the L C C really have a n 

idea o f  w h a t th e L a u n c h D i r e c t o r does . D e s p i t e the pre s s u r e s , for the L a u n c h 
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D i r e c t o r , e n t r u s t e d w i t h l a u n c h i n g h a l f a d oze n c r e w m e m b e r s o n a r o c k e t wit h 

mi l l i o n s o f  p o u n d s o f  t h r u s t , the j o b  is the best in th e w o r l d , a l t h o u g h a s t r o n a u t s 

m i g h t t h i n k other w i s e ! 

Mission Control 

While t h e L C C is r e s p o n s i b l e f o r the e v e n t s l e a d i n g u p t o l a u n c h , the F l i g h t D i r e c t o r 

h a n d s o v e r c o n t r o l t o th e M i s s i o n C o n t r o l C e n t e r ( M C C ) a t  J o h n s o n Space C e n t e r 

(J S C ) onc e th e vehicle h a s cl e a r e d the t o w e r ( a t a b o u t  T + 7 sec) . Since t h e final 

c h a p t e r o f  thi s b o o k follows th e a s t r o n a u t s un t i l th ey a r e in L E O , it is useful t o 

u n d e r s t a n d the M C C ' s  role. 

T h e M C C , a win d o w l e s s t h r e e-s t o ry bu i l d i n g (B u i l d i n g 30) , h a s t w o F l i g h t 

C o n t r o l R o o m s ( F C R s  - usu a l ly p r o n o u n c e d " f i c k e r s " ) , fro m whi c h m a n n e d spa c e 

flights a r e m a n a g e d . I n th e F C R s , t e a m s o f  flight c o n t r o l l e r s w o r k 8-h r shif t s , 

d i r e c t i n g a n d m o n i t o r i n g all as p e c t s o f  flight. So m e o f  th e m o s t p r o m i n e n t c o m m a n d 

a n d c o n t r o l p o s i t i o n s a r e listed in T a b l e 9.2 . 

Position 

F l i g h t D i r e c t o r 

S p a c e c r a f t 

C o m m u n i c a t o r 

F l i g h t Dyna m i c s Offi c e r 

G u i d a n c e Officer 

F l i g h t Su r g e o n 

Table 9.2. Key Miss i o n C o n t r o l p o s i t i o n s . 

Acronym 

F D  

C a p C o m 

F D O  

G D O  

S u r g e o n 

Description 

L e a d e r o f  the flight c o n t r o l te a m . Resp o n s i b l e fo r 

mission o p e r a t i o n s a n d  decisions re l a t i n g to saf e ty 

a n d flight c o n d u c t 

P r i m a ry c o m m u n i c a t o r bet w e e n M C C  a n d  s p a c e c r a f t 

P l a n s v e hicle ' s m a n e u v e r s a n d follows vehicle ' s flight 

t r a j e c t o ry al o n g with t h e G u i d a n c e Officer 

Re s p o n s i b l e fo r m o n i t o r i n g s p a c e c r a f t ' s n a v i g a t i o n 

a n d gu i d a n c e c o m p u t e r so f t w a r e 

M o n i t o r s crew activ i t i e s a n d pr o v i d e s medical c o n 

s u l t a t i o n s with crew as re q u i r e d . Also keep s F l i g h t 

D i r e c t o r i n f o r m e d o n the s t a t e o f  crew h e a l t h 

T h e L C C a n d M C C  p e r s o n n e l r e p r e s e n t th e l e a d i n g edg e o f  a hug e n e t w o r k o f  

b e h i n d-th e-sc e n e s s u p p o r t  t h a t  exte n d s fa r b eyon d H o u s t o n . W i t h o u t  thi s c o m p l ex 

n e t w o r k , n o  mi s s i o n c o u l d succeed - a fact n o o n e is m o r e a w a r e o f  t h a n  t h e 

a s t r o n a u t s  a s th ey begin t h e i r final p r e p a r a t i o n s for l a u n c h . 
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Like a n  eli t e a t h l e t e t a p e r i n g f o r a ra c e , t h e a s t r o n a u t s , w i t h j u s t  a few weeks t o go 

be f o r e l a u n c h , a r e a p p r o a c h i n g t h e p e a k  o f  t h e i r t r a i n i n g . A s th e fini s h line 

a p p r o a c h e s , t h e i r p r e p a r a t i o n  be c o m e s e v e r m o r e i n t e n s e a s t h e i r lives be c o m e a b l u r 

o f  s i m u l a t o r s a n d  final m e d i c a l checks. I n  a d d i t i o n t o c o n f i r m i n g t h e i r pr o f i c i e n cy, 

the s i m u l a t o r s g e t th e crew i n t o t h e " m o d e  o f  flying m i n d s e t " a n d  focused e v e r m o r e 

o n th e final t e s t - th e r i d e i n t o space! 

PRACTICE MAKES PERFECT 

As th e l a u n c h d a t e  a p p r o a c h e s , crews s p e n d a n  i n c r e a s i n g p r o p o r t i o n  o f  t h e i r tim e i n 

fixed-b a s e a n d  m o t i o n- b a s e d s i m u l a t o r s i n t h e Sp a c e Vehicle M o c k- u p F a c i l i ty 

(S V M F ) , c o n d u c t i n g dr e s s r e h e a r s a l s f o r t h e mis s i o n . T h e fixed-base s i m u l a t o r , 

whi c h r e p l i c a t e s Orion's f l i g h t dec k , is u s u a l ly used t o t e a c h o r b i t  o p e r a t i o n s . 

A s t r o n a u t s s e a t e d in t h e fixed-ba s e s i m u l a t o r a r e p r e s e n t e d wit h c o n v i n c i n g views o f  

E a r t h  a n d  s p a c e a n d , f o r a d d e d rea l i s m , t h e systems f u n c t i o n j u s t  a s t h ey wo u l d in 

the re a l s p a c e c r a f t ( t h ey ev e n m a k e th e s a m e nois e a s t h ey wo u l d in or b i t ! ) . I n  

c o n t r a s t , t h e m o t i o n- b a s e d s i m u l a t o r is us e d t o p r a c t i c e a s c e n t a n d  r e-e n t ry skills 

a n d is h o u s e d o n  hyd r a u l i c j a c k s t o give t h e crew a n  a c c u r a t e s i m u l a t i o n o f  t h e 

l a u n c h a n d  l a n d i n g . A t  t h e b e g i n n i n g o f  s i m u l a t o r t r a i n i n g , a s t r o n a u t s a r e r e q u i r e d 

on ly t o  p e r f o r m s t a n d- a l o n e sessions. T h e  s t a n d- a l o n e sess i o n s , w h i c h typic a l ly l a s t 5 

o r  6 h r , h e l p t h e crew r e h e a r s e a p o r t i o n  o f  t h e m i s s i o n o n  t h e i r own u n d e r t h e 

g u i d a n c e o f  i n s t r u c t o r s . O n c e a n  a s t r o n a u t  h a s a c q u i r e d a t h o r o u g h  k n o w l e d g e o f  a 

p a r t i c u l a r p h a s e o f  t h e m i s s i o n , th e i n s t r u c t o r s " h e l p " by de l i b e r a t e ly i n t e r f e r i n g 

d u r i n g t h e s i m u l a t i o n . T h e s e p r e m e d i t a t e d a c t s o f  s a b o t a g e i n c l u d e m a l f u n c t i o n s , 

su c h a s a failed en g i n e p r i o r  t o d e-o r b i t b u r n  o r  c a b i n d e p r e s s u r iz a t i o n . A s t h e crew 

p r o g r e s s e s , t h e s t a n d- a l o n e s i m u l a t i o n s b e c o m e pr o g r e s s i v e ly mo r e di f f i c u l t a s 

c r e w m e m b e r s be g i n t o  i n t e r a c t n o t  o n ly w i t h t h e i r as s i g n e d S i m u l a t i o n S u p e r v i s o r 

( S i m S u p in N A S A e s e ) , b u t  a l s o w i t h fl i g h t c o n t r o l l e r s a n d  o t h e r  a s t r o n a u t s . O n c e 

th e cr e w h a s c o m p l e t e d th e s t a n d- a l o n e s i m u l a t i o n p h a s e , t h ey mov e o n to th e 

i n t e g r a t e d s i m u l a t i o n s ( k n o w n i n N A S A p a r l a n c e a s integrated sims), w h i c h is wh e r e 
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t h i s c h a p t e r  b e g i n s . B u t , b e f o r e d e s c r i b i n g t h e i n t e g r a t e d sim p h a s e , it is n e c e s s a ry t o  

i n t r o d u c e  t h e i n s t r u c t o r s  t a s k e d w i t h f i n e- t u n i n g t h e ski l l s o f  t h o s e p r e p a r i n g  f o r 

s p a c e . 

C H O R E O G R A P H I N G  C H A O S 

I n  S p a c e f l i g h t T r a i n i n g  a n d  F a c i l i ty O p e r a t i o n s  ( S T F O ) , i n s t r u c t o r s  ( P a n e l 10.1) 

t r a i n  t h e c r e w a n d  t h e fl i g h t c o n t r o l l e r s . H e r e , i n t e g r a t e d s i m s i n v o l v i n g t h e fl i g h t 

c r e w a n d  t h e  f l i g h t c o n t r o l l e r s a r e  o r c h e s t r a t e d  by a hi g h ly q u a l i f i e d c a d r e  o f  

i n s t r u c t o r s . T h e i r  j o b  is t o  m a k e  life m i s e r a b l e by p r e s e n t i n g all m a n n e r  o f  i n t r i c a t e 

f a i l u r e s c e n a r i o s a n d  e n s u r i n g a s t e a dy s t r e a m  o f  syst e m fai l u r e s ! T o  a c h i e v e t h i s , t h e 

S T F O  t e a m  w o r k  cl o s e ly w i t h t h e c r e w i n t h e c o c k p i t s i m u l a t o r  a n d  t h o s e s t a t i o n e d 

i n t h e  M i s s i o n C o n t r o l  C e n t e r  ( M C C ) . W h i l e s e a t e d in t h e i r s i m u l a t o r , p r i m a ry fli g h t 

d i s p l ays ( P F D s )  feed t h e a s t r o n a u t s  c o m p u t e r- g e n e r a t e d  i m a g e s o f  w h a t  w o u l d 

a p p e a r  d u r i n g  a n  a c t u a l  m i s s i o n , w h i l e fl i g h t c o n t r o l l e r s see t h e d a t a  o n  t h e i r M C C  

w o r k s t a t i o n s ,  j u s t  a s t h ey w o u l d d o  d u r i n g  fli g h t . By t r a i n i n g  fl i g h t c o n t r o l l e r s a n d  

c r e w t o r e a c t t o  t h e d a t a  a s t h ey w o u l d d u r i n g  t h e a c t u a l  m i s s i o n , t h e t r a i n i n g fo c u s e s 

b o t h  syst e m s exp e r t i s e a n d  t h e c o m m u n i c a t i o n  a n d  c o o r d i n a t i o n  b e t w e e n t h o s e 

w o r k i n g o n  t h e g r o u n d  a n d  t h e c r e w i n s p a c e . 

P a n e l 10.1. S i m u l a t i o n i n s t r u c t o r s ' re s p o n s i b i l i t i e s 

T h e  s i m u l a t i o n t e a m is h e a d e d by th e T e a m  L e a d . He / s h e lead a t e a m o f  f o u r 

to ev e n i n s t r u c t o r  w h o w o r k in a r o o m  n e a r the M i s s i o n S i m u l a t o r . T h e  

Mi s i o n  S i m u l a t o r  t e a m  m o n i t o r  t h e  c r e w '  a c t i o n  a n d  i n t r o d u c e s  

m a l f u n c t i o n d u r i n g  a given s c e n a r i o . 

T h e  S i m S u p lead a t e a m o f  f o u r to ev e n i n s t r u c t o r s w h o w o r k in t h e 

S i m u l a t i o n C o n t r o l  A r e a ( S C A ) w i t h i n the M C C . T h e S C A t e a m g e n e r a t e 

s c e n a r i o s , w o r k  wi t h t h e M i s io n S i m u l a t o r  t e a m e n s u r i n g s c e n a r i o s a r e 

i n t r o d u c e d  c o r r e c t ly , a n d m o n i t o r  t h e fli g h t c o n t r o l  t e a m ' s d e c i s i o n s a n d  

a c t i o n . 

F o r  i m u l a t i o n s i n v o l v i n g t h e S p a c e S t a t i o n , t h e S t a t i o n T r a i n i n g  L e a d 

l e a d s a t e a m o f  in t r u c t o r s w h o w o r k in a n  I n t r u c t o r  S t a t i o n n e a r t h e S p a c e 

S t a t i o n  T r a i n i n g  F a c i l i ty ( S S T F ) . T h e  S S T F  t e a m g e n e r a t e s t h e s c e n a r i o s a n d  

m o n i t o r s  b o t h  t h e c r e w a n d  S p a c e S t a t i o n  fl i g h t c o n t r o l l e r a c t i o n s a n d  

i n t r o d u c e s m a l f u n c t i o n s d u r i n g  a given s c e n a r i o . 

T h e  T e a m  L e a d , S i m S u p , a n d  S t a t i o n  T r a i n i n g  L e a d c o m m u n i c a t e  o v e r 

vo i c e l o o p s d u r i n g  t h e s i m u l a t i o n , e n s u r i n g e v e ryo n e is a w a r e o f  t h e s i t u a t i o n s 

a n d  ke e p s the t e a m s fo c u s e d o n  t h e o v e r a l l o b j e c t i v e s . 
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P r i o r t o c o n d u c t i n g a n  i n t e g r a t e d sim, th e SimSup a n d  th e S C A t e a m si t d o w n 

an d g e n e r a t e sc e n a r i o s f o r a d ay' s activity, which is a littl e b i t like wr i t i n g a scr i p t . 

A f t e r t h e sc r i p t s have been w r i t t e n , th e Sim S u p co m b i n e s t h e m i n t o a s c r i p t p a c k a g e 

t h a t will be use d for a specific sim. The s c r i p t p a c k a g e is t h e n d i s t r i b u t e d t o all te a m s 

involved i n t h e sim, suc h as t h e M C C . I n  a d d i t i o n t o i n t e g r a t e d sims be i n g m o r e 

com p r e h e n s i v e t h a n s t a n d-a l o n e sims, th e r e a r e o t h e r n o t a b l e differences. F o r  

example, d u r i n g s t a n d-a l o n e sims, when t h e M C C  is n o t  inv o l v e d , th e vehicle 

mission s i m u l a t o r te a m g e n e r a t e s the s c e n a r i o s a n d  executes t h e m while p r e t e n d i n g 

t o be M C C . I n  c o n t r a s t , d u r i n g a n  i n t e g r a t e d sim, the SCA t e a m ge n e r a t e s scen a r i o s , 

with th e vehicle s i m u l a t o r t e a m im p l e m e n t i n g th e sc e n a r i o s ' m a l f u n c t i o n s , while th e 

SCA t e a m observes a n d  e v a l u a t e s the flight c o n t r o l t e a m ' s res p o n s e . 

L e a d i n g th e s i m u l a t i o n is th e SimSup, who m u s t in t e r f a c e wi t h n o t only t h e flight 

c o n t r o l team(s) , b u t  als o all o f  th e c o m m u n i c a t i o n s a n d  t h e n e t w o r k systems. T h e 

SimSup is als o th e p e r s o n who c a n t h r o w in l a s t-m i n u t e glitches, such as b r e a k i n g a 

ce r t a i n c o m m u n i c a t i o n s l i n k o r  ca u s i n g a r a d a r  m a l f u n c t i o n . Ho w e v e r , while i t 

mi g h t s o u n d like fun t o t ry a n d t r i p u p a s t r o n a u t s , the s i m u l a t i o n i n s t r u c t o r s s c r i p t 

th e i r sc e n a r i o s very caref u l ly, en s u r i n g everyone is t h i n k i n g o n  a l a r g e r scale. F o r  

example, fail u r e s are n o t i n t r o d u c e d t o t h e timeline r a n d o m ly, b u t  a r e i n i t i a t e d with 

th e a i m o f  s t i m u l a t i n g t e a m pr o b l e m-so l v i n g skills. While some failures m ay n o t have 

a ny con s e q u e n c e for a ny system, the i n s t r u c t o r s o f t e n t h r o w in failures t h a t  aff e c t 

ma ny systems a t  once, whic h really messes u p  th e timeline a n d d e m a n d s close 

c o o r d i n a t i o n o f  the crew. Whi l e i t may a p p e a r s i m u l a t i o n i n s t r u c t o r s get p a i d t o be 

devious , th e i r objective is really j u s t t o t e s t th e cr e w ' s skill a n d  kno w l e d g e o f  

s p a c e c r a f t systems i n cr e a t i v e ways they d o n ' t  a n t i c i p a t e . By exercising th e i r 

m a l f u n c t i o n cr e a t i v i ty, s i m u l a t i o n i n s t r u c t o r s n o t only ens u r e th e crew focus o n  th e 

skills a n d  knowledge nece s s a ry fo r th e mis s i o n , b u t  also t r a i n th e crew t o c o r r e c t 

a n d / o r reco g n ize of f-no m i n a l c o n d i t i o n s in o n b o a r d systems. T o achieve th i s 

objective, s i m u l a t i o n i n s t r u c t o r s m u s t t h r o w ever tr i c k i e r cur v e balls, which is why 

mo s t sims a r e m o r e in t e n s e t h a n a n  a c t u a l mission. T h e m e t h o d b e h i n d th e ma d n e s s 

is cle a r : while e v e ryon e ' s u l t i m a t e go a l is a flawless mission, th e b e s t way to get t h e r e 

is n o t  t h r o u g h a flawless s i m u l a t i o n . 

MARATHON-INTEGRATED SIM 

T h e m a r a t h o n  sim (which some t i m e s la s t 36 hr!) us u a l ly ta k e s place som e time 

d u r i n g th e l a s t 10 weeks p r e c e d i n g l a u n c h . F o r  th e crew, th e m a r a t h o n  sim is as 

m u c h a t e s t o f  e n d u r a n c e as skill a n d pro f i c i e n cy, as the final weeks le a d i n g t o l a u n c h 

are some o f  th e m o s t gr u e l i n g o f  all. W i t h w o r k weeks r o u t i n e ly r u n n i n g t o 60 h r  o r  

more , t h e a s t r o n a u t ' s t r a i n i n g schedule is a b l u r o f  sims, EVA p r e p a r a t i o n , 

p r o c e d u r e t r a i n i n g , a n d  briefings. Q u a l i ty time with th e family becomes a d i s t a n t 

me m o ry, r o u t i n e desk w o r k is f o r g o t t e n , a n d l u n c h-b r e a k s a r e reduc e d fr o m h a l f  a n  

h o u r t o 10 m i n (o r less!) as th e mission qu i c k ly takes o v e r t h e cr e w m e m b e r ' s life. 

D u r i n g th e m a r a t h o n  sim, t h e crew divides its time between t h e vehicle mis s i o n 

s i m u l a t o r a n d  th e Space S t a t i o n T r a i n i n g F a c i l i ty (SST F ) . I n  a d d i t i o n t o th e 
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s i m u l a t o r s o c c u p i e d by the a s t r o n a u t s , th e Space S t a t i o n F l i g h t C o n t r o l R o o m , 

S i m u l a t i o n C o n t r o l R o o m , a n d several " b a c k  r o o m s "  a r e al s o i n t e g r a t e d i n t o th e 

dress r e h e a r s a l . Whi l e th e a s t r o n a u t s s p e n d every h o u r o f  th e sim i n th e s i m u l a t o r s , 

th e flight c o n t r o l l e r s a n d  s i m u l a t i o n i n s t r u c t o r s r o t a t e in t e a m s a r o u n d  t h e cloc k . 

T h e fir s t 24 h r  reviews th e first 2 days o f  th e mi s s i o n , a f t e r wh i c h ISS flight 

c o n t r o l l e r s j o i n  t h e sim f o r r e n d ezv o u s a n d  d o c k i n g act i v i t i e s . Ob v i o u s ly, p l a n n i n g a 

sim l a s t i n g 36 h r  t a k e s weeks o f  c a r e f u l p r e p a r a t i o n . I n c o m m o n wit h th e s t a n d•

a l o n e sims, th e m a r a t h o n- i n t e g r a t e d sim is full o f  selected e r r o r s , m a l f u n c t i o n s , a n d  

m i s h a p s , e a c h de s i g n e d t o te s t th e crew a n d  th e flight c o n t r o l l e r s . Ho w e v e r , th e s c r i p t 

serves on ly as a gu i d e l i n e a n d  c a n be c h a n g e d w i t h a few k eyst r o k e s o r  a few clicks o f  

a m o u s e . As th e i n s t r u c t o r s t h r o w wr e n c h e s i n t o th e sim, th e crew w o r k t h e i r way 

t h r o u g h p r o c e d u r e s d e s i g n e d t o solve th e gli t c h e s , unti l , finally, t h e sim com e s to a n 

end . As s o o n as th e sim is over, th e a s t r o n a u t s review the les s o n s l e a r n e d a n d  j u m p  

b a c k i n t o t h e i r fr e n e t i c sche d u l e . 

F L I G H T S U R G E O N P H Y S I C A L EXAM 

T h i r ty days be f o r e l a u n c h , a s t r o n a u t s u n d e r g o a me d i c a l exa m i n a t i o n , u s u a l ly 

re f e r r e d t o as t h e L-30 exam. T h e exa m i n a t i o n ( T a b l e 10.1) is a r o u t i n e physic a l 

t a k i n g no m o r e t h a n  60 min. As w i t h all me d i c a l exa m i n a t i o n s a s t r o n a u t s m u s t 

u n d e r g o , th e d a t a  f r o m th e L-30 exam a r e e n t e r e d i n t o N A S A ' s L o n g i t u d i n a l S t u dy 

o f  A s t r o n a u t  H e a l t h ( L S A H ) , a n  o n g o i n g re s e a r c h p r o t o c o l t h a t  b e g a n in 1992 to 

exam i n e th e l o n g-t e r m physio l o g i c a l effects o f  spa c e fligh t o n a s t r o n a u t s . 

Tab l e 10.1. L-30 flight surg e o n physical exam i n a t i o n for l o n g-d u r a t i o n crews . 

Test Description 

Vital signs • Pulse a n d bl o o d press u r e re c u m b e n t , sitting, s t a n d i n g 

• Body te m p e r a t u r e 

• Re s p i r a t o ry rat e 

• Hei g h t a n d weight 

H e a d a n d face • N a s a l m u c o s a 

• Sinuses, maxillary, a n d f r o n t a l 

M o u t h  a n d t h r o a t • Ge n e r a l exam i n a t i o n 

E a r s • Exter n a l mea t u s , tympa n i c m e m b r a n e 

• Res p o n s e to Valsalva 

Eyes • Ge n e r a l a p p e a r a n c e 

• Extr a-o c u l a r move m e n t s 

• Pup i l rea c t i v i ty 

• Op h t h a l m o s c o p i c exam 
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Table 10.1. continued 

Test Description 

N e c k • T hyr o i d 

• Va s c u l a r exam 

• M o t i o n 

C h e s t a n d  lungs • C a r d i o v a s c u l a r exam: 

o C a r d i a c a u s c u l t a t i o n s 

o C a r o t i d a n d ven o u s u p s t r o k e s 

o P e r i p h e r a l pulses 

A b d o m e n • A u s c u l t a t i o n 

• P a l p i t a t i o n o f  m a j o r o r g a n s a n d h e r n i a t i o n s 

R e c t u m a n d a n u s • P r o s t a t e exam for males 

• Rec t a l v a u l t 

• Occ u l t b l o o d tes t i n g 

G e n i t o u r i n a ry • A p p e a r a n c e 

• G e n e r a l exam 

• H e r n i a t i o n s 

Br e a s t exam 

Pelvic exam • P a p s m e a r fo r female c r e w m e m b e r 

Extre m i t i e s • R a n g e-o f-m o t i o n 

• Ge n e r a l s t r e n g t h asses s m e n t s o f  1-5 scale 

Spine • G e n e r a l a p p e a r a n c e a n d mo b i l i ty 

Skin • Lymp h a t i c s 

• Id e n t i fyin g b o dy m a r k s 

N e u r o l o g i c • S t a n d a r d f u n c t i o n a l a n d gait exam 

PACKING FOR SPACE 

P a c k i n g for a 6-m o n t h ISS mission is little d i f f e r e n t fr o m p a c k i n g for a c a m p i n g tr i p 

o r a h o l i d ay a b r o a d . A s t r o n a u t s re q u i r e ch a n g e s o f  c l o t h i n g , t o o t h p a s t e , s h a m p o o , 

d e o d o r a n t , music , a n d even i-Pods! H e l p i n g the a s t r o n a u t s p a c k is a F l i g h t 

E q u i p m e n t Pro c e s s i n g As s o c i a t e ( F E P A ) , a U n i t e d Space Alli a n c e (U S A ) employee, 

whose j o b  it is to p a c k all the cr e w ' s c l o t h i n g , crew prefere n c e s , hygiene a n d p e r s o n a l 

items in a me t i c u l o u s a n d sp a c e-sav i n g fash i o n . F o r  a s t r o n a u t s who re g u l a r ly log 60-

h r w o r k weeks as the l a u n c h d a t e a p p r o a c h e s , the F E P A is a go d s e n d . While p a c k i n g 

for a n ISS i n c r e m e n t m i g h t n o t  a p p e a r t o be a p a r t i c u l a r ly ti m e-co n s u m i n g ch o r e , 
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a nyt h i n g t h a t  flies i n t o s p a c e is s u b j e c t t o a l a byr i n t h i n e series o f  f l i g h t-pr o c e s s i n g 

c h e c k s a n d  r e q u i r e m e n t s . T o  as s i s t t h e cr e w in de c i d i n g w h i c h i t e m s t o t a k e , t h e r e is 

a C r e w O p t i o n s L i s t ( C O L ) . S o m e i t e m s o n  t h e C O L  i n c l u d e w a t c h e s , h a n d k e r c h i e f s , 

s e a t c u s h i o n s , a n d  s a f e ty helm e t s . T h e s e ite m s a r e u s u a l ly pl a c e d in t h e a s t r o n a u t ' s 

p e r s o n a l b e l o n g i n g s l o c k e r o n b o a r d  t h e s p a c e c r a f t . A s t r o n a u t s  h a v e b e e n k n o w n t o 

b r i n g a l o n g p e n n a n t s  w i t h t h e i r col l e g e n a m e o n  t h e m , s h i r t s , f a v o r i t e b o o k s , i-P o d s 

l o a d e d w i t h t h e i r f a v o r i t e m u s i c ( T a b l e 10.2), a n d  sp e c i a l it e m s f r o m family me m b e r s 

a n d  fri e n d s . 

C r e w m e m b e r s a l s o h a v e a P e r s o n a l P r e f e r e n c e K i t  ( P P K ) in wh i c h t h ey c a n fly u p 

t o 20 p e r s o n a l it e m s , a l t h o u g h t h e s e it e m s m u s t be very sm a l l b e c a u s e t h e b a g in 

wh i c h t h ey a r e c a r r i e d i s n ' t  m u c h l a r g e r t h a n  a t e n n i s ball! F o r  l a r g e r i t e m s , e a c h 

m i s s i o n flies t h e Of f i c i a l F l i g h t K i t  ( O F K ) ,  c o m p r i s i n g a list o f  ite m s a p p r o v e d 

t h r o u g h  off i c i a l N A S A  c h a n n e l s . I t e m s in t h e O F K  ( T a b l e 10 . 3) a r e u s u a l ly flown o n 

r e q u e s t s f r o m fo r e i g n g o v e r n m e n t s a n d  p r o f e s s i o n a l o r g a n iz a t i o n s . S o m e o f  t h e 

l a r g e r i t e m s flown i n t h e O F K  h a v e i n c l u d e d flags o f  fo r e i g n c o u n t r i e s , p a t c h e s , o r  

o t h e r sp e c i a l a w a r d s t h a t  a r e p r e s e n t e d l a t e r t o h o n o r e e s o f  a n  o r g a n iz a t i o n . T o  

m a k e s u r e t h e c r e w ' s c l o t h i n g a n d  i t e m p r e f e r e n c e s a r e h a n d l e d c o r r e c t ly, t h e F E P A  

w o r k s exten s i v e ly wi t h cr e w r e p r e s e n t a t i v e s a n d  US en g i n e e r s . O n c e all t h e it e m s 

h a v e b e e n sel e c t e d a n d  p a s s e d m u s t e r , t h e F E P A  a r r a n g e s f o r a b e n c h review a 

m o n t h  p r i o r  t o l a u n c h , whi c h all o w s t h e crew a final o p p o r t u n i ty to see h o w t h e i r 

c l o t h i n g a n d  p e r s o n a l it e m s a r e p a c k e d fo r flight a n d  p e r h a p s  t o m a k e a ny la s t•

m i n u t e c h a n g e s . 

T a b l e 10.2. R o b e r t  T h i r s k ' s m u s i c s e l e c t i o n (I S S Exp e d i t i o n 20 / 21 , 2009) . 

Artist 

J a c k s o n  B r o w n e 

R o l l i n g S t o n e s 

V a n M o r r i s o n  

T h e  A l a n P a r s o n s  P r o j e c t 

R a d i o  h e a d 

T h e  B e a t l e s 

D i a n a  K r a l l 

J e n n i f e r W a r n e s  

J o n i M i t c h e l l 

F e i s t 

Will i e N e l s o n 

Vi v a l d i 

H o l s t  

Album 

R u n n i n g  o n  E m p ty 

T h e  Best o f  t h e R o l l i n g S t o n e s 

T h e  Best o f  V a n  M o r r i s o n  

C o l l e c t i o n 

O K  C o m p u t e r  

A b b ey R o a d  

Live in P a r i s 

F a m o u s  Blue R a i n c o a t  

Blue 

L e t i t D i e 

S t a r d u s t  

T h e  F o u r  S e a s o n s 

T h e  P l a n e t s 
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Table 10.3. R o b e r t T h i r s k ' s official flight k i t (ISS Expe d i t i o n 20 / 21, 2009). 

Organization represented 

N a t i o n a l R e s e a r c h C o u n c i l 

M o n t r e a l N e u r o l o g i c a l I n s t i t u t e 

Pr i m e M i n i s t e r ' s A w a r d 

C a n a d i a n Sp a c e Agency 

C a n a d i a n Univer s i t i e s 

C a n a d a 

G l e n b o w M u s e u m 

M a n i t o b a M u s e u m 

Un i v e r s i ty o f  C a l g a ry 

C a n a d a C o u n c i l f o r the A r t s 

Item description 

3-D a l u m i n u m replica o f  t h e N R C  b a d g e 

N o . 4 Penfield diss e c t o r . T h e d i s s e c t o r is a c o m m o n ly 

used n e u r o s u r g i c a l i n s t r u m e n t . A physic i a n h i m s e l f , B o b 

t o o k t h e d i s s e c t o r i n t o sp a c e as a symbo l o f  med i c a l 

i n n o v a t i o n 

T e a c h i n g Excellence A w a r d Pi n . T a k e n in h o n o r  o f  the 

e d u c a t i o n a l valu e o f  his mis s i o n 

I n t e r f e r o m e t e r I n s t r u m e n t . T h e i n s t r u m e n t was first 

flown in 1984 o n M a r c G a r n e a u ' s ( f o r who m B o b was 

b a c k u p ) mis s i o n 

B o b p e r f o r m e d several re s e a r c h exper i m e n t s o n b o a r d  t h e 

ISS a n d  b r o u g h t a p a t c h fo r e a c h expe r i m e n t he 

c o n d u c t e d 

C a n a d i a n F l a g , which r e m a i n e d o n ISS 

A r t i f a c t- c a p b a d g e o f  C a p t a i n M ay, a C a n a d i a n W o r l d 

W a r  I flying ace a n d  p i o n e e r bu s h p i l o t 

Arc t i c Disc o v e r i e s M e d a l 

I r o n  ring, i n h o n o r  o f  D a n  Me r c i e r , a fo r m e r c l a s s m a t e o f  

B o b ' s 

Tw o G o v e r n o r G e n e r a l L i t e r a ry Aw a r d-wi n n i n g b o o k s 

a s a symbo l o f  t h e valu e o f  lit e r a cy 
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A c o u p l e o f  weeks b e f o r e l a u n c h , th e crew fly fr o m J S C t o  K S C for t h e T e r m i n a l 
C o u n t d o w n D e m o n s t r a t i o n  T e s t ( T C D T ) , th e final d r e s s r e h e a r s a l f o r l a u n c h t h a t  

follows a l m o s t  all th e st e p s o f  a n  a c t u a l l a u n c h excep t f o r t a n k  fuelling a n d  t h e a c t u a l 

i g n i t i o n se q u e n c e . Bef o r e t h e T C D T  begins, h o w e v e r , t h e crew h a s a b u sy sc h e d u l e 

o f  o t h e r  ac t i v i t i e s , o n e o f  w h i c h is l e a r n i n g h o w to d r i v e a n  a r m o r e d p e r s o n n e l 

c a r r i e r (APC)! 

Driving the M-113 escape tank 

T h e M -113 ( F i g u r e I 0.1) is us e d by t h e p a d  rescue t e a m to ext r a c t flight crew 

m e m b e r s , c l o s e o u t m e m b e r s , o r  final i n s t r u c t i o n t e a m m e m b e r s d u r i n g a l a u n c h 

flow. F i r s t d e v e l o p e d in t h e 1960s, N A S A h a s f o u r o f  t h e m , all o f  which a r e ut i l ized 

o n l a u n c h day. T o  b e c o m e p r o f i c i e n t in d r i v i n g t h e M-113 ta k e s a b o u t  15 m i n a n d  

e a c h a s t r o n a u t  m u s t b e c l e a r e d t o  dr i v e t h e vehicle in t h e e v e n t o f  w h a t N A S A  likes 

t o re f e r t o a s a M o d e  1 Eg ress. A M o d e I Egre s s is a self-eg ress i n whic h t h e crew 

w o u l d exit t h e s p a c e c r a f t a n d  u s e a r o l l e r c o a s t e r es c a p e syste m t o a b u n k e r , b e f o r e 
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F i g u r e 10.1. A s t r o n a u t s p u t  N A S A ' s M-113 es c a p e t a n k t h r o u g h it s paces be f o r e t h e 

T e r m i n a l C o u n t d o w n D e m o n s t r a t i o n Te s t . I m a g e c o u r t e sy : NA S A . 

dr i v i n g a n  M-113 t o safety. I f  all goes well, a s t r o n a u t s s h o u l d be able t o ingress th e 

M-113 in less t h a n  5 min. 

A f t e r fulfilling m a ny a k i d ' s d r e a m o f  dr i v i n g a t a n k a t  high speed, th e a s t r o n a u t s 

a t t e n d a fire a n d  saf e ty re m i n d e r briefing, reviewing th e de t a i l s o f  th e d i f f e r e n t 

h aza r d s in a n  emergency. F o r  exampl e , they ar e rem i n d e d whic h fuels they mi g h t be 

expose d to o n  th e l a u n c h p a d . F o l l o w i n g t h e fire a n d safety briefing, they a t t e n d a 

secur i ty briefing, a f t e r whic h they meet u p wi t h th e F E P A  t o check th e items they 

req u e s t e d d u r i n g la u n c h . T h e d ay of t e n en d s with d i n n e r a t  t h e Beach H o u s e w i t h 
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some o f  the KS C M a n a g e m e n t team. T h e Beach H o u s e , a cozy ho u s e per c h e d ab o v e 

the du n e s a t  the edge o f  a pr i s t i n e bea c h , is a bui l d i n g stee p e d in N A S A hi s t o ry, a n d 

one t h a t a s t r o n a u t s o f t e n visit wi t h th e i r families before l a u n c h . 

Emergency egress procedures 

The next d ay begins wi t h lectures, most ly con c e r n i n g th e i m p e n d i n g T C D T  a n d the 

c o n d i t i o n o f  the vehicle a n d the spa c e c r a f t . T h e lectures usual ly last un t i l lun c h t i m e . 

As with all meals, the a s t r o n a u t s e a t in the i r crew q u a r t e r s bef o r e being bussed to the 

l a u n c h p a d for a h a l f-h o u r press conf e r e n c e in f r o n t o f  th e vehicle. F o l l o w i n g the 

q u e s t i o n-a n d-a n s w e r session, the crew rides the e l e v a t o r to the l a u n c h tow e r a n d 

reviews the ingress a n d emergency egress p r o c e d u r e s they will use d u r i n g the T C D T  

the following day. One o f  the items o f  e q u i p m e n t they pay p a r t i c u l a r a t t e n t i o n t o is 

the emergency escape system (F i g u r e 10.2 a n d Pa n e l 10.2), which resembles a 

ro l l e r c o a s t e r in m o r e ways t h a n one! 

Figure 10.2. N A S A ' s new emergency escape system . N o t e the r o l l e r c o a s t e r system in the 

r i g h t o f  the image. I m a g e cou r t e sy: NAS A . 
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P a n e l 10.2. N A S A ' s  r o U e r c o a s t e r e m e r g e n cy es c a p e syst e m 

F o l l o w i n g  t h e r e t i r e m e n t o f  t h e S p a c e S h u t t l e in 2010, N A S A  will r e p l a c e its 

c u r r e n t  s l i d e wir e e s c a p e syst e m w i t h t h e A r e I E m e r g e n cy E s c a p e Syst e m 

( E E S ) . T h e  E E S c o m p r i es t h r e e m u l t i- p a s e n g e r c a r s  o n a s e t o f  rail 

r e m i n i c e n t o f  a r o l l e r c o a s t e r . * It p u r p o  e i t o t r a n s p o r t  a t r o n a u t  a n d  

g r o u n d  c r e w q u i c k ly f r o m t h e ve h i c l e o n t h e l a u n c h  p a d t o a p r o t e c t i v e 

c o n c r e t e  b u n k e r  i n c a  e o f  a n  e m e r g e n cy . T h e  r a i l c a r , e a c h c a p a b l e  o f  h o l d i n g 

six a s t r o n a u t  , w o u l d r i d e u n p o w e r e d  d o w n  t h e l a u n c h t o w e r v e r t i c a l ly( ! ) a n d  

be d e c e l e r a t e d u s i n g a p a s ive a n d  m a g n e t i c f r i c t i o n b r a k i n g  sy tern. W h e n  

o p e r a t i o n a l ,  t h e E E S will be c a p a b l e  o f  t r a n s p o r t i n g  u p t o 12 p e r s o n n e l (six 

fl i g h t c r e w m e m b e r s a n d  six cl o e o u t  c r e w ) f r o m t h e l o a d i n g p l a t f o r m  t o in ide 

t h e b u n k e r  in le t h a n  2 min w i t h n o assi t a n c e f r o m fire / r e s c u e p e r s o n n e l . 

I n  t h e o ry , t h e E E S  will be a b l e t o  t r a n s p o r t  a s t r o n a u t s  t o s a f e ty i n less t h a n  2 m i n . 

W h i l e t h i s a m o u n t  o f  t i m e m i g h t  be s u f f i c i e n t f o r a fue l l e a k s c e n a r i o , f o r m o s t  

e m e r g e n cy s c e n a r i o s i n v o l v i n g a fully fue l l e d r o c k e t , t h e r o l l e r c o a s t e r  d e s i g n j u s t  

give s t h e a s t r o n a u t s  s o m e t h i n g  t o t h i n k  a b o u t  b e f o r e t h ey di e . 

T e r m i n a l  c o u n t d o w n d e m o n s t r a t i o n t e s t 

T h e  f o l l o w i n g d ay , t h e c r e w e a t s  b r e a k f a s t  a t  6. 3 0 a n d  g o e s d i r e c t ly t o  t h e O p e r a t i o n s  

a n d  C h e c k o u t  B u i l d i n g , w h e r e t h ey d r e s s u p  i n t h e i r p u m p k i n- c o l o r e d  s p a c e s u i t s . A t  

a b o u t  7. 4 5 , t h ey a s s e m b l e a s a g r o u p  a n d  exit t h e b u i l d i n g t o  t h e A s t r o v a n .  E v e n 

t h o u g h  t h e T C D T  is o n ly a p r a c t i c e , t h e r e a r e  u s u a l ly s e v e r a l d o z e n  p e o p l e  w a v i n g 

a n d  c h e e r i n g . T h e  d r i v e t o  t h e p a d  t a k e s b e t w e e n 10 a n d  15 m i n  a n d  is c o n d u c t e d  i n 

a c o n v oy w i t h f l a s h i n g b l u e l i g h t s , j u s t  like i t will be o n  l a u n c h  d ay . O n c e in t h e 

" w h i t e  r o o m " , t h e c r e w i n g r e s s t h e s p a c e c r a f t , p e r f o r m i n g  t h e s a m e p r o c e d u r e s  t h ey 

will p e r f o r m  i n 3 w e e k s ' t i m e , w h e n t h e  l a u n c h  will be f o r r e a l . A f t e r  lyin g o n  t h e i r 

b a c k s  f o r a c o u p l e  o f  h o u r s  c o n d u c t i n g  c o m m u n i c a t i o n  t e s t s a n d  t i c k i n g o f f  t h e 

c o u n t d o w n  c h e c k s , t h e  T C D T  fi n i s h e s w i t h t h e c r e w p e r f o r m i n g  a M o d e  1 eg r e s s . I n  

p a i r s , t h e a s t r o n a u t s  exi t t h e s p a c e c r a f t a n d  w a l k t h r o u g h  t h e w h i t e r o o m ,  p a s t  t h e 

e l e v a t o r s , a n d  s t r a p  t h e m s e l v e s i n t o  t h e  r o l l e r c o a s t e r  s e a t s . I f  t h e e m e r g e n cy w a s r e a l , 

t h e a s t r o n a u t s  w o u l d  sl i d e d o w n  t h e  g a n t ry a t  s o m e s p e e d a n d  e n d  u p  i n s i d e t h e 

b u n k e r ,  w h e r e t h ey w o u l d s t ay u n t i l t h e t h r e a t  h a d  p a s s e d o r  t h ey w o u l d d r i v e t h e 

M-113 t o  a p r e- a r r a n g e d  h e l i c o p t e r p i c k u p  p o i n t .  F o r  t h e T C D T ,  i t is c o n s i d e r e d  t o o  

r i s ky t o  p r a c t i c e ! 

* A p p a r e n t ly , one o f  the lead mec h a n i c a l engineers a t KSC is a ro l l e r c o a s t e r fan a t i c , a n d 

some w o n d e r i f he had a nyth i n g to d o with the design choice! 
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A f t e r  t h e  T C D T ,  t h e  a s t r o n a u t s  h e a d  b a c k  t o  H o u s t o n .  W i t h  less t h a n  3 w e e k s t o  

g o , m o s t  o f  t h e  t r a i n i n g  is o v e r . F o r  t h o s e  c o n d u c t i n g  E V A s , t h e r e  will b e o n e  f i n a l 

p r a c t i c e  s e s s i o n i n t h e  N e u t r a l  B u oy a n cy L a b o r a t o ry ( N B L ) , a n d , f o r t h e  p i l o t s , 

t h e r e  will b e s o m e  f i n e- t u n i n g  o f  t h e i r s k i l l s i n t h e  s i m u l a t o r .  T e n  d ay s b e f o r e l a u n c h ,  

a s t r o n a u t s  u n d e r g o  a n o t h e r  m e d i c a l ex a m i n a t i o n  ( u s u a l ly c a l l e d t h e  " L-10 " ) ,  w h i c h 

t a k e s a b o u t  30 m i n  a n d  a s s e s s e s v i t a l s i g n s , e a r , n o s e , a n d  t h r o a t ,  c h e s t  a n d  l u n g s , 

a b d o m i n a l ,  ext r e m i t i e s , a n d  n e u r o l o g i c  f u n c t i o n .  T h e  L-1 0 ex a m  a l s o  i n c l u d e s s w a b s  

a n d  o t h e r  t e s t s t o  m a k e  s u r e c r e w m e m b e r s  a r e n ' t  i n f e c t e d w i t h  a ny ill n e s s . A f t e r  t h e  

exa m , N A S A  l i m i t s a s t r o n a u t  c o n t a c t  w i t h o t h e r  p e o p l e , a l t h o u g h  f o r m a l  q u a r a n t i n e  

s t a r t s  3 d ay s l a t e r . 

QUARANTINE 

A w e e k b e f o r e  l a u n c h , t h e  a s t r o n a u t s  e n t e r  q u a r a n t i n e  i n N A S A ' s  A s t r o n a u t  

Q u a r a n t i n e  F a c i l i ty ( A Q F ) , l o c a t e d  a t  J S C . T h i s  p r e c a u t i o n  is t a k e n  b e f o r e e v e ry 

m i s s i o n , s i n c e t h e  c o n s e q u e n c e s  o f  a n  a s t r o n a u t  g e t t i n g  s i c k a r e  s e r i o u s ; e v e n a 

c o m m o n  c o l d  c a n  h a v e  a m i s s i o n i m p a c t  i f  a c r e w m e m b e r  is u n a b l e  t o  c l e a r  t h e i r  e a r s  

d u e  t o  c o n g e s t i o n ,  e s p e c i a l ly w i t h  t h e  c h a n g e s  i n p r e s s u r e  r e q u i r e d  f o r a s p a c e w a l k . 

Q u a r a n t i n e  is s t r i c t , w i t h  t h e  c r e w s u r g e o n  b e i n g i s o l a t e d w i t h  t h e  a s t r o n a u t s  a n d  

a ny o n e  exh i b i t i n g  s i g n s o f  i l l n e s s b e i n g p r o h i b i t e d  f r o m  w o r k i n g  w i t h  t h e  c r e w . 

T h e  A Q F  ( F i g u r e  10.3) c o n s i s t s o f  12 b e d r o o m s  w i t h  p r i v a t e  b a t h s ,  a l a r g e 

c o n f e r e n c e  r o o m ,  l a u n d ry f a c i l i t i e s , a k i t c h e n  a n d  d i n i n g  f a c i l i ty , c o m p u t e r  

w o r k s t a t i o n s , a w o r k o u t  r o o m ,  a m e d i c a l ex a m  r o o m  f o r  p r e  a n d  p o s t f l i g h t  

e v a l u a t i o n s ,  a n d  a l o u n g e  a r e a  f o r  m e e t i n g s w i t h  m e d i c a l ly a p p r o v e d  v i s i t o r s . 

A l t h o u g h  t h e  p a c e  o f  t r a i n i n g  s l o w s d o w n  i n q u a r a n t i n e ,  m i s s i o n t r a i n e r s  st i l l f i n d 

t i m e t o  s c h e d u l e a l a u n c h  s i m u l a t i o n  o r  t w o . T h e  i n s t r u c t o r s  k e e p a f i n a l s e r i e s o f  

l a u n c h  a n d  a s c e n t  r u n s  f o r  t h e  v e ry e n d  t o  e n s u r e  t h e  a s t r o n a u t s ' r e f l exes a r e  fin e•

t u n e d  a n d  r e a dy f o r  t h e  r e a l e v e n t . U s u a l ly, t h e  f i n a l s i m c o n s i s t s o f  f o u r  d i f f e r e n t 

l a u n c h  s c e n a r i o s  a n d ,  a s  u s u a l , t h e  c r e w h a s  t o  r e s p o n d  t o  al l s o r t s  o f  s i m u l a t e d  

Figure 10.3. N A S A ' s A s t r o n a u t Qu a r a n t i n e Facility. Image courtesy: NASA. 
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failures, b u t  only d u r i n g the first three. T h e f o u r t h s i m u l a t i o n is a com p l e t e ly no r m a l 

asc e n t , which serves as a gift from the i n s t r u c t o r s t o th e crew. I t ' s  th e i r way o f  

wishing the crew g o o d luck . F o r  the crew, who are by now c o n d i t i o n e d to expect a 

nev e r-end i n g series o f  ma l f u n c t i o n s , th e n o r m a l as c e n t is a big surpr i s e ; a f t e r 

s p e n d i n g so m u c h time in the sims t r a i n i n g to r e s p o n d to o n e glitch a f t e r a n o t h e r , 

m o s t o f  th e crew c a n ' t  rem e m b e r the la s t time they experienced a si m u l a t e d l a u n c h 

w i t h o u t a n  a l a r m going off! 

T h e a s t r o n a u t s st ay in th e A Q F for 2 o r  3 days bef o r e flying t o th e C a p e , where 

they ar e sub j e c t e d t o the same re s t r i c t i o n s in th e i r Crew Q u a r t e r s . T h a n k s to the 

r e d u c t i o n in the hectic pa c e o f  tr a i n i n g , the a s t r o n a u t s finally have the o p p o r t u n i ty 

to c a t c h th e i r collective b r e a t h . They ta k e a d v a n t a g e o f  the pr e c i o u s time to c a t c h u p 

o n  p a p e r w o r k , finalize t h e i r p r e f l i g h t p r e p a r a t i o n s , review flight p l a n s a n d  

p r o c e d u r e s , a n d focus o n th e im p e n d i n g final c o u n t . 
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" O h ! I h a v e sl i p p e d t h e s u r ly b o n d s o f  E a r t h  

A n d d a n c e d t h e skies o n  la u g h t e r-si l v e r e d wings ; 

S u n w a r d  I ' v e cl i m b e d , a n d  j o i n e d t h e t u m b l i n g m i r t h 

O f  s u n-s p l i t c l o u d s - a n d d o n e a h u n d r e d t h i n g s 

Y o u ha v e n o t  d r e a m e d o f- wheeled a n d  s o a r e d a n d sw u n g 

H i g h i n t h e s u n l i t silence. H o v e r i n g t h e r e , 

I ' v e c h a s e d t h e s h o u t i n g w i n d al o n g , a n d  flu n g 

My ea g e r c r a f t t h r o u g h fo o t l e s s halls o f  ai r . 

U p , u p  t h e l o n g d e l i r i o u s b u r n i n g b l u e 

I ' v e t o p p e d t h e wi n d-sw e p t he i g h t s wi t h easy grac e 

W h e re ne v e r l a r k , o r  even eagle flew . 

A n d  while w i t h si l e n t lif t i n g m i n d I ' v e t r o d  

T h e h i g h u n t r e s p a s s e d s a n c t i ty o f  space , 

P u t  o u t  my h a n d a n d  t o u c h e d the face o f  G o d . "  

High Flight, J o h n  Gillespie M a g e e , J r  

LAUNCH DAY 

F o r  t h e a s t r o n a u t s , l a u n c h d ay begins w i t h b r e a k f a s t p r e p a r e d by N A S A di e t i c i a n s . 

While s o m e m ay hav e a n  i m a g e o f  a s t r o n a u t s e n j oyin g a b r e a k f a s t o f  s t e a k , eggs, a n d  

coffee, t h e re a lity is s o m e w h a t d i f f e r e n t . F i r s t , m o s t a s t r o n a u t s a r e t o o d a m n  n e r v o u s 

t o e a t a nyt h i n g m o r e t h a n  h a l f  a slice o f  t o a s t a n d , s e c o n d , d u e to t h e effects o f  

h av i n g t o lie d o w n  f o r 3 h r  i n t h e s u p i n e p o s i t i o n , n o n e o f  t h e m so m u c h a s l o o k s a t 

a c u p o f  coffee. I n f a c t , m a ny o f  t h e a s t r o n a u t s , e m b a r r a s s e d a t  the t h o u g h t  o f  

h a v i n g t o use t h e M axi m u m A b s o r b e n cy G a r m e n t  ( M A G ) , i n t e n t i o n a l ly d e hyd r a t e 

themselves p r i o r  t o  l a u n c h . H o w e v e r , since t h e b r e a k f a s t is al s o a m a n d a t o ry p h o t o  

o p p o r t u n i ty f o r t h e pr e s s a n d  t h e N A S A m e d i a p e o p l e , t h e a s t r o n a u t s us u a l ly fake a 

car e f r e e smile a n d  p r e t e n d t o e a t . 

A f t e r t h e me a l , t h e cre w p e r f o r m s o n e final p r e l a u n c h br i e f i n g w e a r i n g t h e i r 

E. Seedhouse, Prepare for Launch, DOI 10.1007/978-1-4419-1350-0_ , 
© Springer Science + Business Media, LLC 2010 
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Figure 11.1. Exped i t i o n 19 c o m m a n d e r , c o s m o n a u t G e n n a dy P a d a l k a (second left) , 

pose s with a s t r o n a u t s , Michael B a r r a t t a n d Tim K o p r a , d u r i n g a preflig h t press 

conference a t  N A S A ' s J o h n s o n Space Cen t e r . Public Affairs Office m o d e r a t o r , Kylie 

Clem, is a t left . T h e crew wear th e i r t r a d i t i o n a l mission g o l f sh i r t s d u r i n g th e i r p r e l a u n c h 

briefing. I m a g e courtesy: NASA. 

t r a d i t i o n a l mis s i o n g o l f s h i r t s ( F i g u r e 11.1) bef o r e a t t e n d i n g a telec o n f e r e n c e to 

review the l a u n c h c o u n t d o w n s t a t u s a n d w e a t h e r for e c a s t . T h e w e a t h e r f o r e c a s t i s n ' t 

j u s t for K S C , b u t  also for the a b o r t  sites. F o r  exampl e , the vehicle c a n ' t  be l a u n c h e d 

if t h e w e a t h e r a t  t h e p r i m a ry t r a n s a t l a n t i c a b o r t  site (thi s m ay be Is t r e s in F r a n c e ) o r  

a l t e r n a t i v e a b o r t  sites (su c h as Z a r a g oz a in Sp a i n ) i s n ' t c o o p e r a t i n g . Next, the crew 

visit N A S A flight s u r g e o n s for on e final med i c a l exa m i n a t i o n be f o r e visiting the 

b a t h r o o m  for a final a t t e m p t to void t h e i r b l a d d e r s bef o r e s u i t i n g up. 

Suit-up 

O n l a u n c h d ay, the a s t r o n a u t ' s  first cha l l e n g e i s n ' t de a l i n g wi t h the a c c e l e r a t i o n 

stress following l a u n c h o r  a d j u s t i n g to weightlessness, b u t d o n n i n g the r a t h e r 

c u m b e r s o m e l a u n c h a n d e n t ry su i t (LES ) . I n fact, bec a u s e t h e s u i t-u p pr o c e s s is so 

c o m p l i c a t e d , t h e ca r e f u l ly c h o r e o g r a p h e d c o u n t d o w n a c t u a l ly allows a 45-min 

wi n d o w in ca s e a ny pr o b l e m occu r s . 
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Figure 11.2. A s t r o n a u t s su i t up , assisted by a Un i t e d Space Alliance suit technician. 

Im a g e courtesy: N A S A (see colour section). 

Because the suits are so a w k w a r d to p u t  on, each a s t r o n a u t has the i r own p e r s o n a l 

suit te c h n i c i a n who helps th e s o o n-t o-b e sp a c e f a r e r d o n th e i r suit ( F i g u r e 11.2 a n d 

Pa n e l 11.1 ). T h e pro c e s s o f  sui t i n g up s t a r t s early o n l a u n c h day, when a s t r o n a u t s go 

to the s u i t-up r o o m a t N A S A ' s K e n n e dy Space C e n t e r (KSC). T h e su i t-up r o o m is 

the same r o o m t h a t has been used by all a s t r o n a u t s since th e Ap o l l o missions. Here, 

with the help o f  U n i t e d Space Alliance (USA ) tec h n i c i a n s fr o m the Crew Escap e 
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E q u i p m e n t  G r o u p  ( C E E G ) , t h e a s t r o n a u t s  b e g i n t h e l e n g t hy p r o c e s s o f  p u l l i n g  o n  

t h e i r  d i s t i n c t i v e p u m p k i n  s u i t s . 

Panel 11.1. Spacesuit 

T h e  s p a c e u i t s t h e a s t r o n a u t s  w e a r  d u r i n g  l a u n c h  a n d  l a n d i n g  a r e  d e i g n e d t o 

h o l d c o m m u n i c a t i o n s  e q u i p m e n t , oxyge n t a n k  , p a r a c h u t e  , a n d  e n o u g h  w a t e r  

f o r a d ay. R a t h e r  t h a n  b e i n g d e s i g n e d t o w a l k a r o u n d  a n d  m o v e li k e a 

s p a c e w a l k i n g  s u i t , t h e l a u n c h  a n d  e n t ry u i t i d e s i g n e d t o k e e p t h e  a t r o n a u t  

a l i v e w h i l e t h ey a r e  s e a t e d . T o  a c h i e v e i t s f u n c t i o n , t h e e n e m b l e  c o m p r i s e  

e v e r a l l aye r s o f  t h i n  c l o t h i n g . T h e  o r a n g e  l aye r e v e ryo n e sees a s t h e  

a s t r o n a u t s  w a l k o u t  t o  t h e A s t r o v a n  o n  t h e i r w ay t o t h e  l a u n c h  p a d  i s i m p ly 

t h e t o p  l aye r , w h i c h a c t u a l ly c o m p r i  e t w o l aye r s . T h e  i n n e r  l aye r is a r u b b e r •

l i k e m a t e r i a l s i m i l a r t o  a w e t u i t ( t h i s c a n  be t h o u g h t  o f  a s t h e b a l l o o n  p a r t  o f  

t h e  u i t b e c a u e i t is w h a t  h o l d  t h e a i r  i f  t h e s u i t h a t o i n n a t e ) . T h e  o u t e r  p a r t  

o f  t h e  u i t is a n a m e- r e s i s t a n t  N o m ex m a t e r i a l t h a t  i m u c h  t r o n g e r  t h a n  t h e 

i n n e r  l aye r a n d  give s t h e s u i t i t h a p e . W i t h  t h e  h e l m e t , vi o r ,  a n d  g l o v e 

l o c k e d in p l a c e , t h e u i t ful ly e n c l o e t h e a s t r o n a u t  in a c o c o o n  i n n a t e d  t o  3 . 5 

p o u n d  p e r  q u a r e  in c h , w h i c h i a b o u t  t h e s a m e  a i r  p r e s s u r e a a p e r  o n  

w o u l d  find 30 , 000 feet a b o v e  E a r t h . 

T o  k e e p t h e a s t r o n a u t  a l i v e a f t e r  l a n d i n g , t h e h e l m e t i e q u i p p e d  w i t h a 

v a l v e t h a t  a l l o w a i r  in a f t e r  t h e oxyge n r u n s  o u t .  T h e  s u i t  is a l o e q u i p p e d  

w i t h a life r a f t  a n d  a b a i l i n g c u p  t o c o o p  w a t e r  o u t  o f  t h e in ide. O n c e  in t h e 

w a t e r , t h e a s t r o n a u t  h a s v a r i o u  t o o l t o h e l p t h e m a l e r t  re c u e  c r e w . F o r  

exa m p l e , a e t  o f  n a r e s  a r e  t u c k e d in i d e o n e  leg p o c k e t  a n d  a u r v i v a l r a d i o  i 

in a n o t h e r .  

F o r  t h e  C E E G  t e c h n i c i a n s ( w h i c h i n c l u d e s six i n s e r t i o n  t e c h n i c i a n s a n d  14 s u i t  

t e c h n i c i a n s ) , t h e  w o r k  is e v e n m o r e  d e m a n d i n g ,  s i n c e t h e  s u i t s h a v e  t o  b e c h e c k e d 

o u t  s e v e r a l d ay s in a d v a n c e  o f  a l a u n c h . F o r  ex a m p l e , e m e r g e n cy oxyg e n b o t t l e s  

m u s t  b e i n s p e c t e d a n d  i n s t a l l e d  i n t o  t h e  h a r n e s s e s , t h e  s u i t ' s  l i q u i d c o o l i n g  sys t e m 

m u s t b e c h e c k e d  t o  m a k e  s u r e i t ' s  n o t  l e a k i n g , t h e  s u i t m u s t  b e p r e s s u r i z e d t o  c h e c k  

f o r s u i t  l e a k s , a n d  t h e  t e c h n i c i a n s m u s t  p e r f o r m  a n  e n d- t o- e n d  c h e c k o f  t h e  

c o m m u n i c a t i o n  sys t e m . 

By t h e t i m e  t h e  a s t r o n a u t s  a r r i v e i n t h e  s u i t- u p r o o m , t h ey k n o w  t h e i r  s u i t s h a v e  

b e e n t h o r o u g h ly i n s p e c t e d  a n d  c a n  s t a r t  t h e  f i r s t s t a g e o f  d o n n i n g . O n e  o f  t h e  f i r s t 

i t e m s  o f  e q u i p m e n t  t h e c r e w d o n s is t h e  M ax i m u m  A b s o r b e n cy G a r m e n t  ( M A G ) , a n  

a d u l t  d i a p e r  d e s i g n e d t o  a b s o r b  t h e  i n e v i t a b l e r e l e a s e o f  l i q u i d w h i l e t h e  a s t r o n a u t s  

lie o n  t h e i r  b a c k s w a i t i n g  f o r l a u n c h .  T h e  f i r s t s e t o f  c l o t h i n g  t h e  a s t r o n a u t  d o n s  is a 

s e t o f  l o n g-s l e e v e a n d  l o n g- p a n t  t h e r m a l  u n d e r w e a r  l i n e d w i t h  t u b e s , t h r o u g h  w h i c h 

c o o l i n g  w a t e r  fl o w s a f t e r  t h e A d v a n c e d  C r e w  E s c a p e  S u i t  ( A C E S )  is d o n n e d .  T h e  

a s t r o n a u t  t h e n  s i t s i n a r e c l i n e r a n d  s t e p s i n t o  t h e  s u i t fee t f i r s t . T h i s  i n v o l v e s a few 
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gym n a s t i c m o v e s r e q u i r i n g  t h e  a s t r o n a u t  t o f i r s t b e n d  o v e r  b e f o r e p l a c i n g o n e  h a n d  

in, f o l l o w e d by t h e o t h e r  h a n d  a n d  w i g g l i n g t h e i r a r m s  t o t ry a n d  p u s h  t h r o u g h  t h e 

s u i t a r m s , h o p e f u l ly g e t t i n g t h e i r h e a d  s o m e w h e r e n e a r  t h e n e c k r i n g  i n t h e p r o c e s s . 

O n c e t h i s is a c h i e v e d , t h e a s t r o n a u t ' s  b a c k  is s t i c k i n g o u t ,  c o v e r e d i n b l u e u n d e r w e a r ;  

t h e a s t r o n a u t ' s  legs a n d  a r m s  a r e i n t h e s u i t , b u t  t h e r e s t o f  t h e  a s t r o n a u t  i s n ' t ! N ext , 

t h e a s t r o n a u t  f o r c e s t h e i r h e a d  i n t o  t h e s u i t ' s  m e t a l  n e c k r i n g , w h i c h w o u l d  be 

r e l a t i v e ly e a sy i f  i t w e r e n ' t f o r a t i g h t n e o p r e n e  d a m  t h a t  f o r m s a se a l a r o u n d  t h e 

a s t r o n a u t ' s  n e c k . T h e  d a m  is d e s i g n e d t o be t h e w i d t h  o f  t h e c r e w m e m b e r ' s n e c k , so 

i t ' s  v e ry t i g h t w h e n  t h e  a s t r o n a u t  t r i e s t o  p u s h  t h e i r h e a d  t h r o u g h  it. A f t e r  s o m e 

s t r u g g l i n g , s w e a t i n g ( by t h e  a s t r o n a u t  a n d  t h e s u i t t e c h n i c i a n ! ) , a n d  fee l i n g a l i t t l e 

d i s c o m b o b u l a t e d ,  t h e  a s t r o n a u t  is f i n a l ly e n s c o n c e d i n s i d e t h e s u i t . 

T h e  s u i t t e c h n i c i a n , a f t e r h a v i n g c h e c k e d e v e ryt h i n g l o o k s c o r r e c t , zips t h e s u i t 

cl o s e d a n d  h e l p s t h e a s t r o n a u t  w i t h t h e n ext s t a g e , w h i c h is d o n n i n g  t h e b o o t s . A f t e r 

t h e b o o t s ,  t h e h e l m e t a n d  gl o v e s a r e l o c k e d i n t o  p l a c e w i t h c o n n e c t i n g m e t a l r i n g s , b u t  

t h e s e a r e o n ly w o r n  l o n g  e n o u g h  f o r t h e s u i t t e c h n i c i a n s t o  c h e c k t h e e n s e m b l e f o r 

p r e s s u r e le a k s . O n c e  t h e p r e s s u r e c h e c k is c o m p l e t e d , t h e h e l m e t a n d  glove s a r e 

r e m o v e d u n t i l t h e a s t r o n a u t  is s e a t e d i n s i d e t h e s p a c e c r a f t . A l t h o u g h  t h e a s t r o n a u t  

a p p e a r s  t o be r e a dy t o  m a k e  h i s / h e r  w ay t o t h e s p a c e c r a f t , t h e s u i t t e c h n i c i a n s h a v e n ' t  

fi n i s h e d . T h ey p a c k  t h e a s t r o n a u t ' s  p o c k e t s w i t h s u r v i v a l g e a r s u c h a s fla r e s a n d  

r a d i o s , a n d  u s u a l ly s o m e p e r s o n a l  i t e m s s u c h a s p e n s a n d  f l a s h l i g h t s . F i n a l ly, a f t e r 

t h e i r p o c k e t s a r e s t u f f e d , t h e a s t r o n a u t s  a r e p r o p e r ly s u i t e d u p  i n t h e i r o w n  p r i v a t e 

c o c o o n  a n d  r e a dy t o  lea v e f o r t h e l a u n c h  p a d ,  b u t , b e f o r e t h ey b o a r d  t h e bu s , t h ey 

m u s t  e n g a g e i n a t i m e -h o n o r e d  N A S A  r i t u a l- a c a r d  game! T h e  c a r d  g a m e is a n  o l d 

N A S A  t r a d i t i o n  c a l l e d P o s s u m ' s  F a r g o ,  a f i g h t e r p i l o t g a m e i n w h i c h t h e w o r s t h a n d  

wins. O n c e t h e c o m m a n d e r  f i n a l ly loses his h a n d ,  t h e c r e w exits t h e O p e r a t i o n s  a n d  

C h e c k o u t  B u i l d i n g f o r t h e c r e w w a l k o u t  ( F i g u r e 11.3) p h o t o  o p p o r t u n i ty , a f t e r w h i c h 

t h ey b o a r d  N A S A ' s  si l v e r A s t r o v a n  ( F i g u r e 11.4) f o r t h e i r r i d e t o  t h e l a u n c h p a d . 

Inside the Astrovan 

I n s i d e t h e v a n , t h e a s t r o n a u t s  p l u g  i n t o  c o o l i n g  u n i t s  l o c a t e d  a t  e a c h  s e a t t o  a v o i d  

o v e r h e a t i n g  in t h e i r b u l ky, h e a vy su i t s . H e l p i n g  t h e m  d u r i n g  t h e i r s h o r t  j o u r n ey t o 

t h e l a u n c h  p a d  is a n  i n s e r t i o n  t e c h n i c i a n , w h o  a l s o is a p a r t  o f  t h e c l o s e o u t  c r e w . I n  

a d d i t i o n  t o  a s s i s t i n g t h e a s t r o n a u t s  i n t o  t h e s p a c e c r a f t , t h e  c l o s e o u t c r e w a l s o w o r k s  

a s q u a l i ty a s s u r a n c e  i n s p e c t o r s  b e f o r e t h e l a u n c h .  I n  a d d i t i o n  t o b e i n g t h e  l a s t s e t o f  

eyes t h a t  i n s p e c t f l i g h t-c r i t i c a l i t e m s g o i n g  i n t o  t h e s p a c e c r a f t , t h e  c l o s e o u t t e a m  

s p e n d  e v e ry d ay b e f o r e l a u n c h  m a k i n g  s u r e p r o p e r  h a r d w a r e  is i n s t a l l e d c o r r e c t ly, 

w h i c h c a n  i n c l u d e a ny t h i n g  f r o m  p ay l o a d  i t e m s t o t h e s o l i d r o c k e t  b o o s t e r  ( S R B ) . 

O n  t h e i r w ay t o  t h e p a d ,  t h e  v a n  p a s s e s s e v e r a l s e c u r i ty c h e c k p o i n t s  w h e r e g u a r d s  

e i t h e r  s a l u t e  o r  s i m p ly give a t h u m b s- u p .  A l o n g  t h e r o u t e ,  t r u c k s  a r e p a r k e d  f o r t h e i r 

e v a c u a t i o n  i n t h e  e v e n t  o f  a l a u n c h  p a d  exp l o s i o n . As t h ey a p p r o a c h  t h e p a d ,  t h e 

a s t r o n a u t s  n o t i c e fire t r u c k s  a n d  a m b u l a n c e s  w i t h c r e w s c l a d i n s i l v e r f i r e f i g h t i n g 

s u i t s , b u t  t h e i r a t t e n t i o n  is q u i c k ly d i v e r t e d  by t h e  m a g n i f i c e n t s i g h t o f  A r e s o n  t h e 

l a u n c h  p a d  ( F i g u r e 11 . 5). 
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Figure 11.3. T h e crew exits the O p e r a t i o n s a n d C h e c k o u t Building en r o u t e to the p a d . 

Image courtesy: NAS A . 
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Figure 11.4. N A S A ' s A s t r o v a n . Image courtesy: NASA. 

Figure 11.5. Ares o n the la u n c h pad. Image courtesy: NASA (see colour section). 
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White room 

T h e pro c e s s o f  assi s t i n g the a s t r o n a u t s i n t o the sp a c e c r a f t begins in the " w h i t e 

r o o m "  ( F i g u r e 11.6), where the cl o s e o u t crew p e r f o r m s o n e final check o f  the suits, 

bef o r e s t r a p p i n g the a s t r o n a u t s i n t o the spa c e c r a f t . Before being s t r a p p e d in , 

however , th e c l o s e o u t crew helps each a s t r o n a u t d o n a dist i n c t i v e " s n o o py c a p " , 

which c o n t a i n s the cr e w m e m b e r ' s c o m m u n i c a t i o n s hea d s e t . A f t e r this is do n e , the 

pr o t e c t i v e bo o t i e s t h a t covered the a s t r o n a u t ' s b o o t s d u r i n g the t r i p t o the la u n c h 

p a d a r e rem o v e d . Once the a s t r o n a u t s a r e secure d inside the sp a c e c r a f t , the c l o s e o u t 

crew c o n d u c t s tests o n the c o m m u n i c a t i o n systems, a n d check s oxygen lines a n d the 

myria d systems inside the sp a c e c r a f t . While the c l o s e o u t crew is do i n g this, the 

a s t r o n a u t s pu l l o n th e i r gloves a n d secure th e i r helmets. Once they ar e h a p py 

everythin g is as it s h o u l d be , the c l o s e o u t crew removes all the i r e q u i p m e n t , says a 

go o d bye t o the crew , a n d closes the h a t c h . A m o m e n t lat e r , th e cr e w ' s ea r s p o p as the 

ca p s u l e is pre s s u r ized . F o r  the crew, the cl o s e o u t crew may be the last h u m a n s they 

will see. T h e closing o f  the h a t c h is a so b e r i n g m o m e n t , since the cl o s e o u t crew has 

t r a i n e d with th e a s t r o n a u t s for several m o n t h s a n d a s t r o n g pr o f e s s i o n a l a n d 

p e r s o n a l b o n d has been formed. 

Figure 11.6. T h e " white room " .  Image courtesy: NAS A (see colour section). 
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C l o s e o u t crew 

T h e h a t c h  c l o s i n g o c c u r s a b o u t  30 m i n b e f o r e l a u n c h . H o w e v e r , t h e j o b  o f  t h e 

c l o s e o u t c r e w is n o t  o v e r , b e c a u s e i n t h e e v e n t o f  a n  e m e r g e n cy, t h ey m u s t  go back t o  
t h e l a u n c h p a d  t o res c u e t h e c r e w (wh i l e e v e ryo n e else is e v a c u a t i n g t h e l a u n c h ar e a ! ) . 

F o r  t h i s r e a s o n , t h e j o b  o f  a c l o s e o u t t e a m  m e m b e r is p e r h a p s  a l m o s t a s d a n g e r o u s 

as b e i n g a n  a s t r o n a u t ,  sin c e i f  t h ey a r e r e q u i r e d t o  re s c u e a c r e w ( P a n e l 11.2), th ey 

a r e expe c t e d t o  e n t e r  a n  e n v i r o n m e n t  i n w h i c h l a r g e q u a n t i t i e s o f  v o l a t i l e f l a m m a b l e 

fuels a r e p r e s e n t . F o r  t h i s r e a s o n , t h e c l o s e o u t c r e w w e a r s s u i t s t h a t  a r e fl a m e•

r e t a r d a n t  a n d  a n t i- s t a t i c . 

P a n e l 11.2. Cre w re sc ue 

I n th e e v e n t th e cr e w is i n c a p a c i t a t e d , t h e cl o e o u t  cr e w h a s a re a l ly t o u g h j o b . 

I m a g i n e t ryi n g to ext r a c t a 70-kg a s t r o n a u t  w e a r i n g a flight s u i t we i g h i n g 

a n o t h e r  35 kg! N o w  i m a g i n e e n t e r i n g a d a r k , mo k e-fi l l e d e n v i r o n m e n t wi t h 

w a t e r be i n g s p r aye d e v e rywh e r e , all th e time k n o w i n g t h a t  a t  a ny m i n u t e , th e 

w h o l e l a u n c h p a d c o u l d explode ! F o r  thi rea o n , t h e r e is no q u e s t i o n t h e 

cl o e o u t  cr e w a r e s o m e o f  t h e m a ny un u n g h e r o e s o f  t h e p a c e p r o g r a m . 

I f  th ey a r e call e d u p o n in s u c h a n e v e n t , th e clo e o u t  cr e w c a n i d e n t i fy t h e 

c r e w by me a n s o f  a red gl o w l i g h t o n t h e a s t r o n a u t ' s  a r m s ( t h e c l o s e o u t cr e w 

w e a r yellow li g h t s for i d e n t i f i c a t i o n ) . O n c e ext r a c t e d , th e c l o s e o u t t e a m pl a c e s 

th e c r e w o n th e f l o o r o f  th e " w h i t e r o o m " ,  b e f o r e p u t t i n g  t h e m o n e by o n e in 

res c u e c h a i r s a n d r o l l i n g t h e m o v e r to th e r o l l e r c o a s t e r e s c a p e system . T h e  

u n c o n s c i o u s a s t r o n a u t s  w o u l d t h e n be p l a c e d in th e r o l l e r c o a s t e r s e a t s a l o n g 

wi t h o n e  c l o s e o u t c r e w m e m b e r . T h e  r o l l e r c o a s t e r w o u l d be rel e a s e d a n d w o u l d 

slid e (very fast!) to a l a n d i n g a r e a a t  t h e b a s e o f  a b u n k e r , wh e r e t w o fire•

re s c u e p e r s o n n e l w o u l d be w a i t i n g . T h e  a s t r o n a u t s  w o u l d t h e n be t a k e n to th e 

b u n k e r  a n d , in th e e v e n t o f  a l i f e-t h r e a t e n i n g i n j u ry , be pl a c e d in t h e M  113 a n d 

e v a c u a t e d fr o m th e l a u n c h p a d . 

Behind th e scen e s 

T h e  a s t r o n a u t s  a r e n ' t t h e o n ly o n e s d r e s s e d i n b r i g h t o r a n g e p r o t e c t i v e s u i t s w h o 

t r a v e l t o t h e l a u n c h p a d  o n  l a u n c h d ay. T h e  F i n a l  I n s p e c t i o n T e a m  ( F I T ) , a l s o 

k n o w n  a s t h e " I c e  T e a m " , a r e a n  elite g r o u p  w h o s p e n d t h e b e t t e r  p a r t  o f  2 h r  

i n s p e c t i n g a fully fuelled s p a c e c r a f t as i t s t a n d s  r e a dy fo r l a u n c h . I t ' s  d e f i n i t e ly n o t  

yo u r  typi c a l ni n e-to-fi v e ! T h e  Ice T e a m  h a s t h e p o t e n t i a l ly d a n g e r o u s  j o b  o f  

i n s p e c t i n g t h e e n t i r e s t a c k t o  l o c a t e a ny u n u s u a l ice b u i l d- u p o r  d e b r i s t h a t  m i g h t 

e n d a n g e r t h e vehic l e a n d  c r e w d u r i n g  a n d  a f t e r l a u n c h . I f  t h ey n o t i c e a nyt h i n g o u t  o f  

t h e o r d i n a ry, t h ey c a n  m a k e  a cal l d i r e c t ly t o  t h e L a u n c h  D i r e c t o r . 
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T h e i r  d ay s t a r t s  by s u i t i n g-u p in p r o t e c t i v e g e a r , l o a d i n g i n s p e c t i o n e q u i p m e n t 

i n t o t h e i r v a n , a f t e r  w h i c h th ey receive a final s a f e ty br i e f i n g n e a r t h e Vehi c l e 

A s s e m b ly Bu i l d i n g (V AB). T h e s a f e ty br i e f i n g i n c l u d e s t h e very l a t e s t i n f o r m a t i o n  

t h a t  c o u l d h e l p t h e m exit t h e l a u n c h p a d  q u i c k ly in t h e e v e n t o f  a n em e r g e n cy. 

A f t e r  t h e b r i e f i n g , t h ey w a i t f o r c l e a r a n c e f r o m L a u n c h  C o n t r o l  t o p r o c e e d t h r o u g h  

t h e s e c u r i ty b l o c k a d e s t o t h e p a d . T h e s i g n a l f r o m L a u n c h  C o n t r o l  is t h e T - 3 h r  

m a r k  i n t h e c o u n t d o w n ,  a t  wh i c h p o i n t  t h e Ice T e a m  j o i n  t h e c o n v oy o f  vehicles 

i n c l u d i n g t h e c l o s e o u t cr e w a n d  th e a s t r o n a u t s .  As t h ey u n l o a d  t h e i r e q u i p m e n t a t  

t h e b a s e o f  t h e l a u n c h p a d , t h e t e a m c a n  h e a r t h e h u m , c r e a k s , a n d  b a n g s e m i t t e d 

by t h e s p a c e c r a f t t o w e r i n g o v e r h e a d as t h e vehicle u n d e r g o e s t e m p e r a t u r e  c h a n g e s . 

A f t e r u n l o a d i n g t h e i r e q u i p m e n t , t h ey t a k e t h e e l e v a t o r t o t h e t o p  o f  t h e service 

s t r u c t u r e , w h e r e t h ey begin t h e i r i n s p e c t i o n . U s i n g c a m e r a s , b i n o c u l a r s , a n d  

i n f r a r e d s e n s i n g de v i c e s , t h e t e a m c h e c k s eve ry s u r f a c e o f  t h e vehicle, l o o k i n g f o r 

u n u s u a l ice b u i l d- u p a n d  a b n o r m a l  t e m p e r a t u r e  r e a d i n g s t h a t  m i g h t i n d i c a t e a 

p r o b l e m . As t h e g r o u p  c o n t i n u e s w o r k i n g m e t h o d i c a l ly a t  e a c h level o f  th e service 

s t r u c t u r e , t h ey r e g u l a r ly ch e c k in w i t h L a u n c h  C o n t r o l .  T h ey finis h t h e i r i n s p e c t i o n 

a t  t h e b a s e o f  t h e veh i c l e o n t h e m o b i l e l a u n c h p l a t f o r m , m o v i n g a r o u n d  t h e S R B s ' 

a f t s k i r t . F o l l o w i n g a fi n a l w a l k- a r o u n d  i n s p e c t i o n o f  t h e veh i c l e , t h e Ice T e a m  

l o a d t h e i r v a n a n d  h e a d b a c k t o L a u n c h  C o n t r o l , w h e r e t h e t e a m l e a d e r r e p o r t s t o 

t h e L a u n c h D i r e c t o r . 

LAUNCH COUNTDOWN 

T h e c o u n t d o w n fo r m a l ly begins wit h th e N T D  issu i n g t h e call to s t a t i o n s f r o m th e 

L C C . T h e c o u n t d o w n cl o c k begins ti c k i n g a t  T - 4 3  h r a b o u t  3 days be f o r e l i f t o f f 

( T a b l e 11.1). Wi t h all th e b u i l t -in h o l d s , it ta k e s a p p r oxi m a t e ly 72 h r  to c o n d u c t a 

l a u n c h c o u n t d o w n . G u i d i n g th e N T D  a n d  L a u n c h D i r e c t o r is a set o f  five t h i c k 

m a n u a l s (reviewed a n d u p d a t e d p r i o r to ea c h mis s i o n ) d o c u m e n t i n g the p r o c e d u r e s 

n o t  o n ly fo r th e c o u n t d o w n , b u t also for the pr o c e s s i n g a n d  t e s t i n g o f  the s p a c e c r a f t . 

T h e fir s t m a n u a l de s c r i b e s th e p r e p a r a t i o n s l e a d i n g t o th e b e g i n n i n g o f  th e 

c o u n t d o w n , while th e s e c o n d m a n u a l i n c l u d e s th e a c t u a l set o f  c o u n t d o w n  

i n s t r u c t i o n s t h a t  s e q u e n t i a l ly co n f i g u r e th e vehicle for l a u n c h . T h e t h i r d m a n u a l 

in c l u d e s i n s t r u c t i o n s t o be followed in the e v e n t o f  a s c r u b b e d l a u n c h ; th e f o u r t h 

m a n u a l c o n t a i n s specific system i n s t r u c t i o n s r e l a t e d t o the s e c o n d m a n u a l, while th e 

fifth m a n u a l o u t l i n e s p r e p l a n n e d c o n t i n g e n cy pr o c e d u r e s a n d  em e r g e n cy in s t r u c•

t i o n s . 



Launch countdown 235 

Table 11.1. L a u n c h c o u n t d o w n mil e s t o n e s . 

Time Event 

T-HH T - M M  Call to s t a t i o n s h a l f a n h o u r  bef o r e c o u n t d o w n begins 

43 1 00 C o u n t d o w n begins 

27 00 Begin 4-h r bu i l t-in ho l d 2 

27 00 C l e a r b l a s t a r e a 

27 00 M a s t e r events c o n t r o l l e r p r e f l i g h t bu i l t-in test e q u i p m e n t (B I T E ) test 

27 00 Res u m e c o u n t d o w n 

19 00 Begin 8-hr bu i l t-in ho l d 2 

19 00 Crew m o d u l e clean a n d  v a c u u m 

19 00 C o u n t d o w n resumes 

19 00 Avionics c h e c k o u t 

11 00 Begin 13-hr 37-min h o l d 2 

11 00 Cr e w w e a t h e r bri e f i n g 

11 00 JS C flight c o n t r o l t e a m o n s t a t i o n 

11 00 C o m m u n i c a t i o n a c t i v a t i o n 

11 00 Crew m o d u l e c o m m u n i c a t i o n checks 

11 00 F l i g h t crew e q u i p m e n t lat e st o w 

11 00 D e b r i s i n s p e c t i o n 

11 00 Asc e n t switch list 

11 00 Res u m e c o u n t d o w n 

10 40 P a d cl e a r o f  no n-es s e n t i a l p e r s o n n e l 

09 50 Fuel cell a c t i v a t i o n 

07 00 Re d crew ass e m b l e d 

06 15 Fue l cell in t e g r i ty checks co m p l e t e 

06 00 Begin 2-hr bu i l t-in h o l d 2 (T - 6 hr) 

06 00 Cr e w w a k e-up 

06 00 Mi s s i o n m a n a g e m e n t te a m mee t i n g 

06 00 Resume c o u n t d o w n 

03 00 Begin 2-h r 30-min bu i l t-in ho l d 2 

03 00 C l o s e o u t crew to white r o o m 

03 00 A s t r o n a u t s u p p o r t p e r s o n n e l c o m m u n i c a t i o n checks 

03 00 Pre-ingr e s s switch c o n f i g u r a t i o n 

03 00 Cr e w b r e a k f a s t 

03 00 N A S A television co v e r a g e begins 

03 00 F i n a l crew w e a t h e r briefi n g 

03 00 Cr e w s u i t-u p begins 

03 00 Re s u m e c o u n t d o w n 

02 55 Cr e w d e p a r t s O p e r a t i o n s a n d  C h e c k o u t Bui l d i n g 

02 25 Cr e w ingress 

01 35 A s t r o n a u t c o m m u n i c a t i o n checks 

01 20 H a t c h  cl o s u r e 

01 10 Wh i t e r o o m c l o s e o u t 

00 20 Begin 10-min bu i l t-in ho l d 2 

00 20 N A S A T e s t D i r e c t o r bri e f i n g 

00 20 Res u m e c o u n t d o w n 

00 15 KS C a r e a cl e a r to l a u n c h 
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Time Event 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

09 

09 
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07 

05 

05 

02 

01 

00 

Table 11.1. continued 

B e g i n f i n a l b u i l t- i n h o l d 2 

N A S A  T e s t D i r e c t o r  l a u n c h s t a t u s  v e r i f i c a t i o n 

R e s u m e  c o u n t d o w n  

S t a r t  a u t o m a t i c  g r o u n d  l a u n c h  s e q u e n c e r 

R e t r a c t  a c c e s s a r m  

A r m  s o l i d r o c k e t b o o s t e r  a n d  r a n g e s a f e ty saf e a n d  a r m  de v i c e s 

L a u n c h  w i n d o w o p e n s 3 

C r e w  c l o s e s a n d  l o c k s t h e i r v i s o r s 

D e a c t i v a t e s o l i d r o c k e t b o o s t e r  j o i n t  h e a t e r s  

L a u n c h  

1 T h e r e  a r e 43 h r  o f  c o u n t d o w n  c l o c k h o u r s ,  a n d  n o t  a c t u a l  h o u r s . 
2 T h e r e  a r e a n u m b e r  o f  b u i l t-i n h o l d s in t h e c o u n t d o w n .  T h e s e h o l d t i m e s a r e u s e d t o  t e s t 

syst e m s , t o  c o m m u n i c a t e , a n d  t o  c r o s s- c h e c k . 
3 T h e  p o i n t  i n t i m e w h e n t h e vehi c l e m u s t  be l a u n c h e d t o  m e e t sp e c i f i c m i s s i o n o b j e c t i v e s . 

T h e i n s t r u c t i o n s c o n t a i n e d in the five volu m e s ar e c o n d u c t e d u n d e r the d i r e c t i o n 

o f  t h e N T D , w h o s t a r t s the c o u n t d o w n by in i t i a t i n g a series o f  systems checks t h a t  

progr e s s i v e ly co n f i g u r e the vehicle fo r flight. D u r i n g the c o u n t d o w n , th e r e ar e 

several mil e s t o n e s , such as p a d  a n d vehicle c l o s e o u t s , r e t r a c t i o n o f  the r o t a t i n g 

service s t r u c t u r e (RSS) a t  the l a u n c h p a d , a c t i v a t i o n o f  o n b o a r d  fuel cells a n d , o f  

co u r s e , b o a r d i n g t h e flight crew! 

Onc e t h e c o u n t d o w n cl o c k s t a r t s tic k i n g , the p r i m e firing r o o m is st a f f e d a r o u n d 

t h e cl o c k a n d as c o u n t d o w n mil e s t o n e s ar e tick e d off, assig n e d shifts o f  t e a m s r e p o r t 

o n s t a t i o n a t  v a ryin g times, d e p e n d i n g o n  which system they oversee. F o r  example , 

the o p e r a t o r s who overs e e the g r o u n d l a u n c h s e q u e n c e r (G L S ) may be o n h a n d 

e a r l i e r in t h e c o u n t d o w n , b u t  they d o n o t have a for m a l role un t i l the d ay o f  la u n c h . 

T h i s crew, c o m p r i s i n g a p r i m a ry o p e r a t o r , two b a c k u p s , a n d a f o u r t h to retr i e v e 

d a t a , is o n s t a t i o n by the T - 2 h r m a r k to call u p the G L S s o f t w a r e a n d p r e p a r e for 

t h e final c o u n t . A t T - 20 min , the G L S begins issuing active c o m m a n d s , a n d a t  T -

9 min , it ass u m e s a u t o m a t i c c o n t r o l o f  t h e c o u n t . 

Launch commit criteria 

As t h e v a r i o u s o p e r a t o r s w o r k t h r o u g h t h e endless sequences c o m p n s m g the 

c o u n t d o w n , t h e l a u n c h t e a m m e m b e r s a t  t h e co n s o l e s i n the p r i m e firing r o o m ar e 

m o n i t o r i n g  veh i c l e a n d  s u p p o r t  syst e m p e r f o r m a n c e a g a i n s t p r e d e t e r m i n e d 

p a r a m e t e r s . T h i s pr o c e s s is p a r t i c u l a r ly len g t hy , as the n u m b e r o f  chec k s t h a t  m u s t 

be m a d e r u n s i n t o t h e t h o u s a n d s , a b o u t  t w o-t h i r d s o f  which o r i g i n a t e f r o m t h e flight 

vehicle a n d o n e-t h i r d f r o m the g r o u n d s u p p o r t e q u i p m e n t . T h e chec k s usua l ly fall 

i n t o t h e c a t e g o ry o f  L a u n c h C o m m i t C r i t e r i a o r s u p p o r t i n g d a t a . L a u n c h C o m m i t 

C r i t e r i a ar e th o s e f a c t o r s t h a t ha v e i m p l i c a t i o n s for saf e ty a n d / o r  mission success . 
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Basically, they define th e c o n d i t i o n s u n d e r whic h a vehicle c a n a n d  c a n n o t l a u n c h . 

The L a u n c h C o m m i t C r i t e r i a check s begin a t  T - 6 h r  a n d  in c l u d e p a r a m e t e r s 

g u a r d i n g a g a i n s t flight h a r d w a r e d a m a g e a n d th o s e designed specifically fo r 

a s t r o n a u t safety. F o r  examp l e , th e r e a r e c e r t a i n w e a t h e r c o n s i d e r a t i o n s t h a t  m u s t 

meet specific L a u n c h C o m m i t C r i t e r i a r e q u i r e m e n t s be f o r e a l a u n c h c a n pr o c e e d . 

T h e o t h e r set o f  d a t a  co m p r i s e s s u p p o r t i n g i n f o r m a t i o n av a i l a b l e for t h e 

en g i n e e r s t o hel p m a i n t a i n a specific h a r d w a r e c o n f i g u r a t i o n o r  t o a i d in 

t r o u b l e s h o o t i n g pr o b l e m s . F o r  example , t h e r e a r e c e r t a i n t e m p e r a t u r e limits for 

ven t lines c a r ryin g hydr o g e n t o th e vehicle. T h e s u p p o r t i n g i n f o r m a t i o n is p a r t  o f  a 

huge d a t a b a s e o f  system p e r f o r m a n c e t h a t , in t u r n , is p a r t  o f  t h e L a u n c h Proc e s s i n g 

System (LPS). 

Communication 

W i t h s o m u c h i n f o r m a t i o n being exch a n g e d a n d p r o c e s s e d , c o n t r o l l i n g t h e 

c o m m u n i c a t i o n tr a f f i c is esse n t i a l . I n  th e pr i m e firing r o o m , c o m m u n i c a t i o n is 

r o u t e d t h r o u g h the O p e r a t i o n a l I n t e r c o m m u n i c a t i o n s System (OIS), a cl o s e d-lo o p 

digital voice system utilizing fib e r-opti c cable. D u r i n g c o u n t d o w n , th e N T D  uses o n e 

frequency as th e c o m m a n d c h a n n e l , while th e T e s t C o n d u c t o r s use s e p a r a t e c h a n n e l s 

t o in d i v i d u a l ly lead t h e i r p a r t  o f  t h e c o u n t d o w n . T h e T e s t C o n d u c t o r s a n d  th e N T D  

c o m m u n i c a t e wi t h e a c h o t h e r a s th e s i t u a t i o n d e m a n d s o n issues suc h as s t a t u s 

checks a n d  c o m m a n d resp o n s e s . T h e use o f  di f f e r e n t c h a n n e l s en s u r e s d i s t i n c t lines 

o f  c o m m u n i c a t i o n a n d  keeps tr a f f i c t o a m a n a g e a b l e level. O u t s i d e r s listenin g in to 

th e c o m m u n i c a t i o n m i g h t be forgiven f o r t h i n k i n g th e l a u n c h t e a m is sp e a k i n g a 

foreign l a n g u a g e du e t o th e hea vy use o f  a c r o nyms (like this boo k ! ) - a ta c t i c use d 

liberally by the t e a m t o keep verbiage t o a n  a b s o l u t e mi n i m u m . Verbi a g e is red u c e d 

even m o r e by the u n i q u e call signs ass i g n e d t o firing r o o m con s o l e p o s i t i o n s - a 

st r a t e gy used by the t e a m for qu i c k a n d po s i t i v e id e n t i f i c a t i o n . 

T h e o n ly tim e c o m m u n i c a t i o n c h a n n e l s c h a n g e d u r i n g t h e c o u n t d o w n is once th e 

crew e n t e r t h e sp a c e c r a f t , a t  which p o i n t t h e a s t r o n a u t s h o o k  u p t o th e T e s t 

C o n d u c t o r ' s c h a n n e l . A t  th e T - 20 min m a r k , t h e N T D  als o switches t o th i s c h a n n e l 

an d i t  beco m e s th e C o m m a n d ch a n n e l . Me a n w h i l e , th e i n t e g r a t i o n c o n s o l e in the 

pr i m e a n d  b a c k u p firing r o o m s m a i n t a i n s c o m m u n i c a t i o n c h a n n e l s wi t h th e o t h e r 

cen t e r s , suc h as th e M i s s i o n E v a l u a t i o n R o o m  ( M E R ) a t  J S C a n d  th e Hu n t s v i l l e 

O p e r a t i o n s S u p p o r t C e n t e r (H O S C ) a t  th e M a r s h a l l Space F l i g h t C e n t e r ( M S F C ) . 

The M E R  p l a n s a n d i m p l e m e n t s flight d a t a  ret r i e v a l , pr o c e s s i n g , e v a l u a t i o n a n d 

r e p o r t i n g , a n d  po s t-mi s s i o n e v a l u a t i o n while t h e H O S C p r o v i d e s tech n i c a l s u p p o r t 

o n th e vehicle. 

Firing room 

T h e mi l i t a ry-type discipline exercised i n th e p r i m e firing r o o m  is a refl e c t i o n o f  the 

critical decisions t a k e n by th o s e c h a r g e d w i t h the lives o f  u p  t o h a l f  a dozen 
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a s t r o n a u t s . T h o s e w o r k i n g in t h i s h i g h-p r e s s u r e e n v i r o n m e n t receive special t r a i n i n g 

in th e p a r t i c u l a r rule s a n d r e g u l a t i o n s g o v e r n i n g t h e i r c o n d u c t . F o r  examp l e , 

c o n v e r s a t i o n s m u s t be li m i t e d t o th e bu s i n e s s a t  h a n d , no p e r s o n a l t e l e p h o n e calls 

a r e p e r m i t t e d excep t in a d i r e em e r g e n cy , a n d  n o o n e is al l o w e d t o r e a d n o n-w o r k•

r e l a t e d m a t e r i a l s . F r o m  the T- 3 h r  m a r k , e n t r a n c e i n t o th e p r i m e firing r o o m  is 

r e s t r i c t e d t o p e r s o n n e l wit h firing r o o m bad g e s . A t  T - 20 mi n , th e d o o r  t o th e pr i m e 

firing r o o m  is lo c k e d , the i n t e n t being to e l i m i n a t e d i s t r a c t i o n s a n d al l o w th e t e a m to 

focus its a t t e n t i o n o n th e c o u n t d o w n . 

Pad activities during countdown 

W h i l e c o u n t d o w n ac t i v i t i e s a r e being c o n t r o l l e d fro m th e p r i m e firing r o o m , 

p e r s o n n e l a t  th e p a d p e r f o r m d i f f e r e n t t a s k s r e q u i r e d f o r l a u n c h p r e p a r a t i o n s . 

A p p r oxi m a t e ly I 5 m i n be f o r e l a u n c h , r e a d i n e s s pol l s a r e c o n d u c t e d by the t h r e e 

t e a m s c o m p r i s i n g th e l a u n c h t e a m . F i r s t , th e N T D  verifies th e p r i m e l a u n c h t e a m 

r e p o r t s no v i o l a t i o n o f  L a u n c h C o m m i t C r i t e r i a . Se c o n d , th e E n g i n e e r i n g D i r e c t o r , 

wh o h e a d s u p th e E n g i n e e r i n g S u p p o r t  T e a m , verifies n o c o n s t r a i n t s for c o n t i n u i n g 

th e final c o u n t . F i n a l ly , th e M i s s i o n M a n a g e m e n t T e a m C h a i r m a n  verifies t h e r e a r e 

n o issues wit h a ny o f  th e s e n i o r e l e m e n t m a n a g e r s . Thes e t h r e e ve r i f i c a t i o n s a r e t h e n 

pa s s e d o n to the L a u n c h D i r e c t o r , wh o c o n d u c t s a K S C m a n a g e m e n t pol l . A s s u m i n g 

all th e key pe r s o n n e l agr e e , th e L a u n c h D i r e c t o r gives his p e r m i s s i o n t o p r o c e e d wit h 

th e c o u n t d o w n t o th e N T D  a n d  th e N T D  sets in m o t i o n t h e final 9 min o f  th e 

c o u n t d o w n , a u t o m a t i c a l ly c o n t r o l l e d by the G r o u n d  L a u n c h S e q u e n c e r (GL S ) . * 

Vaya con Dios** 

I n s i d e th e c a p s u l e , th e crew p e r f o r m s r a d i o che c k s , follows th e seemingly endless 

se q u e n c e o f  c o u n t d o w n mi l e s t o n e s , a n d liste n s t o the L C C di a l o g . O n e o f  th e call 

signs t h a t  u s u a l ly gets a t t e n t i o n is t h e R a n g e S a f e ty Off i c e r (R S O ) . T h e R S O ( P a n e l 

1 I .3) h a s the o n e r o u s j o b  o f  t r a n s m i t t i n g th e F l i g h t T e r m i n a t i o n System ( F T S ) t h a t  

d e s t r oys th e vehicle in th e e v e n t it s t r ays o f f  c o u r s e foll o w i n g l a u n c h . I f  su c h a n e v e n t 

were to o c c u r , th e c o m m a n d e r w o u l d be w a r n e d by a red light i l l u m i n a t i n g o n th e 

i n s t r u m e n t pa n e l . F r o m  a h u m a n  f a c t o r s des i g n pe r s p e c t i v e , th e lig h t i s n ' t very 

helpful! 

* The GL S is an a u t o m a t e d p r o g r a m which c o n t r o l s all activity du r i n g the final p o r t i o n o f  

the c o u n t d o w n . 

* * " G o  with G o d " , in S p a n i s h . 
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Panel 11.3. Range Safety Officer 

A r e s will be l a u n c h e d i n t o a s p a c e a b o v e th e l a u n c h r a n g e ca l l e d th e launch 
corridor. I f  th e solid r o c k e t b o o s t e r (S R B ) fail while th e Are s flies i n s i d e th e 

l a u n c h c o r r i d o r , t h e r o c k e t will fall in a n  u n i n h a b i t e d a r e a . F a i l u r e o u t s i d e th e 

l a u n c h c o r r i d o r , h o w e v e r , m ay c a u s e A r e s t o fall o n p e o p l e o r  p r o p e r ty. In 

s u c h a n e v e n t , th e R S O h a s a u t h o r i ty t o o r d e r  th e r e m o t e d e s t r u c t i o n o f  th e 

l a u n c h vehicle. S u c h a n e v e n t o c c u r r e d fo l l o w i n g t h e d i s i n t e g r a t i o n o f  th e 

S p a c e S h u t t l e , Challenger, w h e n t h e R S O o r d e r e d th e u n c o n t r o l l e d , fre e-flying 

S R B s d e s t r oye d b e f o r e th ey c o u l d p o s e a t h r e a t . 

D e s t r oyi n g a l a u n c h vehicle is re l a t i v e ly easy. A r e h a s a R a n g e S a f e ty 

Syste m in its S R B c a p a b l e o f  rece i v i n g two c o m m a n d  mess a g e s - arm a n d fire 
- whi c h m ay be t r a n s m i t t e d by t h e R S O fr o m th e g r o u n d s t a t i o n . T h e  fir t 

me s s a g e , ca l l e d arm, e n a b l e s o n b o a r d  logic to e n a b l e a d e s t r u c t a n d  i l l u m i n a t e s 

a li g h t  o n th e flight d e c k d i s p l ay a n d c o n t r o l p a n e l a t  th e c o m m a n d e r  a n d  p i l o t 

s t a t i o n . T h e  e c o n d mes s a g e t h a t  m ay a p p e a r  i th e fire c o m m a n d .  

T ryi n g t o  f o r g e t a b o u t  t h e R S O , t h e cr e w c o n t i n u e s t o m o n i t o r  t h e c h e c k l i s t , 

m e n t a l ly t i c k i n g o f f  e v e n t s in t h e i r h e a d  a n d  p r ayi n g t h e r e w o n ' t  be a ny u n s c h e d u l e d 

h o l d s . D u e  t o t h e c o m p l exi ty o f  th e l a u n c h s e q u e n c e a n d  t h e myr i a d vehicle syste m s 

t h a t  m u s t  f u n c t i o n p e r f e c t ly b e f o r e t h e go f o r l a u n c h  is given , i t is n o t  s u r p r i s i n g 

m a ny l a u n c h e s a r e d e l aye d by o n e p r o b l e m  o r  a n o t h e r . T h e s e p r o b l e m s m ay in c l u d e 

a nyt h i n g f r o m f a i l u r e o f  a c o m p u t e r  syst e m t o  l i g h t a i r c r a f t e n t e r i n g t h e r e s t r i c t e d 

a i r s p a c e a r o u n d  t h e l a u n c h p a d . U n s u r p r i s i n g ly , fo r a s t r o n a u t s l o o k i n g f o r w a r d t o 

t h e i r f i r s t fli g h t a f t e r yea r s o f  p r e p a r a t i o n  a n d  t r a i n i n g , t h e p r o b l e m s d o  l i t t l e t o 

s o o t h e t h e nerve s . A t  t h i s p o i n t  i n th e c o u n t ,  t h e r o o k i e s a r e a n t i c i p a t i n g a n  e v e n t 

t h ey h a v e d r e a m e d a b o u t  since e a r ly c h i l d h o o d a n d  c a n ' t  w a i t f o r t h e h o l d- d o w n 

b o l t s t o blo w , r e l e a s i n g t h e vehic l e o n  its 9-m i n r i d e i n t o s p a c e . T h e  m i n d s e t o f  a 

r o o k i e a s t r o n a u t  j u s t  m i n u t e s f r o m l a u n c h is s i m i l a r t o  t h a t  o f  a m o u n t a i n e e r  

a p p r o a c h i n g  t h e s u m m i t o f  M o u n t  E v e r e s t . W h i l e t h e o d d s  o f  r e t u r n i n g f r o m th e 

s u m m i t o f  M o u n t  E v e r e s t ( a b o u t  o n e  i n 12) a r e a li t t l e b e t t e r t h a n  m a n n e d  

s p a c e f l i g h t ( a b o u t  o n e in 65), t h e t e r m summit fever a p p l i e s e q u a l ly t o p o t e n t i a l  s p a c e 

f a r e r s . A s t r o n a u t s  h a v e t h e i r o w n q u e s t a n d , in c o m m o n  w i t h h i g h- a l t i t u d e c l i m b e r s , 

a r e m o t i v a t e d  by a f e a r f a r g r e a t e r t h a n  d e a t h - t h e fe a r o f  n o t  r e a c h i n g t h e t o p . T h i s 

f e a r is p a r t ly m a n i f e s t e d by a s t r o n a u t s  r e c i t i n g t h e a s t r o n a u t  p r ay e r : 

" P l e a s e , d e a r  G o d : D o n ' t  le t m e sc r e w u p . "  

A l a n  S h e p a r d , t h e f i r s t A m e r i c a n i n s p a c e , s h o r t ly b e f o r e 

l a u n c h o n  M ay 5 t h , 1961. S h e p a r d ' s  p r e- l a u n c h q u o t e  h a s since 

b e c o m e k n o w n  a m o n g  a v i a t o r s as Shepard's Prayer, 
a n d  a m o n g  a s t r o n a u t s  as t h e Astronaut's Prayer 
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T-10 minutes 

As t h e c l o c k sh o w s th e T - 10 min m a r k , the a s t r o n a u t s c h e c k t h e i r s t r a p s o n e m o r e 

tim e , listen t o th e end l e s s series o f  a c r o nym s bei n g ch e c k e d o f f  by the flight 

c o n t r o l l e r s , a n d  w a t c h th e c o m m a n d e r follow the che c k l i s t . I n j u s t  a few m i n u t e s , th e 

vehicle will li f t o f f  f r o m th e p a d  in a t h u n d e r o u s c l o u d o f  fire a n d  s m o k e . 

T-2 minutes 

W i t h 2 mi n b e f o r e l a u n c h , th e M C C  r e m i n d s th e crew to close t h e i r vis o r s , a 

c o m m a n d c o n f i r m i n g l a u n c h is i m m i n e n t . T h e crew obl i g e , s n a p p i n g the bai l i n t o 

pla c e to seal th e fa c e p l a t e . O n t h e i r left knees, th e crew flips a lever o n t h e i r s u i t s to 

s t a r t  th e flow o f  Orion's oxygen. W i t h a d r e n a l i n e p u m p i n g a n d  t h e i r h e a r t r a t e close 

to th e red line in a n t i c i p a t i o n , th e crew tries to slow t h e i r b r e a t h i n g a n d  c o n t r o l th e 

a t t a c k  o f  bu t t e r f l i e s . F o r  a m o m e n t , the t h o u g h t  t h a t  the s e c o u l d be th e final 

m o m e n t s o f  t h e i r lives e n t e r s t h e i r h e a d , b u t  t h e i r a t t e n t i o n is qu i c k ly d r a w n t o th e 

expe c t a n cy o f  Ar e s li g h t i n g up. A f t e r 20 yea r s ' i m a g i n i n g r i d i n g a r o c k e t i n t o spa c e , 

a f t e r t h o u s a n d s o f  h o u r s o f  t r a i n i n g , a f t e r all th e sacri f i c e s , th e ro o k i e s a r e finally 

goi n g t o get t h e i r c h a n c e a t  wish fulfillment. Bodies tin g l i n g w i t h a n t i c i p a t i o n , th e 

r o o k i e s give e a c h o t h e r  a t h u m b s-u p . 

T-1 minute 

W i t h 1 min to l a u n c h , th e P F D s  c o n t i n u e sc r o l l i n g d a t a  as th e a s t r o n a u t s t h i n k 

a b o u t  t h e i r families a n d all th e t r a i n i n g a n d  p r e p a r a t i o n t h a t  b r o u g h t  t h e m t o this 

p i v o t a l m o m e n t in t h e i r lives. T h e a s t r o n a u t s '  families a r e 3 miles aw ay , s t a n d i n g o n 

th e r o o f  o f  th e L a u n c h C o n t r o l C e n t e r ( L C C ) , a n d a r e p r o b a b ly m o r e sca r e d t h a n 

a ny o f  th e a s t r o n a u t s . I t m i g h t be a n Ar e s r o c k e t s t a n d i n g o n  th e p a d , b u t  in th e 

m i n d ' s eye o f  t h e families , the image o f  Challenger b l o w i n g u p 73 sec a f t e r l a u n c h is 

still a p o w e r f u l one. T h e M C C  a n n o u n c e s 10 sec to l a u n c h - a c o m m a n d i n d i c a t i n g 

th e G L S has t a k e n o v e r the c o u n t . N ext is th e c o m m a n d " G L S  is G o  f o r a u t o  

se q u e n c e s t a r t " .  U n l i k e th e Sp a c e S h u t t l e , which s t a r t e d its noisy liq u i d-fu e l l e d 

engi n e s 6 sec b e f o r e l a u n c h , t h e r e is n o t h i n g in s i d e Orion t o suggest th e l a u n c h is 

i m m i n e n t . A t  15 sec to go, th e a t t i t u d e i n d i c a t o r s o n the P F D  scroll t o th e c o r r e c t 

l a u n c h a t t i t u d e as th e vehicle pr o c e s s e s its final u p d a t e . 

T-5 seconds 

A t T - 5 sec, t o n n e s o f  w a t e r flo o d th e p a d  a n d  c a s c a d e i n t o th e flame t r e n c h de s i g n e d 

t o a b s o r b th e s h o c k waves o f  ig n i t i o n . F i n a l ly, th e c o u n t d o w n re a c h e s th e e n d p o i n t . 

I g n i t i o n c o m m a n d s fro m th e vehicle's fligh t c o m p u t e r s c o m m i t th e vehicle t o flight 

as el e c t r i c a l e n e r gy is r o u t e d f r o m th e fi r s t-st a g e av i o n i c s t o t h e m o t o r  ig n i t e r . T h e 
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ign i t e r t h e n i n i t i a t e s th e b u r n  o f  t h e five-segment m o t o r . As th e m o t o r  b u r n s , it 

b u i l d s u p  c o m b u s t i o n a l o n g th e s u r f a c e o f  th e p r o p e l l a n t , whi c h is expelle d o u t  o f  t h e 

nozzle, c r e a t i n g th e t h r u s t f o r lift-off. T h e pyro t e c h n i c c h a r g e s h o l d i n g th e vehicle t o 

th e p a d  expl o d e a n d t h e vehicle s h o o t s t o w a r d th e sky, rel e a s i n g 3.5 mi l l i o n p o u n d s 

o f  t h r u s t . A r u m b l e s h a k e s th e s t a c k f r o m 12 st o r i e s bel o w as t h e m a i n eng i n e spews 

fire a n d  r o a r s to full po w e r . O n th e P F D s ,  the c o m p u t e r s scroll r a p i d ly t h r o u g h 

eng i n e ch e c k s a n d  m a r k th e mi s s i o n time: zer o . T h e c l o c k is run n i n g ! I n s i d e Orion, 
t h e a s t r o n a u t s a r e p u s h e d b a c k i n t o t h e i r se a t s by a force m o r e t h a n 1.5 times th e 

force o f  gr a v i ty. T h e M C C  m a k e s th e call: " T o w e r  C l e a r ! " T h e S R B is a l r e a dy 

c o n s u m i n g p r o p e l l a n t v o r a c i o u s ly a t  5 t o n n e s j sec, b u r n i n g a t  a s e a r i n g 2, 760 ° C. T h e 

crew a r e p u s h e d f u r t h e r b a c k i n t o t h e i r se a t s a s th e g r a v i t a t i o n a l forces r a m p u p to 

ne a r ly 3 G. O n th e r o o f  o f  th e L C C , th e families w a t c h a w e s t r u c k as Ar e s blazes a 

t r a i l o f  flame ( F i g u r e 11.7) a g a i n s t the bl u e sky. As th e t h u n d e r  o f  th e b l azi n g SRB 

r e v e r b e r a t e s a r o u n d  th e L C C , s h a k i n g th e r o o f , som e family me m b e r s s n a p p i c t u r e s 

while o t h e r s sim p ly s t a n d th e r e , s t u n n e d by the sp e c t a c l e o f  th e u n r e s t r a i n e d fiery 

p o w e r be i n g u n l e a s h e d j u s t  a few miles away. 

L+ 

Less t h a n 30 sec a f t e r l a u n c h , s h o c k waves f o r m o n th e no s e a n d  the vehicle begins t o 

vi b r a t e . M e a n w h i l e , t h e veh i c l e ' s c o n t r o l system c o n t i n u o u s ly m o n i t o r s t r a j e c t o ry 

a n d issues g u i d a n c e c o m m a n d s t o e n s u r e th e r o c k e t n ozzle ' s ang l e is c o r r e c t . A few 

s e c o n d s l a t e r , the c o m m a n d e r a n n o u n c e s M a c h I a n d  th e crew lis t e n t o the r u s h i n g 

s o u n d o f  s u p e r s o n i c a i r be i n g d i s p l a c e d by the vehicle. Qu i c k ly, th e sky t u r n s f r o m 

blue t o bla c k . A few s e c o n d s l a t e r , a l o u d b a n g s h a k e s Orion a s th e S R B is released 

a n d  falls a w ay . A p a r a c h u t e will lo w e r it i n t o t h e o c e a n , wh e r e a rec o v e ry shi p will 

pick it u p  so it c a n be used a g a i n . As th e S R B falls aw ay, th e c o c k p i t be c o m e s m o r e 

silent a n d th e ri d e be c o m e s n o t i c e a b ly s m o o t h e r . T h e c o m m a n d e r i n f o r m s th e crew 

th e S R B is s p e n t , a sig n a l f o r t h e m t o s h u t o f f  th e oxygen a n d o p e n t h e i r visors . T h e 

vehicle is now m o r e t h a n 2 min i n t o flight a n d  flying a t  a n a l t i t u d e o f  m o r e t h a n 

60 km. T h e a s t r o n a u t s feel a n o t h e r  t h u m p  as th e u p p e r s t a g e ' s J-2X eng i n e ignite s , 

p r o p e l l i n g th e vehicle t o E a r t h  o r b i t . A few m o r e s e c o n d s pa s s a n d  th e c o m m a n d e r 

a n n o u n c e s a n  a l t i t u d e o f  100 km. T h e r o o k i e s let o u t  a ch e e r , since th e a l t i t u d e 

m e a n s th ey ar e no w officially a s t r o n a u t s a n d ha v e collectively achi e v e d t h e i r life 

goal. M e a n w h i l e , Ares , r e d u c e d t o its first s t a g e a n d th e c a p s u l e , c o n t i n u e s t o 

ac c e l e r a t e , th e a l t i m e t e r t a p e sc r o l l i n g m a d ly o n th e P F D .  M a c h 15. Ar e s is t e a r i n g 

a l o n g a t  m o r e t h a n  5 km / sec! M a c h 18 - 6 km j sec! W i t h a force o f  m o r e t h a n 3 G 

pr e s s i n g d o w n o n t h e m , ea c h c r e w m e m b e r weighs m o r e t h a n 300 kg. T w e n ty times 

th e speed o f  so u n d ! A n d still it c o n t i n u e s t o acc e l e r a t e . F i n a l ly , th e M a c h m e t e r 

re a c h e s M a c h 25 - a velocity o f  m o r e t h a n  8 km j sec a n d th e c o m m a n d e r welcomes 

th e crew to space. T h e e l a t i o n o f  h a v i n g rea l ized a d r e a m begins t o sweep o v e r the 

r o o k i e a s t r o n a u t s , wh o a r e n o l o n g e r rooki e s ! O n e o f  t h e m a s k s th e c o m m a n d e r i f  

th ey c a n d o  it ag a i n . I t ' s  a b e a u t i f u l m o m e n t . 
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Figure 11.7. L a u n c h o f  Ares!. I m a g e cou r t e sy: NAS A (see colour section). 
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