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ABSTRACT 

The Space Shuttle, America's f i r s t  reusable spacecraft system, will have many diverse 
functions : I t  will launch satel l i t e s  geared for such tasks as communications, weather 
observations, pol 1 ution monitoring, Earth-resource studies, and world wide navigation. I t  
will retrieve sate1 1 i t e s  for Shuttle-based repairs or return to Earth. And the Shuttle will 
carry the f i r s t  laboratory dedicated to  the study of l i f e  processes in space. The Spacelab, 
being designed and constructed by the European Space Agency, will serve as a general 
research facil  i ty for the exploration and eventual industrial ization of space. During the 
19801s, some 200 Spacelab missions will be flown in Earth-orbit. Within these 200 missions, 
i t  i s  planned that a t  least  20 will be dedicated t o  1 i f e  sciences research, projects which 
are yet to be outlined by the l i f e  sciences community. Discussions within the paper cover 
objectives of the Life Sciences Shuttle/Spacelab Payloads Program; also discussed are major 
space 1 i f e  sciences programs including space medicine and physiology, clinical medicine, 
l i f e  support technology, and a variety of space biology topics. The Shuttle, Spacelab, and 
other l i f e  sciences payload carriers are described. Concepts for carry-on experiment 
packages, mini -1 abs , shared and dedicated space1 abs , as we1 1 as common operational research 
equipment (CORE) are reviewed. Current NASA planning and development includes Space1 ab 
Mission Simulations, an Announcement of Planning Opportunity for Life Sciences, and a forth- 
coming Announcement of Opportunity for  Flight Experiments which wi 11 together ass is t  in 
forging a Life Sciences Program in space. 

INTRODUCTION 

I t  i s  my pleasure to  present th is  paper: "The Space Shuttle and Life Sciences." The 
paper i s  divided into 6 parts: 1 ) Space Shuttle Program Description, 2) Spacelab Descrip- 
tion, 3 )  Life Sciences Program, 4 )  Life Sciences Payload Carrier Characteristics, 5 )  Develop- 
ment of Program Planning and Operational Approaches, and 6 )  Summary. 

1 ) SPACE SHUTTLE PROGRAM DESCRIPTION 

The Space Shuttle i s  the f i r s t  true blending of the manned and unmanned space programs. 
The Shuttle will f ly approximately 20 years af ter  the United States f i r s t  entered space in 
January 1958. The Shuttle i s  designed to  support Spacelabs (which will be discussed l a t e r )  
and to  1 aunch sate1 1 i t e s ,  as well as space probes with propulsion stages.  A1 1 of these, wi 11 
support applications and technology as well as scientif ic  experiments. I t  i s  anticipated 
that not only NASA personnel b u t  a1 so individual s from other government agencies, uni ver- 
s i t i e s ,  and industry, as well as the international community will use the Shuttle (Figure 1 )  
(1 1. 
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Program Objecti ves 

The Space Shuttle Program Objectives are twofold: 9 )  to reduce the cost of space opera- 
tions, and 2 )  to  provide a capability designed to support a wide range of scientf f i e ,  appli- 
cations, defense, commercial and international uses as mentioned ear l ie r .  This i s  to help 
establish a national space transportation capabi 1 i ty (Figure 2) .  The Space Shuttle System 
as i t  i s  called i s  composed of 4 major parts. The Shuttle Orbiter (an aircraft- l ike 
structure) ,  the lar  e external hydrogenloxygen tank, and the 2 rocket engines. The Orbiter 
i s  122 feet (37.2 m y  in length, and i t  has a wing span of 78 feet (23.8 m ) .  In comparison 
t o  other known a i r  or spacecraft, the Shuttle i s  s l ightly larger than the DC9. ' I t  i s  
approximately 22 feet  longer than the Boeing 737, half the height of the Saturn V (the 
rockets that took the Apollo crews to  the moon). 

Space Shuttle Mission Profile 

In i t ia l ly ,  the Shuttle will be launched from the Kennedy Space Center. Approximately 2 
years 1 a ter  i t  i s  planned that the Western Test Range, located a t  Vandenberg Air Force Base, 
will be added as a launch s i t e .  The Shuttle Orbiter will be taken into near Earth orbit by 
the solid rocket engines which will be jettisoned and returned to Earth by a parachute system 
for  reuse. The large external hydrogen/oxygen tank's propellants will continue to carry the 
Shuttle Orbiter into orbi t  and then the tank will be jettisoned. I t  will not be returned by 
parachute system and will not be reused. Mainly because of i t s  large size and configuration, 
i t  will not be able to  reenter the Earth's atmosphere without damage, so the crash point for 
the tank will be programmed for  a remote place in one of the oceans. The orbiter will then 
remain in Earth orbi t ,  nominally 100 to  200 miles from the Earth's surface. I t  will remain 
there from one week in i t i a l ly  up  to  a maximum of 30 days during which time the various 
pay1 oads will be activated, tested, exposed or launched. The cargo bay doors may be opened 
to  allow for launch or to place spacecraft into orbit or,  i f  there i s  a Spacelab attached 
within the cargo bay, i t  will remain and work will be performed in the Spacelab. After the 
mission i s  completed, the Orbiter will enter the Earth's atmosphere with a high angle of 
attack and will coast with the minimal assistance of non-airbreathing engines. I t  will coast 
in a preprogramed f l ight  plan and will land a t  Kennedy Space Center or Vandenberg Air Force 
Base. I t  i s  planned that there will be no more than a 2-week turnaround time between the 
time of landing and the next launch of a scheduled Shuttle mission (Figure 3) (1, 2).  

Space Shuttle Program Activities 

The Space Shuttle Program i s  made up of a number of planned ac t iv i t ies .  The development 
phase i s  now underway. Some of the key events are scheduled as follows: The f i r s t  Space 
Shuttle Orbiter will be "brought out of the hangar" in the f a l l  of 1976. The f i r s t  captive 
f l ight  t e s t  a t  Edwards Air Force Base i s  scheduled for  the spring of 1977. Approach and 
landing tes ts  also will be conducted a t  Edwards Air Force Base starting in the la te  summer 
of 1977. The f i r s t  manned orbital t e s t  f l ights  are scheduled for 1979. The operational 
f l ights  then will begin early in the 1980s (Figure 4) .  

Space Shuttle Operations 

The Space Shuttle i s  planned for a number of different operations. I t  will ass is t  in 
orbital missions where we will have', for example, a telescope to  permit astronomers to view 
heavenly bodies from above most of the Earth's atmosphere. The Shuttle Orbiter may also 



serve as the propulsion stage fo r  delivery and re t r ieval  of orbi t ing spacecraft .  I t  may . 
replace the f i r s t  two launch stages f o r  a spacecraft tha t  will be launched into  deep spacei 
I t  will a l so  allow repa i r  and servicing of s a t e l i  i t e s  tha t  are already in Earth o r b i t ,  thus 
providing an extension of the l i f e  of spacecraft in o rb i t .  I t  w i l l  also permit the carrying 
of passengers and crewmembers t o  near Earth o rb i t  fo r  a space s ta t ion  when i t  i s  developed 
and becomes operationai . In addit ion,  rescue operations may be conducted i f  a crewmember 
were t o  become i 11 or  when there  i s  a problem in a spacecraft  (Figure 5 ) .  

2) SPACELAB DESCRIPTION 

The Spacelab actual ly  may have 2 major parts - a pressurized volume and/or a p a l l e t ,  
carried separately o r  together (Figure 6 ) .  These are  contained and carried into  near Earth 
o rb i t  in the cargo bay of the Shuttle Orbiter. The Spacelab remains attached in the cargo 
bay fo r  the  en t i r e  mission since i t  r e l i e s  on the Shuttle Orbiter fo r  many of the l i f e  support 
sys terns. 

The Spacelab has been developed through international cooperation by the European Space 
Agency (ESA). ESA i s  made up of representatives from a number of European countries,  with 
the major contributor,  Germany, contributing over 53% of the  financial  backing. The 
United Kingdom, I t a ly  and France are  other  large contributors,  although nowhere near the 
percentage t ha t  Germany has contributed. ESA has i t s  headquarters i n  Par is ,  and ESTEC 
(the space center which might be compared t o  the Johnson Space Center) i s  located i n  the 
Netherlands. This i s  where the Spacelab Program i s  managed. The major contractor working 
and coordinating the work of other contractors fo r  Spacelab i s  ERNO, located i n  Bremen, 
Germany. I t  turns out t ha t  the  nations contributing money in to  the  program, to  a large 
extent,  have contractors receiving funds approximately equal t o  the  amount tha t  the  country 
has contributed t o  ESA (Figure 7). 

Experiment Accommodations of Spacelab 
(Pressurized Module) 

The Spacelab wil l  be i n  o r b i t  i n i t i a l l y  7 days, as I mentioned before, and i t  is  planned 
tha t  i t  may be extended t o  30 days. The experiment weight t ha t  i t  will ar ry  in o o rb i t  will S 5 be from 4600-16700 1 bs. (2100-7600 kg). The experiment volume i s  790 f t  (22.3111 ). The 
volume planned i s  f o r  biological specimens. I t  cannot carry an elephant but could carry 
primates, man or  his surrogates. The atmosphere i s  t o  be an Earth-like environment, i . e . ,  
20% oxygen i n  nitrogen a t  14.7 psi o r  760 mmHg pressure. The temperature will be se lectable  
and will be a shir ts leeve environment, 18-27OC. The ut i  1 i t i e s  avail able a re  v i r tua l ly  those 
tha t  can be expected i n  an Earth laboratory. There will be e l e c t r i c a l  power, thermal con- 
t r o l ,  data processing as needed fo r  t e s t s  currently considered. There will be support 
equipment, and storage, i . e . ,  places t o  s to re  film so tha t  i t  can be used e f fec t ive ly ,  and 
there will be viewports t o  view the Earth o r  heavenly bodies from the pressurized volume of 
the Space1 ab. 

This has been a brief review of what the Spacelab i s  and plans t o  be t o  support 
s c i e n t i f i c  endeavors. 



3)  LIFE SCIENCES PROGRAM 

Five main ob jec t ives  are c u r r e n t l y  i d e n t i f i e d  f o r  the  L i f e  Sciences Program. The f i r s t  
i s  t o  explore and reso lve  the  preblems associated w i t h  f u t u r e  ventures o f  man i n  t he  
exp lora t ion ,  e x p l o i t a t i o n ,  and eventual co lon i za t i on  o f  space. Next i s  t o  expand our know- 
ledge o f  l i f e  sciences, i .e., l i f e  sciences as we perceive i t  t o  be r e l a t e d  t o  Earth 
organisms. Another i s  t o  develop technology. This i s  something t h a t  we w i l l  be l ook ing  
i n t o .  Coupled w i t h  t h i s  i s  an improvement i n  man's l i v i n g  cond i t ions ,  both from an ecolog- 
i c a l  and a b i o l o g i c a l  s tandpoint .  Las t l y ,  prepare f o r  space manufacturing and processing of 
biochemical s and b i  01 og i  ca l  mater i  a1 s. For instance, c e r t a i n  pharmaceuti ca l  s may be pro-  
duced i n  space more e f f e c t i v e l y ,  purer ,  and l ess  expensively than on Earth. 

L i f e  Sciences Program Overview 

From the standpoint  o f  p resent ing  an overview o f  t h e  L i f e  Sciences Program, i t  can be 
d i v ided  i n t o  3 segments. The f i r s t  segment might  be c a l l e d  the  "Preparat ion Decade," i .e., 
from 1971 t o  1981 . The " Inves t i ga t i on  Decade" would extend from 1981 t o  1991 , and beyond 
t h a t ,  from 1991 t o  2001, would be the  "Exp lo i t a t i on  Decade." During the  prepara t ion  decade, 
i .e., from 1971 t o  1981 , you can f u r t h e r  d i v i d e  t h a t  i n t o  2 par ts .  That p a r t  be fore  1974 
had a number o f  programs t h a t  have l e d  t o  t he  p lanning and developing o f  t he  Shu t t l e  and t h e  
Spacelab. The Mercury, Gemini, Apol lo and Skylab Programs a l l  have c e r t a i n l y  given us 
extensive i n fo rma t i  on. There have been mission models and planning s tud ies  (which are 
a c t u a l l y  payload d e f i n i t i o n  s tud ies )  t h a t  have aided. The second p a r t  o f  t h i s  p repara t ion  
decade can be i d e n t i f i e d  as t h e  "Development Period" and t h a t  i s  where we are r i g h t  now. We 
are  l ook ing  a t  t he  kinds o f  experiments which can b e n e f i t  from the  space environment and 
what support i t  wi 11 take t o  execute these experiments. Common Operat ional Research Equip- 
ment (CORE) i s  being i nves t i ga ted  which w i l l  support the  experiments and opera t iona l  pro- 
cedures. This w i l l  be described l a t e r .  Some o f  the  o ther  a c t i v i t i e s t h a t  are tak ing  p lace 
are the  examination o f  carry-on l abo ra to r i es .  What can be done i n  the  crew quar ters  of the  
Shu t t l e  O r b i t e r  i n  the  way o f  experimentat ion i n  the very l i m i t e d  space t h a t  i s  ava i l ab le?  
What can be done i n  min i - labs  when another d i s c i p l i n e  than l i f e  sciences i s  us ing the  
pressur ized volume o f  the  Spacelab? What can be done i n  min i - labs? What are those th ings  
t h a t  can be done l i f e  sciences-wise when the  pressur ized volume o f  the  Spacelab i s  completely 
dedicated t o  l i f e  sciences? What are those experiments t h a t  can best  f l y  on the  proposed 
Biomedical Experiments S c i e n t i f i c  S a t e l l i t e  (BESS)? These are the  kinds o f  questions being 
considered now and w i l l  cont inue t o  be u n t i l  t he  Shutt le/Spacelab becomes opera t iona l  i n  the  
1980s. Then the i n v e s t i g a t i o n  decade w i  11 begin when opera t iona l  f 1  i ghts w i  11 be avai 1 able 
f o r  1 i f e  s c i e n t i s t s  t o  f l y  experiments. Probing type experiments and then in-depth exper i -  
ments w i l l  n a t u r a l l y  b u i l d  on these f o r  e x p l o i t a t i o n  and b u i l d i n g  i n  breadth and depth of 
l i f e  sciences knowledge (Figure 8). 

Space Transportat ion System Pay1 oad Program Elements 

Not a l l  i n d i v i d u a l s  are aware o f  t he  var ious areas t h a t  can b e n e f i t  from the  space 
environment through the  use o f  the  Shu t t l e  Spaqelab. They range from Space Physics, 
Ma te r i a l s  Sciences, Earth and Ocean Physics, Solar Physics, Astronomy, Earth Observations, 
Comnuni cat ions/Navigat ion,  Techno1 ogy, and High Energy Astrophysics, t o  L i f e  Sciences. So 
many people do n o t  appreciate t h a t  L i f e  Sciences i s  no t  merely biomedical s tud ies  bu t  ranges 
beyond biomedical s tud ies  t o  inc lude areas such as t h e  study o f  ver tebrates,  inver tebra tes ,  



plants,  c e l l s ,  t i s sues ,  bacteria and viruses,  as well as environmental control and man/ 
systems integration studies.  These are areas of Life Sciences tha t  we currently visual ize  
that  can benefit  from studies  in the space environment. There may be others .  

Major Space Life Sciences Research Areas 

The major Life Sciences research areas that  are  predicted t o  benefit  from the space 
environment experimentation are Space Medicine, Clinical Medicine, Life Support Techno1 ogy, 
and Space Biology. These a re  the 4 major categories tha t  include areas i n  Life Sciences 
mentioned e a r l i e r  (1,  2, 3 ,  4 ,  5). 

S ace Medicine.- In Space Medicine t o  date the general conclusion i s  t ha t  man can adapt 
t o  weight eT-- essness with good health fo r  extended periods of time with appropriate exercise ,  
sleep,  d i e t ,  working, and recreation.  So f a r ,  no major physiological problems have been 
encountered, but we do need t o  understand and we do need experiments which will permit inves- 
t igat ion of  the mechanisms of changes tha t  are occurring. Some remedial o r  preventive 
measures may be required f o r  missions longer than the  experience of 84 days tha t  we had man 
in a weightless condition u p  t o  now. For voyages of man t o  Mars or other regions in space 
where he will be in the  weightless condition as long as 9-12 months or perhaps several 
years,  we cer ta inly  must look a t  longer term remedial o r  preventive measures. 

Shuttle research emphasis i n  space medicine will probably focus on the vest ibular ,  
cardiovascular, mineral / f lu id  bal ance/electrolytes,  and hematology areas,  i . e . ,  from the 
perspective of our experience on Skylab and the other manned programs. 

Clinical Medicine.- In Clinical Medicine, the e f fec t s  on physical condition will be 
studied. We must be prepared t o  t r e a t  f ractures  tha t  might occur in a space environment and 
1 earn how heal i ng wi 1 1 progress. We w i  11 examine wound heal i ng , burn therapy, cardi ovascul ar  ' 

disease and therapy, and emergency and dental therapy. These are a l l  conditions t ha t  are t o  
be expected in individuals who will be i n  space. They are t o  be expected in individuals on 
Earth, and i f  man i s  going t o  be in space fo r  extended periods, we must know how t o  handle 
these kinds of problems. In addit ion,  there will be opportunit ies fo r  new research in areas 
where we may have ailments of vision,  muscle or cardiovascular function. 

Life Support Technology.- In Life Support Technology, biological research involving both 
the crew and passengers as well as biological specimens will  be examined. Regenerative l i f e  
support systems involving atmospheric rev i ta l i za t ion ,  reusing water tha t  will be there  in the 
spacecraft  as a by-product and looking a t  sources of food t h a t  should be grown will demand 
at tent ion.  

Spade Biology. - In Space Biology, ver tebrates ,  invertebrates,  ce l l  s and t i s sues  and 
plants will be studied in the weightless context and radiobiologically.  Again, t h i s  i s  a 
projection from past research e f fo r t s  tha t  have not been directed in to  an organized space 
research program. 

NASA-Shuttle/Spacelab/Life Sciences 
Laboratory Traff ic  Model 

The NASA-Shuttle Spacelab Traff ic  Model, or actual ly  the projected plan of opportunit ies 
to  f l y  in space during the decade of the 1980s, from the perspective of today, i s  qu i te  
encouraging. I t  i s  planned tha t  approximately 10% of a l l  the Shuttle f l i gh t s  will be f l i gh t s  



which will include Life Sciences research. To be spec i f i c ,  in the current plan, the  Shuttle 
i s  t o  go into  space 501 times during the years from 1979 through 1991. Of those 276 f l i gh t s  
will  contain Spacelabs, and Life Sciences can expect t o  have 22 dedicated laboratories and 25 
missions where we will have a mini-lab aboard a f l i g h t  tha t  would be primarily dedicated t o  
another discipl  ine (Figure 9 ) .  

4 )  LIFE SCIENCES PAYLOAD CARRIER CHARACTERISTICS 

Earlier  in the paper, ~ a y l o a d s  ca r r ie r s  were b r ie f ly  mentioned. There are 3 main 
ca r r ie r s  tha t  will be contained within the Shuttle and remain there the en t i r e  mission 
(Figure 10). The other i s  the  BESS o r  the Biomedical Experiments Sc ien t i f i c  S a t e l l i t e  which 
wil l  be launched and remain in Earth o rb i t  fo r  6 months t o  perhaps 1 year. 

Carry-on experiments. - Carry-on laboratory (COL) experiments wi 11 be contained in the  
crew compartment of the Shuttle Orbiter (Figure 11 ). They will be small experiment packages 
weighing less  than 23 kg (50 Ibs . ) ,  and will require minimum involvement of the crewmembers 
and an ins ignif icant  amount of power. They will be carr ied when weight and space are  
available i n  the crew compartment. 

Mini-labs.- Mini-labs will  be contained in racks ins ta l l ed  in the pressurized volume of 
the Spacelab, perhaps in 1 rack, 19 inches wide, o r  2 equalling approximately 1 meter 
(Figure 12). As indicated, t h i s  mini-lab would be flown on a shared d i sc ip l ine  mission. I t  
would generally weigh less  than 500 kg and there could very well be a s ign i f ican t  in te r face  
with the Spacelab or  o rb i te r  as f a r  as power, heat balance, command, control ,  o r  e lect ronic  
countermeasures are concerned. A payloads o r  mission speci a1 i s t ,  who would oversee the 
mini-lab, would not necessari ly be trained i n  a Life Sciences discipl ine .  

Dedicated 1 aboratories.  - The next and perhaps most important i s  the  dedicated 1 aboratory 
where up t o  /,600 kg of laboratory equipment would f l y  (Figure 13).  There would be exten- 
s ive  interfaces  with o rb i t e r  as f a r  as power, thermal control ,  e t c .  are concerned, and up t o  
3 discipl ine  spec ia l i s t s  operating 12 hourslday on a 7-day mission might f l y .  I t  could be 
extended up t o  a 30-day mission as our experience and capabi 1 i t y  i s  extended (2) .  

Biomedical Experiments Sc ien t i f i c  Sate1 1 i t e  (BESS). - The Biomedical Experiments 
Sc ien t i f i c  S a t e l l i t e  i s  a free-flying s a t e l l i t e  which i s  under development now and which 
will  become operational some time l a t e r  than the Spacelab, perhaps around 1983. I t  will 
provide a 6-month t o  12-month time period i n  o rb i t  f o r  specimens. I t  will be deployed from 
the cargo bay of the Shuttle Orbiter and will allow fo r  longer duration,  zero gravity 
exposures fo r  both animals and plants with a bui l t - in  par t i a l  or one-g experiment control 
capabi l i ty  provided by a specimen centrifuge. I t  i s  planned tha t  the specimens will be 
inserted into  the  BESS from the spacecraft a f t e r  o rb i t  i s  achieved. Checkout will occur t o  
insure tha t  a l l  specimens are  i n  good order. I f  some problem should ex i s t ,  a correction 
could be made even a f t e r  re lease  of the BESS into  o rb i t .  Upon r e t r i eva l ,  specimen exami- 
nation could be made in a Spacelab tha t  might be carr ied a l o f t  a t  the time of re t r i eva l .  
I t  i s  a very exci t ing capabi l i ty  tha t  i s  now being planned. 

Earlier  the Common Operational Research Equipment (CORE) was mentioned. CORE can be 
fu r ther  subdivided in to  3 areas (Figure 14).  Regular equipment items such as a microscope, 
o r  a mass measuring device, which would be used in weightlessness t o  obtain measurements, 
wi 11 be used over and over again and may be required by many d i f fe ren t  biological experi- 
ments. CORE Intermi t t e n t  would be i tems tha t  would support several d i f fe ren t  experiments 
b u t  would not be as universally useful as those mentioned under the  regular equipment i tems. 
Examples would be lower body negative pressure device o r  cer ta in  racks fo r  t e s t  tubes. 
Another piece of CORE equipment might be a rota t ing l i t t e r  chair  t o  exercis.e orientation 
and balance organs which very few experiments would require. 



5)  DEVELOPMENT OF PROGRAM PLANNING AND OPERATIONAL APPROACHES 

An examination of the phases of a Life Sciences Payloads Mission would show i t  can be 
divided into 4 major segments or phases: Experiment Selection Phase, Preparation Phase, 
Flight Operations Phase, and Postflight Phase. Each of these can be further subdivided and 
then examined. In the Experiment Selection Phase, formulation of an overall plan takes 
place; solicitation, receiving of proposals, and selection takes place. In the Preparation 
Phase, mission scheduling, experiment development, experiment testing and training, and 
integrated simulations are some of the major areas. In the Flight Operations Phase, a t  
prelaunch there i s  checkout, mating of the experiment carrier with the Orbiter, launch, 
f l ight  operations, f l ight  support, as well as landing operations. The Postflight Phase i s  
composed of debriefing, examination of the data and distribution of the data and samples to 
the investigators for analysis and reporting by the experimenter. This i s  an example in a 
generalized way of what takes place in all  f l ights.  I t  i s  presented to give a concept of 
those things that must be considered for space flight. 

Spacel ab Mission Simulation 

Some of the aspects of the mission have been investigated and reviewed through a 
Spacelab Mission Simulation. The current simulation plan a t  JSC projects a total of 5 
Spacelab Mission Simulations or SMS. Two simulations have been conducted, 3 more are to 
occur, planned before the operational period of the Shuttle beginning in 1980 or 1981. Each 
one of the scheduled simulations will look a t  and emphasize specific aspects of operational 
planning. Total ly , we wi 11 be considering science community invol vement, management systems, 
experiment and pay1 oad processing, mission operation systems and approaches, equipment and 
faci 1 i t i e s ,  supporting documentation, and Spacelab configurations as well as roles of 
organizations and key personnel . 

Involvement of Non-NASA Scientists 

The simulation that we are preparing for now will involve visiting scientists ,  those 
from organizations other than a t  the Johnson Space Center and other elements of NASA. The 
Spacelab Mission Simulation Program i s  considered key in preparing for the operational 
period that will soon be upon us. 

Through an Invitation to  Participate in Life Sciences Space Program Planning, an 
announcement of planning opportunity was issued in the spring of 1975. The announcement was 
sent to over 27,000 scientists in this  country. As of early this  year, over 1,400 responses 
with over 2,500 ideas for experiments were received. The responses are being used by NASA 
to determine the range and types of biological specimens that will be required. The data 
wi 11 be used for determining the scientific disciplines (special t i e s )  that we must accommo- 
date in the Shuttle, and t o  determine and identify the laboratory equipment that will be 
required. An Announcement of Flight Opportunity will be issued la ter  in 1976. The f i r s t  
call will be for the f i r s t  US/European Space Agency Spacelab f l ight  scheduled for 1981. 
A1 though experiments wi 11 be somewhat 1 imi ted for this  Spacel ab f l ight  , 1 ater a general 
announcement of f l ight  opportunity will be made for Life Sciences (6,7). 



6)  SUMMARY 

In summary, i t  can be said tha t  the Space Transporta"con System Program i s  we11 under 
way and will provide a broad new capabi l i ty  by the 1980s; a capabi l i ty  which wil l  permit 
f lying many i i  Pe Sciences experiments. The development of the Spacelab/Common Operational 
Research Equipment and the Biological Specimen Holding Faci 1 i ty  will a1 low for  the involve- 
ment of many s c i en t i s t s  with minimum hardware costs.  There will be a broad L i f e  Sciences 
Program which i s  currently in the conceptual phase (some few ideas are now represented by 
preliminary designs). Perhaps the most important point i s  t ha t  f o r  the diverse program t o  
be a success the par t ic ipat ion of l i f e  s c i en t i s t s  such as you i s  required. 
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TRENDS OF THE 1980's - INTEGRATED SPACE OPERATIONS 
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Figure 1.- Space Shuttle era (~AS~-S-74-5358~). 



TO ESTABLISH A NATIONAL SPACE TRANSPORTATION CAPABILITY THAT WILL 
O SUBSTANTIALLY REDUCE THE COST OF SPACE OPERATIONS AND 
O PROVIDE A CAPABILITY DESIGNED TO SUPPORT A WIDE RANGE 
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Figure 2.- Space Shuttle Program objective (NASA-S-74-5359~). 
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Figure 3.- Space Shuttle mission profile (NASA-S-75-868). 



Figure 4.- Space Shuttle Program activities ( NASA-S-75-15027). 







SPACE SHUTTLE 
SPACELAB mj . . 

EUROPEAN SPACE AGENCY ( ESA 1 

53.1% W. GERMANY 

* ESA MEhlBER BUT 
NOT INVOLVED I N  SPACE LAB 

"* NON NMEMBER OF ESA =%2b 

Figure 7.- Extent of international cooperation in manned space flight (NASA-S-74-3431~). 
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Figure 8.- Life science program overview ( N A S A - S - ~ ~ - ~ O ~ ~ ~ A ) .  



(1) FLIGHTS CONTINUE AT 2,"fEAR THRU 1987. 
THEN 3BEARTHRU 1 9 9 1 F O R A T O T A L O f f  
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Figure 9.- Space Shuttle/Spacelab/Life Sciences Laboratory (LSL) traffic model (NASA-S-76-10161). 
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Figure 10.- Life science payload characteristics ( ~ ~ ~ ~ - ~ - 7 6 - 1 0 1 5 7 ) .  
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Figure 11.- Conceptual design sketch of biomedical COL (NASA-S-76-10158). 
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Figure  12.- Typical  mini lab f o r  b i o l o g i c a l  specimen examination and experimentation. 








