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FOREWORD 

An Operational  90-Day  Manned  Test  of a Regenera t ive  Life Support   System 
was   comple ted   in  a Space  Station  Simulator ( S S S )  on  September 11, 1970. 
This  test   was  conducted  by  the  Advance  Biotechnology  and  Power  Department 
of the  McDonnell  Douglas  Astronautics  Company  (MDAC),  'Huntington  Beach, 
Cal i fornia ,   under   Contract  NAS1-8997'. The   tes t   fac i l i ty   and   mos t   base l ine  
l i fe   support   subsystems  were  provided  as   capi ta l   equipment   by MDAC. Much 
of the  program  planning  and  design of the  basel ine  l i fe   support   subsystems 
were  done  under  the MDAC  Independent  Research  and  Development  program. 
This   project   was  performed  for   the  NASA-Langley  Research  Center   under  
the  direction of M r .  A. 0. P e a r s o n  of the  Space  Systems  Division,  under  the 
technical  cognizance of Walton L. Jones,  M. D . ,  Di rec tor  of the  Biotechnology 
and  Human  Research  Division of the  Office of Advanced  Research  and  Tech- 
nology, NASA Headquarters ,   and  his   s taff .  

Th i s   r epor t   was   p repa red   by  J. K .  J ackson ,   t he   P rogram  Manage r ;  
J. R. Wamsley, M. D . ,  Test   Medical   Director :   M,  S .  Bonura ,   Tes t   Engineer -  
ing  Director ;   and J. s. Seeman,   Tes t   Man/Machine   Di rec tor .   The   program 
was  supervised  by K .  H. Houghton, M. D.,  Chief  Technology  Engineer of the 
Advance  Biotechnology  and  Power  Department,  

Cont r ibu t ions   were   made   by   many  o ther   engineers   and   sc ien t i s t s   a t   the  NASA 
agencies ,   the   Ai r   Force   and   Navy  labora tor ies ,   o ther   Government   o f f ices ,  
severa l   un ivers i t ies ,   the  MDAC  staff ,   and  the  many  industrial   organizations 
who par t ic ipated  in   the  accomplishment  of t h i s   t e s t .  

The   resu l t s  of the   90-day   tes t   p rogram  a re   p resented   in   the   fo l lowing   repor t s :  

MDC  G2282 , Program  Operat ional   Summary-This   volume  presents  a br ief  
rev iew of the   p rogram  objec t ives ,   p rocedures ,   and   resu l t s .  (NASA CR-1835) 

NASA CR-  111881,  Test   Results-The  volume  provides  the  results,   conclu- 
s ions ,   and   recommendat ions   f rom  the   t es t .   This   vo lume is divided  into 
three   major   sec t ions   cover ing   the   l i fe   suppor t   sys tem,   the   man/machine  
resul ts ,   and  the  biomedical   operat ions.  

NASA CR- 1 1  1882,   F ina l   Tes t   P lan   and   Procedure-This   i s   an   update  of the 
Mas te r   Tes t   P l an   and   P rocedure   u sed   a s  a controll ing  document  during  the 
90-day  tes t .   The  f inal   vers ion  includes a de ta i led   descr ip t ion  of tes t   equip-  
ment   and   procedures   as   they   were   dur ing   the   t es t .   Also   inc luded   i s  a s u m -  
m a r y  of the  implementat ion of the  document  with  recommendations  to  improve 
i ts   overal l   effect iveness .  

iii 





CONTENTS 

Section 1 INTRODUCTION 

Section 2 SUMMARY 

2. 1 

2. 1. 1 

2. 1. 2 

2. 1. 3 

2. 1. 4 

2. 1. 5 

2. 1. 6 

2. 1. 7 

2. 1. 8 

2.  2 

2.  2. 1 

2. 2. 2 

2. 2. 3 

2. 2 .4  

2. 3 

2.3. 1 

2 . 3 . 2  

Significant  Accomplishments 

Operate  a Regenerat ive Life Support 
Sys tem  for  90 Days 

Evaluate  Life  Support   Subsystem 

Determine  Abili ty of Crew  to   Opera te  
and  Maintain  Equipment 

Reach  Microbial   and  ,Chemical  Equilibrium 

Measure  Effects  of Confinement  on  Crewmen 

Determine  Role  of Man  in   Per forming  
In-Fl ight   Experiments  

Cabin  Mass  and  Energy  Balance 

Other   Accomplishments  

P r o b l e m   A r e a s  

P rogram  Opera t iona l   P rob lems  

Sys tem  Des ign   Problems 

Equipment   Problems 

Med ica l   P rob lems  

Recommendat ions   for   Future   Ef for t  

Equipment   and  Procedure  Development  

Future   In tegra ted   Sys tem  Des ign  

1 

3 

3 

3 

5 

6 

6 

8 

9 

9 

9 

10 

10 

10 

11 

12 

13 

13 

14 

V 



Section 3 PROGRAM  DESCRIPTION 

3. 1 Program  Organ iza t ion  

3. 2 Contributing  Agencies 

3. 3 Space  Station  Simulator 

Section 4 PROGRAM  OPERATIONS 

4. 1 Tes t   P l an   and   P rocedure  

4. 2 Unmanned  on  Manned  Checkout  Tests 

4. 3 Crew  Select ion  and  Training 

4. 4 Mission  Activity  Analysis 

4. 5 Staff   and  Operat ing  Procedure 

4. 6 Data  Collection 

4. 6. 1 Engineering  Data 

4. 6. 2 Man/System  Data 

4. 6. 3 Samples   for   Analys is  

Section 5 TEST  RESULTS 

5. 1 

5. 2 

5. 2. 1 

5.  2. 2 

5. 3 

5.  3. 1 

5.3. 2 

5.  3. 3 

5. 4 

Life  Support System Operation,  Maintenance, 
and  Repair  

Contaminant  Control 

Carbon  Dioxide 

Minor   Trace  Contaminants  

Water   Recovery 

Potable   Water   System  Performance 

Radiological  Monitoring  and  Isotope 
Handling 

Wash  Water  Recovery 

Oxygen  Recovery 

Vi 

19 

1 9  

20 

20 

25 

25 

25 

26 

29 

30 

32  

32 

33  

3 4  

39  

3 9  

45 

45  

50 

52 

56 

57 

57 

59 



5.4.  1 

5.4. 2 

5. 5 

5. 6 

5. 7 

5 .  7. 1 

5. 7. 2 

5. 7. 3 

5. 8 

5 .  9 

5. 9. 1 

5 .  9. 2 

5. 10 

5. 11 

5. 11. 1 

5. 11. 2 

5. 12 

5. 12. 1 

5. 12. 2 

5. 12. 3 

5. 13 

5 .  13. 1 

5. 13. 2 

5 .  13. 3 

Sabat ier   Reactor   and  Toxin  Burner   59 

Water   Electrolysis   Units   61 

Food  Management 62 

Atmosphere  Control  65 

Physical  Fitness  and  Conditioning  66 

E x e r c i s e   P r o g r a m  66 

Whole-Body  Potassium  and  Isotope  Studies 69 

Weight  Changes  and  Skin  Fold  Measurements 69 

Habitability  Results  69 

Waste  Management 70 

Waste  Collection 70 

Waste  Storage  and  Disposal  72 

Microbiology  Program  74 

Medica l   Program 77 

Crew  Medical   Status  77 

Clinical   Biochemistry  and  Hematology  78 

Day-Night  Reversal   and  Sleep  Observations 80 

Basal  Vital  Signs 81 

Blood  and  Urine  Studies  82 

Sleep  Observations  83 

Behavior  Evaluation  84 

In t rus ive   Tes t s   84  

N IPA  85 

Behavioral   Findings  85 

Section 6 REFERENCES  87 

Appendix  CONTRIBUTORS  TO  THE  90-DAY  MANNED  TEST 
PROGRAM  89 

v i i  



FIGURES 

Number 

1 

2 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Tes t   Cont ro l  Area-Staff Operat ion  Stat ions 
During  90-Day  Test  

P repa r ing  a Meal   f rom  Freeze-Dehydra ted  
Food 

Typical  Crew  Maintenance  Activit ies 

Entering  Data  into  Computer 

Exercis ing  on  the  Bicycle   Ergometer  

Two  Crewmen  Engaged  in Ad Lib   Exerc ise  

Space  Stat ion  Simulator   Arrangement   for  
90-Day  Test  

Life   Support   System  Block  Diagram 

Crewman  Operating  the  LRC  Complex . 

Coord ina to r   (Psychomoto r   Tes t e r )  

Collection of Blood Samples   in   Preparat ion 
for  Weekly  Pass-Out 

SSS In ter ior  E q u  

SSS In ter ior  E q u  

Frequency   Dis t r  
Observat ions 

. ipment  Area,   Locking  Forward 

. ipment  Area,   Locking Aft 

ibution of Pco  Recorded 2 

Serum  Calc ium  Trends-Per iod   Means  

Integrated  Potable  Water  and  Humidity  Control 
Subsystem  Schematic  

Methane  and  Carbon  Monoxide  Concentration 

Two-Gas  Control  and  Electrolysis Unit 

Page 

4 

5 

7 

11 

13 

17 

21 

23 

34 

37 

40 

41 

48 

49 

53 

6 1  

67 

v i i j  



Commode/Urine  Collector  Units 18 

19 

20  

2 1  

22  

23 

Number 

1 

2 

3 

4 

5 

9 

10 

11 

12 

13 

SGOT  Trends 

Ora l   Tempera ture   Trends-Crewmen 3 and 4 
(5-Day  Mean,  Both  Crewmen) 

Urinary  Excretion  Patterns-Na / K  Ratios t t  

Sleep  Questionnaire  Responses  Smoothed 
Curve  Based  on  10-Day  Segments 

Application of E lec t rodes   fo r  
Electroencephalogram 

TABLES 

Space  Station  Simulator LSS 

SSS Environmental   Design  Requirements 

Information  on  Crewmen 

Even  Mean  Time  per  Day  per  Crewman 

Summarized  Crew/Life   Support   System 
Data  for   Four-Man  Crew 

Summary  of LSS Operation 

Maintenance  and  Repair  Summary 

Compara t ive   Per formance  of C 0 2  
Concentrators  

Tes t   Se rum  Ca lc ium 

Atmospheric   Trace  Contaminants  

Water   Recovery  f rom  Urine 

Potable  Water  Production 

Wash  Water  Summary  Water  Balance  and 
Expendables   for  4 Men, 90 Days 

7 1  

80  

8 1  

82 

83 

8 4  

Page 

22 

2 4  

28  

30 

42 

43 

4 4  

46 

49 

5 1  

5 4  

55 

58 

ix 



1 4  

15 

16 

17 

18 

19 

20 

2 1  

Sabat ier   Reactor   Mater ia l   Balance 

Summary  of O2 and Hz Supplied  to SSS 

Typical  Menu of Freeze-Dehydra.ted  Food 

Typical   Frozen  Dinners  

Balke  Work  Capacity  Test  

Commode  Usage  Summary 

Waste   Summary 

Onboard  Medication  Used  in  90-Day  Run 

60 

63 

6 4  

65  

68  

73 

75 

79 

X 



NOMENCLATURE 

AMRL 

CCNY 

CLSM 

EEG 

FMECA 

LC c 

LRC 

LSDS 

LSM 

LSS 

MDAC 

MIT 

NASA 

NIPA 

RISA 

SGOT 

SSMM 

sss 
TOC 

USNSMC 

VD-VF 

Aerospace   Medica l   Research   Labora tory ,  U. S. A i r   F o r c e  

City  College of New  York 

Crew  Life  Support   Monitor  (Inside SSS) 

Elec t roencephalogram 

Fai lure   mode,   effects   and  cr i t ical i ty   analyses  

Langley  Complex  Coordinator 

Langley   Research   Center ,  NASA 

Low  Speed  Digital  System 

Life  Support   Monitor 

Life   Support   System 

McDonnell  Douglas  Astronautics  Company 

Massachuset ts   Inst i tute  of Technology 

National  Aeronautics  and  Space  Administration 

Non-In ter fe rence   Per formance   Assessment  

Radioiodinated  serum  albumin 

Serum  g lu tamic   oxa lace t ic   t ransaminase  

Space  Station  Mathematical   Model 

Space  Station  Simulator 

Total   Organic   Carbon 

U. S. Naval  Submarine  Medical  Center 

Vacuum  Distillation-Vapor  Filtration 

xi 



Section 1 

INTRODUCTION 

Future   manned  space   miss ions   wi l l   requi re   the   des ign  of space  vehicles  for 
operational  periods of months  or   years .   This   extension of mission  durat ions 
d.emands  the  development of new  equipment   and  processes   to   insure   re l iable  
regenera t ive   l i fe   suppor t   sys tems  capable  of maintaining  the  well  being  and 
efficiency of t he   c r ew.  

Character is t ical ly ,   the   development  of a breadboard.  subsystem  into a 
working  prototype  configurat ion  requires   f rom 3 to 5 years.   Another 5 to  7 
years  is   required  to  develop  f l ight-qualified  system  from  the  low-cost  pro- 
totype  subsystems  that   proved  the  system  workable .  It i s   hoped  to   reduce 
this 5 to 7 year   development   t ime  through  the  low-cost   systems  evaluat ion of 
advanced  l i fe   support   subsystems.   This   provides   the  operat ional   groups a 
technological  base  which  allows  selection of subsystems  .and  components  to 
su i t   spec i f ic   miss ion   requi rements   in  a relatively  short   development  cycle.  
A key  e lement   in   this   development   cycle   " to   provide  cost-effect ive  and 
f l ight-qual i f iable   systems"  is   the   performance of integrated  manned  ground 
tests  simulating  orbital   conditions.  

The  Operational  90-Day  Manned  Test of a Regenerative  Life  Support   System 
was  one of the  cont inuing  ser ies  of integrated.   tes ts   conducted  as   an  essent ia l  
pa r t  of the  d .evelopment   cycle   for   regenerat ive  l i fe   support   systems.   I t  
provided  data  in a closed  ecology  simulating  an  orbit ing  spacecraft   to  evaluate 
the   per formance  of baseline  and.  advanced  subsystems  under  continuous  oper- 
ating  conditions,   to  determine  the  abil i ty of the   c rew  to   opera te  and maintain 
the  subsystems,   and  to   determine  the  crew  capabi l i ty   to   maintain  their   physio-  
logical  and  psychological  health  to  efficiently  perform  test   objectives.  

The  successful  culmination of this   integrated  tes t   was  mater ia l ly   affected by 
the  cooperation  and.  participation of engineers   and  scient is ts   f rom  Government  
agencies ,   industr ia l   organizat ions,  and univers i t ies .   The   Government   t eam 
members   were   f rom  fou r  NASA centers ,   the  Navy, Army,  Ai r  Force ,   the  
Atomic  Energy  Commission,   the   Department  of Transportation,  and  Com- 
mi t tees  of the  National  Acad.emy of Sc iences .   The re   were   more   t han  30 
industrial   contributors  and 7 universit ies  involved  in  the  test .   Major 
contr ibutors   are   l is ted  in   the  Appendix.  

The d a t a  result ing  from  this  coord.inated.   national  effort   will   enable  the NASA 
operat ional   centers   and the engineering  and  scientific  communities  to  verify 
and. improve  their   ideas  and.  designs  which  ult imately  will   pr0vid.e  an  increased 
technology  base  to  support   manned.  space  f l ight  programs. 
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Section 2 

SUMMARY 

A summary   r ev iew of the  90-Day  Operational  Manned  Test  is  includ.ed  in this 
volume.  Significant  accomplishments  are  outl ined.  in this sec t ion .   These  
a r e  followed.  by a review of problem  a reas   tha t   were   encountered .   and   recom-  
mendat ions   for   fu ture   p rograms.   The   comple te   t es t   resu l t s  are presented. 
in NASA CR- 11 188  1. 

2. 1  SIGNIFICANT  ACCOMPLISHMENTS 

In the  following  sections,  each  objective of the   p rogram,  as stated  in  the 
Cont rac t   Work   S ta tement ,   i s   inc luded   as  a quotation,  followed  by  the  related 
accomplishments .  

2. 1. 1 Operate  a Regenerative  Life  Support   System  for 90 Days 

"To  'd.emonstrate a capabi l i ty   to   operate  a mul t i -man  l i fe   suppor t   sys tem  in  
a continuous  regenerative  m0d.e  for a  90-d.ay period  without  resupply.  The 
system  must   pr0vid.e  a habi table   a tmosphere,  food.  and. water   for   nutr i t ional  
support ,   and.  personal  accommod.ations  consistent  with  man's  needs  in  the 
a r e a s  of personal  hygiene,   waste  management,   comfort ,   and.  health.   The 
sys t em  wi l l  inc1ud.e regenerative  oxygen  and  water  loops.   I t   will   be a goal 
to   minimize  the  amount  of stored.,   expend.able  materials  required.   for  the 
tes t .  I '  

0 

e 

0 

0 

The  90-day  test   was  completed  without  pass-ins of any  kind,   assur-  
ing  the  microbial   isolation of t he   t e s t   chamber  and. c rew.   The   tes t  
control   area  is   shown  in   Figure  1 .  

Carbon  di0xid.e  removed.  from  the  simulator  atmosphere  was  pro- 
cessed.  by a Sabat ier   reactor ,   the  150 kg  (332  lb) of water   produced 
was  in   turn  processed.   by  experimental   water   e lectrolysis   uni ts ,  
and. the oxygen  was  re turned.   to   the  a tmosphere  for   crew  consumption.  

The   wash   water   recovery   un i t   p rocessed   and   d i spensed  4, 750  kg 
(10, 4 4 7  l b )  of water  for  personal  hygiene,   laund.ry,  and. o ther   wash  
uses.   The  system  provid.ed.   enough  wash  water  for  unrestricted.  
use  by  the  crew. 

An integrated.   maintainable   potable   water   recovery  system  reclaimed,  
1, 070 kg (2, 357  lb) of w a t e r   f r o m   u r i n e  and.  humid.ity  cond.ensate 
which  was  cer t i f ied  for   crew  consumption.   This   suppl ied all the 
requirements   for   crew  consumption  and.   for   potabi l i ty   tes t ing  af ter  
the  init ial   startup  period..   Without  reclamation,  onboard.   storage 
would  have  been  required.   to  supply the c rew  r equ i r emen t s .  

3 
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Figure 1. Test Control Area-Staff Operation Stations During  90-Day Test 



0 Uncompressed.,  freeze-dehyd.rated.  food.  which  was  especially  .selected. 
for  i ts   palatabil i ty  was  shown  to  be  acceptable  as a  diet,  although 
period.ic  frozen  meals  provided. a welcome  highlight  in  the  d.iet 
(F igu re  2).  

0 Techniques  were  d.eveloped  for  reducing  generation of waste  and 
for  handling  and.  storage  onboard.   which  were  generally  acceptable.  

0 F r o m  a medical   s tand.point ,   operat ions  were  smooth,   proced.ures  
were  ad.equate,  and.  no  medica1  problems of significance  were 
encountered.  except  for  the  streptococcal  infection  in  one  crew 
member,   which  was  managed.  without  compromising  the  test .  

2. 1. 2 Evaluate  Advance  Life  Support   Subsystems 

"To evaluate a number of advanced.  l ife  support   subsystems,  using  the  proven 
subsys tems of the SSS as  backup,  obtaining  operating  experience and. p e r -  
formance  d.ata  und.er  continuous  testing  and.  realistic  conditions of manned 
loads  and.  subsystem  interaction. 

0 Performance   was   measured   on   the   l i fe   suppor t   sys tem  over  a  wid.e 
spec t rum of operating  conditions,   including  transient  loads.   Data 
were  obtained  during  startup,  shutdown,  and  power  failure  condi- 
t ions  to   ass is t   in   designing  for   real is t ic   operat ional   fa i lure   modes.  

Figure 2. Preparing  a Meal from Freeze-Dehydrated Food 
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2. 1.  3 

An ad.vanced.  regenerative  solid  amine  carbon  d.ioxide  removal 
sys tem  was   opera ted .   for   near ly  70 d.ays  and.  performance d a t a  
were  obtained..  

A fl ight-type  two-gas  control,   operating  with a m a s s   s p e c t r o m e t e r  
s enso r ,   accu ra t e ly  and.  reliably  controlled.   composition of oxygen 
and.  nitrogen  in  the  Space  Station  Simulator (SSS). 

Radioisotope  heat   sources   (238Pu)  were  used.  to produce  350-watt 
thermal  output  and  were  shown to be  safe ,   present ing no p rob lems  
in  handling  d.uring 76 manipulations of the  capsules  (Figure  3d)  and 
resu l t ing   in   c rew  exposure   wel l   be low  es tab l i shed   l imi t s .  

Means  to  heat  freeze-dried  foods  is   an  important  contribution to 
their   acceptabi l i ty .   The  microwave  oven  was a convenient  heating 
facil i ty.  

Determine  Abil i ty  of Crew  to  Operate  and  Maintain  Equipment 

"To  d .emonstrate   man's   capabi l i ty  to  per form  in- f l igh t   main tenance   as  a 
means  of increasing  system  rel iabi l i ty   and.   to   demonstrate   the  capabi l i ty   for  
in-fl ight  monitoring of the  necessary  human,   environmental ,   and.   systems 
p a r a m e t e r s .  I '  

0 The  crew  operated.,  maintained,  and  repaired.  the  life  support 
equipment   onboard,   used  an  average of approximate ly  2 h o u r s /  
man-day   for   these   t asks   (F igure  3 ) .  The  crew  capabi l i ty   for   main-  
tenance  and  repair   exceeded.  the  expectations of the  tes t   p lanners .  

0 Crew  se l ec t ion   pa rame te r s   were  d.efined. ea r ly   i n   t he   p rog ram and 
followed  during  recruitment  and  training.  The  performance of the 
crew  d .ur ing  the  tes t   val idates   these  select ion  and  t ra ining  proced.ures  
for   fu ture   s imi la r   t es t s .  

0 A nonintrusive  method. of evaluat ing  crew  behavior   and  performance 
(NIPA) was  implemented  for  comparison  with  conventional  methods 
of psychologica l   assessment .  It shows  promise   for   use   as   an   opera-  
t ional  tool  for  providing  program  management  guid.ance  as  well   as 
an   overa l l   eva lua t ion  of t he   c r ew  pe r fo rmance .  

2. 1. 4 Reach  Microbial   and.   Chemical   Equi l ibr ium 

"To  operate  with  no  materials  passed.  into  or  out of the t e s t   chamber   fo r   t he  
maximum  d.uration  possible to  permi t   the   chemica l   and   microbio logica l  
cha rac t e r i s t i c s  of the   a tmosphere ,   p rocesses   and .   hardware  to reach  operat ing 
equilibrium  under  man-1oad.ed  conditions  and. to determine  the  capabi l i ty  of 
the   sys tem  and   c rew to operate  without  resupply.  If resupply   i s   requi red ,   i t  
will  continue to be  an  objective  to  hold.   the  passing  in  and.  out of ma te r i a l s   t o  
a minimum. " 

0 No changes   were   s een   i n   t he  SSS microecology of significance to  
c rew  hea l th   o r   to   l i fe   suppor t   subsys tems.  
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(a) Commode Unit Maintenance 
(Commode liner  change) 

Ibl Sabatier Unit Maintenance 
(Completion of catalyst  change) 

(c) Solid Amine Unit Maintenance 
(Selector  valve  adjustments 1 

(dl VD-VF Water  Recovery Unit Maintenance 
(Radioisotope  capsule installation) 

Figure 3. Typical Crew Maintenance Activities 
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2. 1 . 5  

Observa t ions   f rom  th i s   t es t   sugges t   tha t   long-dura t ion   1-g   i so la t ion  
does   no t   markedly   a f fec t   microecologica l   ba lance   o r   hos t   sens i t iv i ty  
to   microorganisms.  

There  was  no  evidence of s ignif icant   crew  interchanges of m i c r o -  
organisms  except   for   S taphylococcus   aureus .   Marker   sys tems  were  
inadequate  for  confirming  that   exchange. 

Observat ions  on  surfaces   and  subsystems  sampled  af ter   the   tes t  
indicate a uniform  distribution  but  no  significant  buildup  in 
bacter ia l   or   fungal   populat ions.  

The   c rew  were   the   main   source  of bac te r ia l   a i r ,   sur face ,   and   water  
contaminat ion.   Prel iminary  resul ts   suggest   that   the   major   source 
of fungi  in  the SSS was  not  the  crew. 

Atmospher ic   t race   contaminants   were   he ld   a t   l eve ls   subs tan t ia l ly  
lower  than  es tabl ished.   tes t   l imits   with  the  except ion of carbon 
dioxide. 

Contaminant   control   data   were  obtained  for   the  design  of   sensors   for  
onboard  monitor ing  systems.  

Measure  Effects  of Confinement  on  Crewmen 

"To obtain  data  on  physiological  and  psychological  effects of long-duration 
exposure  of the  crew  to   confinement   in   the  cabin  a tmosphere;   on  long-term 
group  dynamics ;   and   on   c rew  work   res t   cyc les .  ' I  

Review of the   resu l t s  of biomedical,   psychological,   and  micro- 
biological  studies l e d  to  the  conclusion  that   the  test   environment  was 
genera l ly   benign   and   no t   severe ly   s t ress fu l   to   the   c rewmen.  

Clinical  blood  and  urine  studies  revealed  no  significant  medical 
problems  during  the  test .  

No psychophysiological  responses  to  the  levels of carbon  dioxide 
exposure   in   th i s   t es t   were   observed .  

Exposure of the  crewmen  to   C02  levels   general ly   below 7 3 0  N / m  
(5. 5 mm Hg) fo r   t he   f i r s t  46 days  resulted  in  no  perceptible 
biochemical   a l terat ions.  

During  the  last  44 days,   when  median  Pc02  levels  were  810 N / m  
(6. 1 mm Hg)  with  peak  concentrations a s  high as  1, 500 N / m 2  
( 1  1. 3 mm Hg), an   apparent   a l te ra t ion   in   ca lc ium-phosphorus  
me tabo l i sm  occur red .  

2 

2 

Biochemical  and  psychological  data  from  this  test   suggest  that   com- 
plete   adaptat ion  to   a l tered  day-night   cycles   may  take 3 to 5 weeks.  
No opera t iona l ly   s ign i f icant   per formance   losses   were   de tec ted  
during  this  adaptation  period,  but  al lowance  must  be  made  in  inter-  
p re t ing   b iochemica l   measurements   such  as Na t /Kt   u r ina ry   exc re t ion  
following  diurnal  cycle  changes. 
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0 No significant  changes  in  whole-body  f luid  compartments  or  lean 
body mass occurred  during  the  tes t .  

0 No behaviora l   o r   medica l   changes   occur red   under   the   t es t  
conditions  which  would  adversely  affect   space  missions of 
equal  duration. 

2. 1 . 6  Determine - R o l e  g of^ Man  in   Performing  In-Fl ight   Experiments  

"To  obtain  through  skillful  planning,  time  -lining,  conducting  and  analyzing 
per t inent   onboard  crew  work  act ivi t ies ,   data   which  wil l   ass is t   in   determning 
the   p rec ise   ro le  of man  in   performing  in-f l ight   experiments;   ass is t   in   deter-  
mining  the  pract ical   benefi ts  of manned  act ivi ty   in   space;   and  ass is t   in  
val idat ing  mathematical   models  of space   mi s s ions .  I '  

0 A computerized  method  for  planning  and  scheduling  mission 
activities  was  evaluated  and  found  to  be a pract ical   operat ional   tool ,  
and  provided  f lexibi l i ty   to   adapt   to   changing  program  requirements .  

The   c rew  t ime  l ine   da ta   demonst ra ted   tha t   on ly  2 hour s   pe r   man  
per   day  were  required  for   operat ion  and  maintenence of the  life 
support  equipment, a s  previously  noted,  demonstrating a capabili ty 
fo r   pe r fo rmance  of useful  in-fl ight  experiments  during  the  balance 
of their   work  day. 

2. 1. 7 Cabin  Mass  and  Energy  Balance 

"To  obtain  total   l ife  support   system  and  subsystem  performance 
character is t ics   which  include a mater ia l   balance,  a thermal   ba lance ,   and  
power  requirements .  I '  

0 A mass  and  energy  balance  was  obtained on equipment  and  crewmen. 
These  data,  in  general,  validated  planning  values  in  Reference 1. 

2 .  1. 8 Other  Accomplishments 

The  following  findings  were  significant,  although  not  specifically  relating  to 
tes t   object ives:  

0 The   u se  of adequate   control   subjects   was  important   in   evaluat ing 
medical   data   during  the  tes t .   Two  methods of con t ro l   were   u sed :  
Base l ine   da t a   were   ob ta ined   p re t e s t   f rom  the   c r ewmen   wh ich   fu r -  
n i shed   cont ro ls   for   use   dur ing   the   t es t ,   and   samples   were   t aken  
f r o m  staff members   and  s tandby  crewmen  for   processing  with Sam- 
p l e s   f r o m   c r e w m e n ,   t o   s e r v e  a s  cont ro ls   on   l abora tory   p rocedures .  

0 A backup  water  tank,  initially  containing 400 l b  of wa te r   t r ea t ed  
with  iodine,   maintained  iodine  concentration  and  freedom  from 
microbial   contamination  throughout  the  test   period. 

Significant  differences  in  urine  solids  production  between  the  day 
and  night   crews  were  apparent ly   re la ted  to   body  weight   differences.  
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0 The  skin  fold  cal ipers   provide  useful   data   on  body  fa t   t rends  and,   in  
conjunction  with  daily  body  weight  measurements,   contribute 
meaningful  data  in  prolonged  confinement.  

2 . 2  PROBLEM  AREAS 

During  the  planning,  performance,  and  data  evalcation of the  90-day  test ,  a 
number  of problems  were  encountered.   I t  is believed  that a definition of 
t h e s e   p r o b l e m   a r e a s  is an   impor tan t   resu l t  of the  test   program,  and  should 
lead  to   the  concentrat ion of effor t   to   improve  procedures   and  equipment  
where  the  greatest   benefi ts   may  be  obtained.   These  may  be  c lass i f ied  with 
respec t   to   p rogram  opera t ions ,   sys tem  in tegra t ion ,   equipment ,   and   medica l  

2. 2. 1 Program  Opera t iona l   P rob lems  

0 The  absence of s tandards  for   wash  water   and  lack of c la r i ty   in  
potable  water  standards  resulted  in  some  difficulty  in  test   planning 
and  pretest   qualification of these  uni ts .  

0 The  operational  value of the  unmanned  alt i tude  test   was  questionable.  
Attempting  to   operate   the  system  remotely,   which  was  designed  for  
crew  operat ion,   p laced a handicap  upon  i ts   performance  that   was 
severe .   True ,   there   were   impor tan t   resu l t s   f rom  the   sa fe ty  
standpoint  but  the  question  remains  that   these  may  have  been 
obtained as  readi ly   during  sea- level   tes t ing.  

0 Tota l   sys tem  opera t ing   t ime  before   the   90-day   tes t   s ta r t   was   no t  
adequate.  Although a 5-day  checkout  test  was  conducted,  too  much 
equipment   was  instal led  subsequent ly   with  incomplete   system 
evaluat ion.   Operat ional   problems  that   arose  during  the  beginning 
of the  test   could  have  been  more  effectively  handled i f  additional 
checkout  t ime  had  been  available  before  the  test .  

0 A period of low  c rew  mora le   occur red   roughly   be tween  days  60 and 70 
which  appeared  to   be  associated  with a decline  in  unscheduled 
maintenance  requirements   (most   equipment   was  operat ing  wel l )   and 
a consequent   increase  in   avai lable   f ree   t ime.   Avai lable   data  do  not 
provide  for  definit ion of causes ,   methods  of ear ly   de tec t ion ,   o r  
effective  methods of counteract ing  this   tendency,   which  appears   to  
be   cha rac t e r i s t i c  of long-term  confinement of small groups.  

2. 2. 2 Sys tem  Des ign   Problems 

0 Bench  tes ts   a lone  on  l i fe   support   uni ts   were  not   adequate   to   prove 
acceptabi l i ty   in   an  integrated  system.  Many  instances  occurred  in  
which   the   sys tem  in tegra t ion   uncovered   a reas  of performance  which 
were  marginal   or   inadequately  def ined;   such a s  potability of wa te r  as  
produced  by  the  vacuum  disti l lat ion-vapor  f i l tration ( V D - V F )  water  
recovery  unit ,   the  contribution of the  solid  amine C 0 2  concentrator  
to  high  condensation  loads  in  the  thermal  control  and  the  lack of 
re l iabi l i ty  of fl ight-type  components  used  in  i ts   manufacture,   and  the 
fai lure   modes  encountered  in   l iquid-gas   separat ion  devices .  
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Unexpected  interaction of un i t s   in   the   in tegra ted   sys tem  occurred  
resul t ing  in   imposi t ion of severe   t rans ien ts ,   per formance   pena l t ies ,  
and  outright  failure  (e.   g. ,   the  poisoning of the  Sabatier  catalyst   by 
t race  quant i ty  of F r e o n  113 cleaning  fluid  in  the C 0 2  r e m o v e d   f r o m  
the  cabin  a tmosphere  by  the C 0 2  concentrator) .  

The  functions of equipment  monitoring  and a larm indication  were  not 
proper ly   in tegra ted   before   the   t es t .   Techniques   used  on individual 
uni ts   or   subsystems  were  independent ly   handled by the   manufac turers .  
A s  a resul t ,   detect ion of out-of-tolerance  conditions  and  fault  
isolation  was  frequently  handicapped. 

Although  automatic  data  collection  existed  for  most  engineering 
pa rame te r s ,   manua l   da t a   l ogg ing   was   r equ i r ed   i n   some   a reas  
including  f low  meter  readings  required  for mass balance  calculations 
(F igu re  4). Reduction of data  on a daily  basis  was  often  inadequate 
to   p resent   the   requi red   opera t iona l   da ta .  

Equipment   Problems 

There  were  f requent   major   malfunct ions of both  the  experimental  
water   e lec t ro lys i s   un i t s .  

Equipment  for  monitoring  potential   radiological  contamination  from 
the  isotope  heaters   was  unrel iable ,   suffer ing  f rom  frequent  mal- 
functions  and  false alarms, and  requir ing  excessive  maintenance.  

R292C-I 

Figure 4. Entering  Data  into  Computer - 
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0 The  Sabat ie r   ca ta lys t   was   damaged  by   t races  of F r e o n  1 1 3  and  was 
replaced  with  subsequent   sat isfactory  operat ion.   Some loss :in 
efficiency of the  toxin  burner   may  have  occurred,   due  to   the same 
cause .  

0 Microbial   contamination  was  found  regularly  in  the  two  cold  potable 
water   dispensers .   This   violated  es tabl ished  s tandards  for   potabi l i ty;  
c rew  consumpt ion  of potable  water  was  l imited  to  that   dispensed  by 
the  hot   water   dispenser .  

0 VD-VF  unit  did  not  always  produce  water  meeting  rigid  potability 
s tandards   wi thout   fur ther   p rocess ing .   Boi le r  1 me t   s t anda rds   fo r  
17 days  out of 25, bo i l e r  2 for  only 4 days  out of 38. 

0 Fa i lu re  of s eve ra l   ze ro -g   l i qu id -gas   phase   s epa ra to r s   occu r red .  
These   were   assoc ia ted   wi th   gas   l eakage   th rough  porous   p la tes ,   fa i lure  
of negative  pressure  devices,   plugging of porous  plates  by  solid 
mater ia l ,   and  corrosion  caused  by  unexpected  exposure  to   con-  
taminants   (e .   g .  , F r e o n  113 decomposition  products  in  the  Sabatier 
r eac to r ;   u r ine   p re t r ea tmen t   so lu t ion   i n   t he   u r ine   s epa ra to r ) .  

0 The  water   recovery  system  was  not   qual i f ied  to   dispose of waste 
water   resul t ing  f rom  food  preparat ion  and  lef tovers   nor   corrosive 
reagents   f rom  the  onboard  laboratory  (NaOH, KOH). This   required 
that 2, 408 plast ic   disposable   dishes   be  used  and  s tored  onboard 
during  the  90-day  test .  

0 Minor  problems  associated  with  the  use of the  commode  include  an 
undesirable  drying  effect  of the  induction air  s t ream  and   the   fa i lure  
of the  fecal   mater ia l   to   adhere  to   the  s torage  bowl  l iner .   Dried  feces  
broke  into  chunks  which  were  thrown  around  inside  the  col lector   by 
the  sl inger  during  use.  

2 . 2 .  4 Medica l   Problems 

0 Presen t   me thods  of m e a s u r e m e n t  of body  f luids  are  not  suitable  for 
operat ional   use ,   especial ly   in   space  f l ight .   They  are   very  diff icul t  
to  manage,  even by exper t s   in   l abora tory   condi t ions .   In   v iew of the 
known  effects of zero  gravi ty   on  body  water ,   these  measurements  
provide  important   basel ine  data   during  extended  tes ts .  

0 T h e   e x e r c i s e   p r o g r a m   ( F i g u r e  5 )  appeared  to   be  marginal   in   main-  
ta ining  general   muscular   tone  and mass. Methods of onboard 
determinat ion of lean  body mass and  body  water  distribution  were 
not   adequate ,   especial ly   for   f l ight   use   in   zero-gravi ty   environment .  

0 Sampling of two  crew  members   was  not   keyed  to   their   a l tered 
diurnal   rhythms  resul t ing  in  "false alarms" when  tes t   da ta   were  
compared   wi th   p re tes t   base l ines .  

0 Pretest   medical   se lect ion  was  adequate   in   rul ing  out   potent ia l ly  
disabl ing  problems  but   inadequate   to   rule   out   recurr ing  minor  
problems.  
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Figure 5. Exercising on the Bicycle Ergometer 
- 

2 . 3  RECOMMENDATIONS  FOR  FUTURE  EFFORT 

Based  upon  evaluation of 90-day   tes t   resu l t s ,   recommendat ions   for   fu ture  
e f f o r t  fall i n to   t h ree   ca t egor i e s .   F i r s t ,  a number of a r e a s   w e r e   d i s c l o s e d  
in   which  improvements   in   equipment   performance  are   necessary  to   reach 
rel iable   operat ional   capabi l i ty   and  fur ther   uni t   development  is  n e c e s s a r y .  
Second,  recommendations  may  be  made  for  improving  the  quali ty of future 
integrated  system  manned  tes ts ,   or   for   ver i fying  t rends  that   are   only 
tentat ively  indicated  f rom  90-day  resul ts .   Third,   conclusions  may  be  reached 
regarding  actual   f l ight   operat ions  or   equipment .  

2 . 3 .  1 Equipment  and  Procedure  Development 

Resul ts  of operat ion  in   the  90-day  tes t   indicate   that   fur ther   design  and  bench 
tes ts   are   required  on  the  fol lowing  equipment   used  in   space  l i fe   support  
s y s t e m s :  

0 Water   e lectrolysis   uni ts .  

0 Zero-gravi ty   phase   separa tors .  

Equipment  for  monitoring  radiation  contamination,  when  radioisotopes 
a re   u sed   i n s ide   l i v ing   a r eas .  

0 Water   recovery  systems  for   processing  food  waste   water   and  used 
reagents   f rom  the   onboard   l abora tory .  
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2 . 3 . 2  

Cold  water   dispensers   to   prevent   microbial   contaminat ion.  

Onboard  laboratory  equipment   for   determinat ion of water  potability 
and  performing  medical  analyses,   thus  reducing  or  el iminating  the 
need  for   pass-outs .  

Operat ional   methods  for   monitor ing  body  f luid  dis t r ibut ion.  

Zero-gravi ty   shower .  

A c leans ing   agent   se lec ted   on   the   bas i s  of both  hygienic  requirements 
and  water   recovery  system  capabi l i ty .  

Flight - type  microwave  oven. 

Non-intrusive  behavioral   evaluation  methods,   such as  NIPA, 
providing  val idat ion  for   operat ional   use   and  explor ing  areas  of 
app l i ca t ion   o the r   t han   mora le   a s ses smen t .  

Heat   diss ipat ion  methods  for   radioisotope  heaters ,  s o  that  capsule 
handling i s  not  required  to  temporarily  shut  down a process   using 
these  uni ts .  

Methods  for  onboard  monitoring of a i r b o r n e - a n d   s u r f a c e   m i c r o b i a l  
loads.  

Future   Integrated  System  Design 

The  90-day  tes t   has   shown  that   bench  tes ts   do  not   provide  an  adequate  
evaluation of prototype  life  support  equipment.  The  interaction of the  var ious 
uni ts   must   be  evaluated  in   integrated  system  tes ts .   These  tes ts   should 
include  as   accurately  s imulated  operat ional   mission  condi t ions a s  possible 
because  experience  has   shown  that   there  is noother   way  to   be  sure   that  
rea l i s t ic   loads   a re   appl ied   to   the  LSS, ei ther   in   average  or   in   t ransient  
magnitudes.  Such a test   has  the  further  advantage  that   many  "piggy-back" 
evaluations  can  be  conducted  that  would  be  impossible  or  economically 
imprac t i ca l   a s   s epa ra t e   i nves t iga t ions .  It i s   therefore   recommended  tha t ,  
a s  bench  development of i tems  in   the  preceding  sect ion  is   completed,   an 
integrated  manned  system  test   should  be  conducted  for  their   evaluation  along 
with  other   advanced  subsystems  on  which  effor t   i s   present ly   being  appl ied.  
In   performance of such  operational,   extended  tests,   the  following  suggestions 
are   indicated:  

More  effective  use  could  have  been  made of monitoring  personnel i f  
a central ized,   automated  system  were  provided  for   monitor ,  a larm 
and  fault  isolation,  designed  to  uniform  interface  requirements,  and 
providing  for  on-line  display of data  for  use  by  the  operating  staff  
and  crewmen.  

Equipment  fabrication  and  delivery  schedules  should  provide 
adequate   t ime  for   checkout  of the  complete   integrated  system  before  
t e s t   s t a r t   t o   documen t   pe r fo rmance   and   t o   ach ieve   f ami l i a r i t y  of the 
operating  staff   with  the  equipment  and  methods.  
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0 Proto type   ins t ruments   and   pro to type   sys tems  us ing   rad io iso topes  
should  be  evaluated  in   s imulators   pr ior   to   use  in   vehicles .   This  
allows  development of procedures   and  analysis  of crew  act ivi ty  
schedules  both  leading  to  optimization of pro tec t ive   measures   and  
minimizat ion of expensive  safety  factors   necessary  without   these 
evaluat ions.  

A s  a re su l t  of the  90-day  tes t   evaluat ion,   several   regenerat ive  processes  
have  been  shown  to  be  ready  for  design  to  meet  f l ight  qualification  require- 
ments .   The  fol lowing  processes   may  be  considered  avai lable   for   space 
appl icat ion,   wi th   appropriate   reservat ions  where  noted:  

0 Recovery of potable   water   f rom  atmospheric   humidi ty   and  ur ine,  
a l though  reconci l ia t ion of discrepancies  between  in-fl ight  potabil i ty 
standards  and  qualified  monitoring  methods is requi red .  

0 Process ing  of wash  water   and  product ion  in   quant i t ies   acceptable   for  
hygienic   requirements .  

0 Recovery of oxygen   f rom  a tmospher ic  C02,  i f  necessa ry   improvemen t  
in   f l ight- type  water   e lectrolysis   uni ts   can  be  achieved.  

0 Radioisotope  sources   for   provis ion of re l iab le   thermal   energy   where  
needed  in   the  l i fe   support   processes ,  if adequate  monitoring 
instrumentat ion  and  design  guidel ines   are   avai lable .  

Experience of the  90-day  test   has  led  to a number of recommendat ions  for  
improving  operat ional   eff ic iency  in   future   extended  manned  tes ts   and 
in-fl ight  operations.   The  following  l ist   i temizes  some of the  more  significant 
of these  recommendat ions:  

0 Equipment   per formance   requi rements   mus t   be   rev iewed  f rom a s y s -  
tems  viewpoint   to   ensure  that   capaci ty   can  accommodate   t ransient  
demands  caused  by  startup  and  shutdown of o the r   un i t s ,   a s   we l l   a s  
those  imposed by  fluctuating  crew  activity.  Conversely,  the  imposition 
of excessive  t ransient   loads  should  be  minimized  whenever   possible .  

0 Pretest   medical   se lect ion  cr i ter ia   should  cont inue  to   emphasize 
potentially  disabling  conditions.   For  tests of th i s   dura t ion   or   longer ,  
medical  histories  should  be  sufficiently  detailed  to  rule  out  chronic 
or   recur ren t   minor   p roblems  which ,   th rough  d i scomfor t   and  
increasing  annoyance,  could  compromise  the  test .  

0 P r e l i m i n a r y   r e s u l t s  of fungus  screening  suggest  that   future  simu- 
la tors   and   space   vehic les   might   requi re   fabr ica t ion   under   c lean  
room  conditions.   The  cost   effectiveness of such  a procedure  
vis-a-vis   fungus  tes t ing  and  mater ia ls   screening  procedures   and 
the  actual   effect iveness  of c lean   room  procedures   in   min imiz ing  
fungal  contamination  require  further  study. 

0 Computer ized  methods  for   mission  planning  and  preparat ion of c r e w  
ac t iv i ty   schedules   should   s ta r t   ea r ly   in   the   p rogram  to   p rovide  
flexibility of response  to  changes  and  to  evaluate  their   effect   on 
schedules   and   miss ion   p lans .  
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Staggered  sleep  schedules  should  be  considered.  In  addition  to 
providing  cont inuous  operat ional   coverage,   th is   technique  increases  
the  apparent   space  avai lable   by  reducing  the  number of c r e w m e n  
active  in  the  l iving areas of the  vehicle. 

The  operational  significance of the  lag  in  adaptation  to a r e v e r s e d  
diurnal   rhythm  should  be  evaluated  fur ther   s ince  future   long-durat ion 
space   miss ions   wi l l   mos t   cer ta in ly   requi re   24-hour   opera t ions  
involving  some  changes  in   crew  s leep  cycles .  

Onboard  medical  supplies  should  be  sufficient  to  al low safe, 
def ini t ive  t reatment  of acute  problems  without  jeopardizing  mission 
success .   Th i s   r equ i r e s  a thorough  analysis  of most  probable 
contingencies  and  provision  for  those  which  can  be  managed  in  the 
manner   desc r ibed .  

Observa t iona l   t echniques   for   assess ing   c rew  behavior   and   per formance  
( N I P A )  should  be  applied  and  data  prepared  on a t imely  basis   to  
a i d  in   p rogram  opera t ions .   Improved   c r i te r ia   for   measur ing   c rew 
performance  need  to  be  developed  to  provide  standards  for 
m e a s u r e m e n t .  

Crew  tasks   should  include  short- term  invest igat ions  which  a l low 
completion of inter im  milestones,   ra ther   than  es tabl ishing 
completion of the  tes t   i t se l f  a s  the  only  goal.  There  should  be 
provis ions   for   s ta r t ing   such   tasks   re la t ive ly   l a te   in   the   t es t   to  
counteract   the   tendency  toward  the  character is t ic   mid-test   morale  
s lump  which  appears   to   be  re la ted  to   decl ining  task  t ime  requirements .  

The  procedure of collecting  baseline  biochemical  and  psychological 
data   on  the  crew  before   and  af ter   the   tes t   should  be  Fetained  and 
expanded.  The  goal  is   to  define  the  subtle  changes  result ing  from 
the  re la t ively  low  s t ress   levels   occurr ing  during  the  tes t .   The 
retention of cont ingency  samples  is necessary   to   run   supplementa l  
analyses  based  upon  unexpected  observed  trends.  

The  use of ou ts ide   cont ro ls   for   p rocess ing   cont ro l   i s   s t rongly  
recommended  and  should  be  expanded  in  future  tests. If possible,  
these   cont ro ls   shonld   inc lude   samples   f rom  an   exper imenta l  
control   crew  on  the  same  regimen  ( including  work  hours ,   exercise ,  
and   d ie t )   as   the   t es t   c rew.  

The  interact ions of !ow-level  C02  effects  on  Cat' - P  with  zero 
gravi ty   must   be  evaluated  in   detai l .   The  instabi l i ty   in   Cat+ -P  
caused  by  both of these   s t resses ,   though  apparent ly   ac t ing   in  
opposi te   direct ions,   may  create   special   problems  in   Cat+  control  
even  a t   very  low  levels  of C 0 2  exposure ,   e .   g . ,   l ess   than  
465 N / m 2  (3.5 mm Hg). 

Cl inical   b iochemistr ies   should  be  selected  to   screen a wide  variety 
of organ  systems  for   developing  pathology.   Sampling  f requency  in  
t e s t s   s u c h  a s  th i s   should   be   increased   us ing   micro techniques .  
Onboard  biochemical   analysis   capabi l i ty   for   selected  parameters  
should  be  considered  a t   least   for   cont ingency  use.  
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Sampling  for  blood  chemistry  and  hematology  should  be  scheduled 
in  consonance  with  the  individual 's   diurnal  rhythm.  All   samples 
should  be  obtained  in a f a s t ing   basa l   s t a t e   r ega rd le s s  of o the r  
scheduling  problems. 

Although  routine  urinalysis  did  not  reveal  changes,   this  procedure 
remains  of  value  in  screening  for  pathology  and  should  be  continued 
in   future   tes ts .  

Exercise  devices  should  be  provided  which  enable  whole-body 
conditioning  (Figure 6) .  

A microwave  oven  or   equivalent   means  should  be  provided  for  
conveniently  reheating  prepared  foods.   Food  provisions  should  be 
readi ly   p repared   to   min imize   the   in te r fe rence   wi th   c rew  per formance  
of miss ion- re la ted   t asks ;   rehea t ing  of sui table   selected,   prepared 
food has   been  shown  to   be  acceptable   for   long  missions.  

Equipment  design,  spares  provisioning,  and  crew  training  should 
rely  heavily  upon  the  ingenuity of the  crewmen  to   perform  in-f l ight  
maintenance  and  repair  of equipment.  

Figure 6. Two Crewmen, Engaged in  Ad  Lib Exercise 
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Section 3 

PROGRAM  DESCRIPTION 

In  planning  for   the  90-day  tes t   an  important   cr i ter ion  was  the  achievement  of 
operat ional   mission realism. Crew  act ivi t ies   needed  to   be  representat ive of 
ac tua l   miss ions   to   p resent   the   p roper   phys ica l   and   psychologica l   s t imula t ion .  
If t h i s   w e r e  n'ot achieved, it was  qui te   possible   that   such basic p a r a m e t e r s  as  
food  consumption,  task  performance,  physiological  changes,   motivation,  and 
morale  would  be  seriously  affected.   Thus  faulty  data  would  have  been  obtained 
in   many of t he   bas i c   a r eas  of the  investigation  because of the  interacting  effects 
of inadequate  st imulation. 

Since  many of the  operat ional   e lements  of a real   space  mission  could  not   be  
present ,   i t   was   necessary   to   p rovide   acceptab le   subs t i tu tes .   Every   e f for t  
was   made   to   avoid   "make-work"   chores   s ince   i t  w a s  assumed  tha t  a highly 
motivated  crew  would  react  negatively  to  meaningless  tasks.   As a r e su l t ,   i t  
was  possible   to   devote  a sign'ificant  effort  to  the  evaluation of equipment  and 
methods   for   many  pr inc ipa l   inves t iga tors   in  a va r i e ty  of discipl ines .  

The  efforts of these   p r inc ipa l   inves t iga tors   increased  realism of the  tes t   and 
a l so   p roduced   resu l t s  of scientific  value  in  specialized  areas  that   would  have 
been  difficult  or  impossible  to  obtain  independently of the  90-day  test,  but 
were   economica l ly   p rac t ica l   as   "p iggy-back"   exper iments .  

3 . 1  PROGRAM  ORGANIZATION 

The  program  operational  staff   was  provided  from  the  Advance  Biotechnology 
and  Power  Department of the  Advanced  Systems  and  Technology  Division, 
MDAC. This  group  included  personnel  who  had  previously  participated  in 
143 d a y s  of manned,   integrated  systems  tes ts   including a 30-day  tes t   in   1965 
and a 60-day  test   in  1968.  Support   in  laboratory  and  facil i ty  design,  fabrica- 
t ion,   and  operation  was  provided  by  the  Engineering  Laboratories  Department 
of the  Development  Engineering  Division. 

The  program  began  in  April   1969  and  proceeded  through  planning,  design,  and 
fabrication  unti l   system  checkout  began  in  March 1970. An unmanned  system 
test   and  5-day  manned  checkout   were  conducted  la te   in   Apri l .   The  90-day 
test   was  conducted  between  June 13 and  September 11, 1970. 

Facil i ty  design  and  program  planning  included  extensive  reviews  insuring  the 
safety of manned  tes t .  An Operational  Readiness  Inspection  Committee  was 
appointed  during  the  ear ly   design  phase,   including  special is ts   in   industr ia l  
sa fe ty ,   engineer ing ,   aerospace   medic ine ,   qua l i ty   assurance ,   and   employe  
relat ions.   This   commit tee   reported  to   the  Vice  President ,   Development  
Engineering,  and  conducted  frequent  reviews of the  design,  planning,  and 
fabricat ion  unt i l   the   s tar t  of the  manned  test .  
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They  provided   repor t s   on   manned  tes t   sa fe ty   aspec ts   to   the   Opera t iona l  
Readiness  Review  Committee,   consti tuted  by  NASA-Langley  in  accordance 
with NASA regulations. 

3.2  CONTRIBUTING  AGENCIES 

The   success  of the   90-day   tes t   resu l t s   f rom  the   e f for t s  of many  contributing 
agencies .   These  effor ts   enabled  e laborat ion  and  extension of the   bas ic   p ro-  
gram  object ives   previously  s ta ted,   offer ing  an  opportuni ty   to   perform  auxi l i -  
a ry   s tud ies   economica l ly   in   many areas related  to  the  extended  confinement 
of the  four  young,  healthy,  and  intellectually  active  crewmen.  Considerable 
baseline  data  were  obtained  on  physiological,   psychological,   and  micro- 
b io logica l   charac te r i s t ics  of the   c rewmen  before   and   a f te r   the   t es t .   This  
enabled  the  study of react ions of the  crewmen  during  the  test   to  f luctuations 
in  CO2  level,   habitabil i ty  features,   acoustic  environment,   special   diet   and 
food   p repa ra t ion   f ea tu re s ,   s t r e s s ,   and   many   o the r   a r eas .  

The  par t ic ipat ing  agencies   and  the  areas   in   which  they  made  important   con-  
t r ibu t ions   to   the   t es t   p rogram  a re   l i s ted   in   the   Appendix .  

3.3  SPACE  STATION SIMULATOR 

The  Space  Station  Simulator (SSS) i s  a double-walled  h.orizonta1  cylinder, 
3. 66 m e t e r s  ( 1 2  f ee t )   i n   d i ame te r   and  12. 2 meters   (40   fee t )   in   l ength .   The  
116 m3  (4,  100 cu f t )  c h a m b e r  is  normal ly   opera ted   a t   reduced   a tmospher ic  
pressure   to   dupl ica te   p roposed   space   s ta t ion   cab in   a tmosphere   composi t ion .  
The  annular   space  between  the  inner   and  outer   wal ls ,  as  well as the a i r  lock 
and  small   pass- through  ports ,  i s  usually  evacuated  to 1. 24 kN/m 2 ( 5  in, 
water )   be low  cabin   p ressure ,   ensur ing   tha t   a l l   l eakage  is  outboard  to   provide 
real is t ic   tes t ing  and  evaluat ion of environmental   control   and  l i fe   support  
equipment .   The  chamber   is   provided  with 10. 2 cm  (4   in .  ) of insulation  to 
minimize   thermal   and   acous t ic   t ransmiss ion .  

An air lock  is   provided  a t   one  end of the  chamber,   with a volume of 4. 5 m 
(160 cu   f t ) ,   fo r   en t rance   and   egress  of the  crew. A pass- through  port   con-  
taining  an  autoclave  was  used  weekly  for  pass-out of samples   for   ana lys i s .  
I t   was  s ter i l ized  before   each  use  to   insure   microbial   i solat ion of the  tes t  
ch.amber. A second  pass - through  por t   i s   ins ta l led   in   the   chamber   bu t   no t  
used  during  the  90-day  tes t .   The  a i r lock  and  pass- through  ports  are  normal ly  
he ld   a t   annulus   p ressure ,   s l igh t ly   be low  cabin   p ressure ,   when  no t   in   use .  

F i g u r e  7 shows  the  configuration of the SSS used  during  the  90-day  test .  
This   a r rangement   fea tured   an   equipment   room  and   c rew  l iv ing   a rea   separa ted  
by   an   acous t ic   bar r ie r .   The   equipment   room  inc luded   a l l   the   mechanica l  
equipment of the  environmental   control   system  and  i ts   operat ing  instrumenta-  
tion. A command  center   was  located  a t   the   "front"  of this  room  including  the 
crew  l i fe   support   monitor ,  a psychomotor   tes t   console ,   and  the  computer-  
l ink  keyboard.  Computer  input  and  output  were  displayed on a large  video 
monitor   vis ible   through  the  forward  view  port ,   but   outs ide  the  chamber   for  
e a s e  of instal la t ion  and  maintenance.   The  crew  l iving area inc luded   space   for  
food  preparation, a folding  table  for  eating  and  recreation,  an  onboard  lab- 
ora tory   a rea ,   and   the   enc losed   was te   management   a rea .   Two  bunks   were  
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located  on  each  side of the   a i r lock   and   were   i so la ted   f rom  the   main   a rea   by  
nonflammable  draperies .   Much of the  design of this  installation  was  influenced 
by  previous  tes t   experience  which  indicated  equipment   and  l iving  areas   should 
be  separated  to   reduce  noise   levels   in   the  l iving  quarters .  

The   regenera t ive  LSS evaluated  during  the  90-day  manned  tes t   i s   shown  in  
F igu re  8. The LSS installed  in  the SSS included  advanced  subsystem  units 
be ing   eva lua ted   for   the   f i r s t   t ime  in  a manned  tes t   and   base l ine  LSS units 
whose  design  had  been  proved  in  previous  manned  tests.  In the  operation of 
the LSS during  the  90-day  test ,   the  prime  function  was  to  evaluate  the 
per formance  of the  advanced  subsystem  uni ts .  A l i s t  of the  advanced  units, 
baseline  units,  and  backup  units of the LSS is  shown  in  Table 1. 

Table  1 

SPACE  STATION  SIMULATOR LSS 
~~ 

Advanced  Subsystem 
Funct ion Unit Baseline  Unit  Backup  Unit 

Potab le   water  
recovery   ( f rom 
urine  and  con- 
densa te)  

Carbon  dioxide' 
concent ra tor  

Carbon  dioxide 
reduction 

Water   e lec t ro l -  
y s i s  

Atmosphere 
supply  control 

Atmosphere 
compos i t  ion 
senso r  

Waste   manage-  
ment  

Food  preparat ion 

Wash  water  
recovery  

Vacuum  disti l lat ion- 
vapor   f i l t ra t ion 
(AMRL) 

Sol id   amine   absorber  
(LRC - Hamilton 
S tandard)  

Alkaline  electrolyte 
(Al l i s -Cha lmers )  

:::Circulating 
e lec t ro ly te  
(LRC-  Lockheed) 

Flight-weight 
two-gas  control  
(LRC-MDAC) 

M a s s   s p e c t r o m e t e r  
s enso r   (LRC-Perk in  
E l m e r )  

"Slinger"  commode 
(AMRL-  General 
E l e c t r i c )  

Microwave  oven 
(Li t ton)  

Multifiltration 

Open-  loop  wick 
evapora tor  

Molecular   s ieve 

Saba t i e r   r eac to r  

Basel ine 
two-gas 
cont ro l  

Beckman  Polaro-  

S ta tham  S t ra in  
Gage  (Total)  

g raph  ( 0 2 )  

LiOH 

::Electrolyzer 

:::Installed  outside  adjacent  to SSS. 
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In addition  to  the LSS design  environmental   conditions  in  Table 2, design of 
the  l ife  support   system  involved  consideration of the   requi rement   for   compact  
instal la t ion  with  ready  accessibi l i ty   for   maintenance  and  repair .   The  instal la-  
tion of the   advanced   subsys tems  requi red   ex tens ive   in tegra t ion   wi th   the   p re-  
viously  tested  backup  subsystems.  This  ensured  continuation of the  test   when 
a malfunct ion  caused  temporary  or   permanent   shutdown of one   o r   more  of the 
advanced  subsystems  without   compromising  the  remaining  tes t   object ives .  

Table 2 

SSS ENVIRONMENTAL  DESIGN  REQUIREMENTS 

T o t a l   P r e s   s u r e  

O x y g e n   P a r t i a l   P r e s s u r e  
(Nitrogen  Diluent) 

68. 9 f 2 k N / m  L (517 f 15  mm Hg)  

20.7 f 0. 67 k N / m  2 (155  f 5 mm Hg) 

Cabin   Tempera ture  294"  f 2. 8 ° K  ( 7 0 "  f 5 ° F )  

Relative  Humidity 40 to 70 pe rcen t  

G O 2   P a r t i a l   P r e s s u r e  506 N / m  ( 3 .  8 mm Hg) 2 
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Section 4 

PROGRAM  OPERATIONS 

This   sec t ion   presents   an   overv iew of the   p rogram  opera t ions ,   descr ib ing  
those  act ivi t ies   that   were  most   important   in   preparing  for   and  performing 
the  90-day  test .   These  include  test   planning,  equipment  checkout,   selection 
of the  crewmen,  planning  activity  schedules,   defining  operating  staff   duties,  
and  collection  and  analysis of data.  

4 .1   TEST  PLAN AND  PROCEDURE 

The  tes t   p lan  and  procedure  used  during  the  tes t   has   been  updated  and  pub-  
l ished  in NASA CR- 11  1882.  This  document  provided a detailed  plan  for 
accompl ish ing   the   requi red   p re tes t   p rocedure ,  a 5-day  manned  checkout 
tes t ,   and  the  90-day  manned  tes t .   The  ini t ia l   vers ion of the  test   plan  was 
submitted  to NASA-  LRC  in  July  1969.  During  the 43 weeks  f rom  the  ini t ia l  
t e s t   p l an   r e l ease   t o   t he   s t a r t  of the  5-day  manned  test ,   the  test   plan  was  con- 
tinually  updated. At the  Operat ional   Readiness   and  Safety  Review  just   before  
the  5-day  manned  test   the  test   plan,   including  all   current  change  notices,  
was  approved  for  manned  testing.  Additional  change  notices  dictated by  the 
r e su l t s  of the  5-day  manned  checkout   tes t   and  fur ther   program  reviews  were 
genera ted   before   the   s ta r t  of the  90-day  manned  test .   The  Final  Test   Plan 
and  Procedures   includes a fur ther   rev is ion   accompl ished   a t   the   end  of the 
90-day  test   to  show  the  actual  implementation,  with  photographs  and  i l lus- 
t ra t ions  added  to   bet ter   descr ibe  the  tes t   configurat ion.   The  above  procedure 
allowed  the  test   plans  to  be  distributed  widely  for  contributions  and  cri t icism 
and  facil i tated  the  broad  participation of many  agencies   and  discipl ines .  

4 . 2  UNMANNED  AND  MANNED  CHECKOUT  TESTS 

Upon completion of the  facil i ty  and  baseline LSS equipment  installation,  inte- 
gra ted   sea- leve l   t es t ing  of the  equipment  was  initiated.  This  was  followed 
by a closed-door  unmanned  checkout  test   lasting 96 hours,   then a 5-day 
manned  tes t   a t   design  cabin  pressure  condi t ions.  

During  the  unmanned  checkout  test ,  i t  was   necessary   to   in t roduce   two  or  
th ree   engineers   and/or   t echnic ians   to   s ta r t   the   equipment ,   per iodica l ly   to  
make   opera t ing   ad jus tments ,   and   to   shut   i t  down at   the   end of the  test .   I t  
was  found  that  the  design of the LSS and  other  equipment,   which  was  intended 
to   faci l i ta te   operat ion  by  the  crew  during  the  actual   tes t ,   was  not   adequate   to  
allow  reliable  operation  in  the  unmanned  mode.  Several   t imes  problems 
arose  which  could  not  be  corrected  rapidly  enough to prevent  equipment 
shutdown.  The  benefits of such  an  unmanned,  closed-door  test   in  providing 
the  intended  basel ine  data   are   therefore   quest ionable .  
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Safe ty   p roblems  were   encountered   and   so lved   dur ing   th i s   unmanned  tes t .  
The   mos t   severe   p roblem  was   the   fa i lure  of a quick  disconnect  in  the  hot 
Coolanol ( 4 2 3 ° K  o r  3 0 0 ° F )  l ine  supplying  the  molecular  sieve  unit .   This 
resul ted  in  a quantity of hot  f luid  (estimated  at   10  to  15  gallons)  being 
re.leased  into  the  equipment  compartment.  A heavy   mi s t  of Coolanol  blocked 
al l   v is ibi l i ty  of the T V  moni tors ,   and   the   t es t   was   abor ted .   Analys is  of the 
fai lure   indicated a galvanic  corrosion  between  two  different  aluminum  alloys 
used  in   the  quick  disconnect .   Similar   corrosion  had  occurred  in   other   f i t -  
t ings  in  the  hot  Coolanol  system;  these  were  subsequently  replaced  with 
s ta in less   s te l   f i t t ings .  No problems  were  indicated  in  the  cold  Coolanol 
system  with  s imilar   a luminum  quick  disconnects .   Fol lowing  extensive 
cleaning  procedures ,   the   tes t   was  resumed.  

On the  second  day of the  unmanned  test  a f i r e   occu r red   i n  a catalyst   bed 
instal led  outs ide  the  chamber   to   remove  contaminants   in   the  oxygen  l ine 
be tween  the   Al l i s -Chalmers   water   e lec t ro lys i s   un i t   and   the   two-gas   cont ro l .  
This  was  extinguished  without  difficulty,  but  it   was  found  that  the  hydrogen 
produced by  the  electrolysis  unit   was  being  delivered  along  with  the  oxygen. 
This  highly  combustible  mixture  had  been  ignited  in  the  catalyst   bed.  Opera- 
tion of the  e lectrolysis   uni t   was  discont inued  for   the  durat ion of the  checkout 
tes t .   La ter   examinat ion   showed  a - regula tor   in   the   e lec t ro lys i s   un i t ,   which  
regula ted   hydrogen   pressure   and   was   b iased   by   oxygen   pressure ,   had  a failed 
diaphragm  which  allowed  the  two  gases  to  mix.  This  regulator  was  replaced 
with  one  having a double  diaphragm  and a vented  intermediate   space  to   pre-  
vent  mixing of the  output  gases if  such a fa i lure   occur red   aga in .  

The  5-day  manned  checkout  was  conducted  uneventfully.  Following  this  test 
a thorough  review  was  performed,  including  all   test   data,   crew  comments,  
and  s taff   evaluat ion.   Necessary  changes  in   procedure  and  equipment   modi-  
f ications  were  accomplished.  Weak  areas  in  training  which  were  uncovered 
were  emphasized  in   subsequent   sessions,   both  for   the  tes t   crew  and  operat ing 
staff.  Additional  operation  and  qualification of the  potable   water   system  was 
also  undertaken.  

The  period  following  the  manned  checkout  also  involved  installation  and 
checkout of many of the  advanced  subsystems  and  experiments .   Schedule  
constraints   had  not   a l lowed  del ivery  or   instal la t ion of t h e s e   i t e m s   e a r l i e r .  
This   act ivi ty   required  considerable   a t tent ion by  the  staff;  consequently 
complete   system  checkout   and  crew  t ra ining  on  the  new  equipment   was  less  
extensive  than  desirable .  

4 . 3  CREW  SELECTION AND TRAINING 

On the  basis  of resu l t s   garnered   f rom  prev ious   opera t iona l   and   exper imenta l  
situations  involving  prolonged  confinement of small   groups,   the   conclusion 
was  reached  that   selection of par t ic ipa t ing   c rew  members   could   be  of 
crucial   importance  to   the  accomplishment  of 90 days  of c losed  operat ion.  
Proper   se lec t ion  of crewmen  was  bel ieved  to   be  essent ia l   to   avoid  potent ia l ly  
disrupt ing  developments   in   behavioral   dynamics  during  prolonged  confinement  
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Consequently,  a careful ly   planned  approach  to   crew  select ion  was  undertaken 
which  permit ted  repeated  opportuni t ies   for   crew  evaluat ion  before   f inal  
select ion.   The  process   began  during  recrui tment   and  cont inued  during  the 
training  program.  After  the  5-day  manned  checkout,   f inal   selection of the 
onboard   c rewmen  and   c rew  commander   were   made .   Evalua t ion   was   thus  
accompl ished   over  a per iod  of 6 to 7 months.  

Evaluation  was  oriented  along  two  l ines  for  those  applicants  who  were  physi-  
cally  qualified:  psychologic  and  pragmatic.   Extensive  psychodiagnostics 
and  paper-and-penci l   screening  tes ts   were  employed  to   reduce  the  appl icant  
pool  to  manageable  size.   Eight  candidates  were  selected  to  commence  the 
t ra in ing   program  on   the   bas i s  of these   resu l t s   and   in te rv iews   wi th   p rogram 
staff   personnel.   Throughout  the  training  period,  repeated  writ ten  tests  were 
adminis te red   and   observa t ion  of personnel   was  accomplished  by  var ious  s taff  
members .   Information  was  thus  obtained on demonst ra ted   e lec t romechanica l  
apti tude,   comprehension of subsys tem  func t iona l   p r inc ip les ,   genera l   p rogram 
in t e re s t   and   l eve l  of commitment ,   pa t te rns  of group  interact ion,   re la t ive 
s ta tus  of po ten t ia l   c rew  members   wi th in   the   g roup ,   and   coopera t iveness   wi th  
changing  schedules   which  arose  throughout   the  t ra ining  program. 

The   c r i te r ia   which   seemed of greatest   value  to   successful   se lect ion  were:  
psychodiagnostically  and  behaviorally  verified  emotional  stabil i ty  with  low 
irr i tabi l i ty;   sc ient i f ic   t ra ining  a t   the   graduate   school   level   in   the  psysical  
and/or   b io logica l   sc iences ;   and  a wil l ingness   ( lack of complaints)   to   comply 
with  unushal  and  unexpected  demands  for  training  which  occurred  repeatedly.  
All   crew  members   could  addi t ional ly   be  character ized  as   independent   and 
inner-directed,   re lying  upon  inner   resources   ra ther   than  other   people   to  
main ta in   the i r   emot iona l   equi l ibr ium.   This   personal i ty   fac tor ,   more   than  
o t h e r s ,   c a n   s e r v e   a s  a basis   for   explaining  not   only  the  pers is tence of excel-  
lent   performance  but   a lso  the  obvious  res is tance  to   the  development  of an  
emotionally  involved  group  throughout  training  and  the  duration of the 
confinement  period. 

Selected  crew  members   and  qual i f icat ions  are   ident i f ied  in   Table  3 

Performance   da ta  on  the  crew  during  the  90-day  test   revealed: 

0 No evidence of disrupt ion of bas ic   psychodynamic   p rocesses .  
Although  minor  changes  in  psychodiagnostic  test  findings  were 
observed ,   these   seem  to   be   normal   deve lopment   resu l t ing   f rom a 
significant  al teration  in  l ife  style  (from  graduate  school  to  the  aero- 
space   indus t ry)   ra ther   than   bas ic   personal i ty   res t ruc tur ing .  

0 All   t asks   requi r ing   c rew  par t ic ipa t ion   were   accompl ished .   Those  
requir ing  adherence  to   t ime  constralhts   were  performed  on  t ime.  
Tasks   had   p rev ious ly   been   c l a s s i f i ed   a s   manda to ry   and   r ecom-  
mended.   The  la t ter   category  permit ted  the  crew  to   decide i f  the 
job  would  be  accomplished. Of a total  of approximate ly  9, 400 
planned  tasks   in   both  categories ,   only  one  task  was  delayed  by  one 
c rewman  by   approximate ly  18 hours .   Al l   o ther   t asks   were   accom-  
pl ished  with  l i t t le   or   no  prompting  required.   This  is cons idered  
outs tanding  performance  which  has   not   been  approached  in   previous 
manned  l i fe   suppor t   sys tem  tes t s .  
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Table 3 

INFORMATION  ON  CREWMEN 

Academic   Relevant  
C r e w m e n   A g e   D i s c i p l i n e ( s )   D e g r e e ( s )   S c h o o l ( s )   E x p e r i e n c e  

S tephen   Dennis  23 L i f e   s c i e n c e s ,  BS, 1969  MIT  Biochemical   and 
Neurobio logy  toward   MS  Cal i forn ia   microbio logica l  
and  Bei lavioral  Ins t i tu te  of s k i l l s  
Genet ics  Technology 

T e r r y   D o n l o n  

John  Hal l  
( C r e w   C o m m a n d e r )  

Wilson  Wong 

3 1  

26 

22 

C h e m i s t r y  
P h y s i c a l   c h e m i s t r y  

M e d i c a l   p h y s i c s  

C h e m i s t r y  
Medic ine  
G e o c h e m i s t r y  
G e o c h e m i s t r y  

M e c h a n i c a l  
Engineer ing  
A e r o n a u t i c s  

BS, 1961 
MS,  1964 

PhD, 
1970- 1 

BA,  1965 

MS, 1968 
2 y e a r s  

toward  
P h  D 

BSME,  1969 
toward  MS 

Reed  Col lege  Radioisotope 
Washington  State   technician 
Univers i ty  
UC LA  Cl in ica l   medic ine  

l a b o r a t o r y  
technic ian  

Reed  Col lege 
H a r v a r d   M e d i c a l  

E l e c t r o n i c s  

Cal i forn ia  
i n s t r u m e n t a t i o n  
r e p a i r   t e c h n i c i a n  

Ins t i tu te  of small g roups   i n  
Technology  isolat ion  (Alaska 

a n d   P e r u )  

CCNY 
Cal i forn ia  
Ins t i tu te  of 
Technology 

R e p a i r   a n d   t e s t  
of o i l   r e f i n e r y  
h a r d w a r e  

CREW 

Stephen   Denn i s   Te r ry   Don lon   John   Ha l l   Wi l son  Wong 



0 All   experimental   procedures   which  were  capable  of accompl ishment  
by   reason  of nominal   suppor t   equipment   per formance   were   sa t i s -  
factor i ly   accomplished  by  ass igned  crew  members .   Addi t ional  
expe r imen t s   were   conce ived   and   ca r r i ed   ou t   by   c r ew  members   i n  
a reas   re la t ing   to   ind iv idua l   in te res t s .   Numerous   a t tempts   were  
made  by  the  crew  to   res tore   funct ion  to   the  few  equipment   i tems 
which  were  not   repairable .   Some  l i fe   support   subsystems  fa i led  in  
modes  which  had  not  been  anticipated  but  were  returned  to  operation 
so le ly   because  of the  ingenuity of c rew  members   in   e f fec t ing   repa i rs .  
Other   subsystems  fa i led  but   were  operated  for   long  per iods  in  
manual   modes  to   "coax"  fur ther   performance  f rom  them.  I t  is 
apparent   that   to ta l   system  operat ion  could  not   have  been  maintained 
without  the  dedicated  crew  support   which  was  available.  

4 . 4  MISSION ACTIVITY ANALYSIS 

In planning  the  crew  activity  schedules  for  use  during  the  test ,   the  output of 
a computer ized  method  was  compared  with a manually  developed  schedule.  
The  computer ized  method,   known  as   the  Space  Stat ion  Mathematical   Model  
(SSMM),  was  developed  and  applied  by  LRC  personnel.  Data  were  taken  on 
ac tua l   c rew  per formance   to   enable   compar ison  of the  manual   and  computer ized 
schedules   and  to   provide  improved  inputs   in   future   tes ts .  

Input  data  for  both  methods  included: ( 1 )  a crew  event  matrix,   defining  the 
act ivi t ies   to   be  performed by  the  crewmen  and  l is t ing  constraints ,   ski l l  
requi rements ,   equipment   used   and   t ime  es t imates ,  ( 2 )  a c r ew  sk i l l s   ma t r ix  
showing  the   p r imary   and   ' secondary   sk i l l   a reas  of the  crewmen,  ( 3 )  a mis s ion  
events   prof i le   l is t ing  act ivi t ies   required  for   each  day of the  test ,   and 
(4)  ope ra t ing   g round   ru l e s .   F rom  these ,   c r ew  ac t iv i ty   s chedu les   were  
der ived,   both by manual   methods at MDAC and by use of the  SSMM  at 
NASA- LRC. 

It  was  found  that  collection of operational  planning  data  in  the  above  formats 
was  equally  helpful  in  both  methods of planning.  These  offered a tool  to 
provide a f i rm  basis   for   act ivi ty   schedul ing  and  helped in eliminating  poten- 
t ia l   schedul ing  confl ic ts ,   provided  the  capabi l i ty   for   evaluat ing  proposed 
changes   as   the   p rogram  deve loped ,   and   requi red   cons idera t ion  of mis s ion -  
re la ted  effects  by personnel   working in the   t echnica l   a reas .  

The   c rew  was   furn ished   wi th  a fuR  set of the  activity  schedules  at   the 3 
beginning of the  tes t .   These  included 270 pages of de ta i l   ac t iv i t ies ,  8 hour s  
fo r   each  of the  four  crewmen  on  each  page.  They  were  instructed  to  use 
them as a guide,   and  to  make  adjustments  found  to  be  necessary  to  accom- 
modate   unscheduled  events   or   adjust   for   unexpected  var ia t ions  in   task  t ime 
requi rements .   The   computer   and   manual ly   genera ted   schedules   were   p re-  
s e n t e d   o n   s i w l a r   f o r m a t s .  

Analysis  of data  collected  during  observation of crew  act ivi t ies   during  the 
tes t   shows  that  on each   day   the   ac tua l   t ime  spent   on   scheduled   events   was  
less   than  a l located  and  the  crew  f ree   t ime  was  more  than  a l located.   Review 
of t he   ac tua l   da i ly   c r ew  pe r fo rmance   s chedu les   and   t he   c r ew  ac t iv i ty  
schedules   shows  that   the   crew  was  able   to   reduce  the  scheduled  event   t imes 
to   a l low  for   necessary  unscheduled  engineer ing  tasks .  
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Table 4 shows  the  average  t ime  spent   in   each  general   category  by  each 
crewman  during  10  days of observat ion.  

It was  found  that  the  Langley  SSMM  provided  operationally  useful  planning 
data   and  was  capable  of rapid  response  to   changes in input  conditions.  The 
prepara t ion  of the  required  input  data  was  useful  in  both  the  manual  and 
computer ized  planning  methods,   and  should  have  been  s tar ted  ear l ier   in   the 
p r o g r a m   t o   p e r m i t  SSMM to  ass is t   in   evaluat ing  the  proposed  changes  which 
occur red  up to 3 days   be fo re   t e s t   s t a r t .  

4 . 5   S T A F F  AND  OPERATING  PROCEDURES 

During  the  90-day  test ,   operations  were  conducted  from  the  test   control  area 
shown  in   Figure  1 .   This   area  was  arranged  to   provide a convenient   arrange-  
ment  of necessary  equipment   for   the  tes t   control   s taff ,   and  to   minimize  the 
p re sence  of nonessent ia l   personnel   within  the  enclosure.  A v i s i to r s   a r ea   was  
located  adjacent ,   f rom  which  the  tes t   operat ions  could  be  observed,   and 
sys t em  d i sp lays   were   s e t  up  to provide a s u m m a r y  of the   p rogram  and   cur -  
rent   s ta tus   information.  

Operat ion of the   t es t   requi red  a continuous  staff  including a Test   Conductor ,  
Communicat ions  Monitor ,   Engineer ing  Monitor ,   Medical   Monitor ,   and 
Elec t ro /Mechanica l   Technic ian .  

Personnel   for   f i l l ing  the  above  posi t ions,   wi th   the  except ion of the  Medical 
Monitor,  were  selected  from  the  Advance  Biotechnology  and  Power  Department 
and  Engineer ing  Laborator ies   s taffs   on  the  basis  of their   experience  in  
previous  tes t   and  demonstrated  abi l i ty   during  the  program  planning  and 
facil i ty  installation  and  checkout  periods.   The  Communications  Monitors 
were   a l so   se lec ted   on   the   bas i s  of the i r   p re tes t   re la t ionships   wi th   the   c rew,  
having  demonstrated a rapport   which  was  expected to  reduce   in te rcrew 
hosti l i ty.   These  staff   members  went  through a t ra in ing   program  dur ing   the  
pretest   per iod  to   famil iar ize   them  with  tes t   object ives ,   equipment ,   operat ing 
procedures ,   and   sa fe ty   requi rements .   There   was   c ross t ra in ing   be tween 
positions  to  allow a man  f rom  one  posi t ion  to   s tand  in   for   another   during 
eme  rgencie  s . 

Table 4 

EVENT  MEAN  TIME  PER DAY PER  CREWMAN 
(FOR DAYS 31-35, 41-45) 

Manual   Crew  Computer  
Event   or   Event   Group  Schedule   Performance  Schedule  

Man / sys t ems   even t s  1 hr   34   min  0 h r  56 min  1 h r  42 min  

Medical  events 1 44 1 04 1 24 

Operat ional   events   36  16 2 8  

Scheduled  crew  personal  12 20  11  45  12 47 

F r e e   t i m e  7 46 8 30 7 3 9  

Unscheduled  maintenance 
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In   general ,   a t   least   f ive  men  were  t ra ined  for   each  posi t ion.   Four   teams 
were  selected  f rom  those  cer t i f ied,   including as  broad  a coverage of spec ia l  
a r e a s   o f   i n t e r e s t  as  possible,  with  one  stand,in  for  each  position  to  cover  in 
c a s e  of s ickness .  

During  the  tes t   each  team  worked  an  8-hour   shif t   for  a continuous  period of 
21 days,   then  had 7 days  off ,   and  re turned  to   work  one  shif t   la ter .   Thus,   the  
objec t ives   were   accompl ished  of adhe r ing   a s   c lo se ly   a s .poss ib l e   t o   an   ave r -  
age  40-hour  week,  allowed  sufficient  time  for  each  team  to  adjust  their 
day-night   cycle ,   and  equal ized  the  requirement   for   shif t   changes.  On any 
given  day,   three  teams  covered  the  three  shif ts  of operat ion  and  one  team 
was  on  leave.  The  7-day-off  period  allowed  ample  time  for  recovery  from 
the  long  continuous  work  period  yet  required a min imum of updating of the 
returning  crew,   which  was  accomplished by  having  an  overlap  period  with 
the  outgoing  crew  upon  their   re turn.  

The  Medical  Monitors  were  qualified  physicians  l icensed  to  practice  medicine 
in   Cal i fornia .   They  were  responsible   for   medical   safety of the SSS opera t ions  
and  were  required  to   provide  immediate   medical   support   in   the  event  of an  
emergency .   They   were   recru i ted   f rom  the   loca l   a rea   and   h i red  on a contract ,  
fee- for -serv ice   bas i s .   They   normal ly   worked   12-hour   sh i f t s   a l though  some 
were  on  duty  continuously  for 24 h o u r s   o r   m o r e .   T h i s   w a s   p o s s i b l e   s i n c e  a 
Medica l   Moni tor ' s   room  was   p rovided   ad jacent   to   the   cont ro l   a rea   and   the i r  
dut ies   a l lowed  normal   s leep  per iods  in   this   room.  They  were  not   expected  to  
car ry   ou t   rou t ine   medica l   p rocedures   o r   to   par t ic ipa te   in   the   spec ia l   medica l  
s tudies ,   except   for   recording  basal   s igns  on  night   and  weekend  shif ts .   Some 
moni tors ,   however ,  who worked a number  of shif ts ,   d id   par t ic ipate   in   cer ta in  
med ica l   t e s t   ope ra t ions .  

An emergency   t r ea tmen t   a r ea   was   e s t ab l i shed   immedia t e ly   ad jacen t   t o   t he  
s imulator .   This   s ta t ion  was  equipped  with  emergency  drugs  (under   lock,  
control led by  the  Medical   Monitor) ,   cardiorespiratory  resusci ta t ion  equip-  
ment ,   and  miscel laneous  medical   support   i tems.  

Additional  support   was  provided  by  principal  investigators  responsible  for 
water   management ,   oxygen  recovery,   the   other   equipment   in   the U S ,  and 
the  experiments   such  as   mission  act ivi ty   analysis   and  NIPA.  Support ing 
s taff   was  provided  during  normal   work  hours   to   perform  analysis  of a tmos -  
pher ic   t race   contaminants ,   water ,   and   microbia l   samples .   Medica l   samples  
(ur ine  and  blood)   were  a lso  col lected,   processed,   and  dis t r ibuted  to   the 
c l in ica l   l abora tor ies   and   pr inc ipa l   inves t iga tors   a t   many  o ther   loca t ions .  

The  Medical   Director   was  responsible   for   maintaining a pe r sona l   doc to r -  
patient  relationship  with  the  crew.  One  important  feature,of  this  relationship 
was  a daily  confidential   interview  with  each  crewman.  This  interview  was 
informal   and   d i rec ted   toward  a g e n e r a l   a s s e s s m e n t  of c r ew  s t a tus .   Th i s  
in te rv iew  a f forded   c rew  members   the   oppor tuni ty   to   repor t   medica l   p roblems,  
vague   symtoms,   o r   any   o ther   p roblems  in   absolu te   p r ivacy .   More   formal  
medical   reviews  were  conducted  a t   se lected  t imes  during  the  tes t .   The 
r e s u l t s  of these  interviews  were  held  by  the  Medical   Director   as   confident ia l  
medical   information,   but   operat ional ly   s ignif icant   crew  reports   were  shared 
wi th   key   program  personnel   dur ing   the   t es t ,   wi th   the   permiss ion  of t he   c r ew 
m e m b e r  . 
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The  Program  Manager ,   Medica l   Di rec tor ,   and  NASA Resident   Technical  
Di rec tor   were   requi red   to   remain   on-ca l l   a t   a l l   t imes   dur ing   manned  tes t ing .  
To  faci l i ta te   this   requirement ,   remote  page  devices   were  provided  to   these 
people  which  had a cal l   range  throughout   the  Los  Angeles   basin  area.   Checks 
of these  uni ts   usual ly   were  sat isfactory  except   when  the  bearer   was  within a 
metal   f rame,   shielded  bui lding.   They  a l lowed  considerably  greater   f lexi-  
bility of action  than  would  otherwise  have  been  possible.  

4 . 6  DATA  COLLECTION 

Data  collection  was  performed  by a va r i e ty  of methods,   ranging  f rom  auto-  
mat ic   record ing  of engineer ing  parameters   on  the  Low  Speed  Digi ta l   System, 
to  collection of coded  NIPA  observations  on  computer-compatible  punched 
tape,   and  to  manual  recording  in  log  books.   Review  and  evaluation of these  
collection  methods is in   o rder   s ince   many  improvements   can   be   made  by 
increased  automation,   yet  a manual   co l lec t ion   capabi l i ty   i s   necessary   for  
backup  in  the  event of fa i lure  of key  instrumentat ion  channels .  

4. 6. 1 Engineering  Data 

Engineer ing   da ta   co l lec t ion   was   per formed  pr imar i ly   by   the  Low  Speed  Digital 
System  (LSDS).   This   uni t   received  inputs   f rom  t ransducers  on all   the  l ife 
support   subsystems  and  faci l i ty   support   equipment   to   determine  their   per-  
formance.   This   instrumentat ion  included  thermocouples ,   s t ra in   gage  pres-  
sure   t ransducers ,   tu rb ine   and   Linurmass   f lowmeters ,   cur ren t ,   vo l tage ,   and  
power  s ignals .   Analog  s ignals   f rom  these  uni ts   were  amplif ied,   converted 
into  digital   data,   and  stored  on  magnetic  tape.   Approximately  once a day  the 
tape  was  processed by an  XDS-930  computer  which  applied  calibration  factors 
and  converted  to  engineering  units.  A printed  output  was  then  produced,  and 
se lec ted   parameters   used   for   g raphica l   ou tput .  

The LSDS has  a capac i ty   fo r  200 analog  input  channels,   with a max imum  scan  
r a t e  of 200 channels   per   second.   During  the  major i ty  of the  tes t   per iod,   i t  
was  used  to   record a s e r i e s  of ten  samples   each  half   hour .   Each  set  of ten 
samples   was   p rocessed  in  the  computer,   which  eliminated  the  two  highest  
and  two  lowest  and  averaged  the  remaining  six  for  further  calculation  and/or 
printout. On three   occas ions ,   da ta   se t s   were   t aken   a t   4 -minute   in te rva ls  
for   24-hour   per iods  to provide  information on power  load  profiles.   Also,  
da ta   se t s   were   t aken   severa l   t imes   a t   1 -minute   in te rva ls   to   ob ta in   adsorp t ion /  
desorpt ion  curves   on  the  molecular   s ieve  and  sol id   amine CO2 concent ra tors .  

Visual   presentat ion of many  analog  channels  as  w e l l   a s   s t a t u s   a n d   a l a r m  
indicators  was  done  on  the  Life  Support   Monitor  (LSM)  in  the  test   control 
area  and  repeated  on  the  Crew  Life   Support   Monitor   (CLSM)  a t   the   f ront  of 
the  equipment  room  in  the SSS. The LSDS also  was  used  for   visual   output  
of selected  digi ta l   data .  

An acoust ical   data   l ink  was  provided  between a keyboard  inside  the SSS, an  
osci l loscope  display  vis ible   through a viewport  at  the  CLSM,  and  an XDS 930 
computer  located  r .emotely.  A program  was   p rovided   to   a l low  for   da i ly   c rew 
input of f low  meter   readings  and food and  water   consumption  data ,   for   use in 
a mass   ba l ance   computa t ion .   The   p rog ram  a l so   p rov ided   fo r   pe r iod ic   c r ew 
input of psychological   quest ionnaire   data .   As  par t  of the  crew  input   procedure 
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the   computer   was  placed  on-l ine  through  the  acoust ical   data   l ink  and  provided 
data  printouts  in  conventional  units.  Due to a lack  of flexibil i ty  in  the  pro- 
g r a m ,   s o m e  of the  computer ized  calculat ion of mass   ba lance   da ta   was   no t  
usable  and  the  printed  output  data  was  generally  incorporated  with  other 
inputs ,   for   manual   computat ion of mass balance  data .   Figure 4 shows a 
SSS crewman  placing  the  day 's   data   into  the  acoust ical   data   l ink.  

Addit ional   sources  of engineer ing   da ta   were   manual ly   recorded   logs   kept   by  
the  Test   Conductor ,   Engineer ing  Monitor ,   and by  the  technician  on  external 
equipment   such  as   the  Lockheed  e lectrolysis   uni t ,   wet   tes t   f low  total izers   on 
vent   gases ,   and  water   accumulated  in   the  commode  and VD-'VF vent   f reeze 
t r a p s .  

4. 6. 2 Man /Sys tem Data 

Man/system  data   were  col lected  in   connect ion  with  the  behavioral   program, 
habitabil i ty  evaluations,   mission  activit ies  analysis,   Non-Interference 
Per formance   Assessment   (NIPA) ,   e lec t roencephalogram ( E E G )  study, 
behavioral   acoust ics   programs,   and  psychomotor   tes t   evaluat ion.  

The  behavioral   program  and  habitabil i ty  evaluations  were  done by per iodic  
application of ques t ionna i r e s   t o   t he   c r ew  members .   The   acous t i c   da t a   l i nk  
and   assoc ia ted   computer   were   p rogrammed  to   accept   the   c rew  responses   to  
these  questions  and  print   out  tabulations of t he i r   answers .   These   da t a   were  
then  scored  and  evaluated  manually.  

Data   for   the  mission  act ivi ty   analysis   were  recorded  manual ly  by  the 
Mission  Analysis  Monitor  with  help  from  the  Communications  Monitor,  
par t icu lar ly   dur ing   per iods  of high  activity  inside  the  chamber.   The  purpose 
of this  data  was  to  validate  previously  generated  activity  schedules,   ei ther by 
manual   or   computer ized  techniques,   and  to   obtain  addi t ional   data  on task  
t ime  requirements   in   order   to   improve  planning  for   future   missions.   This  
data   recording  act ivi ty   was  specif ical ly   concentrated  over   two  5-day  per iods 
during  the  middle  third of the   t es t .   There   were   t imes   dur ing   these   per iods  
in which  data   were  lost   because of the  inability of monitors   to   keep up with 
act ivi t ies   or   to   ident i fy   exact ly   which  act ivi ty   was  being  performed.   I t   was 
also  found  that   observer  fatigue  l imited  the  useful  t ime  spent  to  about 4 hour s  
per   shif t .  

Data  for  the NIPA p r o g r a m   w e r e   r e c o r d e d  by e spec ia l ly   t r a ined   obse rve r s .  
Ear ly   in   the   p rogram  th i s   was   done   a t   the   Communica t ions   Console ,   bu t  a 
remote   observer   s ta t ion   was   comple ted   and   used   a f te r   the   f i r s t  30 days .  
This   s ta t ion  was  equipped  with  TV  and  intercom  monitor ing  capabi l i ty .  
Confidential   medical  interviews  and  telephone  conversations  were  not 
monitored.  A teletypewriter  connected  to a remote   t ime-shar ing   computer  
was  used  for   recording  coded  data ,   and  produced a paper  punched  tape  for 
fu r the r   p rocess ing  by computer .   This   semiautomat ic   method of collecting 
da ta   p roved   qu i te   e f f ic ien t .   Observers   on   th i s   p rogram  were   a l so   l imi ted   to  
a 4-hour  shift   duration. 
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The  application of tests and  collection of data   on  the  EEG  and  the  behavioral  
acoust ics   s tudies   was  done by  the  operating  personnel at the   t ime of the test. 
This was  during  the f irst  and last 10 days of the tes t   for   the   EEG  s tudy   and  
every  week,   on  Saturday,   for   the  acoust ic   program.  Data   f rom  the  EEG 
study  were  processed  and  reduced by a spec ia l   computer   p rogram  deve loped  
during  the  tes t ;   the   acoust ic   data   were  manual ly   reviewed  and  evaluated.  

The   p sychomoto r   t e s t e r s   were   ope ra t ed   by   an   ou t s ide  staff member   whi le   the  
c rewmen   pe r fo rmed   t he   t e s t s   i n s ide   t he   chamber .   Da ta   were   r eco rded  
manua l ly .   S t r ip -cha r t   r eco rds   were   made  of the Langley  Complex  Coordi- 
nator   (LCC)  which  were  re turned  to   the  pr incipal   invest igator  at LRC  for   his  
evaluat ion.   Figure 9 shows  the  LCC  in  use  by a SSS crewman  during  the 
90-day  test .  

4. 6. 3 Samples   for  Analysis 

Many  samples   were  obtained  for   analysis   during  the test. These  included 
cabin  a tmosphere;   water   f rom  the  potable   and  wash  water   recovery  uni ts ;  
m i c r o b i a l   s a m p l e s   f r o m   s u r f a c e s ,  a i r ,  water   and  the  crewmen;   and  bio-  
med ica l   s amples .  

4. 6. 3. 1 Cabin  Atmosphere  Samples 

Three   c i rcu la t ing  air  loops  were  provided  for  obtaining  cabin  atmosphere 
samples  a t  ins t ruments   ou ts ide   the  SSS. E a c h  of these  included a feedthrough 
tube, a comp’ressor  providing a circulating  air   f low,  and a feedthrough  back 
to  the  cabin.  One of these  loops  suppl ied  a i r   to   the  gas   analysis   console   for  
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Figure 9. Crewman  Operating  the LRC Complex  Coordinator  (Psychomotor  Tester) 
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cont inuous  analysis  of carbon  dioxide,   carbon  monoxide,   total   hydrocarbons,  
water  vapor,   and  oxygen.  Samples  were  also  taken  from  this  loop  for  chroma- 
tographic   analysis   for   organics   and  wet   chemical   analysis   for   inorganic   con-  
taminants .   This   loop  was  equipped  with a bank of 24  solenoid  valves at the 
inlet   which  enabled  sampling  f rom  var ious  locat ions  inside  the  cabin  and at 
var ious   loca t ions   in   the  life support   uni ts .  A second  loop  supplied  an  ozone 
monitor ,   bui l t   by  Research  Triangle   Inst i tute ,   and a gas   sample  col lect ion 
uni t   operated by Aerojet   personnel  for  NASA-LRC. A third  loop  furnished 
air to  a Royco  a i rborne   par t ic le   ana lyzer .   Data   co l lec ted   on   the   l a t te r   were  
furnished  to  the  Department of Transpor ta t ion ,   Cambr idge ,   Massachuse t t s ,  
for   fur ther   analysis .   Addi t ional ly ,   a tmospheric   humidi ty   was  measured 
inside  the  cabin by three   Cambr idge   dewpoin ters .  

4. 6. 3 . 2  Water   Samples  

Samples  of potable   and  wash  water   were  col lected  per iodical ly   and  analyzed 
to   measure   un i t   per formance   in   removing   contaminants .   These   samples  
were  analyzed  for   microbial   and  chemical   impuri t ies   and  physical  
c h a r a c t e r i s t i c s .  

Microbial   determinations  were  done  onboard,   using  Mill ipore  Field  Monitors 
which  were  incubated  at  35OC for   48   hours .   Samples   were   normal ly   t aken  
f rom  each   t ank  of processed   water  as  i t   was  f i l led  (approximately  every 
other   day) .   Microbial   counts   above  10/ml  were  cause  for   re ject ion of potable 
water .   Samples   were  a lso  taken  per iodical ly   f rom  var ious  locat ions  in   the 
potab le   and   wash   water   recovery   un i t s   and   f rom  the   d i spensers .   Al l   moni -  
tors   showing  microbial   growth  af ter   48  hours   were  held  and  passed  out   on 
the  next  weekly  pass-out.   Isolates  were  sent  to  NASA-LRC  for  identification. 
Other   moni tors   were   s tored  a s  waste  onboard.  

Samples   for   chemica l   ana lys i s   were   passed   ou t  of the  chamber   via  a s h o r t  
1/8-in.   feedthrough  tube  using a syr inge on the  inside  and a collection  bott le,  
init ially  evacuated,  on  the  outside.   These  samples  were  provided  from  each 
potable  tank a s  it was  f i l led  and  also  from  other  selected  locations  in  the 
water   recovery  system.  They  were  rout inely  analyzed  for   total   organic  
carbon  (TOC),   and  ammonia,   bromine,   and  chromium  ion  concentrat ions.  
Per iodical ly ,   determinat ions  were  made  for   metal   ions ,   to ta l   d issolved 
sol ids ,   n i t ra tes ,   and  ni t r i tes .  

P h y s i c a l   c h a r a c t e r i s t i c s  of water   samples   were  determined  by  the SSS c r e w  
in  the  onboard  laboratory.   These  included  turbidity,   color,   taste,   odor,  
foaming,  pH,  and  electrical  conductivity. 

Water   samples   p rocessed   onboard   (microbia l   and   phys ica l   ana lyses)   were  
re turned   to   the   u r ine   accumula tor ;   those   passed   ou t   were   no t   re turned .  

4. 6. 3. 3 Microbial   Samples  

The   c losu re  of the SSS during  the  test   provided a biologically  isolated  system, 
and  samples   were  taken  to   s tudy  the  resul t ing  effects   on  microf lora  of the 
crew,  equipment,   and air in   the  cabin.  

c 
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The   c r ew  members   ob ta ined   s amples   f rom  se l ec t ed   nasopha ryngea l   and  
de rma l   s i t e s   wh ich   were   pas sed   ou t  of the  chamber   each  week.   Reyniers  
air samplers   loca ted   on   counte- r top   a reas   in   the   l iv ing   quar te rs   and   equipment  
room  were   ope ra t ed   eve ry  2 weeks,  on  the  day  before   passout .   Swab  samples  
of marked  surfacres   in   the  waste   and  food  management   areas   were  taken  every 
week.   Samples   were  passed  out  of the   chamber   every   week   for   p rocess ing  
in  the  MDAC  laboratory.   Additional  surfaces  and  various  subsystem  compo- 
nents   were   sampled   immedia te ly   a f te r   c rew  egress .   Af te r   p r imary   i so la t ion ,  
up  to 6 morphological ly   different   colonies   were  picked  f rom  each  plate   . for  
subsequent  identification  at MDAC, NASA-LRC,  or   the  Medical   Col lege of 
Virginia. 

4. 6. 3 . 4  Biomedical   Samples  

The  biomedical   sampling  program  was  constrained  by  the  l imited  pass-outs  
a l lowed.   The   base l ine   medica l   sampl ing   program  was   a imed  a t   per iodic  
sys t ems   checks  by m e a n s  of screening  biomedical   tes t ,   hematologic   s tudies  
and   ur ina lyses .   These   t es t s   covered  a wide  range of o rgan   sys t ems   i n   o rde r  
to   detect   pathologic   responses   to   the  environment;   samples   were  col lected 
fo r   eve ry   o the r   pas s -ou t .  

Since  this  ampling  program  would  only  detect ,   not  define  problems, a 
supplementary   medica l   p rogram  was   devised   to   eva lua te   in   more   depth   the  
response   to   p red ic ted   low- leve l .   s t resses ,  i. e. , C02  exposure ,   conf inement  
effects  on  physical  conditioning,  forced  changes  in  day-night  biological  cycles 
and  to  study  biochemical  correlates of s t r e s s .   S a m p l e s   f o r   t h e s e   p r o g r a m s  
were  collected  weekly  and  included  blood  specimens  for  analysis by  the 
USN Submarine  Medical   Research  Center   (C02  s tudy)   and  the  Naval   Medical  
Resea rch   In s t i t u t e   ( s t r e s s   b iochemis t ry ) ,  and  aliquots of 24-hour   ur ine 
voidings  in  support  of both  the CO2  and s t r e s s   s tud ie s .  

No difficult ies  were  experienced  in  obtaining  any  biomedical  samples  and at 
no  t ime  during  the  tes t   d id   the  crew fail to  obtain  scheduled  samples.  It i s  
fe l t   tha t   the   comple te   c rew  coopera t ion   was  a r e s u l t  of their   total   involve- 
ment   in   the  tes t   and of extensive  discussions  with  them  explaining  the 
relevancy  and  importance of the  samples .  

Samples  of blood ( se rum)   and   u r ine   f rom  each   pas s -ou t   were   r e t a ined ,  
f rozen  (200°K), for   cont ingency  analysis .   The  or iginal   intent  of the  contin- 
gency  sampling  procedure  was to  provide   for   se ro logica l   eva lua t ions   in   the  
event of v i r a l   i l l nes ses   and   fo r   u r ine   chemis t ry   i n   t he   even t  of toxicological 
incidents. It became  apparent   dur ing   the   t es t   tha t   these   samples   se rved  a 
broader  purpose  providing  for  additional,   unplanned  tests  where  unexpected 
observat ions  ensued  f rom  scheduled  sampling.   In   addi t ion,   once  the  or iginal  
purpose  was  served,   the   samples   could be used   for   fur ther   ana lys i s   a f te r  
the   t es t   in   suppor t  of speclal   s tudies .   Figure  10  shows  the  crew  obtaining 
one of scheduled blood samples   during  the  90-day  tes t .  
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Figure 10. Collection of Blood Samples in Preparation for Weekly Pass-Out 
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Section 5 

TEST  RESULTS 

This   sect ion  provides  a review of s ign i f icant   a reas  of the   resu l t s  of the 
90-day  test .   An  effort   has  been  made  to  el iminate  detail   and  present  only 
the  more  important  of the  f indings.   Detai l   tes t   resul ts   are   provided  in  
NASA CR-111881. 

5 . 1  LIFE  SUPPORT  SYSTEM  OPERATION,  MAINTENANCE,  AND  REPAIR 

The  installation of the  life  support  equipment  in  the SSS equipment   a rea  is 
shown  in  Figures 1 1  and 12. The  regenerat ive LSS included  advanced  sub- 
system  uni ts   being  evaluated  for   the  f i rs t   t ime  in  a manned  test ,   and  baseline 
units  whose  design  had  been  proven  in  previous  manned  tests.   The  advanced 
subsystem  uni ts   were  used  to   provide  the  pr ime  mode of operation  with  the 
paral le l   basel ine  uni ts   held  in  a standby  mode.  Table 5 p r e s e n t s  a s u m m a r y  
of c rew/ l i f e   suppor t   sys t em  da t a .  

A s u m m a r y  of the  LSS  operating  history is  shown  in  Table 6. Included  in  this 
table is a compar ison  of actual  operating  t ime,  downtime,  standby  t ime,  and 
required  operat ing  t ime  for   each  uni t .   The  actual   and  required  operat ing 
hours   were   de te rmined  by  the  following  relationships: 

Actual  Hours = 2,  156. 5 Hours - (Hours  Downtime + Hours  Standby) 

Required  Hours = Actual  Hours t Hours  Downtime 

The 2 ,  156. 5 hours   is   the   actual   90-day  tes t   durat ion.   The  downtime  repre-  
sents  time  that  the  unit  was  not  available  due  to  equipment  malfunctions. 
Standby  represents  t ime  that   unit   operation  was  not  required  due  to  the 
operation of the  pr imary  (or   advanced  subsystem)  uni t ,   the   intermit tent   opera-  
tion  mode of the  unit ,   or  malfunctions  of  other  equipment  which  necessitated 
shutdown of the  unit .   Since  the  urine  phase  separator  failed  early  in  the  test ,  
the  downtime  and  standby  hours  were  estimated  based  on  the  anticipated  usage. 
The  ra t io  of actual   hours   to   required  hours   may  be  considered a s  a reliabil i ty 
factor  with a higher  number  signifying  higher  reliabil i ty.  

The  LSS  maintenance  and  repair  operation  during  the  90-day  test is sum- 
mar ized   in   Table  7. 

S ince   the   Lockheed   e lec t ro lys i s   un i t   and   sys tem  gas   sample   l ines   were   loca ted  
outside  the SSS, the  maintenance  and  repair   act ivi t ies   on  this   equipment   were 
performed  by  outs ide  personnel .   These  outs ide  act ivi t ies   covered 25 i t e m s  
in  90.  2 hours .  Of the  totals  shown  in  Table 7, the  onboard  crew  performed 
21 2 main tenance   and   repa i r   i t ems   which   requi red  151. 8 h o u r s  of crew  t ime.  
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Figure 11. SSS Interior  Equipment Area, Looking  Forward 
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Figure 12. SSS Interior  Equipment Area, Looking Aft 
~~~~~ 
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Table 5 

SUMMARIZED  CREWILIFE  SUPPORT  SYSTEM DATA FOR  FOUR-MAN  CREW 

1 

Data Book Values  Values I 2  Planned   P re t e s t  
Actual  Values 

I 

lbfday  kgfday 

I 

lb/   day kg/day  kgfday l b  / day 

SREW  INPUT 

Dry   Food 
Total  Water 
Oxygen 

2. 7 6  
11. 19 

3. 50 

5. 4 0  
22.70 

8. 05 

6. 08 

3. 38 7. 7 2  
10.80  24.68 

2. 68 5. 90  

3. 66 7 . 4 5  
10. 31  23.80 

2.45 

9. 00 

0. 4 0  1. 39 
5. 9 4  8. 10 
5. 3 1  17. 00 
3. 80 

ZREW OUTPUT 

Carbon  Dioxide 
Respi ra t ionfPersp i ra t ion  
Urine 
F e c e s  

I 

I 

8 . 3 6  
11.70 
13. 10 
0. 8 8  

4. 2 1  
5. 0 4  
7 . 1 1  
0.47 

9. 28 

3. 67 15.  68 
7. 7 1  11 .12  
4. 08 

1. 0 4  0. 63 

RESPIRATORY  .QUOTIENT 0. 8 7 6  0.883 0.75 
5 

REGENERATIVE LSS PRODUCTION 

Potable   Water   Recovered 
Wash Water  Recovered 
C02  Removed  f rom  Cabin 
Water  Recovered  by  Sabatier 

1 

Water  Added  for  Electrolysis 
Oxygen  Supplied  by  Electrolysis 

I 

for   E lec t ro lys i s  

25.98 
85 .00  

9. 00 

11.88 
52.  65 

3. 93 

1. 99 
2. 28 
4. 27 

26. 19 
116.08 

8. 67 

4. 38 
5. 03 
9.41 

11.78 
38.  56 
4. 0 8  

1:86 
2. 2 6  
3. 65 

0. 27 
0. 53 

4. 10 

8. 0 5  
4. 99 

ATMOSPHERE  LOSSES I 

Oxygen 
Nitrogen 

0. 60 
1. 17 

1. 53 
1.41 I 

1. Reference 1. 
2.  Planned  values as  shown in NASA CR- 111882. 



Table 6 

SUMMARY O F  LSS OPERATION 

Life Support Unit 

Waste  management 

Commode::: 
Urine  phase  separator 

Water management 

VD- VF::: 
Wick  evaporator 
Humidity  control 
Potable  multif i l ter  
Wash  water  recovery 

Atmosphere  purification 

e 
Solid  amine  concentrator::: 
Molecular  sieve  concentrator 
Toxin  control 
Thermal   control  

Atmosphere  supply  and  pressurization 

Sabatier reac tor  
Electrolysis  (Allis-Chalmers):: 
Electrolysis  (Lockheed):: 
Two-gas control:: 
Mass   spec t romete r  sensor:: 
Baseline  two-gas  control 
Baseline  two-gas  sensors 

::Advanced subsystem  unit 

Actual 
Operating 

(hr) 

23. 3 
2.  5 

1, 529 
7 44 

2, 156. 5 
2, 026. 8 
2, 156. 5 

1, 662 
494.5 

1, 790. 5 
2, 156. 5 

1, 918. 7 
96 

1, 492. 8 
2, 156. 5 
2, 118. 8 

0 
37.7 

0 
34.  9 

597.5 
0 
0 ,  
0 
0 

494. 5 
0 
0 
0 

104 
2, 036. 5 

475. 3 
0 
0 
0 
0 

2, 133. 2 
2, 119. 1 

30 
1, 412. 5 

0 
129.7 

0 

0 
1, 662 

3 66 
0 

133.8 
24 

188.4 
0 

37.  7 
2, 156. 5 
2, 118. 8 

Required 
Operating 

(hr) 

23.  3 
37.4 

2, 126. 5 
7 44 

2, 156. 5 
2, 026. 0 
2, 156. 5 

2, 156. 5 
494.5 

1, 790. 5 
2, 156. 5 

2, 022. 7 
2, 132. 5 
1, 968. 1 
2, 156. 5 
2, 118. 8 

0 
37.7 

1,000 
0.067 

0.720 
1.000 
1.000 
1.000 
1.000 

0.772 
1.000 
1,000 
1,000 

0.947 
0.045 
0.758 
1.000 
1.000 
1.000 
1.000 



Table  7 

MAINTENANCE  AND  REPAIR SUMMARY 

Activity Items Hours 
~~~ 

Waste  Management  
Commode 
Ur ine   phase   separa tor  

Water   Management  
V D - V F  
Wick evapora to r  
Humidity  control 
Po tab le   mu l t i f i l t e r  
Wash   wa te r   r ecove ry  

Atmosphere  Purif icat ion 
Sol id   amine   concent ra tor  
Molecular   s ieve   concent ra tor  
Toxin  control  
T h e r m a l   c o n t r o l  

Atmosphere   Supply   and   Pressur iza t ion  
Saba t i e r   r eac to r  
E l e c t r o l y s i s   ( A l l i s - C h a l m e r s )  
E lec t ro lys i s   (Lockheed)  
Two-gas  control  
M a s s   s p e c t r o m e t e r  
Base l ine   two-gas   cont ro l  
Base l ine   two-gas   sensors  

4 
8 

21 
4 

33 
4 

19 

47 
8 
0 
0 

6. 2 
14. 3 

23. 9 
0. 3 

16. 2 
5. 6 
4. 8 

33.4 
4.  4 
0 
0 

12. 6 (6 .  0)::: 
25. 5 (1.  0 )  

0 (83.  2) 
0 
4. 1 
0 
0. 5 

~ 

LSS  Subtotals  212  (25)  151. 8 (90. 2 )  

Misce l laneous   I tems  
D e f r o s t   r e f r i g e r a t o r  9 4. 5 
Cleaned  cabin  f loor  9 9. 0 
Cleaned   dewpoin ter   mir rors  4 1. 5 
Correc ted   l eak   in   t rash   conta iner  2 0. 3 
Repaired  psychomotor   pedal  1 1. 0 
Deact ivated  smoke alarm head  2 0 . 7  
Repaired  radiat ion  monitor  1 0. 3 
Repai red   par t ic le   counter  1 0. 5 
Replaced  videcon  tube 1 0. 5 
Repai red  T V  coaxial   cable 5 2. 5 
Instal led  intercom  cal l   l ight  1 1. 0 
A t t empted   r epa i r  of v i sua l  

s ens i t i v i ty   t e s t e r  4 6. 7 

Scheduled  Maintenance - 23. 0 

Miscellaneous  and  Scheduled  Subtotals 40  51. 5 

Totals   252  (25)  203. 3 (90.  2) 
: :Numbers  in  parenthesis  represent  outside  activity.  
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In  addition  to  repair   and  maintenance of the LSS, the   c rew  per formed 
addi t ional   tasks   on  onboard  experiments   and  other   support   equipment .   The 
s ignif icant   i tems a re  also  included  in   Table  7. Scheduled  maintenance  was 
r equ i r ed   fo r   i t ems   such  a s  the   TV  cameras ,   rad ia t ion   moni tor ,   and   aerosol  
par t ic le   counters .   This   scheduled  maintenance  was  es t imated  to   be a to ta l  
of approximately  23  hours .   The  total   onboard  crew  t ime  for  all maintenance 
and  repair   act ivi t ies   was  approximately  203  hours   (2 .  3 hour s /day ) .  

A pr imary   miss ion   ob jec t ive  of the  90-day  manned  test   was  that  all s p a r e s  
would  be  stored  onboard  with all required  maintenance  and  repair   tasks   per-  
formed by  the  crewmen.  This  mission  objective  was  met  since all mainten-  
ance  and  repairs   were  accomplished  ut i l iz ing  only  onboard  spares .   There 
were  365  majors   spares   s tored  onboard,   not   including  i tems  such as  fluid 
fittings,  wire,  tubing,  tape  and  sealant.  Only 52 m a j o r   s p a r e s   w e r e   u s e d  
during  the  90-day  test ,   which  amounted  to 14. 3 percent   usage of the  available 
spares .   This   l eve l  of utilization is not  unusual  for similar spa res   p rov i s ion -  
ing p r o g r a m s .  

The  stocked  onboard  spares  were  sufficient  to  support   the  90-day  test ,   except 
for   those   requi red   for   the   u r ine   phase   separa tor   and   the   onboard   water   e lec-  
trolysis  unit ,   which  were  new  prototype  units  that   were  not  available  during 
previous  manned  tests  and  had  been  evaluated by  bench  tests  only.  Since  the 
Failure  Mode,  Effects,  and  Criticality  Analysis ( F M E C A )  is only a s  good a s  
the  available  data,  the  lack of adequate   spares   for   these  two  uni ts   emphasizes  
the  importance of adequate  reliabil i ty  data.  

5.2  CONTAMINANT  CONTROL 

Contaminants  found  in  the SSS atmosphere  included  carbon  dioxide,   carbon 
monoxide,   methane,  and  minor  trace  contaminants.   Removal of carbon 
dioxide  f rom  the  a tmosphere  was  accomplished  by  an  advanced  s team 
desorbed  solid  amine  concentrator  or,   when  i t   was not operating, a the rma l ly  
desorbed   molecular   s ieve   concent ra tor .  A catalytic  oxidizer  was  used  to 
remove  carbon  monoxide,   methane,  and  other  l ight  hydrocarbons.  An 
activated-charcoal  bed  in  the  open-loop  wick  evaporator  unit   removed  addi- 
t ional   t race  contaminants .   Resul ts  of operat ion of this  equipment  and  data 
f rom  the   contaminant   moni tor ing   program  a re   repor ted   be low.   Also   inc luded  
are  significant  f indings of the  biomedical   invest igat ions  in   these  areas .  

5. 2. 1 Carbon  Dioxide 

Carbon  dioxide  in  the SSS atmosphere,   which  was a product of t he   c r ewmen ' s  
metabolism,  was  removed  by  the  solid  amine o r  molecular   s ieve  concentrator  
and  del ivered  to   the  Sabat ier   reactor   for   recovery of oxygen  (Section 5. 4).  A 
l i thium  hydroxide  unit   was  provided  for  emergency  backup  but  was  not 
required  during  the  test .  

5.2. 1 .  1 Subsys t em  Pe r fo rmance  

The  steam-desorbed  solid  amine  unit   operated  for a total  of 69. 5 days of the 
tes t .  It was  shut  down  twice (on days  13  and 19)  when  it  was  unable  to  hold 
c02  concentration  below  the  contingency  level  of  1.066  kN/m2 (8 mm Hg), 
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and  on test day 33 t o   i n s t a l l  a n i t rogen   gas   l ine ,   rep lac ing  an air c o m p r e s s o r  
which  had  failed  in  supplying  actuating  force  for  the  bed  valves.  On t h r e e  
other   occasions  C02  levels   exceeded  the  cont ingency  value  ( tes t   days 45, 58, 
and 65);  ad jus tments   o r   main tenance   on   the   un i t   enabled   i t   to   recover   each  
t ime .  On test day  81, a p rogres s ive   de t e r io ra t ion   i n   pe r fo rmance   r e su l t ed  
in a decis ion  to   shut  it down  for   the   remainder  of t h e  test. Each   t ime it was  
shut   down,   the  molecular   s ieve  uni t   was  s tar ted  and  used  to   reduce  the  C02 
level.  

One objective of the  90-day test was  obtaining  comparat ive  performance  data  
on  the  advanced  and  baseline  units.   This  evaluation  must  consider  that   the 
advanced  uni ts   were  bui l t   wi th   minimal   previous  experience  to   guide  the 
designers   and,   typical ly ,   were  not   adequately  bench  tes ted  before   del ivkry  to  
MDAC to   comple te ly   def ine   sys tem  per formance   or   fa i lure   modes .   Therefore ,  
the  advanced  subsystems  were  f requent ly   a t  a disadvantage  in  comparison 
with  the  baseline  units on  which  more  previous  operational  experience  had 
been  accumulated.  

Table 8 p r e s e n t s  a compar ison  of per formance   var iab les  on the  two  concen- 
t r a to r   un i t s .  It can   be   seen   tha t   the   da ta   on   the   molecular   s ieve   i s   super ior  
t o  that of the  s team-desorbed  sol id   amine  uni t   in  all areas  except  fluid  supply 
t empera tu re .   The   h igh   t he rma l   l oads  of the   l a t te r   appeared-   to   be   due   in   par t  
to   losses   f rom  an   un insu la ted   s team  l ine ,   and   the   h igh   humidi ty   ou tput  
( la ten t   loss )   was   caused   in   par t   by  a plugging  drain  l ine  in  the  output  con- 
dense r  . 

Table  8 
COMPARATIVE  PERFORMANCE  OF  C02  CONCENTRATORS 

Unit 
Steam-  Desorbed 

Solid  Amine  Molecular  Sieve 

Heat  input  (fluid) 

T e m p e r a t u r e  

Power  input  

Heat  rejected  to  coolant 

Heat   re jec ted   to   a tmosphere :  

Latent 

Sensible  

Water  l o s s  wi th   C02  

System  weight 

System  volume 

2, 125 J l s e c  
(7, 250 B t u l h r )  

390°K ( 240°F) 

762  watts 

1, 555 J l s e c  
(5,  300 B tu /h r )  

324 J / s e c  
(1, 100  Btulhr)  

5. 5 kg  (12. 2 lb) 

295  kg  (650  lb) 

0. 51 m3 (18   f t3 )  

971 J l s e c  
(3,   320  Btufhr) 

434OK (320OF) 

650 watts 

1, 328 J l s e c  
(4,   540  Btulhr) 

-48 J / s e c  
( -  164  Btujhr)  

327 J / s e c  
(1,   123  Btulhr) 

0 

235  kg  (517  lb) 

0 .57  m3  (20  f t3)  
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5 .2 .  1 .2  Medical  Studies 

A special   study of the effects of pro longed   exposure   to   low  leve ls  of C 0 2   w a s  
inst i tuted  short ly   before   the  90-day  tes t   began.   This   s tudy  was  s t imulated by 
concern   in   some  c i rc les   tha t   C02  exposure   in   the   ranges   expec ted   in   the  
Sky lab   P rogram  (<733   N /m2   o r   5 .5  mm Hg)  would  cause  biochemical  changes.  
These  changes  were  not   expected  to   be  harmful   but ,  if they   occur red ,   would  
interfere   with  meaningful   interpretat ion of data  obtained  in  zero-g  studies.  
Since  the  goal   in   the  90-day  tes t   was  to   maintain  C02  in   the  530  to   655 N / m 2  
(4 t o  5 mm Hg)  range, it was  obvious  that   an  ideal  opportunity  for  evaluating 
the   bas i s   for   tha t   concern   ex is ted .   Al though  the   to ta l   p ressure   and   oxygen  
pa r t i a l   p re s su re   d i f f e red   f rom  Sky lab ,   t hese   were   no t   cons ide red   t o   i n t e r f e re  
significantly  with  the  results of the  C02  study. 

Exposure  History 

The  CO2  exposure  his tory  reveals  a s lowly   r i s ing   mean  Pc02  dur ing   the   t es t  
with  significant  prolonged  peaks  during  the  last  45  days as  compared   to   the  
f i r s t  45 days .   F igure   13   i l lus t ra tes   the   f requency   d i s t r ibu t ion  of recorded  
CO2 observat ions.   Carbon  dioxide  levels   were  recorded  every 4 hours .   I t  
can  be sees f r o m   F i g u r e  13 that,   during  the  f irst   half  of the  tes t ,  80 pe rcen t  
of the  observat ions  were  below  curre-nt   Skylab  l imits   in   contrast   to   the  second 
half   where  only  33  percent  were  below  that  l imit .   Very low levels   were  not  
observed  during  the last  half of the test and  over 10 p e r c e n t   w e r e   i n   e x c e s s  of 
1 ,  070 N / m 2  (8. 0 mm Hg)  during  this   per iod.   These  dis t r ibut ions  suggest   that  
this   tes t   consis ted of two  exposure  phases   with  control  of t h e   C 0 2   l e s s   p r e c i s e  
during  the  las t   half   wi th   higher ,   more  prolonged  peaks of CO2. 

Biochemical  Analysis  Results 

Blood  samples  a.nalyzed  at  the USN Submarine  Medical   Center ,   Groton,  
Connecticut,   reveal no apparent   changes  in   venous  plasma  for   red  blood  cel l ,  
pH, biocarbonate   or   e lectrolytes   not   seen  a lso  in   outs ide  controls .   Analyses  
of t hese   da t a   have  not  been  completed  by USNSMC personnel ,   however ,   and 
these   a r e   ou r   p re l imina ry   j udgmen t s .   Se rum  samples   ana lyzed   by   t he  
MDAC cont rac t   l abora tory   revea l   depress ion  of se rum  ca lc ium  (Ca++)   dur ing  
the  las t   half  of the   t es t   wi th   concomi tan t   increases  i n  se rum  phosphorus  (P).  

Figure  14  shows se rum c a l c i u m   t r e n d s  a s  mean   va lues   p re t e s t ,   t he   f i r s t  
53  days,   the  last   37  days,   and  post-test .  It i s  c l ea r   t ha t   no   dep res s ion   i n  
C a t +  i s  seen  during  the  f i rs t   half  of the  tes t .   Analysis  of the   depress ion  
seen  during  the  las t  3 7  days  shows  that   for  the  group,  the  mean  value  differs 
s ignif icant ly   f rom  the  f i rs t   half   and  f rom  the  post- tes t   value.   Increase in 
phosphorus  was  generally  observed to  correspond  with  the  depression  in  
calcium,  tending  to   val idate   this   data   set .   Table  9 tabulates   individual   serum 
calcium  values.   While  only  sporadic  changes  are  seen  in  the  f irst  53 days ,  
7 of the   l as t  8 values   are   s ignif icant ly   depressed  when  compared  to   pretest  
control  means.   Dietary  deficiencies  in  Ca++  and  vitamin D have  not  been 
ruled  out as  poss ib le   causes   for   the   observed   changes .  In adul ts ,   however ,  
such   def ic ienc ies   a re   no t   l ike ly   to   deple te   se rum Ca++ s i n c e   b o n e   s t o r e s   a r e  
sufficient  to  maintain  i t .   These  changes  probably  reflect   C02  storage  in 
response   to   peaks  of CO2 exposure  superimposed  on a chronic  low-level 
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TEST  SERUM  CALCIUM (MG 70, 

1 1 1  9 . 4 >:: ::: 9 . 4   9 . 5  9 . 4 ::: 

2 25 9 . 9   9 . 5   9 . 6   9 . 7  

4 5 3   9 . 7   9 . 6   9 . 8   9 . 7  

5 6 7   9 . 8  9 . 2 ::: 9 . 8   9 . 8  

7 88 9 . 2 ::: ::: 9 . 2 ::: 9 . 2 ::: ::: 9 . 5  

"::Significantly  different  from  pretest  mean, P 5 0 .  05.  
::<::Significantly  different  from  pretest  mean, P 5 0 .  01 .  

~ . - ~ ~~ ~~~~ 
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exposure.   Twenty-four  hour  urine  samples  did  not  reveal  changes  reflecting 
any   a l te ra t ion   in   ac id-base   ba lance .  No psychomotor  or  physiologic  changes 
w e r e   s e e n  at any   leve l  of CO2 exposure.  

5. 2. 2 Minor   Trace  C0ntaminant .s  

Analysis  of a tmosphe r i c   s amples   fo r   t he   p re sence  of t race   contaminants   was  
conducted  by MDAC to  ensure  the  cont inued  heal th   and  safety of t h e   t e s t  
c rew.   Analys is   was   done   by   chromatograph   on   d i rec t   samples   and   con-  
cent ra ted   samples   ob ta ined   by   f reeze-out   t echniques   to   de te rmine   the   p resence  
of organic   compounds.   Measurement  of carbon  monoxide  was  done  on a con- 
t inuously  c i rculated  sample  by a LIRA  infrared  analyzer .   Inorganic   com- 
pounds  were  measured  by  wet   chemical   analysis   on  dai ly   samples .  

Par t icu lar   a t ten t ion   was   d i rec ted   to   spec i f ic   compounds   to   which   pre tes t  
planning  had  ass igned  cont ingency  and  abort   levels .   Many of t hese   l eve l s  
were  es tabl ished  upon  the  recommendat ion of the  Panel  on  Air  Standards  for 
Manned  Space  Flights of the  National  Academy of Science.  

Trace   contaminants   were   found  to  fall into  three  general   categories   including:  
metabol ic   products  of c r ewmen   ( a t   l ea s t   i n   pa r t ) ;   r e s idues   f rom  p re t e s t  
c leaning   or   so lvents ;   and   products  of decomposition. Of near ly   100  com- 
pounds  for   which  chromatograph  cal ibrat ions  were  done,   only  13  were 
detected  in   the  cabin,   Table  1 0  shows  the  types  and  concentrations of e a c h  
of the  compounds  found  in   the  above  categories .   Al though  tes ted  for ,   the  
following  compounds  were  'never  found  in  the SSS atmosphere:  sulfur  dioxide,  
hydrogen  sulfide,  hydrogen  cyanide,  chlorine,  hydrogen  chloride,  phosgene, 
and  ozone. 

The   t race   contaminant   p rogram  c lear ly   showed  tha t   the   cab in   a tmosphere   was  
re la t ive ly   c lean .   Levels   were   a lways   wel l   be low  es tab l i shed   l imi t s .   'The  
o c c u r r e n c e  of re la t ively  high  levels  of F r e o n  113,  although  much  lower  than 
phys io logica l   l imi t s ,   was   the   source  of ca ta lys t   bed   per formance   loss  as  
explained  in  Section 5. 4. This   was   due   to   excess ive   use  of this  solvent  during 
pre tes t   c leaning  of the   chamber .  

T h e   p r e s e n c e  of ammonia   i n   t he   a tmosphe re   was   d i r ec t ly   r e l a t ed   t o   ope ra t ion  
of the  open-loop  wick  evaporator   for   processing  ur ine.   Ammonia  was  detected 
within a few  days   a f te r   p rocess ing   s ta r ted   and   d i sappeared   wi th in  a few  days  
af ter   i t   s topped.   Similar ly ,   oxides  of n i t rogen   were   cor re la ted   wi th   the   com-  
b ined   presence  of ammonia   and   opera t ion  of the  toxin  burner .   During a 
2-week  period  when the toxin  burner  was  shut  down,  the  oxides of nitrogen 
w e r e  not   detected  even  though  ammonia  was  present .  

Dur ing   the   t es t ,  a record ing   sp i rometer   was   ins ta l led  in t h e   c r e w   q u a r t e r s ,  
with  readout   instrumentat ion  a t   the   medical   monitors   s ta t ion.   This   instru-  
ment   was  used  once  each  week  to   obtain a forced  vi ta l   capaci ty   volume-f low 
(v-G)  loop  on  each  crewman.  This  was  done  to  monitor  any  variation of 
pu lmonary   pe r fo rmance  of the   c rew  poten t ia l ly   re la ted   to   the   e f fec ts  of 
a tmospher ic   t race   contaminants .  N o  significant  changes  were  observed 
dur ing   the   t es t   except   for   enhanced   resp i ra tory   f low  a t   reduced   barometr ic  
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Table 10 

ATMOSPHERIC  TRACE  CONTAMINANTS 

Measurement Quantity Test  Contingency 
Threshold Median::: Maximum  Level  Apparent 

(PPm)  (PPm)  (PPm) (PPm) Source 

Metabolic  Products of Crewmen 

Methane 

Carbon  monoxide 

Aldehydes 

Ethyl  alcohol 

Acetone 

cn Residues of Pretest   Cleaning 
P o r  Solvents 

Freon  113 

Toluene 

Methylethyl  ketone 

Dichloroethane 

Decomposition  Products 

1 0 . 0  

2. 0 

0. 05 

0. 2 

0. 05 

0. 20 

0. 05 

0. 05 

0. 05  

150.0 290.0 

17.0 26. 0 

0. 32 0.47 

0. 5 1. 5 

0. 5 2.  39 

4.0 11.50 

0. 10 0. 15 

0. 10 0. 27 

0. 10 0. 25 

” 

100.0 

15. 0 

300.0 

” 

150 

30 
” 

” 

Ammonia 

Oxides of nitrogen 

2-Ethyl  Butanol 

2-Ethyl  Hexanol 

0. 05 1. 5 4. 0 75 

0. 05 ‘Trace 0. 15 1. 5 

0. 05 0. 2 0.45 20 

0. 05 0. 2 0. 65 ” 

Urine 

Ammonia 

Coolanol 35 

Coolanol  35 

:::Note: Median of nonzero data from  dai ly   samples .  



p r e s s u r e s .   T h i s   a p p e a r s   t o   b e  a n o r m a l   r e s u l t  of reduced   a i rway  res i s tance  
due  to  the  lower  density.   Although no changes   were   seen   in   th i s   t es t ,   i t   i s  
recommended  tha t   the   record ing   sp i rometer   be   used   in   the   fu ture   where  
pu lmonary   i r r i t an t s   may   be  a potential   problem. 

5.3  WATER  RECOVERY 

Water   recovery   was   per formed  by   separa te   subsys tems  for   po tab le   and   wash  
water .   The  potable   water   subsystem  included:  ( 1 )  the  isotope-heated  VD-VF 
unit, ( 2 )  the  wick  evaporator  and  humidity  control  unit ,  ( 3 )  the  detoxification- 
mult i f i l t ra t ion  uni t ,   (4)   the  s torage  and  dis t r ibut ion  uni t ,   and  (5)   the  backup 
potable  water  supply.   The  wick  evaporator  was  used a s  a backup  for  the 
VD-VF  uni t   in   processing  ur ine.   Water   produced by the  wick  evaporator  and 
humidi ty   condensate   was  a lways  processed  through  the  detoxif icat ion-  
mult i f i l t ra t ion  uni t ,   but   water   f rom  the  VD-VF  uni t   was  not   unless   i t   was 
requi red   to   meet   po tab i l i ty   s tandards .   Because   f lex ib le   opera t ing   modes   were  
des i red   wi thout   r i sk  of c ross   contaminat ion ,   des ign  of the  potable   system  was 
cons idered   on   an   overa l l   bas i s .   The   resu l t ing   in tegra ted   sys tem  i s   shown 
schematical ly   on  Figure 35 .  

The  VD-VF  unit  included a boi ler   assembly,   condenser ,   condensate   tank,  
holding  tank,  and  pump.  The  boiler  was  provided  with  four  wells  for  inserting 
the   rad io iso tope   capsules ,   a .hydrophobic   membrane   in tended   to   p revent   l iqu id  
entrainment  in  the  evolved  vapor,  and a superheater   and  catalyst   bed  with 
another   isotope  capsule   wel l .   During  normal   operat ion,  a vacuum  was  drawn 
at   the   system  out le t   (condensate   tank)   suff ic ient   to   reduce  the  boi l ing  tem- 
p e r a t u r e   t o  312  to 323OK (100 to   1200F) .   The   supe rhea te r   t empera tu re   was  
about 395OK (250OF). A small amount of air  was  drawn  into  the  boiler  to 
furnish  oxygen;   the  catalyst   oxidized  any  organic   gases   in   the  vapor   to   produce 
pure  water   vapor   and  carbon  dioxide  which  was  vented  a long  with  the  excess  
a i r  to   an   overboard   vacuum  pump  and   vapor   f reeze   t rap .  A spa re   bo i l e r   was  
s tored   onboard   for  u s e  when  the  urine  solids  accumulated  in  f irst   unit .  

The   s to rage  of po tab le   water   was   done   in   spher ica l   p ressur ized   b ladder   t anks ,  
each  having  approximately  100-lb  capacity,   each  equipped  with  electric  heaters 
and   thermal   cont ro ls   to   ho ld   the   conten ts   a t  345'K (160OF)  to   preserve  s ter i l i ty .  
Distribution  was  via a continuously  circulating  loop,  in  which  the  hot  water 
cont inued   to   p revent   microbia l   contaminat ion .   Dispensers   p rovided   ho t   and  
cold  water   to   the  crew.   Hot   water   was  dispensed  by  an  Apollo  f l ight   type  uni t  
equipped  with  an  e lectr ic   heater .   Cold  water   passed  through  dual   redundant  
chil lers,   cooled  by  the  Coolanol 35  loop,  and  was  dispensed  either  by  the 
Apollo  cold  tap  or  by a direct   outlet   in  an  adjacent  panel.  

A backup  supply of po tab le   water   was   s tored   in  a 50-gallon  cylindrical   tank. 
This   was  pretreated  with  iodine ( 6  ppm)   p r io r   t o   t he   t e s t   s t a r t   and   mon i to red  
regular ly   to   insure   tha t   the   iod ine   remained   in   so lu t ion   a t   the   p roper   l eve l .  
The  concentrat ion of iodine  in  this  tank  never  dropped  below 5 ppm  during 
the  tes t ,   a l though it was  found  that   samples,   when  held  for 2 4  o r   m o r e   h o u r s ,  
showed  much  lower  levels  (0.  5 ppm) .   rh i s   was   apparent ly   caused   by   adsorp-  
tion of iodine i n  the  plast ic   sample  container .   Val id   readings  were  obtained 
when  samples   were  analyzed  af ter   only 1 o r  2 hours .  
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U r  ine  product  ion 

Pre t rea tment   so lu t ion  

Total 

Ur ine   samples   (overboard)  

Other   losses  

Net   ava i lab le   for   recovery  

Urine  sol ids   res idue 

Wick  evaporator 

VD- V F  bo i l e r s  

Total  

Water   losses   in  V D - V F  unit 

Vacuum  vent 

Boi le r   res idue  

Total  

Water   recovered   f rom  ur ine  

Urine  f lush  water 

( F r o m   w a s h   w a t e r   s y s t e m )  

534.6 

5 . 4  

1,   178.5 

1 1 . 9  

Table 11 

WATER RECOVERY FROM URINE 

To  ta l   Average  Rate  

kg lb   kg /day   Ib /day  

540 .0  

1 0 . 9  

1 . 1  

528.0 

9 . 1  

13. 5 

1,   190.4 

24. 1 

2 . 5  

1 ,   163 .8  

20 .0  

29 .8  

22 .6  

23 .4  

14. 9 

3 8 . 3  

467 .0  

9 4 . 1  

4 9 . 8  

5 1 . 6  

32. 9 

8 4 . 5  

1,  029. 5 

207.4 

561. 1 1 ,  236.9 

5 . 9 4  13 .09  

0. 06  0.  13 

6 .00   13 .22  

5 . 8 6  1 2 . 9 3  

5.  19 11 .44  

1 . 0 4  2.  30 

6 .23   13 .74  
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T a b l e  12 
POTABLE  WATER  PRODUCTION 

~- " . _ _ ~  

Tota ls   Average   Rate  
~ 

kg  lb   kg /day   lb /day  
~~ ~. 

Humidity  Condensate 
~- 

Respi ra t ion   and   persp i ra t ion  477. 8 1, 053. 3 5. 31 11.70 
Wash  water   evaporat ion 254. 2 560.3 2. 82 6. 23 

Subtotal 731. 9 1,  613. 6 8. 13 17.93 

Cabin  humidity  caused  by 
Solid amine operation::: 487. 7 1, 075. 1 7. 01::: 15. 45':: 

Total  humidity 1, 219. 6 2,  688. 7 1 3 . 5 5 ::: ::: 2 9 . 8 7 :;: ::: 

Urine  and  urinal  f lush 561. 1 1, 236. 9 6.  23 13. 74 
Recycled  water   samples  19. 7 43.4 
Miscel lanepus  sources  39. 6 87. 2 

Total,   All   Sources 1, 840. 0 4, 056. 2 20. 44 45.07 

- " ~ _ _ _ _  ." . ~ - ~. -~ 

-~ ." ~~ - 

Dis t r ibu t ion   Pr ior   to  
Certif ication 

Makeup  to  wash  water  unit  232. 7 512. 9 2.  59 5. 70 
Makeup  to  solid  amine unit;:: 520. 7 1, 148. 0 7.  49::: 16. 52::: 
Samples   pas   sed  overboard 10.0 22. 0 

Miscellaneous 2. 0 4. 4 

Urine   accumula tor   ne t   increase  9. 1 20. 0 

Holding  tanks  net   decrease -3. 5 -7. 8 

Total   Dist r ibut ion 770. 9 1, 699. 5 8 . 5 6 :#: ::: 1 8 . 8 8 :::  ::: 

Recovered,  certif ied 
potable   water  1, 069. 0 2, 356. 7 11. 88 26.  19 

" - ~ " ~ .-  " 

~ ~ . . ~- . . _ _ _ ~ ~  . ~~ - 

Losses   a f t e r   ce r t i f i ca t ion  141. 6 312. 1 1. 57 3.47 

Consumed  by  Crew 927.4 2,  044. 6 10. 31 22.72 

" ~~ - .~ " ~ ~ . ~ 

:::Note: Solid  amine  unit   based on 69. 5 days of operation. 
::::::Note: Based on overal l   90-day  totals .  

. .. " . - .  - . __ _. .. 
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5. 3. 1 Po tab le   Wate r   Sys t em  Pe r fo rmance  

P r io r   t o   t e s t   s t a r t   t he   po tab le   wa te r   sys t em  was   qua l i f i ed   t o   mee t  all 
r equ i r emen t s   fo r   chemica l ,   phys i ca l   and   mic rob ia l   cha rac t e r i s t i c s   e s t ab l i shed  
by  the  ad  hoc  Commit tee  of the  Space  Science  Board,   Nat ional   Academy of 
Sc iences .   Tas te   t es t s   were   a l so   conducted   to   insure   acceptab i l i ty  of t he   wa te r  
to   the   c rewmen.   Deta i l s  of t h e s e   t e s t s  a re  presented  in   Sect ion 2. 2. 2 of 
NASA CR-111881. 

During  the  tes t ,   each  tank of water   was   sampled  as  i t   was  f i l led.   These 
samples   were   ana lyzed  a s  described  in  Section 4. 6. 3. The  col lected  data  
was  reviewed  by  the  Medical   Director ,  who certif ied  each  tank  for  potabil i ty 
before  consumption  was  permitted.   The  period  for  analysis  and  certif ication 
was  a t   least   48  hours ,   l imited  by  the  incubat ion  t ime  required  for   the 
mic rob ia l   s amples .  

A s u m m a r y  of wa te r   r ecove ry   f rom  u r ine  is presented  in   Table  11. A s  shown 
in  this  table,  of 534. 6 kg  (1,  178. 5 lb) of urine  produced,  losses  included 
10. 9 kg  (24. 1 lb)  of s amples ,  22. 6 kg  (49. 8 lb )  of solids,  and 38. 3 kg  (84. 5 lb )  
of water   losses   associated  with  the  VD-VF  uni t .   The  net   water   recovery  f rom 
urine  was  467. 0 kg  (1,  029. 5 lb ) ,   o r  5. 19  kg  (11.  44  lb)  per  day. T o  th i s  
94. 1 kg  (207. 4 lb)  of f lush  water  was  added. 

Water   recovery   f rom  humidi ty   condensa te   i s   summar ized  i n  Table  12, along 
with  the  dis t r ibut ion of recovered   water   p r ior   to   cer t i f ica t ion   and   the   changes  
in  contents of the  ur ine  accumulator   and  holding  tanks.   Crew  respirat ion  and 
pe r sp i r a t ion   l o s ses   ave raged   5 .31   kg   (11 .70   l b )   pe r   day ,   and   evapora t ion   f rom 
the  wash  water   loop 2. 82  kg (6.  23 lb)  per  day.  The  solid  amine  unit   contributed 
a n   a v e r a g e  of 7.  01 kg   (15 .45   lb )   per   day  of humidity  condensate  during  i ts  
6 9 .  5 days of operat ion.   This   increased  the  total   water   recovery  ra te   f rom 
14 .36   kg   (31 .67   lb )   per   day   to   21 .37   kg   (47 .12   lb )   per   day ,   o r   49   percent ,  
when  it  was in operat ion.  

Before  f inal   processing  and  cer t i f icat ion,   water   was  dis t r ibuted  to   the  wash 
water  unit ,   the  solid  amine  unit ,   and  sample  collection.  These  and  other 
minor   l o s ses   r equ i r ed   8 .56   kg /day   (18 .88   l b /day ) .  A total  of 1 , 0 6 9 .  0 kg  
( 2 ,  356. 7 lb)   were  cer t i f ied  for   consumption.   The  crew  actual ly   consumed 
927 .4  kg (2 ,   044 .6   l b )   fo r   an   ave rage  of 10.31  kg/day ( 2 2 .  72 lb /day ) .   Th i s  
compares   with a total  of wa te r   r ecove red   f rom  u r ine ,   r e sp i r a t ion ,   and  
pe r sp i r a t ion  of 1 0 .  50  kg/day  (23.   14  lb/day)   af ter   subtract ing  ur ine  samples  
and VD- V F  l o s s e s .  

Of the  total   water   produced,   247.4  kg  (545  lb)   were by the  f i rs t   VD-VF  boi ler  
during 25 days of operat ion,   and  366.8 kg (808  lb)  by  the  second  during 
38 days of operation,  averaging 9 .  9 kg/day  (21.8  lb/day) .   This   product ion 
r a t e  is fixed by the  constant  heat  output of the  radioisotope  capsules ,   less  
thermal   losses   to   the   envi ronment .   The   water   recovery   e f f ic iency ,   def ined  
a s  ac tua l   water   recovered/water   ava i lab le   for   recovery ,   was   94 ,  3 percent .  
Of this   product ion,   about   40  percent   was  cer t i f ied  for   consumption,   the  
remaining 6 0  percent   was   t rea ted  by mult i f i l t ra t ion  due  e i ther   to   poor   tas te  
or   microbial   contaminat ion in  the  condensate  collection  tank. 
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Samples   f rom  the   po tab le   use   t anks   a lways   met   microbia l   s tandards ,  as did 
those  f rom  the  Apollo  hot   water   dispenser .   However ,   samples   f rom  both 
cold  dispensers   were  contaminated.  N o  means   was   ava i l ab le   t o   r e s t e r i l i ze  
these, so all wa te r   fo r   t he   c r ew  was   d rawn   f rom  the   ho t   t ap .  A supply  was 
kept   in   the   re f r igera tor   to   p rovide   co ld   d r inks .   Means   mus t   be   p rovided   to  
in su re   s t e r i l i t y  of co ld   wa te r   d i spense r s   on   fu tu re   sys t ems .  

5. 3. 2 Radiological ~~ Monitoring  and  Isotope  Handling 

Approximately  1/3  kw of thermal   energy   f rom  f ive   capsules   conta in ing  238 P u 0 2  
was  used  to   power  the V D - V F  wa te r   r ecove ry   sys t em.   Rad ia t ion   doses  
rece ived   by   the   t es t   c rew  were   wel l   be low  acceptab le   l eve ls   and   be low  pre tes t  
p red ic t ions .   (The   wors t  case was  only  14  percent  of conservat ive  analyt ical  
predictions.  ) No radiat ion  exposure  problems  were  encountered  and  there   was 
no  evidence of leakage   f rom  the   rad ioac t ive   i so tope   capsules .   There   were  
no  difficulties  encountered  in  handling  the  hot  capsules. 

Difficult ies  were  encountered  with  radiation  monitoring  instrumentation. 
These   p roblems  inc luded   fa i lures   to   opera te   and   fa l se  alarm signals.   The 
f o r m e r   w e r e   c o r r e c t e d  by  interchanging  components of the  var ious  instru-  
ments ;   the   l a t te r   were   de tec ted  by c ross -   checking   ins t rument   read ings .  
During  VD-VF  unit  operation,  four of the  isotope  capsules   were  instal led 
in the   wel l s  in the  boiler  and  one  in  the  catalyst  bed.  When  not  operating, 
the  capsules   had  to   be  removed  and  placed in the   cooled   water   ba th   across  
the  equipment   room.  Since  there   were  several   fa i lures  of the VD- V F  unit, 
more  handl ing of the   capsules   was   requi red   than   expec ted .   There   were  
14  separate  handling  operations  during  the  90-day  test ,   requiring 76 capsule  
manipulat ions.   These  required  150  to   420  seconds  for   each  manipulat ion 
and  each  resulted  in  an  average  whole  body  dose of 1 to  3 m r e m / h r .  If it 
had  been  possible   to   provide  a l ternate   cool ing of the  capsules   in   place,   even 
th i s  small exposure  would  have  been  unnecessary.  

5. 3. 3 Wash  Water  Recoverv 

Wash  water   was   recovered   by   p rocess ing   th rough a f i l t ra t ion  system  including 
mechanica l   e lements ,   ac t iva ted   charcoa l ,   and   ion   exchange   res in ,   then   s tor ing  
in a pressur ized   b ladder   t ank ,   hea ted   to  344OK (160OF)  to   prevent   microbial  
growth.   Wash  water   was  used  for   personal   hygiene,   laundry,   and  ur inal  
flushing. 

A s u m m a r y  of utilization of the   wash   water  is  presented  in   Table   13.   The 
uni t   p rocessed  5, 077 kg  (11,  182  lb) of water   and  used 13. 6 kg  (30  lb) of 
expendable   f i l ters   and  absorpt ion  column  mater ia l .  A to ta l  of 254  kg  (560  lb) 
were   los t   f rom  the   sys tem  by   evapora t ion .   Uses   o ther   than   washing   accounted  
for   an  addi t ional  367 kg (808 lb). After  al lowing  for a net  inventory loss  
(reduction  in  tank  contents),  a to t a l  of 4, 744  kg  (10,  448  lb)  were  dispensed  for 
washing.  This  amounts  to 13. 2 kg  (29.0  lb)   per   man-day  during  the  tes t .  

Changes   in   the   par t icu la te   f i l t e r   e lements   were   made   whenever   the   p rocess ing  
rate dropped  below 2, 5 cm3/ sec .   Three   changes  of the   30-micron   e lement  
and  one  change of e a c h  of t h e  3- and   1-micron   e lements   were   requi red .  
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Table   13  

WASH WATER  SYSTEM  SUMMARY 
WATER BALANCE AND EXPENDABLES FOR 4 MEN, 90 DAYS 

k g   k g  

~~~ - "_ ~. ~ 

(pounds)  (pounds) 

Water Produced:  

Multifiltration  unit 

Water  Used: 

Washing Including  evaporation 
l o s s  = 254  kg  (560  lb) 

R e p r o c e s s  

Urinal   f lush 

Phase   change  

Miscel laneous 

Inventory  change 

Expendables: 

Four   carbon  co lumns  

Two  res in   co lumns  

F i v e   p a r t i c u l a t e   f i l t e r s  

Cleansing  agent   (Basic  H) 

Total   Expendables 

4, 744 
(10,  448) 

227 
(500) 

- 34 
(-74) 

5, 077 
( 1  1, 182) 

~~ 

5, 077 
(11,  182) 

5, 077 
( 1  1, 182) 

7. 3 

3. 6 
0 .9  

1. 8 

13. 6 

Heat: 

Tank  heaters :   (817  Btu/hr)   239.4  joule/   sec   average 

Power:  

Pump: 1, 056   wat t s   for  4. 32  hours   total   operat ing  t ime.  



The  ac t iva ted   carbon  and   ion   exchange   res ins   were   changed   when  ind ica ted   by  
c rew  judgment  of water   qua l i ty   and   resu l t s  of chemica l   ana lys i s .   Four   changes  
of the act ivated-carbon  column  and  two of the   ion   exchange   res in   were   made .  

Based   on   these   t es t s ,  it is  recommended  tha t   s tandards  of acceptabili ty of 
wash  water   qual i ty   should  be  reviewed  and  adopted.   This   tes t   re l ied  heavi ly  
on  subject ive  react ions of the  crewmen  s ince  no  other  criteria s e e m e d ,  
appl icable .   However ,   data   which  has   been  obtained  can  serve as  a b a s i s   f o r  
a m o r e   f o r m a l   s t a t e m e n t  of r equ i r emen t s .  

5 . 4  OXYGEN  RECOVERY 

Oxygen  recovery  during  the  90-day  tes t   was  accomplished  by  the  Sabat ier  
reactor   uni t   and the water   e lectrolysis   uni ts .   The  Sabat ier   uni t   converted 
the  COz  concentrated by the  atmosphere  purification  equipment  into  water 
and  methane.   The  methane  was  discharged  overboard  and  the  water   was 
electrolyzed  to  hydrogen  and  oxygen.  The  hydrogen  was  returned  to  the 
Sabatier  unit   and  the  oxygen  was  supplied  to  the SSS a t m o s p h e r e  as r equ i r ed  
t o  m a k e  up for   crew  consumption  and  leakage.  

Although  not a component of the  oxygen  recovery  equipment,  the toxin   burner  
was   in tegra ted   wi th   the   Sabat ie r   reac tor   to   use   the   hea t   p roduced   by   the  
reac tor   thereby   reducing   the   tox in   burner   power   requi rements .  

The  toxin  burner  oxidizes  low  molecular  weight  hydrocarbons,   methane,  and 
carbon  monoxide  to  carbon  dioxide  and  water  vapor.   This  reaction  occurs 
a t  a t e m p e r a t u r e  of 590°K (600OF)  to 644OK (7000F)  in   the  presence of a 
Hopcal i te   catalyst .   Because of the  low  concentration of oxidizable   mater ia l ,  
hea t   mus t   be   added   to   main ta in   reac t ion   tempera ture .   The   in tegra ted  
Sabat ie r / tox in   cont ro l   un i t s   a re   shown  in   F igure   11 .  

5.4. 1 Sabat ier   Reactor   and  Toxin  Burner  

Operation of the   Sabat ie r   reac tor   dur ing   the   in i t ia l  30 days of the  90-day 
manned  tes t   was   somewhat   e r ra t ic   due   to   ca ta lys t   po isoning   which   was   found 
to   be  caused  by  t race  quant i t ies  of Freon  113  appearing  in   the  carbon  dioxide.  
Operation  returned  to  normal  after  rep1acin.g  the  nickel-on-Kisselguhr 
catalyst  and  adding a charcoa l   t rap   to   remove   the   contaminant   f rom  the   carbon 
dioxide.   The  unit   produced  about  162  kg  (357 lb)  of water   during  the test. 
The   average   water   p roduct ion   ra te   for   the  last 60 days   was   1 .99   kg /day  
(4.   38  lb/day) .   This   includes 11. 4 kg  (25. 2 lb) of uncondensed  water   lost  
through  the  exhaust  with  the  methane. 

A summary   ma te r i a l   ba l ance   fo r   t he   Saba t i e r   r eac to r  is  presented  in   Table  14. 
The  table   shows  that   the   overal l   conversion of hydrogen  to   water   and  methane 
was   95   percent .   The   des ign   ob jec t ive   was  91 percent   conversion.   'The  overal l  
C 0 2  conver s ion   was   66   pe rcen t   a s   compared   t o   t he   base l ine   goa l  of 56  percent.  

Operation of the  toxin  burner   throughout   the  tes t   was  rout ine  and  without  
opera t iona l   p roblems.   Burner   t empera tures   were   ad jus ted   be tween 567OK 
(56O0F)  and 661OK (730°F)  throughout  the last 60 days of the  run  to   invest i -  
gate   var ia t ions  in   cool ing  effect   to   the  Sabat ier   reactor .   The  toxin  burner  
was   tu rned  off f r o m   d a y s  68 through 81 to  observe  changes  in  
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methane  and  carbon  monoxide  in   the  cabin  are   shown  in   Figure 16. The  
inc rease   i n   me thane   l eve l   no ted  on days  87  and  88  was  caused  by a l eak   i n  
the   Sabat ie r   exhaus t   l ine .   The   methane   leve l   decreased   rap id ly   a f te r   the  
l e a k   w a s   r e p a i r e d .  

On  day 68, while  turning  the  toxin  unit  off, t h e   c r e w   o b s e r v e d  a white  powder 
depos i t   in   the   a rea  of the  discharge-to-cabin  vent.  A s a m p l e  of t h i s   m a t e r i a l  
was   co l l ec t ed   and   pas sed   ou t   fo r   chemica l   ana lys i s .   P re l imina ry   r e su l t s  
ind ica ted   the   mater ia l   to   be   main ly   ch lor ides  of aluminum,  copper,   iron, 
n icke l   wi th   minor   amounts  of si l icon,  magnesium,  chromium,  t i tanium, 
manganese,   and  boron.  I t   would  appear  that   the  material   resulted  from  the 
thermal   decomposi t ion of F reon   113   i n   t he   t ox in   bu rne r   t o   fo rm  ch lo r ides   and  
probably  f luorides  with  the  Hopcalite  catalyst   and  the  stainless  steel   and 
aluminum  components of the  unit. 

In light of the  catalyst   poisoning  experience  in  the  Sabatier  and  the  chloride 
deposi ts ,   i t   can  be  suspected  that   the   Hopcal i te   was  adversely  affected  by 
the  Freon  113.  When  the  toxinburner  was  returned  to  operation on day  81,  the 
CO concent ra t ion   decreased   over  a per iod of 9 days   f rom  26   to  18  ppm.  This 
seems  to   indicate   the  uni t   d id   funct ion  to   affect   the  CO level ;   however ,   th is  
type of correlat ion  could  possibly  be  expected  with  an  unheated  catalyst .  
The  significant  lowering  in  methane  level  also  tends  to  indicate  the  toxin 
burner  maintained  some  effectiv.eness  throughout  the  test .   However,   the 
gene ra l   g radua l   r i s e   i n   me thane   l eve l s  i n  t he   a tmosphe re   du r ing   t he   t e s t ,  
up to   day 67, may  indicate   that  a gradual  reduction  in  capacity  was  occurring. 

Tab le  14 

SABATIER  REACTOR  MATERIAL  BALANCE 
- 

M a t  e rial In Mate r i a l   Ou t  

Carbon  Dioxide 288. 9 636. 9 Water  150. 6 332.0 

Hydrogen 36. 7 81* Methane 69. 2 152. 5 

Nitrogen 7. 5 16. 6 Carbon  Dioxide  98. 7 217. 6 

( to   e l ec t ro lys i s   ce l l )  

Oxygen 3. 7 8. 1 Nitrogen 

Oxygen 
Water   Vapor  2. 5 

. -  
5' Hydrogen 

Total  

7. 5 16. 6 
0. 2 0. 5 

1. 7 3. 8 

339. 3 kg  748. 1 lb  Water  Exhausted  11.4  25.  2 

Total  339. 3 kg  748. 2 lb 
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Figure 16. Methane  and Carbon Monoxide  Concentration 

5.4. 2 Water   Electrolysis   Units  

The  oxygen  and  hydrogen  supply  for   the  90-day  tes t   was  provided  by  three 
different   water   e lectrolysis   uni ts   and a s tored  gas   supply.   The  s tored g a s  
supply  was  used  only  in  emergencies  where  demand  exceeded  the  output 
capabili ty of the  operat ing  e lectrolysis   uni t .  

~ ~ _ _  -~ ~ 

The  e lec t ro lys i s   un i t s   used   in   th i s   t es t   were  a c o m m e r c i a l  unit  and  two 
experimental   units  developed  specifically  for  this  test   program.  The  com- 
merc ia l   un i t   was   ins ta l led   ou ts ide  of the SSS and  was  used  for  backup  when 
neither  experimental   unit   was  capable of meet ing  e i ther   hydrogen  or   oxygen 
demands of the LSS. This  unit   was  the  Stuart   unit ,   manufactured  by  the 
Elec t ro lyzer   Corpora t ion .   The   o ther   two  un i t s   were   manufac tured   by   Al l i s -  
Chalmers  Manufacturing  Company  (A- C )  and   the   Lockheed   Miss i les   and  
Space  Company  (LMSC).  'The  A-C  unit  uses a vapor   feed  and  intermit tent  
c i rculat ion of e lectrolyte   and  was  instal led  inside the SSS dur ing   the   t es t .  
The  LMSC  unit   uses a l iquid  feed  with  continuous  electrolyte  circulation  and 
was  instal led  outs ide  the SSS during  the  tes t .   Al l   three  uni ts   were  used 
dur ing   the   90-day   tes t   and   were   des igned  to  provide  the  oxygen  requirements  
of the   four -man  c rew.  

In   spi te .of   numerous  malfunct ions  and  fa i lures ,  the two  experimental   units 
provided 71. 6 pe rcen t  of the   to ta l   hydrogen   requi red   and  68. 3 percen t  of t he  
total   oxygen  required;   The  fa i lures   experienced  by  the  A-C  uni t   caused 
ear ly   shutdown  due  to   inaccessibi l i ty   and  lack of proper   par t s .   The   LMSC 
unit,  being  installed  outside  the SSS, was   access ib l e   fo r   ma jo r   r epa i r s   when  
required.  
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The  major   fa i lures   which   caused   un i t   downt ime are  s u m m a r i z e d  as  follows: 

All is   Chalmers   Electrolysis-Between  days 3 and 17, the  uni t   was  shut  
down  while a fa i led   module   was   rep laced   and  all modules  f lushed.  In 
addi t ion ,   repa i rs   were   comple ted   on   the   e lec t ronic   cont ro l   and   an  N2 
pressure   regula tor .   Be tween  days   18   and  20, the   opera t ion   was   in te r -  
mit tent   and  f inal  failure occurred   on   day  20. 

LMSC  Electrolysis  - On  day 4, an   H2  leak   in   module  1 was  repaired.  
On d a y  9, operat ion  was  intermit tent   because of repeated  shutdowns of 
the  28-vdc  power  supply.  Between  days  12  and  17,  the  unit  was  shut 
down  to  replace  defective  N2  purge  solenoid  valves  and  the  28-vdc 
power  supply.  Between  days 45 and  48, the  unit   was  shut  down  to  repair  
a short   in   module 1, to   repa i r   l eaks   in   modules  2 and 3, and  to   rep lace  
defect ive  temperature   switches.   On  day 60, a defective  N2  solenoid 
valve  was  repaired  and  the  28-vdc  logic   power  supply  was  replaced.  
Between  days 63 and 66, module 2 was  rebuilt .   Between  days  73  and 
74, modules  1, 3, and 4 were   rebui l t .  

During  operat ion of the  A-C  unit, it p roduced   an   ave rage  of 57. 4 pe rcen t  
of the  required  oxygen  for   the  4-day  per iod.   This   uni t   provided,   during  i ts  
l imited  operat ing  l i fe ,   approximately 2. 6 pe rcen t  of the  total   oxygen  and 
2 .7   percent  of the   to ta l   hydrogen   requi red   by   the  SSS during  the  90-day  test .  

The  LMSC  unit   operated a total of 1, 681. 2 hours  (70. 2 days).   The  unit  
suppl ied  the  chamber  a to ta l  of 62. 2 days   and   for   8 .0   days   the   gas   genera ted  
by  the  unit  was  vented  to  ambient.  It  delivered  68.9  percent of the  hydrogen 
used  by  the  Sabatier  unit   and  65.7  percent of the   oxygen   requi red   for   l eakage  
and  metabolic  consumption.  Average  oxygen  production  rate  for  this  unit   was 
4. 13 kg/day  (9.  1 lbjday) ,   which  was  not   adequate   to   support   the   average 
requi rement  of 4. 35 kg/day  (9.  58  lb/day). 

The   S tuar t   e lec t ro lyzer   un i t   p rovided   28 .4   percent  of the  hydrogen  to   the 
Sabatier  unit   and 30. 0 pe rcen t  of oxygen  to   the  chamber .   Also,  1. 7 pe rcen t  
of the  oxygen  was  provided  f rom  high-pressure  s torage.  

A s u m m a r y  of the  total   oxygen  and  hydrogen  supplied  to  the SSS f r o m  all 
s o u r c e s  is  shown  in  Table 15. 

5 . 5  FOOD MANAGEMENT 

The  food  provis ions  avai lable   to   onboard  crewmen  during  the  90-day  tes t  
consis ted of a p r imary   f r eeze -d r i ed   menu ,   supp lemen ta ry   snacks ,   f rozen  
dinners ,   and a small amount of ice   c ream.   Packaging ,   s torage   accommoda-  
t ions,   supporting  equipment,   and  acceptabili ty of the  food  supplies  were 
pr ime  considerat ions,   wi th   emphasis   on  acceptabi l i ty .   Acceptabi l i ty   was 
fel t   to   be a function of d ive r s i ty  of menu,   mission  durat ion,   and  ini t ia l  
reac t ion   to   the   aes the t ics  of food  consumption:  f lavor,   color,   consistency, 
and   a roma .  
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Table  15 

SUMMARY O F  O2 AND H2 SUPPLIED TO SSS 

Oxygen  Hydrogen 
~~ 

Source  kg  lb  kg  lb 

A-C E lec t ro lys i s  10. 17 22.40 1. 27 2. 80 

LMSC  Electrolysis  256.97 566.02 25.04 55.15 

Stuar t   E lec t ro lyzer  117.  27 258.30 10.46 23.00 

Gaseous  Storage 6.95 15.30 0.0 0 .0  

Total  391.36  862.02  36.77  80.95 

Requirements  placed  upon  the  supplier of f r eeze -d r i ed ,   uncompressed  food 
consis ted  of :   microbiological   control   der iving  f rom NASA/ Army  r equ i r emen t s ,  
vacuum  packaging, a 10-day  menu  cycle,  and  10. 46 MJ (2,  500 k i loca lo r i e s ) /  
manfday .  An additional  2.  09 MJ - ( 5 0 0  k i loca lo r i e s )  of snacks  were  provided.  
These  consisted of nuts ,   ra is ins ,   candy  bars ,   and  four   pints  of i ce   c r eam.  
Table 16 presents   two  typ ica l   f reeze-dr ied   menus .  

For   the  f rozen  meals ,   the   suppl ier   was  required  to   provide a minimum of 
5 percent  of the  onboard  meals,   consisting  of  complete  dinners  amounting  to 
approximately 3 .  347  MJ  (800  kcal)/meal.  NASA microbiological   s tandards 
were  to  be met .   Meals   were  to   arr ive in f rozen  form  and  were  to   be  packaged 
to   require  no more  than 0 .  122 m3  (4. 3 cu   f t )  of s torage.   Table  17 s u m m a r i z e s  
the  frozen food  provided. 

Freeze-dehydrated  foods  were  supplied  in  vacuum  packages of a mult i layer  
laminate,   consisting of polyethylene,  aluminum  foil,   and  an  outer  layer of 
Mylar.   Plastic  dishes  were  included  within  some food packages;  additional 
plastic  food  reconsti tution  dishes  were  stored in specially  provided,  tightly 
covered  a luminum  containers .   Utensi ls   provided  for   the  crew  were  knives ,  
forks,   and  spoons  made of s t a in l e s s   s t ee l .   F rozen  food was  supplied  in 
a luminum  conta iners   s imi la r   to  T V  dinner   t rays .   These  were  covered  with 
aluminum  foil .   Storage  requirements  for  al l   food  provisions  approximated 
2. 8 m3 (100 cu  ft).  

The  overal l   acceptance of the food was  unexpectedly  high.  This  is   an  unusual 
f inding  for  confinement  studies  or  operational  missions  and  reflects  increased 
attention  given  to  the  selection of food  on  the  basis of palatability.  The 
f rozen   d inners   were   chosen  by  the  crew  approximately  once  per  week, who 
employed  them as  a means  of celebrat ing  special   occasions  encountered 
during  the  mission.  One  such  special  occasion  was a birthday  party  held  for 
one of the  onboard  crewmen. 
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Tab le  16 
TYPICAL  MENU O F  FREEZE-DEHYDRATED  FOOD 

DAY 1 Tota l  10.  590 MJ  (2,  531 
k i loca lor ies )  

Breakfast-3.  874  MJ  (926  kilocalories) 

Orange   Ju ice  
Grapenuts   w/Milk 
Sugar  
Diced  Ham 
Scrambled   Eggs  
Toas t   (2   s l i ce s )  
Je l ly  
Milk  (8  oz) 

Lunch-3.  130 M J  I748 k i loca lor ies )  

(23) Pea Soup 
(56)   Crackers   (6)  
(14)   Ham  and   Green   Beans   au   Gra t in  

(96)  Peanut  Butter  Cookies 
with  Rice 

Dinner-3.  568 MJ  (857   k i loca lor ies )  

( 1) Sliced  Beef 
(70)  with  Gravy 
(42)   Mashed  Potatoes  
(35)  Chopped  Broccoli  
(26 )   Co t t age   Cheese   w /Pea r s  
(76)  Brownies 
(74)   Margar ine   (1 /2   t sp)  

DAY  2 Total  10.293  MJ  (2,  460 
k i loca lor ies )  

Breakfast-2.  736  MJ  (654  kilocalories) 

(55 )   S t r awber r i e s  
(28)  Creamed  Beef  
(90)   on  Toast   (3   s l ices)  
(94)  Chocolate  Milk (6  o z )  

Lunch-3.  067 MJ  (733  ki localor ies)  

(20)   Consomme 
(56)   Cracke r s  (6)  
( 9 )  Beef  with  Rice 
(24)   Car ro t -Rais in   Sa lad   wi th  

Almonds 
(95)  Date  Fil led  Oatmeal  Cookies 

Dinner-4.  489  MJ  (1,  073  kilocalories) 

( 4)   Sl iced  Ham 
(59)  Noodles  with  Cheese  Sauce 
(33)   Asparagus  
(85)  Chocolate  Pudding 
(74)   Margar ine   (1 /2   t sp)  

The  f rozen  foods  were  wel l   accepted  by all c rewmen,   bu t   the   c rew  ind ica ted  
that  they  could  have  done  without  them  had  they  been  required  to  do so.  
Since  they  were  available,   they  found  them a welcome  d ivers ion   f rom  the  
f r eeze -dehydra t ed   p r imary  food  menu.  Negative  remarks  reflected  the 
feeling  that ,   when  compared  with  the  primary  diet ,   the  frozen  meals  were 
overly  r ich.   This,   combined  with  difference  in  strength of seasoning, 
apparent ly   resul ted  in   some  minor   gastrointest inal   d i f f icul t ies .  

The  crew  used  the  microwave  oven  for   heat ing  water ,   reheat ing  reconst i tuted 
freeze-dried  foods,   and  thawing  and  heating of f rozen  food i tems.   Since  the 
la t te r   meals   were   packaged   in   a luminum  fo i l   t rays   and ,   therefore ,   could   no t  
be  placed  direct ly   into  the  microwave  oven,   the   crew  members   t ransferred 
the   i t ems   to   p las t ic   t rays   before   hea t ing .  
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Table 17 

TYPICAL  FROZEN  DINNERS 

I 

Dinner  Weight 
No. Consti tuents Kg ( 0 2 )  

Estimated  Energy 
MJ  (kcal)  

1 S i r lo in   s teak  0. 227 ( 8)   2 .774 ( 663) 

Creamy  potato  bake 0. 114 ( 4 )  0.502 ( 120) 

Aspa ragus   spea r s  0.  085 ( 3 )  0. 084 ( 2 0 )  

0. 426  (15)  3.360 ( 803) 

2 P o t   r o a s t  of beef 0. 085 ( 3 )  1. 109 ( 265) 

Beef  gravy 0. 067 ( 2 )  0. 209  ( 50)  

D-uchess   po ta toes  0. 099 ( 3 . 5 )  0.  502 ( 120) 

Glazed   ca r ro t s  0. 085 ( 3)  0.586 ( 140) 

3 Beef  stew 

Spiced  peaches 

0. 327  (11.  5)  2.406 ( 575) 

0. 284  (10)  4.477  (1,  070) 

The   c r ew  members   r epor t ed  no difficulties  with  operation of the  microwave 
oven. A habitabil i ty  i tem  ranking of 2 (out of 57 i t ems) ,  i. e . ,   excel lent ,  
was  given  to  the  microwave  oven by  the  crew.   The  crew  found  the  versat i l i ty  
of the  oven  to  be  extremely  useful  since  i t   al lowed  the  rapid  preparation of 
boi l ing  water   for   beverages  and  for   reconst i tut ion of f r eeze -d r i ed   mea l s .  

A microwave  radiat ion  survey of the  oven  was  performed  each  day  throughout  
the  tes t   and  readings  were  reported a s  consistently  below 0. 2 m w / c m 2   a t  
5 cm.   The   l imi t   es tab l i shed   pr ior   to   the   t es t   was  1. 0 m w / c m 2   a t  5 c m   f r o m  
the  door.   The  survey  was  made  using a Narda  meter  and  8121A  probe. A 
su rvey  of the  oven  post-test   confirmed  readings  below 0 . 2  m w / c m 2   a t  5 cm. 

5.6  ATMOSPHERE.  CONTROL 

The  two-gas  control  included  dual  redundant  units:   the  f l ight-weight  unit  
(pr imary)   and   the   p ro to type   un i t   (base l ine) .   Each   un i t   inc luded   an   e lec t ronics  
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cont ro l   package   and  a pneumat i c s   package   ( s ee   F igu re  17). T h e   p r i m a r y  
SSS gas   composi t ion   sensor   was  a f o u r - g a s   m a s s   s p e c t r o m e t e r   ( P e r k i n -  
Elmer). A polarographic   oxygen  analyzer   (Beckman)  and a t o t a l   p r e s s u r e  
t ransducer   (S ta tham)   were   p rovided   for   backup g a s  sensing. 

The  two-gas  control ler   funct ioned  by  adding  f ixed  pulses  of oxygen  and  nitrogen 
to   t he   a tmosphe re .   The   pu l se   f r equency  is control led by an   e lec t ronic   s igna l  
which   i s   p ropor t iona l   to   the   d i f fe rence   be tween  the   sensor   ou tput   and  a p r e -  
selected  control   point .   The  quant i ty  of gas   added  is   measured  by  count ing  the.  
pu lses .  

Both  e lectronics   packages  used  the  same  basic   pr inciple  of operation.  The 
base l ine   un i t   was   fabr ica ted   f rom  commerc ia l ly   ava i lab le   components .   The  
input   gas   sensor   s igna ls   were   ba lanced  by  voltage  divider  networks,   and  the 
in t eg ra t ing   ampl i f i e r s   d rove   me te r   r e l ays   t o   ac t iva t e   t he   gas   admiss ion  
solenoid  valves.   The  f l ight-weight  unit   uti l ized  advanced  microcircuits;  
ampl i f ie rs   to   ba lance   gas   sensor   s igna ls ;   and   an   in tegra t ing   ampl i f ie r ,   b inary  
counter,  and a 10-second  t imer   to   ac t iva te   the  g a s  solenoid  valves.   The  appli-  
cat ion of advanced  technology  to  the  f l ight  weight  unit   reduced  the  weight  and 
volume t o  1 / 6  of the  baseline  unit .  

After   s tabi l izat ion of init ial   transients,   the  oxygen  stayed  within f 6 7  N / m 2  
(*O. 5 mm Hg) of the   cont ro l   l eve l .   Ni t rogen   par t ia l   p ressure   th roughout   the   run  
s tayed   wi th in   the   l imi t s  of 44. 0 f 1 kN/m2(330 st 8 mm Hg), a f t e r   t he   t r ans i en t s  
of the  f i rs t   few  days  set t led  out .   The  re la t ively  large  f luctuat ions  in   ni t rogen 
p a r t i a l   p r e s s u r e   w e r e   p a r t i a l l y   d u e   t o   t h e   l e a k a g e   b e i n g   c o n s i d e r a b l y   h i g h e r   t h a n  
expec ted .   The   l ow  mass   f l ow  pe r   pu l se   r e su l t ed   i n   many   more   pu l se s   t o   co r rec t  
an   e r ror   than   des i rab le .   The   input   c i rcu i t   sens i t iv i ty   was   a l so   much  lower   than  
tha t   for   the   oxygen   channel .   Improvements   in   these   parameters   would   resu l t   in  
m u c h   m o r e   a c c u r a t e   n i t r o g e n   p a r t i a l   p r e s s u r e   c o n t r o l .  

No mal func t ions   requi r ing   cor rec t ive   ac t ion   occur red  at any  t ime  on  the  f l ight-  
type  two-gas  control .   The  cal ibrat ion of t he   mass   spec t romete r   un i t   was  
checked   f ive   t imes   dur ing   the   t es t .  No ad jus tments   were   requi red   a t   any   t ime 
to   ach ieve   the   requi red   accuracy  of the  unit. 

5.7 PHYSICAL  FITNESS AND CONDITIONING 

Confinement   represents  a relatively  hypodynamic  environment.  It is well 
known  that  these  environments,   in  the  absence of adequate   p revent ive   measures ,  
may   r e su l t   i n   l o s ses   i n   ca rd iovascu la r   f i t nes s   and   l ean   body   mass   ( f a t - f r ee  
body  t issue,   e .   g . ,   bone,   muscles) .  A spec ia l   p rogram  was   ins t i tu ted   to   s tudy  
changes  during  confinement   in   this   tes t   and  par t icular ly   to   evaluate   bicycle  
e rgomete r   s chedu led   exe rc i se   a s  a prevent ive   measure .  

5.7. 1 E x e r c i s e   P r o g r a m  

Dur ing   the   p re tes t   t ra in ing   per iod ,   each   c rewman  was   requi red   to   exerc ise  o n  
the   b icyc le   e rgometer  at a workload  suff ic ient   to   produce a working   hear t   ra te  
of approximate ly  150 beats   per   minute   for  15 minutes   for  5 days  each  week.  
This   l eve l  of exerc ise   was   se lec ted   to   ach ieve   and   main ta in  a normal   p recon-  
f inement   level  of f i tness .   They  were  not   discouraged  f rom  par t ic ipat ing  in  
spor t s ,   in formal   ca l i s thenics ,   o r   addi t iona l   e rgometer   exerc ise   e i ther   before  
or   during  the  run.  
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Figure 17. Two-Gas Control  and  Onboard Electrolysis Unit 
. " ~ ~ ~ _ _  ~~ 
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P r i o r   t o   t h e   t e s t  start, each   c rewman  was   eva lua ted   for   card iovascular   f i tness  
by  the  Balke  Optimal   Work  Capaci ty  Test (Refe rence  2).  Th i s   t e s t   was   r epea ted  
after the   t e s t   t o   eva lua te   changes   r e su l t i ng   f rom  the   p rog ram.   Dur ing   t he  test, 
h e a r t  rate and  gxygen  consumption  were  measured  and  physical   f i tness   evalu-  
a ted  using  the  Astrand-Rhyming  nomogram  (Reference 3 ) .  

The   compara t ive   da t a   f rom  the   p re t e s t   and   pos t - t e s t   Ba lke   t r eadmi l l   t e s t  
a r e  shown  in  Table  18.   As  shown,  crewmen 2 and 4 showed  an   increase   in  
Balke  index,  crewman 1 a dec rease ,   and  no change  by  crewman 3. 

Crewman  4 followed a s t renuous   exerc ise   p rogram  throughout   the   t es t   per iod .  
In  addition  to a high  ergometer   workload,   he   performed  r igorous  addi t ional  
calisthenics.   His  init ially  excellent  f i tness  was  further  improved  during  the 
tes t .   Crewman 2, on  the  other   hand,   s tar ted  the  tes t   only  in  "fair" condition. 
He r e f r a ined   f rom  add i t iona l   exe rc i se   du r ing   t he  first 30 days  and  maintained 
his  original  relatively  low  ergometer  workload.  During  the  middle  30-day  period 
he   g radual ly   increased   the   e rgometer   load   f rom  125   to   175   wat t s .   Dur ing   the  
final 30 days,  he  continued at th i s   l oad   w i th   min ima l   ex t r a   exe rc i se .  

Table  18 

BALKE  OPTIMAL WORK CAPACITY  TEST 

(Treadmi l l   speed  = 3. 5 mph ,   Te rmina t ion   hea r t   r a t e  = 180  beats /min)  

Crew-  
m a n  

4 

1 

3 

2 

T i m e  

P r e t e s t  

Pos t - t e s t  

P r e t e s t  

Pos t - t e s t  

P r e t e s t  

Pos t - t e s t  

P r e t e s t  

Pos t - t e s t  

T 
Time  on  

T r e a d m i l l  
( m i n )  

81. 7 

80. 5 

58. 9 
58. 9 

73. 7 

74. 1 

59. 2 

61. 9 

22 

25 

20 

17 

18 

18 

16 

18 

Final  Minute of E x e r c i s e  

Total   Work 
( k g - m / m i n )  

1 ,  688 

1 ,  887 

1,  103 

940 

1,  248 

1,  252 

888 

1,  043 

Work/Weight 
(kg-m/min/kg)  

20. 3 

23. 2 

18. 8 

16. 0 

16. 9 
16. 9 

15. 0 

16. 9 

" 

Balke 
Index 

Average)  
( 7 0  of 

120 

136 

109 

93 

98 

98 

87 

98 

68 



Crewman 3 entered   the  test  period  in  "good"  condition  and  maintained  this 
leve l ,   increas ing  his e rgomete r   l oad   f rom 150 to   175  wat ts   rnid- tes t   and  doing 
extensive  additional  exercise,   and  maintaining  his  "good"  rating at the test  
completion.  Crewman 1 main ta ined   an   e rgometer   load  of 140  watts  throughout 
the  tes t ,   wi th   minimal  extra exe rc i se ,   wh ich   appa ren t ly   exp la ins   h i s   dec rease  
in   f i tness   during  the  tes t .  

It may  be   concluded   tha t   da i ly   exerc ise   on   the   b icyc le   e rgometer  is adequate 
to   maintain  cardiovascular   f i tness   in   confinement   only i f  it is i n  the "hard" 
to   "s t renuous"  range.   More  s tudy is r equ i r ed   t o   de f ine   su i t ab le   exe rc i se  
programs  in   confinement ,   and  considerat ion  should  be  given  to   whole-body 
e x e r c i s e s .  

5. 7. 2 Whole-Body  Potassium  and  Isotope  Studies  

Potass ium-40  was   de te rmined   in  a whole-body  counter  and  plasma  volume 
was  measured  by  radioiodinated  serum  albumin  (RISA)  dilution  before  and 
after  test .   In  addition,  total-body  water  was  determined  by  tr i t ium  oxide 
di lut ion  before   and  af ter   tes t   and  on  tes t   day  61.   Signif icant   increases   in  
p lasma  vo lumes   were   observed   in   th ree  of the  four  crewmen,  coinciding  with 
the  observed  differences  in  physical   condition. Blood volume  de te rmi-  
nations  were  less  definite  but  appeared  to  indicate  generally  similar  results.  
The  potassium-40  determination,  indicating  lean  body mass, showed 
a significant loss i n   c r e w m e n  1 and 2 ,  which   cor re la tes   wi th   the   genera l   l eve l  
of exerc ise   dur ing   the   t es t ,  i f  not   with  measured  changes  in   f i tness .   Some 
increase   in   to ta l   body  water   for   the   c rew as a group  was  indicated  by  the 
t r i t ium  oxide  determinat ion,   a l though  this   f inding is not   consis tent   with  other  
measu remen t s .   Some  loss in   mean ingfu l   da t a   fo r   t h i s   measu remen t   occu r red  
as  a r e s u l t  of loss  of the   p re tes t   s tandard   samples .  

5. 7. 3 Weight  Changes  and  Skin  Fold  Measurements 

Body weights   were  obtained  immediately  upon  ar is ing  f rom  scheduled  dai ly  
sleep.  Skin fo lds  over  the  back of the  right  upper a rm  ( t r i ceps )   and   unde r   t he  
r ight   scapula   were  measured  weekly  using a s tandard  (Lange)   skin  fold  cal iper .  
The  skin  fold  measurements  were  obtained  to  evaluate  this  simple  procedure  in 
following  trends  in  subcutaneous  fat.  It  was  found  that  the  skin  fold  measurements 
accurately  ref lected  t rends  in   body  weight .   From  these  data   i t   would  appear   that  
the  body  weight  changes  whichdid  occur  were  associated  with  body  fat  changes. 

5. 8 HABITABILITY  RESULTS 

Habitabil i ty  results  showed  generally  high  acceptance of accommodat ions:  
55 of 57  habitabil i ty  provisions  were  indicated a s  being  acceptable   or   bet ter .  
Televis ion,   reading,   wri t ing,   extra   exercise ,   and  audio  musical   and  news 
broadcas ts   were   the   mos t   common  recrea t iona l   pursu i t s .   The   use  of com-  
muna l   o r   g roup   games   by   t he   onboa rd   c r ew  members   was  rare. Body 
hygiene  'provisions  consisted of wet  washcloth  bathing.  Crew  members  were 
unamimous   in   the i r   pos t - tes t   recommendat ion   tha t  a shower  bath  faci l i ty  
would  be  desirable  but  not  mandatory. 

I l lumination  studies  were  conducted  to  evaluate  the  adequacy of Skylab  lighting 
levels .   From  the  s tandpoint  of work  performance,  these  l ighting  conditions 
were  sat isfactory  and  required  only  occasional   use of supplementary  l ighting. 
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From  the   po in t  of view of personal   p references ,   the   c rew  u l t imate ly   chose   to  
employ a l ight   level   approximately 4 to 5 t i m e s  a s  bright a s  the  Skylab 
i l lumination of 5 to 9 foot  candles.  

F e a t u r e s  of t he   i n t e r io r   deco r   were   eva lua ted   by   c r ew members. Resul ts  
indicate   that   in ter ior   decor   should  be  enhanced  by  the  inclusion of m o r e  
materials which   have   more   and  diverse sur face   t ex tura l   g rad ien ts .  In addition 
to   su r f ace   t ex tu re   f ea tu re s ,   t he   c r ew  r ecommended   t ha t   l i v ing   qua r t e r s   be  
sha rp ly   d i sce rn ib l e   f rom  equ ipmen t   qua r t e r s   by   v i r tue  of des ign   fea tures ,   such  
as l ight ing,   furni ture ,   and  acoust ics .  

Although  the  chamber  only  provided  approximately 90 s q   f t  f loor  a r e a   € o r   e a c h  
man ,   c r ew  r emarks   i nd ica t ed   t ha t   p r ivacy   p rov i s ions   were   s a t i s f ac to ry .  Pri- 
vacy   was   v iewed  by   the   c rew as  ab i l i ty   to   separa te   onese l f   f rom  o thers ,  i f  not 
i n  a physical   sense,   then  in  a psychological  sense.   At times, all four   c rewmen 
were   l oca t ed   i n   t he   s ame  area and  were  engaged  in  individual  activit ies  requir-  
ing  no  interact ion  with  other   personnel .   At   these  t imes,   the   crew  indicated 
they felt tha t   the i r   p r ivacy   needs   had   been   sa t i s f ied .  

Acoust ics  tests were   under taken   to   assess   the   acceptab i l i ty  of ambient   noise  
levels  which  were  approximately  equivalent  to  NCA70  in  the  equipment  room, 
NCA55 in   t he   l i v ing   qua r t e r s ,   and  NCA45 in  the  bunk area; C r e w   m e m b e r s  
ind ica ted   some  i r r i ta t ion   wi th   no ise   l eve ls   in   the   equipment   room.   They   a l so  
mentioned  that ,   in   the  bunk  area,   s leep  could  be  dis turbed  by  intermit tent  
noises   such as those   caused   by   the   awake   c rew  members  at the  nearby  table, 
tha t   were   super imposed   on   the   re la t ive ly   qu ie t   normal   background  no ise .  

5 .9  WASTE  MANAGEMENT 

The  waste  management  subsystem  included a commode  unit, a ur ine  col lector  
unit, a waste   s torage  container ,  a toi le t   paper   dryer ,  a canner ,  a baler ,   and 
a waste  l iquid  overboard  pump. 

5. 9. 1 Waste  Collection 

The  commode  was a "Dry  John"  type  bui l t   for   the  Air   Force  Aerospace  Medical  
Research   Labora tory   (AMRL) by General   Electr ical   and  furnished by  AMRL 
for  the  test .   This  unit   included a s l inger- type  col lector   with  a i r   induct ion 
of f eces ,  a spher ica l   bowl   for   s torage ,  a rep laceable   l iner ,  a sampling  device,  
and  dis infectant   inject ion  system.  The  commode  was  designed  for  200 u s e s  
with  s torage  for   feces   and  toi le t   paper .   When  ful l ,   the   uni t  is d i sa s sembled ,  
the  ful l   l iner   removed  and  s tored,   and a new  l i ne r   a s sembly  is  instal led.   Fecal  
sampling  can  be  accomplished  in  a san i ta ry   manner   and   d i s infec tan t  is admin-  
i s te red   by   t imed  in jec t ion .   Odor   cont ro l  i s  effected  by a c a n i s t e r  of P u r a f i l  
odor   cont ro l   pe l le t s   and   bac te r ia l   cont ro l   cons is t s  of two   bac te r i a l   f i l t e r s   i n  
the air s t ream  through  the   un i t .   F igure  18 shows  the  installation of the  com- 
mode ,   u r ine   co l lec tor   and   the i r   cont ro ls .  

In  addition  to  this  equipment, a toi le t   paper   dryer   was  provided  as  a contingency 
in  the  event  adequate  collection  capacity  was  not  available  in  the  commode. 
This  was  connected  to  the  vacuum  system in paral le l   wi th   the  commode  and 
used a porous  bag  such a s  i s   used   for  a disposable   vacuum  cleaner  
col lector .  When  filled  and  vacuum  dried,  these  bags  were  sealed  and  placed 
in   the   d ry   was te   s torage   conta iner .  

70 



" 

2 
2: 

R29X- I  

' URINE  CONTROL  PANEL $7 -/ 

Figure 18. Cornrnode/Urine Collector Units 
~~~ ~~ ~~ 

71 



The  commode  opera ted   very   sa t i s fac tor i ly   dur ing   the   90-day   tes t .   Table  19  is 
a s u m m a r y  of the  commode  performance.   During  use of t he   f i r s t   l i ne r ,  all 
toi le t   paper   was  put   into  the  commode.   The  l iner   had  reached  i ts   capaci ty  
and  was  changed  on  day 44, at which  t ime  i t   appeared  to   be  about   two-thirds  
ful l .   The  used  l iner   was  s tored  in   the  unused  pass- through  a i r lock  for   the 
balance of the   miss ion .   Dur ing   use  of the  second  l iner ,   the   crew  was  instructed 
to   place  used  toi le t   paper   in   the  dryer .   At   the  end of the   t es t ,   the   l iner  
appeared  to   be  about   one-third  ful l .   Separate   col lect ion of to i le t   paper   appears  
to   be  desirable   for   extension of l iner   l i fe .  

The  ur ine  col lector   consis ted of a ze ro -g   u r ina l   fu rn i shed   by  NASA-MSG, a 
phase   separa tor ,   p re t rea tment   t ank ,   b lower ,   meter ing   pump,   and   cont ro ls .  
The  ur inal   was  located  adjacent   to   the  commode  and  could  be  used  separately 
or  in  conjunction  with  the  commode. 

The  ur ine  col lect ion  system  operated  unt i l   tes t   day 6 when  the  t ime-delay  re lay 
control l ing  pretreatment   addi t ion  remained  energized,   a l lowing a large  quantity 
of pre t rea tment   so lu t ion   ( su l fur ic   ac id ,   chromic   ox ide ,   and   copper   su l fa te )   to  
en ter   the   phase   separa tor .   This   d i sso lved   the   po lyure thane   foam  impel le r .  

Subsequent  to  this,   urine  was  collected  in a beaker   and   measured ,   then   poured  
in to   the   u r ine   accumula tor .   F lush   water   was   then   manual ly   added .   Pre t rea t -  
ment  was  added  in  15-ml  amounts a s  requi red  by urine  output. Dow Corning 
Antifoam C was  added  a t   the   ur ine  accumulator   when  the V D - V F  sys t em  was  
operat ing.  

5. 9. 2 Waste  Storage  and  Disposal 

The   was te   s torage   conta iner   was   an  0.  166 m3 (5.  86  f t3)  aluminum  container 
with a gasketed  cover ,   vented  to   the  s imulator   annulus   or   to   the  cabin  through 
a three-way  manual   valve.  It was  used  for   waste   which  required  t reatment  
with  8-hydroxy  quinoiine  sulfate  and  might  outgas,  such  as  the  bags of toilet  
paper ,   used   f i l t e r   e lements ,   rags   used   to   c lean   ur ine   f rom  the   f loor ,   a luminum 
foi l ,   and  some  paper   and  plast ic   containers .  

Operat ional   problems  with  the  waste   s torage  container   consis ted of in te rmi t ten t  
leaks  in   the  cover   which  caused  some  concern  because a pe rmanen t   co r rec t ion  
could  not  be  made. As a resul t ,   vent ing of the  can to the  annulus  was  done 
only  occasionally  when a not iceable   odor   was  generated  in   the  can.  On one o r  
two instances,   significant loss  of cabin   a tmosphere   occur red   when  the   can   was  
left  venting  to  the  annulus.  This  was  detected  by  the  resulting loss in  the  cabin 
pressure   and   cor rec t ive   ac t ion   was   t aken   wi th in  a few  hours   to   c lose  the  vent  
valve. 

In 90 days  the  container   accumulated 0. 09 m (3.  18 f t  ) of var ied   was tes  
weighing 7. 99 kg  (17. 6 lb)  including  four  bags of toilet  paper  having a total 
weight of about 1. 36  kg  (3. 0 lb ) .  A f i f th   toi le t   paper   bag  was  in   the  dryer  
next  to  the  commode,  nearly  full .  

3  3 

The  canner  for  waste  food  collection  was a commerc ia l   un i t   s ized   for  
No. 2 cans.  It was   ins ta l led  on the  food  preparation  counter.  Wet garbage 
was  treated  with  8-hydroxy  quinoline  sulfate  and  then  sealed  in  the  cans.   The 
crew  was  instructed  to   pass   cans  out  of the  chamber   on  the  regular   weekly 
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Table 19  
COMMODE  USAGE  SUMMARY 

-~ ~~ ~- . 

Line r  1 Liner  2 Tota l   Tes t  
. ~~ 

Days  used 1 through  43  44  through 9 1 

, Uses 145 174 3 19 

Gross   so l ids  6.66 (14.68  lb)  6.92  (15.  25  lb) 13.  58  (29..93 lb) 
collected,  kg 

Toilet   paper,   kg 1. 39 (3 .08   lb )  0. 11 (0.  25':: l b )  1. 50 (3.  33 lb) 

N e t  fecal   sol ids ,  k g  5.26 (11. 60 lb) 6. 80 (15.00 lb) 12.06  (26. 6 lb) 

Feca l   wa te r ,   f rom  8 .98   (19 .8  lb) 14.69  (32. 4 lb )  23.  67  (52. 2 lb) 
f r eeze   t r aps ,   kg  

Total   feces,   kg 14.  24  (31. 4 l b )  21. 50 (47 .4   l b )  35.  74  (78. 8 lb) 

Frac t ion   water  0. 63 0. 68 0 .  66 

Average  uses   3 .4  
per   day 

Maximum  uses  
per   day  

Minimum  us e s 
per   day  

3. 7 3. 6 

7 

0 

Average  use,  kg 0. 10 (0 .  22  l b )  0.  12 (0.  27 l b )  0. 11 (0. 25 lb )  

Average  kglday 0.  33 (0. 73  lb)  0.44 ( 0 . 9 7  lb)   0 .40  (0 .88  lb)  

4, 
-2- 

Est imated  
-~ ." ~~ - ~ ~~~ ~ ~. ~ .~ 

pass-out  if t h e r e   w e r e   s i g n s  of bulging  or  indications of potential   rupture.   As 
a r e su l t ,  23 of the  42  f i l led  cans  were  passed  out   during  the  tes t .   Saving  these 
cans   a t   room  envi ronment   resu l ted   in   on ly   f ive   d i scern ib le   bu lges .   One  of 
these  was  opened  and  found  to  contain a high  concentration of potassium 
hydroxide,   apparently  included  in a wiping  c loth,   and  much  resul t ing  corrosion.  

Aluminum  boxes of 0. 012 m (0. 424  f t  ) volume  with  la tchable   seal ing  covers  
were  provided  for   s tor ing  used  food  t rays .   Five of t hese   boxes   were   u sed   i n  
90 days   for  2, 408 used   food   t rays .   The   t rays   were   sprayed   wi th   8 -hydroxy 

3 3 
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quinoline  sulfate  before  placing  in  the  sealed box. No  p rob lems   were  
encountered  with  this  disposal  method  although  the  storage  volume  devoted 
to  this  requirement  would  have  been  unnecessary if a dishwashing  facil i ty 
had  been  available.  

The  baler   was a two-compartment  aluminum  box  with  two  hinged  covers.  
Avery   s t r app ing   was   s to red   i n   t he   sma l l e r  of the  two  compartments.  The 
la rger   compar tment   was   s ized   to   accept   the   empty   p las t ic   food   packages  
which  were  to be compressed   t igh t ly   in   the   compar tment   and   t i es   in to   bundles  
with  the  Avery  strapping.  After  brief  use,  however,  the  crew  found  it  more 
convenient  to  wrap  the  food  packages  and  some  other  dry  wastes  in  the  alumi- 
num  foil   in  which  the  food  had  been  originally  wrapped.  Adequate  compres- 
sion  was  easily  obtained,  the  foil   held  i ts   shape  and  there  was  ample  storage 
space  for   the  resul t ing  waste .   The  crew  in   the  90-day  per iod  wrapped up 
41  bundles of dry  waste  in  this  manner,   weighing  89.24  kg  (196. 5 Ib) .   Forty 
of these   bundles   were   s tored   in   the   food   compar tments   as   they   were   empt ied  
of food.  One  bundle  was  kept  in  the  freezer. 

The  overboard  dump  for   l iquid  waste   was  used  for   contaminated  water   and 
ur ine  that   were  not   put   into  the  water   management   subsystem.  To  use  this  
un i t ,   an   overboard   pump  was   cont ro l led   by  a crewman  while   watching  the 
accumulator   s ight   glass .   The  waste   l iquid  was  received  and  measured  by  the 
outs ide   c rew.  

A s u m m a r y  of the  types of waste   with  volumes  and  weights   is   shown  in   Table  2 0 .  
This   summary   a l so   shows   t he   r e su l t s  of microbiological   assays  fol lowing  the 
90-day  tes t .  

5.10  MICROBIOLOGY  PROGRAM 

The  main  object ives  of the   microbio logy   s tudy   were   to   assess   changes   in   c rew 
and  environmental   microf lora   which  were  potent ia l ly   detr imental   to   crew 
health  and/or  function of equipment   and  to   monitor   effect iveness  of the  water  
reclamation  and  a tmosphere  regenerat ion  systems.   Signif icant   features   were 
the  microbiologically  closed  conditions,   effected  by  the  lack of any   pass - in  
operat ions,   the   use of an  autoclave  in   the  pass-out   a i r lock,   and  the  record 
length of the  simulation  study. 

Samples   co l lec ted   by   c rew  members ,   us ing   cons is ten t   and   asept ic   t echniques ,  
were   passed   ou t   a t   weekly   in te rva ls .   The   ad jacent   l abora tory   was   respons ib le  
for   co l lec t ion  of spec imens ,   p r imary   i so la t ion ,   g ross   quant i ta t ion   and   l imi ted  
identification.  Both  general   and  selective  culture  media  were  used  for  recovery 
of major   pathogenic   aerobic   bacter ia ,   fungi   and  anaerobes  f rom  crewmen,  
post- tes t   surfaces   and  subsystem  components .   Fungal- type  isolates   were 
s tored  for   future   ident i f icat ion  in   the  laboratory.   Bacter ia l   cul tures   requir ing 
ex tens ive   t axonomic   work   were   submi t ted   to   the   Langley   Research   Center .  
Special  tests were   pe r fo rmed  at the  Medical   Col lege of Virginia  (phage  typing 
of coagulase-posi t ive  s taphylococci   and  virus   isolat ion  f rom  potable   water)  
and  Manned  Spacecraft   Center - Lunar   Rece iv ing   Labora tory   (mycoplasma  and  
v i rus   s tud ies  on feces ,   u r ine   and   pharyngea l   washings) .  
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Table 20 

WASTE SUMMARY 

Waste   Type 

Volume Mass Microbiological 
rn3 ut3 1 kg (lb) Contamination 

Dry 

Packaged   bundles  0. 340(l)   (12.020)  89.24  (196. 5) Heavy(3) 

Fecal solids  0.097 ( 3.430)  12.06 ( 26.6)  Heavy 

Unpackaged  mater ia l  ( 2 )  N O  estimate. 2. 00 ( 4. 4) N o  samples .  

Wet 

Waste   s torage  container   0 .090 ( 3. 180)  7.99 ( 17.6)  Heavy 

- 

42 No. 2 cans  0.027 ( 0.955) 16.42 ( 36. 1) Heavy 
5 boxes of food  t rays  0 .  108 ( 3. 820) 37.70 ( 83.0)  None 

Overboard  dump  l iquids  0.036 ( 1. 276) 36.00 ( 79. 3) N o  samples .  

(4)  

Tota ls  0. 698  (24.  681)  201.41  (443.  5) 

(1 )   Es t ima ted   f rom  seve ra l   measu red   bund les .  
( 2 )  Empty   j a r s ,   con ta ine r s ,  etc. ,  at end of test. 
(3) 6 packages   sampled ,  3 contaminated, 3 none. 
(4 )  6 cans  out  of 42  sampled 
-~ ~ ~ ~~ 
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The  nasopharyngea l   and   dermal  (axilla, per ineum,   and   toe   web)   microf lora  
were   sampled   wi th   swabs   before  ( -4  day) ,   dur ing  (weekly) ,   and  af ter  
( t18 th   day)   the   t es t .   Aerobic   f lo ra  of the   th roa t   and   nose ,   wi th   emphas is   on  
r ecove ry  of Staphylococcus  aureus,   beta-hemolyt ic   s t reptococci ,   Neisser ia  
meningi t idis ,   Diplococcus  pneumoniae,   and  Hemophilus   inf luenzae,   showed 
no  unusual  quantitative  or  quali tative  shifts ,   even  though  two  crewmen  were 
c a r r i e r s   ( c r e w m a n  2 was a c a r r i e r  of Staphylococcus  aureus  and  crewman 3 
of Ne i s se r i a   men ing i t id i s ) .   P rocedures   fo r   i so l a t ion  of Hemophilus  influenzae 
were  discont inued  af ter  5 3  days  of nonrecovery.   Beta-hemolyt ic   s t reptococci  
in   the  throat  of c r ewman  1 were   e l imina ted   a f t e r   admin i s t r a t ion  of e ry thromycin  
during  the  10th  to  11th  week of the   t es t .   Marker   sys tems  (phage   typ ing   and  
ant ibiot ic   sensi t ivi ty)   for   coagulase-posi t ive  s taphylococci   were  not   obtainable ,  
p rec luding   t ransmiss ion   s tud ies .  

Dermal   samples   showed  individual   prof i les  of indigenous  microflora  throughout 
the  tes t .   Staphylococcus  epidermidis   was  the  predominant   aerobe  and  faculat ive 
anaerobe .   Other   major   types   were  2. a u r e u s ,   s p e c i e s  of Micrococcus,  
Aerococcus ,   Sarc ina ,   Corynebac ter ium,   Bac i l lus ,   and   var ious   Gram-negat ive  
bac ter ia .   Obl iga te   anaerobes   were   p r imar i ly   d iphthero ids .  No gross   changes  
in   l eve ls  of de rma l   anae robes   were   obse rved   excep t   fo r  a s ignif icant   decrease 
in   c rewman 3 ' s  toe   web  samples   mid- tes t ,   re f lec t ing   t rea tment  of his  "athlete 's  
foot"  with  Zephiran  and  Tinactin. 

Swab  samples of sur faces   in   the   hygiene   compar tment   were   usua l ly   more   con-  
taminated  than  those  in   the  food  management   area,   probably  due  to   more 
regular   housekeeping  pract ices   in   the  la t ter .   High  levels   of   contaminat ion 
were  found  in  the  hygiene  compartment  on  test   days  11,   18,  3 2 ,  46, 74, and  81. 
Gram-negat ive   types   were   res t r ic ted   to   th i s   compar tment   except  on day 3 2 ,  
when  the  food  management  area  was  also  heavily  contaminated.  Most  isolates 
were  5. ep ide rmid i s ;   o the r s   were  S. aureus   and   spec ies  of Baci l lus ,   Sarcina,  
Mic rococcus ,   Aerobac te r ,   A lca l igenes ,   and   Pseudomonas .   Se l ec t ed  surfaces 
and  hardware  subsystem  components   sampled  immediately  af ter   tes t   were 
found  to  be  quite  uniformly  contaminated  with  the  same  types of o rgan i sms  
isolated  during  the  tes t .  

Dur ing   the   t es t ,   a tmosphere   samples   were   t aken   every   two  weeks ,   us ing  
onboard   Reyniers   samplers   in   the   forward   (equipment )   and   a f t   (c rew)   compar t -  
ments .   Total   counts   (bacter ia l   and  fungal)   remained  a t   low  levels   throughout  
the   t es t   ( ranging   f rom 0. 0 2  t o  3 .  0 a i rborne   v iab le   par t ic les /O.   03m3)   desp i te  
the  lack of submicron   f i l t e rs   in   the   thermal   cont ro l   sys tem.   The   lack  of a 
s ignif icant   bui ldup  in   viable   a i rborne  par t ic les  is at t r ibuted  to   gravi ty- induced 
sett l ing  effects  and  scrubbing of par t iculates   by  var ious  components  of the 
a tmosphere   regenera t ion   sys tem.   The   d i s t r ibu t ion  of microbial   types   was 
essent ia l ly   uniform  throughout   the  s imulator .   Most   f requent ly   isolated  was 
- S. ep idermidis .   Atmospher ic   microf lora   a l so   inc luded  S. aureus ,   and   spec ies  
of Micrococcus ,   Aerococcus ,   Sarc ina ,   Bac i l lus ,   Corynebac ter ium,   Neisser ia ,  
Alca l igenes ,   Enterobac ter   Group B, and   Pro teus .  
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Potable  and  wash  water  supplies  were  continuously  monitored  onboard  by  the 
crew  members ,   us ing  Mil l ipore  f ie ld   monitor   techniques  and  an  LRC-furnished 
bacter ia l   sensor .   Contaminat ion  levels   in   the  dr inking  water   consumed  by 
t h e   c r e w   m e m b e r s   m e t  National;  Academy of Sciences  requirements .   Contamin-  
a ted   moni tors   and   samples  of potable   water   system  included  Alcal igenes 9. 
(predominant) ,   Pseudomonas 9. (sporadic) ,   and S. aureus   (dur ing   the   l as t  
3 tes t   weeks) .   Wash  water   isolates   were  speciesTf  Alcal igenes,   Pseudomonas,  
and  Bacillus  and,  on  occasion,  the  ubiquitous S. ep idermidis .   Pos t - tes t  
analysis  of var ious  potable   and  wash  water   sucsystem  components   revealed 
most   components   to   be  contaminated  with  one  or   more of the   o rganisms 
recovered  in   the  product   water   during  the  tes t .  

5.11 MEDICAL  PROGRAM 

The   bas i c   med ica l   p rog ram  fo r   t he   90 -day   manned   t e s t   was   o r i en ted   t oward  
constant  surveil lance of c rew  hea l th .   Procedures   were  of the  health  screening 
type   ra ther   than   be ing   geared   to   spec i f ic   an t ic ipa ted   s t resses .   S ince   these  
basic   screening  procedures   were  not   expected  to   yield  other   than  a ler t ing 
information,  the  basic  program  was  supplemented  by  contingency  samples 
(see  Sect ion 4. 6. 3) which  allowed  follow-up  on  unexpected  screening  data  and 
by  special   s tudies   in   select ion  areas:   carbon  dioxide  exposure  (see 
Section 5. 2. l ) ,  physical   conditioning  (see  Section 5. 7 ) ,  microbiology 
(see  Sect ion 5. l o ) ,  and  diurnal   (day/night)   rhythm  changes  (see  Sect ion 5. 12). 
Pu lmonary   sp i rome t ry   was   cons ide red  a bas ic   medica l   sc reening   procedure  
and  is   reported  in  Section 5. 2. 2. 

Medical   operat ions  were  smooth  and  no  ser ious  medical   problems  were 
encountered.   The  one  s ignif icant   medical   t reatment   for  a s t reptococcal  
infection  exemplified  the  need  to  provide  for  acute  problems  which  can  be 
safely  solved,  al lowing  mission  completion.  Medical  coverage  was  more  than 
adequate  during  the  test .   Full-t ime  coverage  was  supplied  by  contract  
physicians,  but opera t iona l   requi rements   s t i l l   d ic ta ted   the   p resence  of the 
med ica l   d i r ec to r   each   day  of the  test .  

Crew  select ion  procedures   were  adequate   in   view of the  fact   that   no  significant 
medica l   p roblems  were   encountered .   Severa l   smal l   p roblems,   recur ren t  
during  the  tes t   suggest   that   pretest   medical   h is tor ies   were  insuff ic ient ly  
detai led.   While   there   problems  were  minor ,   their   chronici ty   could  resul t   in  
s ignif icant   dis t ract ion  and  morale   degradat ion  in   longer   tes ts   or   in  a m o r e  
s t ress fu l   t es t .  

5. 11. 1 Crew  Medical   Status  

5. 1 1. 1. 1 Physical   Examinat ions 

Pretest   and  post- tes t   physical   examinat ions  showed  that ,   except   for   the  weight  
changes  previously  noted  (Section 5. 7. 3 ) ,  the  only  significant  changes  were 
minor   skin  erupt ions  probably  re la ted to inadequate  body  cleansing. 
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5. 11.   1 .2   Physical   Complaints   and  Medicat ion 

Each   c r ew  member   was   i n t e rv i ewed   da i ly  by  the  Medical  Director  on a pr ivate  
communicat ions  loop.   Physical   complaints   during  the  tes t   were  few  and  minor .  
Onboard  medicat ions  were  dispensed  occasional ly   on  medical   d i rect ion as 
summar ized   i n   Tab le  2 1. The  only  s ignif icant   t reatment   entai led  the  eradica-  
tion of an  asymptomatic  streptococcal  infection  found  on  routine  throat  culture.  
S t rep tococca l   in fec t ions ,   even   asymptomat ic ,   a re   assoc ia ted   wi th   se r ious  
sequelae  ( rheumatic   fever ,   k idney  damage)   and,   in   the  interests   of   crew  heal th ,  
the  eradication of th i s   o rganism  was   cons idered   necessary .   For tuna te ly ,   the  
possibil i ty of such  an  occurrence  was  ant ic ipated  and  provided  for .   Erythro-  
mycin  was  selected as  the  only  antibiotic  to  be  placed  onboard  because of i t s  
l imited  bacter iostat ic   range-broad  spectrum  ant ibiot ics   were  considered 
potentially  dangerous  in  biologic  isolation.  Penicil l in,   ordinarily  the  drug of 
choice  in   s t reptococcal   infect ions,   was  not   considered  because of i ts   potential  
fo r   s e r ious   a l l e rg i c   r eac t ions .   Pos t - t r ea tmen t   t h roa t   cu l tu re s   con f i rmed  
eradicat ion of the  s t reptococcus.   Cont ingency  serum  samples   were  tes ted  for  
changes  in   ant ibody  t i ter   (Antis t reptolysin-0)   and  no  crew  member  showed  any 
such  change,   indicat ing  that   the   organism  probably  was  e l iminated  before   i t  
invaded  t issue  or  evoked a host   response.   The  constancy of the  t i ter  of this  
antibody  over  the  duration of the  tes t   suggests   a lso  that   90  days of biological 
isolat ion  does  not   resul t   in   s ignif icant   changes  in   immune  s ta tus .  

5. 11.   2  Clinical   Biochemistry  and  Hematology 

A screening  bat tery of b lood   b iochemis t r ies  and complete  hematological  indices 
were  obtained  every  other  week. No changes of c l inical   s ignif icance  were 
observed,   but   cer ta in   sampling  problems  were  encountered.   The  major  
problem  involved  sampling  following  too  closely  on  exercise  periods  and  out 
of context   with  a l tered  c i rcadian  rhythms.   As a consequence,  false  posit ive 
r e su l t s   i n   compar i son   t o   p re t e s t   base l ines   imposed   unnecessa ry   anx ie ty  upon 
the  monitoring  staff.  However,  use of the  subject as his own control  allowed 
observat ions  not   otherwise  possible  i f  c l inical   l imits  of "normality"  were  the 
only  guidelines.   These  observations  were of particular  intest   in  following 
t rends   in   cer ta in   se rum  enzymes   cor re la ted   wi th   observed   s t ress fu l   opera t iona l  
per iods .   F igure   19   shows  t rends   in   an   enzyme,   se rum  g lu tamic   oxa lace t ic  
t r ansaminase  (SGOT), usua l ly   used   as   an   ind ica tor  of t i s sue   damage   a s ,   f o r  
example,   in   hear t   a t tacks.   The  general   t rend  for   this   enzyme  during  the  tes t  
was  upward,  culminating  in a significant  elevation  in  two of the  four  crewmen 
on tes t   day  67.   This   point   in   the  tes t   was  associated  with  lowered  crew  morale  
subsequent ly   resolved  on  tes t   day 69. The  trend  in  SGOT  after  day 67 is down- 
ward.  The  elevation  on  day  11  in  crewman 2 was   assoc ia ted   wi th   muscular  
fatigue.  Use of ou ts ide   c rew  members  as labora tory   cont ro ls   was  of value  in 
interpret ing  some  apparent   biochemical   changes.  

Aliquot  samples of 24-hour   ur ine  col lect ions  were  f rozen  for   pass-out   weekly 
for  all c rew  members   ( tw ice   week ly   a f t e r   day  53). These   samples   were   sub-  
jected  to   rout ine  ur inalysis   and a ba t te ry  of chemica l   de te rmina t ions   ( sodium,  
potassium,  calcium,  inorganic   phosphorus,   t i t ra table   acidi ty ,   ammonia,  
and  pH).  A  majority of these   ana lyses   were   per formed  in   suppor t  of the 
special   C02  s tudy  (see  Sect ion 5. 2.  1). 
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Table 2 1 

ONBOARD MEDICATION USED I N  90-DAY RUN 

Drug o r  
CM Test  Day  Medication 

3 1 Neosynephrine 
112%  nose  drops 

8 Dulcolax, 1 tablet 
before  bed,  twice 

3 13  Band  -aid 

13  Auralgan 

32 Tinactin 

52 Ornade, 1 capsule 
and  Neosynephrine 
nose  drops,  before bed 

54 Ornade, 1 capsule 
and  Neosynephrine 
nose  drops,  before  bed 

55 Ornade, 1 capsule 
and  Neosynephrine 
nose  drops,  before  bed 

1 54 Methyl  cellulose 
eye  drops 

67 Tinactin 

1 70-80 Erythromycin 1 g r a m  
per  day  for 10 days 

Indication  Results 

Nasal congestion,  used No ear   p roblems on ascent,  
pr ior   to   ascent  

Constipation Good 

Cut,  right arm Healed  adequately 

Itching  skin Prescribed  for  local  anesthetic 
property  by  medical  monitor - 
marginally  effective 

Itching  toes Good. 

Nasal  congestion 

Nasal  congestion 

Nasal congestion  (Not  effective,  use  discontinued) 

Eye  irritation  Mar  ginally  effective. 

Itching  toes Good, 

Group A Hemolytic Eradicated all gram-positive 
Streptococcus  throat  nasopharyngeal  bacteria. 
culture - no symptoms 
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Figure 19. SGOT Trends 

Routine  ur inalyses   revealed  no  c l inical ly   s ignif icant   changes.   Differences  in  
ur ine  sol ids   product ion  between  the  night   crew  and  the  day  crew  were  observed.  
These   d i f fe rences   a re   apparent ly   re la ted   to   ind iv idua l   body  weight   and   sugges t  
that   ur ine  chemistry  data   should  be  expressed  on a me tabo l i c   mass   bas i s .  We 
have  not   expressed  ur ine  data   in   this   manner   due  to  a lack  of p re t e s t   base l ines  
in   u r ine   chemis t ry   and   because  of a lack  of any   o ther   da ta   on   u r ine   parameters  
so  expresed.   Review of sodium-potassium  excret ion  ra t ios   (NaS/KS)  suggested 
tha t   th i s   s imple   measurement  m a y  be of value  in  following  circadian  cycle 
shif ts   (see  Sect ion  5 .   12)   and  t rends  in   psychophysiological   s t ress .   For   example,  
a peak  in   Nat /Kt   was  observed  for  all c rew  members   in   the   samples   ob ta ined  
around  tes t   day  74. This   peak   apparent ly   re f lec ts   the   reso lu t ion  of the   mora le  
problem  noted   above .   Naf /Kf t rends   a re   i l lus t ra ted   in   Sec t ion   5 .  12. 

5.12  DAY-NIGHT CYCLE REVERSAL AND SLEEP  OBSERVATIONS 

P r i m a r i l y  i n  the   in te res t s  of safety,   crew  operations  were  conducted on a two 
up - two  down  schedule.  Crewmen 3 and 4 were   requi red   to   reverse   the i r  
day-night   cycle   a t   the   tes t   s tar t   wi thout   precondi t ioning.   This   reversal   i s  
known  to   affect   b iological   rhythms  (c i rcadian  rhythm)  which  are   keyed,   in  
la rge   par t ,   to  a diurnal  periodicity.   Generally  i t   has  been  thought  that   adjust-  
ment   to   an   a l te red   d iurna l   cyc le   occurs   in   about  5 to   10   days ,   a t   l eas t   in   sub-  
ject ive  symptoms.   Also,   adjustment   to   the  new  rhythm  general ly   takes   longer  
than  readjustment   to   the  "normal"   rhythm.  Symptoms  are   wel l   known  and 
include  diff icul ty   in   s leeping  and  excessive  t i redness   during  the  hours   repre-  
senting a normal   c lock   t ime of 0200-0400. 
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In the   90-day   tes t ,   c rewmen 3 and 4 repor ted   these   symptoms;   they   were  
minimal   in   c rewmen 4 but  lasted  about 2 weeks   in   c rewmen 3, demonst ra t ing  
the  variabil i ty  in  individual  response.   These  subjective  data  do  not  tel l   the 
whole  s tory;   some of the  object ive  data   are   more  reveal ing.  

5. 12. 1 Basa l  V i t a l  Signs 

V i t a l  s igns   (pu lse   ra te ,   b lood   pressure ,   and   ora l   t empera ture)   were   ob ta ined  
dai ly   for   each  crewman  immediately  upon  ar is ing  f rom  s leep.   The  physiological  
s ta te  at this   t ime  in   the  diurnal   cycle  is desc r ibed  as "basal. I '  The   t empera -  
ture,   pulse  rate,   and  blood  pressures  should  be  low  and  constant  from  day  to 
day as compared   to   de te rmina t ions   l a te r   in   the   awake   per iod .   Nei ther   pu lse  
r a t e   no r   b lood   p re s su re   r eco rd ings   r evea led   any   cons i s t an t   t r ends   i n   r ega rd  
to  diurnal  periodicity.   Crewman  2,   in  conjunction  with  his  conditioning  pro- 
g ram  ( see   Sec t ion  5. 7), lowered   h i s   res t ing   pu lse   ra te   over   the   l as t  40 tes t   days .  
Crewman 4 did  not  reach a consis tent ly   low  pulse   ra te   unt i l   tes t   day  12;   this  
m a y  o r  may  not   s ignify  c icardian  recycl ing  s ince  his   hear t   ra te   was  very 
responsive  to   tes t   condi t ions  and  this   t rend  may  only  represent  a "sett l ing 
down.  Neither  crewman 1 o r  3 showed  any  trends  at all. 

Ora l   t empera ture   record ings   do   seem  to   show  recyc l ing .   F igure  2 0  which 
i l l u s t r a t e s   t hese   da t a   i n   c r ewmen  3 and 4 shows  that as long as 35 days   were  
requi red   to   reach  a s teady  basal   level ;   crewmen 1 and 2 showed  no  s imilar  
t rends   and   were   basa l   f rom  tes t   s ta r t .  

5 10 15 20 2 5 3 0  36 4 0 4 5  50 55 60 65 70  75 8 0 0 5  90 
TEST DAY 

Figure 20. Oral  Temperature Trends - Crewmen 3 and 4 (5-Day Mean, Both  Crewmen) 
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It appears   tha t   comple te   c i rcadian   recyc l ing   requi res  a longer   t ime  than 
previously  thought.   This  observation is  supported  by  blood  and  urine  studies 
(Section 5. 12 .2)   and   by   s leep   s tud ies   (Sec t ion  5. 12. 3). Whether   this   lag  in  
complete   adaptat ion  has   operat ional   s ignif icance  beyond  the  mild  subject ive 
symptoms  remains  an  open  quest ion.  In this  test, no   per formance   decrements  
were  observed  but   the   tasks   may  not   have  been  demanding  enough.  

5. 12.2  Blood  and  Urine  Studies 

As noted  in   Sect ion 5. 11. 2, the   a l te red   work   res t   cyc le   in   c rewmen 3 and 4 
resu l ted   in   b iomedica l   sampl ing   problems.   Observed   d i f fe rences   in   cer ta in  
of t hese   pa rame te r s   a s   compared   t o   t ru ly   basa l   p re t e s t   con t ro l s   appea r   t o   be  
related  pr imari ly   to   sampling  too  soon  af ter   exercise   ra ther   than  being  re la ted 
to a basic   diurnal   biological   rhythm.  This   conclusion is based  on  the  pers is t -  
ance of the  observat ions  long  af ter   o ther   evidence  (e .  g. , Nat /Kt  excre t ion   in  
the  ur ine)   suggested  complete   recycl ing.   From  Figure  21 it can  be  seen  that  
the  mean (X) Na / K  fo r   c r ewmen  3 and 4 was  depressed  compared  to   crewmen 
1 and 2 f o r   a t   l e a s t   t h e   f i r s t  30 to 35 tes t   days  but   subsequent ly   paral le led  that  
of c rewmen 1 and 2. Th i s   s eems   t o   co r robora t e   t he   o ra l   t empera tu re   obse rva -  
t ions.   Excretion of Nat  and  Kt is  la rge ly   under   the   cont ro l  of the  adrenal   gland 
and a diurnal   per iodici ty   in   this   adrenal   act ivi ty  is well  known.  This  periodicity 
is amplif ied  by  postural   inf luences.  It would  appear   that   in   this   tes t   the   basic  
adrena l   secre t ion   per iodic i ty   pers i s ted   bu t   was   countered   by   pos tura l   in f luences  
a t  a t ime  when  low  adrenal  activity  would  normally  be  seen,  early  morning. 
This   resu l ted   in  a probable  f lattening of the  diurnal   secret ion  curve  and a 
constant   Nat   excret ion  ra te   re la t ive  to   that  of Kt. This   en t i re   hypothes is  
should  be  tes ted  fur ther   b 'ecause  both Nat and K+ could  be  easi ly   determined 
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Figure 21. Urinary  Excretion Patterns - Na+/K + Ratios 
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in   f l ight   providing  presumptive  information  on  both  diurnal   rhythms  and  s t ress  
react ions.  

5. 12. 3 Sleep  Observations 

Studies of s leep  durat ions  and  qual i ty   were  undertaken  because  previous  s tudies  
had  reported  that   sleep  quali ty  would  become  impaired  while  durations  would 
i n c r e a s e  as a function of tes t   dura t ion .   Crew  members   were   requi red   to  
respond  to  a dai ly   quest ionnaire   sol ic i t ing  information  on  both  qual i ty   and 
duration of sleep. 

Results  indicate a tendency  toward  increased  s leep  durat ions as the   t es t  
p rog res sed   (F igu re  22).  Crewmen who had  been  required  to  significantly 
a l ter   their   s leep-wakeful lness   cycle   (going  to   s leep at 1300  hours  and 
nominal ly   ar is ing at 2100  hours)  showed a s ignif icant   increase  in   s leep  dura-  
t ion  over  the  init ial  30 to  35  day  period  which  then  stabilized  until  approxi- 
mate ly   day  60 when   an   appa ren t   i nc rease   occu r red ,   t hen   r e tu rned   t o   p rev ious  
levels  by  day 70. This   s leep   dura t ion   pers i s ted   un t i l   the   end  of the  test .  
Those   c rew  members   whose   c i rcadian   rhy thms  had   no t   been   a l te red   (go ing   to  
s leep  at 2300  hours  and  nominally  arising at 0700 hours)  showed a slight 
increase   in   s leep   dura t ion   over   the   in i t ia l   25   days   which   then   s tab i l ized   and  
persisted  unti l   the  conclusion of the  tes t .   Data   on  s leep  qual i ty   reveal   no 
significant  patterns  throughout  the  test .  

Two  c rew  members   (one   in   each   c i rcadian   pa i r )   were   ins t rumented   for   e lec t ro-  
encephalograRhic  recordings  during  s leep  (Figure  23) .   Recordings  were 
scheduled  for   the  f i rs t  1 0  days,   the  middle 5 days,   and  the  las t  5 days  of the 
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Figure 22. Sleep Questionnaire Responses Smoothed Curve Based on IO-Day Segments 
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Figure 23. Application of Electrodes for Electroencephalogram 

tes t .   The  data   were  scored  with  an  automatic   pat tern  recogni t ion  system  which 
had  been  cal ibrated  to   each  man  before   the  tes t .   Consis tent   with  the  quest ion-  
n a i r e   r e s u l t s ,  E E G  da ta   r evea l  a t rend   toward   increas ing   s leep   dura t ions   dur ing  
the   f i r s t  10 days .   EEG  da ta   p rovide   g rea te r   in format ion   on   the   qua l i ty  of sleep. 
E E G  prof i les   revea l   tha t   compared   to   p re tes t   base l ines ,   there   was  a two-  to 
four-fold  increase  in   the  number of s leep  s tage  changes  during  the  tes t   wi th  a 
significant  reduction  in  the  incidence of slow  wave  sleep.  These  findings 
suggest   that   overal l   s leep  qual i ty   suffered  during  confinement .   This  is in 
agreement   wi th   resu l t s  of other   confinement   s tudies .  

5.13  BEHAVIOR  EVALUATION 

Behaviora l   eva lua t ions   were   under taken   to   de te rmine   the   e f fec ts  of confinement 
upon  the  crewmen.  Two  forms of behaviora l   measurement   t echniques   were  
employed:  intrusive  and  NIPA. 

5.  13. 1 In t rus ive   Tes ts  

A broad  group of in t rus ive   ques t ionnai res   were   employed   dur ing   the   miss ion .  
These   t es t s   der ived   f rom  prev ious   research   on   smal l   g roups   in   conf inement .  
In addi t ion  to   paper   and  penci l   devices ,   there   were  several   psychomotor   per-  
formance   tes t ing   devices   onboard   for   use   by   the   c rew  on  a scheduled  basis .  
Resul t s  of the   in t rus ive   t es t s   ind ica te  a neutral   to  negative  reaction  to  confine- 
ment   and   demonst ra te   the   ab i l i ty  of the  crewmen  to   manipulate   data   in   response 
to   quest ions.   Psychomotor   tes t ing  resul ts   indicate  a p rogres s ive   l ea rn ing  
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trend  throughout  the  confinement  with  no  apparent  correlation  with  other  poten- 
t ia l ly   inf luencing  factors   such as s t r e s s   l e v e l ,   b o r e d o m ,   o r   a t m o s p h e r i c   t r a c e  
contaminant   var ia t ions.  

5.13.2  NIPA 

The  Non-Interference  Performance  Assessment   (NIPA)  technique,   u t i l iz ing 
quantitative  observations of crew  activit ies,   yielded  evidence  that   there  was a 
progress ive   dec l ine   in   c rew  mora le   which   reached   i t s   low  poin t  at approximately 
day 60 of the  test .   Data  from  NIPA  was  available  after  the  test   concluded. 
Subjective  indications  by  program  management  and  crew  comments  during  the 
tes t   cor robora ted   the   ex is tence  of t he   dep res s ion   i n   mora le .   A t t empt s   a r e  
currently  being  made  to  quantitatively  relate  NIPA  data  to  more  objective 
miss ion   per formance   measurements .   The   NIPA  method  avoids   the   d i sadvantage  
of response  manipulat ion  by  the  observed  subjects   and  seems of value  for   future  
p r o g r a m s  as the   p refer red   method of c rew  per formance   moni tor ing .  

5. 13. 3 Behavioral   Findings 

Incidents of overt   hosti l i ty  among  onboard  and  between  onboard  and  outside 
s taff   personnel   were  essent ia l ly   e l iminated.   The  re la t ive  absence of such  
diff icul t ies   a t tes ts   to   the  importance of crew  and  communicat ions  monitor  
selection  and  the  adequacy of the  select ion  procedures .  

Strong  group  cohesiveness   (social-emotional   c loseness)   of ten  recommended  as  
a prerequis i te   for   maintaining  the  social   in tegri ty  of small   groups  confined 
for   prolonged  per iods,   d id   not   occur   during  this   tes t ,   and  does  not   appear   to  
have  resul ted  in   any  loss   in   performance.  

Confinement  itself  did  not  constitute a s igni f icant   s t ressor   for   the   c rew,   as  
shown by the  intrusive  tes t   methods.  A loss of mora le   occu r red ,  as indicated 
by  subjective  evaluations of the  operating  staff ,   approximately  from  days 
60 to  70  of the  tes t .   This   per iod  was  character ized by a reduction  in  activity 
of the  crewmen,   with  less   verbal   interact ion  and a lack of enthusiasm. 
Similar   symptoms  were  exhibi ted,   in   general ,  by m e m b e r s  of the  outside 
staff at the  same  t ime.   Analysis  of NIPA  data  shows a significant  reduction 
in   requests   f rom  the  outs ide staff for   the  crewmen  to   perform  special   tasks  
dur ing   th i s   t ime  f rame.  No apparent   reduct ion  in   crew  task  performance 
t imes  accompanied  this ,   however .  A signif icant   decrease  in   "posi t ive affect" 
s ta tements   by  the  crew  was  a lso  observed.  

A reversa l   in   mood  occur red   a t   about   day  70 which  may  have  been  the  result  
of severa l   poss ib le   s t imul i .   Severa l   spec ia l   t asks   were   reques ted   by   the   ou t -  
side  staff   at   this  t ime, as a r e su l t  of observations of reduced  morale .   Typical  
of these  was a r eques t   fo r  a design  cr i t ique of the  habitat,  with  suggestions 
for   improvements .   At   the   reques t  of the  Behavioral   Director ,  a "bull-session" 
be tween  the   c rewmen  was   a r ranged   on   day  69. At th i s   t ime  the   c rewmen 
expres sed  a number  of complaints  which  had  apparently  been  building  up  for 
some  t ime  but   had  not   been  previously  s ta ted.   This   helped  considerably  in  
encouraging  further.   verbal  exchanges.   Also,  a s e r i e s  of d i rec t   conversa t ions  
with  each  crewman  were  undertaken  by  program  management .   The  improve-  
ment   in   mora le   was   apparent   fo l lowing   day  7 0  until  the  end of the   t es t .  

85 



It i s  not   poss ib le   to   de te rmine ,   f rom  ex is t ing   da ta ,   which  of the   in te rac t ing  
var iab les   were   causa t ive   mechanisms  lead ing   to   the   mora le   s lump,   and   which  
were  dependent .   The  possibi l i t ies   include  increasing  famil iar i ty   with  equipment  
ope ra t ing   cha rac t e r i s t i c s ,   r educed   r eques t s   fo r   spec ia l   a s s i s t ance   f rom  ou t s ide  
staff, interpersonal   dif f icul t ies   and  decl ining  motivat ion of the  crewmen.  
Fur the r   s tud ie s  are required  to   obtain a bet ter   def ini t ion of these   re la t ionships .  

An unexpected  requirement   for   mission  act ivi t ies   planning  was  brought   to   l ight  
dur ing   pos t - tes t   debr ie f ings  as a re su l t  of the   absence  of i n t e r im   mis s ion  
sat isfact ions.   Crew  members   were  unanimous  in   recommending  that   ' 'b lockst t  
of experiments   be  scheduled so as to  begin  and  end  during  f inite  segment,s of 
the  total   tes t   durat ion  ra ther   than  beginning at test  initiation  and  ending  upon 
tes t   terminat ion.   Such  schedul ing  would  permit   achievement  of in te r im  goa ls ,  
thereby  providing a va r i e ty  of experiences  throughout  the  confinement  duration 
rather   than  increasing  monotony due to   repeat ing  the  same  tasks   long  af ter  
famil iar i ty   was  achieved.  
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Appendix 

CONTRIBUTORS  TO  THE  90-DAY MANNED TEST  PROGRAM 

The  fol lowing  pages  present   l is ts  of par t ic ipants   in   the  90-day  tes t   program, 
a n d   t h e i r   a r e a s  of i n t e re s t .  

PARTICIPATING  GOVERNMENT  AGENCIES 

NASA-Headquar t e r  s (OART)  USAF-Aerospace  Medicine  Laboratory 

Direct ion 

NASA-LRC (Langley)  

Direct ion 
Two-Gas  Control 
Four-Gas   Spec t rometer  
EEG 
Brea th   Analys is  
Crew  Selection 
Psychomotor   Tes te r  
Microbial   Sensor  
Mission  Analysis 
Ze ro -g   Po rous   P l a t e   Hz0   Sepa ra to r  
Solid  Amine GO2 Concentrator  
Pulmonary  Funct ion 
Zero-g  Humidity  Control 
Water   E lec t ro lys i s  
Psychoacoust ics  
Microbiologic  Analyses 

NASA-ARC (Ames)  

Cr i t i ca l   Task   Tes t e r  
Visual   Tester  
Response   Tes te r  
Glycero l   Exper iment  

VD-VF Water   Recovery 
Commode 

AEC  /Mound  Lab 

Pu-238  Radioisotope  Heaters  

US Army/Nat ick   Labs  

Freeze-Dr ied   Foods  

NASA-MSFC (Huntsvil le) 

C02  Study 
Habitability  Evaluation 
Skylab  Light  Level 

USN-Submarine  Medical  Research 
Labora tory   (Groton)  

GO2 Blood Studies 

USN-Neuropsychiatric  Research 
Institute  (San  Diego) 

Crew  Selection 
EEG Studies 
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NASA-MSG (Houston) US Depar tment  of Transpor ta t ion  

Apollo  Water   Dispenser   Par t iculate   Sampling 
Urinal 
Tissue   Dispenser   Naval   Medica l   Research   Ins t i tu te  
Teflon-Coated  Fiber glass 
Fluore l /Refse t   E las tomers   Blood  Analys is  
Apollo-Type  Crew  Suits  Crew  Selection 
F i reproof   Games  E E G  Studies 
F i r ep roof   Pape r  
P B I   F a b r i c s  
Virus/Mycoplasma  Analyses  
Vitamin D Assays  

PARTICIPATING  UNIVERSITIES 

University of Cal i fornia   a t  L o s  Angeles 

Non-In ter fe rence   Per formance   Analys is  

Tes t   Crewmen  

Univers'ity of Chicago 

P ic0   L ib ra ry   and   P ro jec to r s  

Medical  College of Virginia 

Potable  Water  Virology 

Texas  Chris t ian  Universi ty  

Crew  Se lec t ion   Cr i te r ia  

Cal i fornca  State   Col lege  a t   Long  Beach 

Psychod,iagnostic.s 

Tes t   Crewmen  

California  Insti tute of Technology 

Tes t   Crewmen  

Universitv of Southern  California 

Tes t   Crewmen  

90 



-. - 
~ ~ii ~. 

~ "" ~ 
~ " 

CONTRIBUTING  CONTRACTORS 

Aeroje t -Genera l  

Trace  Contaminant   Analysis  

Genera l   E lec t r ic  

Commode 

Litton  (Atherton  Division) 

Microwave  Oven 

Litton  (Stouffer  Foods) 

F r o z e n   P r e p a r e d   F o o d s  

MDAC-West 

The rma l   Con t ro l  
Urine  Collector 
Air   Evaporator   Water   Reclamation 
Molecular  Sieve COz Concent ra tor  
Sabat ier   Reactor  
Two-Gas  Control 
Life Support  Monitor 
Wash  Water   Recovery 

Lockheed 

Zero-g  Humidity 
Water Elec t ro lys i s  

Cen t ra l   Labora to r i e s   (P i co -Rive ra )  

Cl inical   Analyses  

AiResea rch  

Sabat ier   Reactor  
LiOH COZ, Removal 
Apollo  H20  Dispenser 

3M  Company 

F luore l /Ref se t   E la s tomers  

Alli s - C halme r s 

Water   Electrolysis  

. -  

Mine  Safety  Appliances 

Toxin   Burner  

Scheufel in   Papierfabrik  Company 

Fi reproof   paper  

P e r k i n - E l m e r  

Four -Gas   Mass   Spec t romete r  

Dupont 

Teflon-Coated  Fiber  glass 

Monsanto 

Heat  Transfer  Fluid  (Coolanol 35) 

Monsanto  Chemstrand  Division 

Dure t t e   Fab r i c s  

Monsanto  Research/Mound 
Labora to r i e s  

Radioisotope  Heaters  

Massachuse t t s   Genera l   Hospi ta l  

Vitamin D Assays  

Hamil ton  Standard 

Sol id   Amine  C02  Concentrator  

B. Welson 

Apollo-Type  Crew  Suits 

P a r k e r   B r o t h e r s  

F i reproof   Games  

Celanese   Corpora t ion  

P B I   F a b r i c s  
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Aurora  Engineer ing 

Autoclave  Pass-Through 

General  Dynamics  Corporation 

Response   Analys is   Tes te r  

O r e g o n   F r e e z e   D r y  

F r e e z e   D r i e d  Foods  

Computer  Communications,  Inc. 

Acoustic  Data  Link 

War ren  E. Collins 

System  Technology,  Inc. 

Cr i t i ca l   Task   Tes t e r  

Fabr i c   Resea rch   Corpora t ion  

Apollo-Type  Crew  Suits 

Webb Assoc ia tes  

Metabol ic   Rate   Meter  

Douglas  Aircraft   Company 

Behavioral   Acoust ics  

Bicyc le   Ergometer  
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