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FOREWORD 

A 90-day manned test  of a regenerative l i f e  support system i n  a space sta- 
This test  was conducted by t ion  simulator w a s  completed on September ll, 1970. 

the  Mcflonnell Douglas Astronautics Company, Western Division, under contract 
NAS~-8997 t o  the Langley Research Center, National Aeronautics and Space 
Administration. 
ducted as an in tegra l  par t  of the tes t  with the pr incipal  investigators pro- 
vided by other NASA centers, Department of Defense, Department of Transportation, - 
Atomic Energy Commission, industry, and universities. Preliminary results 
obtained from this t e s t  were presented a t  a symposium held a t  the Langley 
Research Center, Hampton, Virginia, on November 17 and 18, 1970. Most of the 
investigators involved i n  the test, including those from McDonnell Douglas 
Astronautics Gmpany and the Langley Research Center, presented the i r  i n i t i a l  
findings a t  this symposium, and these presentations a re  compiled i n  t h i s  doc- 
ument. It i s  emphasized tha t  these resu l t s  are preliminary i n  nature, and it 
i s  expected tha t  more detailed, f i n a l  reports w i l l  be issued at later dates. 

A number of unique investigations and studies were also con- 
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R A T I O W  FOR I N ' I E G R A m  Urn SUPPORT SYSTEMS 

Walton L. Jones, M.D. 
NASA Office of Advanced Research and Technology 

The purpose of t h i s  paper is scuss the r a t i o  
grated l i f e  support systems. Much essional e f for t  
past  year on the 9O-day manned run this  e f for t  has made a r e a l  c 
t o  the space program. 
concerned with environmental problems. 
ecology i n  a space cabin, the poss ib i l i t i es  of applying these same concepts t o  
earth's problems have been recognized. on of the eco- 
nomic and human resources will be most rewarding. t i ng  matter t o  
contemplate the development of technologies that may one day purify the waters 
of the earth and provide techniques f o r  handling the ever more complex problems 
of waste disposal. It i s  believed t h a t  some of the most vexing problems now 
faced by the present society will be solved by the technologies which are the 
responsibility of the participants i n  this conference. 
these goals within a reasonable time frame, there must be a careful. coordination 
of i nAustry and government effor ts .  

All the participants have, at  the s 
I n  the e f for t s  t o  

The result ing consem 
It i s  an e 

I n  order t o  accmplish 

$re 1 br ie f ly  summslsl 'zes the s ta tus  of l i f e  support research and the 
3 expected t o  support missions i n  the 1980 t o  1-98? time period. 
horn are  familiar t o  those closely involved in  expediting these research 

P 
m 
F .s . 

The ele- 

Le approach t o  re l iable  system development, as is  well known, must proceed 
Z f u l  steps, from the conceptual stage, through subsystem development, 
-based t e s t s ,  and f ina l ly  integrated t e s t s  of t o t a l  systems. 
ndicated at  the l e f t  of figure 1 demonstrated f o r  the first time i n  an 
ed manned run that potable water could be recovered from urine and that 

m u  b.-ruld consume th i s  water without detriment t o  h i s  health. 
t e s t  demonstrated tha t  unscheduled maintenance could provide a p a r t i a l  answer 
t o  the redundancy problem. 

The 60-day 

In  addition, the 

The 90-day t e s t  i s  now complete and confidence i n  the ab i l i t y  t o  ultimately 
maintain man i n  a controlled ecology i n  the environment of space f o r  chosen 
periods i s  being gained. 
t ro l ,  modular configuration, and the usefulness of a larger crew fo r  future 
longer ground tests. 
the building of complicated systems f o r  extended t e s t s  i n  space f l igh t .  
answers must be determined economically here on the ground. 
proceed i n  logical  increments. 
has been considered; l a t e r ,  a year-long t e s t  may be possible. 

However, it has indicated the need for automatic con- 

These t e s t s  will be most important, f o r  cost will prohibit 

These t e s t s  would 
The 

The first t e s t  might be the 180-day t e s t  that  

The ident i f icat ion of the most competitive subsystems f o r  such successive 
steps must be accomplished through extensive ground t e s t s  that will yield valu- 
able performance data and eqerience.  The 9O-day test has, f o r  example, singled 
out pacing technologicalproblems. 
18o-day ground test can begin. 

These problems must be solved before the 

1 



However, it must be remembered tha t  i n  sp i t e  of a l l  technical expertise, 
both i n  space and on earth, man is  the most important component of the system. 
L i f e  support systems which control h i s  ecology must, therefore, obviously be 

ed t o  in te r re la te  man's needs and capabili t ies closely. A number of 
s above and beyond superior hardware design must be consi 

ther  some system of ar t  

they w i l l  a l so  have t 
tance of preserving in-fl ight samples of biological wastes fo r  analysis, the 
psychological significance of volume constraints, food and water requirements, 
and the l ike ,  a l l  affect  regenerative system design. 

I n  addition t o  the problems of identifying the medically significant fac- 
t o r s  f o r  space missions, developing and designing effective subsystems, and 
selecting the most appropriate combinations f o r  specific missions, there i s  a 
f i n a l  requirement t o  study carefully the interrelat ion o r  interfaces of the 
equipment and the crew. The efficiency of the man-machine interface design 
represents an important variable i n  the determination of overall  system effi- 
ciency. Equipment b u i l t  f o r  use or operation by humans must be designed i n  
terns of the best  available information concerning human capabili t ies,  prefer- 
ences, and f r a i l t i e s .  Portunately, a significant body of information of th i s  
class now i s  available i n  large par t  as a resu l t  of intensive research e f for t s  
conducted under the auspices of the National Aeronautics and Space 
Admini stration. 

2 







TEST OBJECTIVES AND PROGRAM MANAGEMENT 

by J .K.  Jackson 

McDonnell Douglas Astronautics Company 

SUMMARY 

Objectives of the 90-day operational manned tes t  involved the evalua- 
tion of an advanced regenerative life support system similar  to that of an 
orbiting scientific laboratory under closed-door conditions. 
included determination of long-term operating character is t ics  and power 
requirements of individual subsystems and the total system; measurement of 
mass  and thermal  balances; determination of the ability of the tes t  crew to 
operate, maintain, and repair  onboard equipment; measurement  of chemical 
and microbial equilibrium of the closed ecological system; assessment  of the 
effect of confinement on the psychological and physiological character is t ics  
of the tes t  crew; and collection of data to ass i s t  in determining the precise 
role of man in performing in-flight experiments. 

These objectives 

To implement the performance of this tes t  a program mangement team 
was established by McDonnell Douglas Astronautics Company (MDAC). This 
group, headed by a P rogram Manager, included the necessary technical and 
scientific specialists to plan and execute the tes t  program. 
Manager reported to MDAC Senior Management and also served a s  the prin- 
cipal technical interface with the NASA program personnel. 

The Program 

INTRODUCTION 

In the development of life support systems for advanced manned space- 
craft, extended manned tes t s  of integrated systems provide valuable data on 
the performance of subsystems under continuous operating conditions, the 
ability of the crew to operate and maintain them, and the requirements of the 
crew for maintenance of their  physiological and psychological health for 
efficient accomplishment of mission objectives. 

The following papers present the results of such a tes t ,  for a period of 
90 days, using an advanced operational regenerative life support system 
under closed-door conditions. The test ,  performed in a Space Station Simu- 
lator (SSS), included the evaluation of a number of advanced life support sub- 
systems with backup provided by alternate subsystems that had undergone 
extensive manned testing. 
equipment, the men, and the man-system interface. The tes t  was performed 
by MDAC under the direction of the NASA Langley Research Center and 
sponsored by the NASA Office of Advance Research and Technology. Results 
obtained by a number of other contractors and investigating agencies will also 
be presented. 

Data were obtained on the performance of the 
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Previous tes t s  of complete, manned life support systems have been 
performed by MDAC for a period of 60 days in the Space Station Simulator 
(refs.  1, 2, and 3)  ted Life Support 
System (IUS) (ref. 
and others of short  
Features  that were  
the tes t  crew, design of c 
design of subsystems, and 
f rom the previous t e s t s  and assis 
tional simulation, as well as incr 
attainment of detail 

The 90-day tes t  was planned to obtain complete data in the interacting 
To obtain these data, the effects of the crew and the life support system. 

following objectives were established: 

A. 

B. 

C.  

D. 

To demonstrate a capability to  operate a multi-man life support 
system in a continuous regenerative mode for a 90-day period without 
resupply. The system must  provide a habitable atmosphere, food 
and water for nutritional support, and personal accommodations 
consistent with man's  needs in the a r e a s  of personal hygiene, waste 
management, comfort and health. The system will include regenera- 
tive oxygen and water loops. It will be a goal to minimize the amount 
of stored expendable mater ia ls  required for the tes t .  

To obtain total life support system and subsystem performance 
characterist ics which include a mater ia l  balance, a thermal  balance, 
and power requirements. 

To operate with no mater ia ls  passed into o r  out of the tes t  chamber 
for the maximum possible duration to permit the chemical and micro- 
biological characterist ics of the atmosphere, processes  and hardware 
to  reach operating equilibrium under man-loaded conditions and to  
determine the capability of the system and crew to operate without 
resupply. 
to hold the passing in and out of mater ia ls  to a minimurn and when- 
ever  feasible, mater ia ls  to be passed into the chamber will be 
st  e rilized. 

To demonstrate man ' s  capability to perform in-flight maintenance a s  
a means of increasing system reliability and to  demonstrate the 
capability for in-flight monitoring of the necessary human, environ- 
mental, and system parameter  s ,  

If resupply i s  required, it will continue to be an objective 
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duration expos the cabin atmos- 
w work r e s t  cycles. 

PROGRAM ORGANIZATION 

In order  to  manage the planning and operation of the tes t  for MDAC, the 
program organization shown in figure 1 was established. 
program manager was a staff of specialists in technical and scientific a r eas  
to provide assistance in planning and execution of the tes t .  
was the Test  Medical Director, responsible for the manned testing and 
medical aspects of the program. 
provided in a r e a s  of contracts, administration, and financial control. The 
program manager reported through the Chief Engineer of the Advance Bio- 
technology and Power Department to the MDAC senior management and served 
also as the principal point of contact with NASA for exchange of technical 
information. 

Reporting t o  the 

His assistant 

Business management support was also 

Figure 2 shows the relationship of the 90-day t e s t  p rogram organization 
Although the direct  line of com- to  the MDAC senior organization structure.  

mand was through the Advance Systems and Technology Subdivision, extensive 
support to the program was provided by the Development Engineering Sub- 
division. 
technical services  by the Engineering Laboratories Department and constitu- 
tion and review of the Operational Readiness and Inspection Committee which 
reviewed the t e s t  planning and documentation f rom a standpoint of operational 
safety and presented findings to  the Vice P r e  sident/Development Engineering 
and to  the NASA Langley Operational Readiness Review Committee. 

This support principally included the provision of facilities and 

TEST CREWMEN 

The four men who manned the SSS during the 90-day t e s t  performed many 
services  which were essential  t o  its successful completion. 
services  were  the collection of much of the data on mass balance, performance 

Among these 
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of highly skillful repairs  on equipment, patient compliance with scheduled 
task assignments, collection and management of medical samples and physical 
data, and provision of much relevant psychological data by answering ques- 
tionnaires and operation of performance testing devices. 
basic information on these men. 
the same training program and assis ted i 
were a major  factor in the program. 

Table 1 shows 
The four backup crewmen who 

perations during the t e s t  a lso 

CONTRIBUTING AGENCIES 

Many contributionsfto the SUC s of the 90-day tes t  were  made by 
scientists and engineers  f rom many Government agencies, universities, and 
industrial organizations, listed in Tables 2, 3 ,  and 4, respectively. Repre- 
sentatives of many of these organizations will present resumes of their  find- 
ings in following discussions. It is sincerely regretted that it is not possible 
for a l l  t o  participate a t  this time. 
to  participate in this discussion, a s  well a s  those a r e  included. 

Much credit  is due to  those who a r e  unable 
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Table 2 

PARTICIPATING GOVERNMENT AGENCIES 

Four- Gas Spectrometer 
EE G 
Breath Analysis 
Crew Selection 
Psychomotor T e ste r 
Microbial Sensor 
Mission Analysis 
Zero-g Porous Plate H20 Separator 
Solid Amine C02  Concentrator 
Pulmonary Function 
Zero-g Humidity Control 
W a t e r  Electrolysis 
Psychoacoustics 
Microbiologic Analyses 

NASA-ARC (Ames 1 
Critical  Task Tes te r  
Visual Tes te r  
Response Tes te r  
Glycerol Experiment 

NAS A-MSC (Houston) 
Apollo W a t e r  Dispenser 
Urinal 
Tissue Dispenser 
Teflon-Coated Fiber  glass 
Fluore 1/ Refs e t  Elas  tome r s 
Apollo-Type Crew Suits 
Fireproof Games 
Fireproof Paper 
PBI Fabrics  
Virus /Mycoplasma Analyses 
Vitamin D Assays 

U. S. Army/Natick Labs 

Freeze-Dried Foods 

C02 Study 
Habitability Evaluation 
Skylab Light Level 

USN-Submarine Medical Research 

C 0 2  Blood Studies 

Laboratory (Groton) 

US N-Neurop s y chiat r i c  Re s e a rch  
Institute (San Diego) 

Crew Selection 
EEG Studies 

U. S. Department of Transportation 

Particulate Sampling 

Naval Medical Research Institute 

Blood Analysis 
Crew Selection 
EEG Studies 

10 



Table 3 

PARTICIPATING UNIVERSITIES 

University of California at  Los Angeles 

Noninterference Performance Analysis 

Test  Crewmen 

University of Chicago 

Pic0 Library and Projectors  

Medical College of Virginia 

Potable Water Virology 

Texas Christian University 

Crew Selection Cr i te r ia  

California State College at Long Beach 

P s y cho diag no s ti c s 

Test Crewmen 

California Institute of Technology 

Test  Crewmen 

University of Southern California 

Tes t  Crewmen 
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Table 4 
CONTRIBUTING CONTRACTORS 

Aerojet- General 
T race  Contaminant Analysis Toxin Burner 

General Elec t r ic  

Commode 

Litton (Atherton Division) 

Microwave Oven 

Litton (Stouffer Foods) 

Frozen Prepared  Foods 

S cheufelin Papie r fabr ik Company 

Fireproof paper 

Pe rkin- Elmer  

Four  - Gas Mas s Spe ct romete r 

Dupont 

Teflon-Coated F iber  glass 

MDAC - We s t 
Thermal  Control 
Urine Collector 
Air Evaporator W a t e r  Reclamation 
Molecular Sieve GO2 Concentrator 
Sabatier Reactor 

Monsanto 

Heat Transfer  Fluid (Coolanol 35) 

Monsanto Chemstrand Division 

Durette Fabrics 

Two- Gas Control 
Life Support Monitor 
Wash W a t e r  Recovery 

Lockheed 

Zero- g Humidity 
Water Electrolysis 

Mon santo Re search / Mound 
Laborat o r ie s 

Radioisotope Heaters  

Mas sachusett s General  Hospital 

Vitamin D Assays 

Cent r a1 Laboratorie s (Pica- Rivera) 

Clinical Analyses 

Hamilton- Standard 

Solid Amine GO2 Concentrator 

AiResearch 

Sabatier Reactor 
LiOH C02  Removal 
Apollo H20 Dispenser 

3M Company 
Fluor  el / Refs et  Elastomers  

B. Welson 

Apollo-Type Crew Suits 

Pa rke r  Brothers 

Fireproof Games 

Celane se Corporation 

Allis- Chalmers  PBI Fabr ics  
W at e r Ele  ct r oly si s 

Aurora Engineering 
Autoclave Pass- Through 

System Technology, Inc. 

Cri t ical  Task  Tes te r  

12 



Table 4 (Continued) 

Oregon Freeze Dry 
Freeze Dried Foods 

Computer Communications, Inc. 
Acoustic Data Link 

Warren E. Collins 

Bicycle Ergometer 

Douglas Aircraft Company 

Behavioral Acoustics 
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FACILITY SUPPORT SYSTEMS 

By J. P. Valinsky, R. L. Malin, and N. R. Radke 

Mc Donne11 Douglas Astronautics Company 

SUMMARY 

The facility for  a 90-day manned tes t  of a regenerative life support system 
is described including the support systems which were  assembled to satisfy 
the program objectives and the safety requirements. 
equipment that a r e  included are: the Space Station Simulator (SSS) chamber, 
the heating and cooling heat t ransfer  loops, the electr ical  power system, the 
vacuum and f reeze  t rap  systems, the gas analysis system, the communica- 
tions system, and the data system. 

Specific systems and 

A review of the significant chronological events and resulting solutions 
will be discussed; a lso pertinent data, conclusions, and recommendations will 
be presented. 

The supporting laboratories which included microbiological, water 
analysis, and medical, a r e  described and their  effectiveness is discussed. 

INTRODUCTION 

The facility systems fo r  the 90-day manned tes t  provided a tes t  bed fo r  
the life support equipment and crew 
required to insure a safe test. 

and the personnel protection provisions 

The facility supplied electr ical  power, heating and cooling fluids, gaseous 
nitrogen, and vacuum capability to the life support systems. Facility systems 
monitored the life support system performance and all the parameters  cr i t ical  
to crew safety. 
and to support the chemical and microbiological laboratories. 

Outside laboratories were  used to  provide medical analysis 

The SSS (table 1) consists of a closed chamber and equipment necessary 
to evaluate a four-man crew and their  life support systems under simulated 
Earth orbital  space station conditions. 

The SSS chamber is a double-walled cylinder, 12 ft in diameter  and 40 ft 
long. 
diameter pass-through a i r  locks, one equipped with an autoclave for micro-  
biological control during pass-through operations. The chamber is operated 
at reduced atmospheric pressures  to duplicate planned space cabin gas com- 
positions. The annular space between the inner and outer walls is evacuated 
to slightly below cabin pressure,  ensuring that all leakage is  outboard to pro- 
vide realis tic testing of environmental control and life support equipment. 
Chamber leakage averaged less than 1 lb/day during previous tests.  The 

The 4,100-ft3 chamber contains a 150-ft3 air lock and two 18-in. - 



chamber is provided with 4 in. of thermal  insulation to minimize heat t ransfer  
and acoustic transmission, In the chamber, the noise-generating life support 
systems and experiments are separated f rom the crew living and recreation 
a r e a  by an acoustical b a r r i e r  wall. 

COOLANOL SYSTEMS 

The cooling and heating requirements for  the SSS life support and envi- 
ronmental control subsystems a r e  fulfilled by two fluid conditioning and trans- 
port  units. 
the thermal  control unit, the carbon dioxide concentrators, the potable and 
wash water recovery unit, the Sabatier unit, and the electrolysis unit. The 
fluid heating facility (table 3) provides Coolanol 35 a t  235°F o r  350°F to the 
carbon dioxide concentrators. 

The cooling fluid facility (table 2) provides Coolanol 35 at  34" F to 

The cooling fluid facility i s  located outside the SSS and consists of a 
90-gallon insulated storage tank; two Freon refrigeration systems to cool the 
Coolanol 35; a circulation pump for each system to force Coolanol 35 through 
the evaporator coils and back to the storage tank; and an external plumbing, 
system, with two pumps in  parallel, to supply the Coolanol 35 to the SSS and 
return i t  to the s torage tank. 

The heating fluid facility is also located outside the SSS and includes a 
45-gallon insulated storage tank, a 15-kW immersion heater within the tank 
to heat the Coolanol 35, a powerstat to control the voltage to the heater,  a 
thermostat to control the temperature of the Coolanol 35 within the storage 
tank, and a circulation pump. 

ELECTRICAL POWER 

The electr ical  power required for  operating the SSS subsystems and the 
support facilities includes the following (table 4) : 

A. 400-cycle, 120/208-volt, three-phase. 
B. 6O-cycle, 440-volt, three-phase (not available inside SSS). 
C, 60-cycle, 115-volt, single-phase. 
D. 28-volt dc. 

In addition, backup power is provided by a 400-cycle standby motor gen- 
e ra tor  set ,  a 28-Vdc power supply and an emergency 28-Vdc battery-operated 
system. 
but will automatically supply power to cr i t ical  circuits i f  the pr imary 28-Vdc 
supply i s  terminated. 

The battery system is normally under a regulated trickle charge, 

VACUUM FREEZE TRAP SYSTEM 

The vacuum freeze t rap  system consists of two par ts  (table 5). One 
portion, the waste management vacuum system, serves  the commode unit 
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of the waste management subsystem and the C02 concentrator during bakeout 
cycles on the molecular sieves. 
(VD-VF) vacuum system services  the VD-VF potable water recovery unit. 
These systems a r e  separated to prevent any possible bacterial  contamination 
of the potable water sys tem by the waste management system. 

The vacuum distillation-vapor filtration 

The waste management vacuum system (fig. 1) consists of two mechanical 
roughing pumps, two cold t raps  , and a system for  controlling the temperature 
and flow rate  of gaseous nitrogen through coils in  the cold t raps .  The VD-VF 
vacuum system is very s imi la r  in  arrangement and operation to the waste 
management vacuum system. 
two vacuum pumps, and various valves and plumbing. 
the same temperature control system as  the waste management vacuum 
sys tem. 

It consists basically of two small cold traps, 
The cold t raps  sha re  

GAS ANALYSIS 

The composition of the SSS atmosphere during the manned operation was 
determined on a continuous basis and by individual samples taken at  frequent 
intervals (table 6). 
console (fig. 2). 

Continuous analysis was  performed by the gas analysis 

Representative samples of cabin a i r ,  taken f rom one of 24 preselected 
locations (fig. 3),  a r e  compressed to sea-level pressure  in the gas analysis 
console and can be withdrawn by syringe and needle technique for detail 
analysis by gas chromatograph o r  measured quantities can be passed through 
a liquid nitrogen freeze-out t rap  for concentration of organic t race  
contaminants. 

COMMUNI CA TIONS 

The SSS communications system provides visual and auditory links 
between operating staff and crew members  (table 7 and fig. 4) for: 

A. Monitoring the health and well-being of the crew a t  a l l  times. 

B. Transmission of audio-visual repair  and maintenance information to 
the SSS crewmen. 

Provision of information f o r  evaluation of man-machine interactions 
during manned tests. 

C. 

D, Transmission of commercial  TV and taped entertainment to crewmen. 

E. Recording of video and/or  audio information from selected a reas  
within the SSS. 

F. Recording of video and audio information during emergency 
situations. 

G. Control of a l l  communications f rom one central  console. 



H. 

I. Private channels of communication f rom selected intercom 

Outside telephone communication f rom normal  intercom stations. 

stations. 

INSTRUMENTATION AND DATA ACQUISITION 

The major  systems used to acquire and display data, shown on figure 5, 

A. 

B. 

C. Acoustical data link. 

a re :  

Low speed data sys tem (LSDS). 
Life support monitor console (LSMC). 

Table 8 is a summary of d a t a  recorded on this system. 
The LSDS is a self-contained, general-purpose data acquisition and 

recording system. 
the data to digital values, and records on magnetic tape. 

It accepts analog data f r o m  10 mV to 5 volts, converts 

The LSMC consists of a wide variety of signal conditioning and data dis- 
This console provides on-line data displays and the audio play instruments. 

and visual alarms of cr i t ical  parameters .  

The acoustical data link provided a remote computer terminal  that was 
used to t ransmit  and receive data to and f rom a remote computer using 
standard telephone lines. 

The terminal inside the SSS a t  the command console was used to summon 
crew subroutines and control the entry of raw data. 
play s tored information as  required by the crew. 

It was also used to dis- 

MICROBIOLOGICAL LABORATORY 

At specified intervals throughout the course of the test, microbiological 
analysis was performed on samples of potable water, wash water, station 
surfaces,  station atmosphere, and the nose and throat of the crew members .  
A l l  equipment necessary for  the collection and culture of the water samples 
was stored on board (table 9). 

CHEMICAL LABORATORY 

Chemical analysis of atmospheric t race  contaminants, potable and wash 
water were  performed in the laboratory located in  same  building as the SSS. 
Potable water  samples were sent  to the chemical laboratory at  Santa Monica 
for  metal  analysis (table 10). 
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MEDICAL LAB0 RA TORY 

The medical laboratory was used to prepare samples for  shipment to the 
supporting laboratories (table 11). 

SAFETY AND OPERATIONAL READINESS 

Safety and operational readiness reviews were nducted in  preparation 
for manned testing in  accordance with established MDAC procedures (Control 
Procedure C P  5.061-C) and with NASA Langley Research Center Management 
Manual Instructions 1710. 1, 1710. 2, and 1710. 3. The sequence of events for  
these reviews is shown in figure 6. 

The MDAC Operational aeadiness  Inspection Committee (ORIC) was 
constituted by and reported to M r .  W. H. P. Drummond, Vice President  of 
Development Engineering for  MDAC-West. 
composed as shown in table 12. 
complete review of the safety aspects of the tes t  during the planning stages, 
covering the subject mat ter  shown on table 13.  Tables 14 and 1 5  show some 
of the safety equipment included inside the SSS and nearby. 
ORIC review were presented to Mr. Drummond and to the NASA Operational 
Readiness Review Committee. 

Membership of the ORIC was 
This committee provided a continuous and 

Results of the 

The Operational Readiness Review Committee (ORR) was constituted by 
NASA LRC with Mr. H. A. Wilson as chairman. In addition to review of the 
test  safety aspects,  as presented by the ORIC, this committee also reviewed 
the tes t  readiness f rom the standpoint of meeting contractual objectives. 
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Figure 1 .- Waste management vacuum system plumbing schematic. 

(ONE ATMOSPHERE) 
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--- 
Figure 2.- Gas analysis console system. 
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IC-7 

5 

S P A C 9  @ IC-4  I 
LEGEND A I R  LOCK CONSOLE 
I CAMERA 
8 INTERCOM 

f -@ TVMONITOR 

,Figure 4. - Space station simulator communications. 

S PACE STAT I ON ' LIFE SUPPORT 
MONITOR CONSOLE 

I SIGNAL 
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mV 
OHMS 
7 

LOW SPEED DIGITAL SUBSYSTEM 
INPUT RANGES: 

10 mV, 100 mV, 1V & 5V 
+L(BNc) F p "  SCALE 

BR I DGE SAMPLE RATE 
1 SAM PLElS EClC HANNEL 

FULL SCALE 
OUTPUT: 
1023 COUNTS 

FORMAT TO TAPE: 
FRAME SYNC, TIME-SECJ'IME-Mlh 

1 I 8 
1 

SDS 930 

STORAGE AND/OR OUTPUT 
IN REPORT FORMAT 

TERMINAL 
COMMUNICATION 

TIME SHARE COMPUTER 
'I LINK 

[TSCTb 
i 

TSCT- TIME SHARE COMPUTER TGAS - TWO GAS ATMOSPHERE 
TERM I NAL SENSOR (PERKIN-ELMER) 

Figure 5.- Life support instrumentation data management subsystem. 
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Figure 6.- Operational readiness review flow chart. 



TABLE 1 
CHAMBER AND HABITABILITY FEATURES 

CHAMBER VOLUME 

CHAMBER PRESSURE 10 PS I A  517 TORR 

4100 CUBIC FEET, 116 CUBIC METERS 

CHAMBER TO ANNULUS AP 5 INCHES H20, 9.3TORR 

AVERAGE TEMPERATURES 

CREW AREA 

BUNK AREA 

EQU I PMENT AREA 

A I  R VELOC ITY CREW AREA 

AVERAGE DEW PO I NT 

MEDIAN LIGHT LEVELS 

SKYLAB 1ST MONTH 

CREW'S SETTING 3RD MONTH 

74OF 

73'F 

78OF 

17 FTIMIN 

58OF 

6 FOOT-CANDLES 

23 FOOT-CANDLES 

TABLE 2 
COLD COOLANOL 35 SYSTEM 

0 PER AT I NG PARAMETERS 

DELIVERY TEMPERATURE 3 4 O F  
DELIVERY PRESSURE 100 PS I G  

TOTAL FLOW RATE 

AVERAGE HEAT LOAD 44,OOO BTUlHOUR 

12 GALLONS IM I NUTE 

SYSTEMS SERVICED 

THERMAL CONTROL 

POTABLE H20 RECOVERY AND HUM I D  ITY CONTROL 

s A BAT I ER 

ELECTROLYSIS 

CO2 CONCENTRATOR 

VD-VF H20 RECOVERY 

SOLID AMINE 

I SOTOPE STORAGE 
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TABLJE 3 
HOT COOLANOL 35 SYSTEM 

120/208 VOLTS, 400 Hz, 3 PHASE 

110 VOLTS, 60 Hz, 1 PHASE 

28VOLTS, DIRECT CURRENT 

0 PERAT ING PARAMETERS 

DELIVERY TEMPERATUR 

DELIVERY PRESSURE 50 PS lG 

TOTAL FLOW RATE 

HEAT SUPPLIED R 

IM I NUTE 

2700 WATTS 

3450 WATTS 

1680 WATTS I 

SYSTEMS SERVICED 

C02 CONCENTRATOR - MOLECULAR S !EVE 
- SOLIDAMINE 

SYSTEM FAILURES 

VALVE DIAPHRAGMS SEA LEVEL C/O 

QUICK DISCONNECTS UNMANNED BASELl NE 

SUPPLY PUMP 90-DAY TEST 

TABLE 4 
ELECTRICAL POWER 

I TYPE I AVERAGELOAD I 

EMERGENCY POWER 

30 VOLT ZOO-AMPERE HOUR TRICKLE CHARGED BATTERY SYSTEM 

REDUNDANT BUILDING POWER SERV ICEIAUTOMATIC SW ITCHOVER 

POWER FAILURES DURAT I ON 

4-26-70 UNMANNED BASELINE TEST 5 SECONDS 

7-22-70 4OTH DAY %-DAY TEST 3 SECONDS 

8-8-70 57TH DAY %-DAY TEST 8 SECONDS 
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TABLE 5 
VACUUM FREEZE TRAPS 

FREEZE TRAP PRESSURE 

AVERAGE DA I LY H20 LOAD 

* WASTE MANAGEMENT AND MOLECULAR SIEVE 

0 VD-VF SYSTEM 

FREEZE TRAP TEMPERATURE 

FREEZE TRAP PRESSURE 

AVERAGE DAILY H20 LOAD 

-70' TO -125OF 

5 TORR 

0.47 POUND 

TABLE 6 

GAS ANALYSIS 

GAS ANALYS IS CONSOLE 

C*2 INFRARED 

INFRARED 

co INFRARED 

TOTAL HYDROCARBONS FLAME IONIZATION 

OXYGEN PARAMAGNETIC 

HYDROGEN 

H20 

CATALYT I C OX I D I ZER 

GAS CHROMATOGRAPHS 

WET CHEM ICAL ANALYS IS 
ATMOSPHERE CONTAMINANT SAMPLING SYSTEM 

FREEZE TRAPS 
CHARCOAL ADSORPTION 
D I RECT GAS SAMPLES 

OZONE DETECTOR 
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TABLE 7 
COM~UNICATION 

AUDIO 

16 STATION 3 CHANNEL INTERCOM WITH 2 CHANNEL RECORDING 
TELEPHONE 
AMlFM RECEIVER 

CLOSED-C I RCUIT TV 

INS I DE SPACE STATION S IMULATOR 

5 FIXED CAMERAS WITH MICROPHONES, 1 PORTABLE CAMERA 
2 N MONITORS 

TEST CONTROL AREA 

1 PORTABLE CAMERA 
8 T V  MONITORS, 1 STANDARD BROADCAST REC 
2 V I  DE0 TAPE RECORDERS 
V I DE0 S PEC I AL EFFECTS GENERATOk 

SYSTEM PROBLEMS 

IMAGING ON VIDICON TUBE 
AUDIO BACKGROUND NOISE 
HEAD SETS 

i 
TABLE 8 

INSTRUMENTATION SUMMARY 

ENG I NEER I NG PARAMETERS RECORDED 

TEM PERATURES 120 
PRESSURES 18 
FLOW 23 
DEW PO I NT 3 
ATMOSPHERE 5 
EVENTS 37 
WEIGHT 10 
ELECTR I CAL POWER 7 

BIOMEDICAL PARAMETERS 

EKG 
ORAL TEMPERATURE 
METABOLIC RATE 
ERGOMETER WORKLOAD 
HEART RATE 



RfYNIER AIR SAMPLERS 

SURFACE SWA8S 

* POTA3i.E "20 

* WASH H2U 

* NOSE AMD THROAT 

* SKiN 

GAS APSALYS J S WET CHEM t STRY 

WATER AIVALYS IS 

ONE SAMPLE PER NVO WBKS 



TABLE 11 

MEDICAL LABORATORY 

BLOOD AND URINE 

BLOOD 

BLOOD 

THROAT CULTURES 

FECAL S A M  P E S  

URINE SAMPLES 

POTABLE WATER 

I 

COLLECTED AND PREPARED SAMPLES 

- CLINICAL ANALYSIS - CENTRAL ANALYTICAL LAB 

STRESS AND CO - N M R l  - 

- COP EFFECTS - S UBMAR I NE ME D I CAL CENTER 

VIRUS AND MYCOPLASMA - MSC 

VIRUS MED COLL VA 

RESPIRATORY SAMPLES - ALVEOLAR GAS 
(EXPIRED A I R )  

BLOOD SERUM V I T A M I N  D 

NASA LANGLEY 

M S C  

TABLE 12 

OPERATIONAL READINESS INSPECTION COMMITTEE 
ORlC 

CHAIRMAN 

0 EXECUTIVE SECRETARY 

0 ELECTR I CAL ENGINEER ING 

0 MECHANICAL ENGINEERING 

0 SAFITY 

0 QUALITY ASSURANCE 

@ AEROS PACE MED I C I NE 

0 EMPLOYE RELATIONS 

0 LEGAL 



TABLE 13 

SPACE CABIN SIMULATOR 
FACTORS COVERED IN SAFETY REVIEW 

PERSONNEL TRAINING 

EMERGENCY EQU I PMENT AND PROCEDURES 

MATERIAL SELECTION AND CONTROL 

QUALITY ASSURANCE 

DOCUMENTATION AND CONFIGURATION CONTROL 

FAILURE EFFECTS ANALYSIS 

OPERATING PROCEDURES 

ELECTRICAL CIRCUIT DESIGN 

MED I CAL MONITOR I NG 

FIRE DETECTION AND EXTINGUISHMENT 
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TABLF 14 
EMERGENCY EQUIPMENT - INSIDE SSS 

0 A I R  PACK BREATHING EQUIPMENT 0 SMOKE DETECTOR SYSTEM 16) 

e POCKET RESPIRATORS 

0 C02 FIRE EXTINGUISHERS (4) 

0 TRACE GAS MONITORING SYSTEM 

0 EMERGENCY REPRESSURIZATION VALVE (CABIN) 

0 PORTABLE LIGHT 

0 EMERGENCY LI GHTl NG SYSTEM (4) 

0 BACKUP INTERCOM SYSTEM 

0 EMERGENCY REPRESSURIZATION VALVE (AIR LOCK) 

0 A I R  LOCKlCABIN EQUALIZATION VALVE 

0 WARNING SIREN AND BELL 

0 WATER SPRAY SYSTEM 

0 FIRE HOSES (2) 

TABLE 15 
EMERGENCY EQUIPMENT -OUTSIDE SSS 

0 BATTERY POWER SUPPLY (28 VDC) 0 S S S  POWER SHUTOFF SWITCH 

0 BATTERY POWER LIGHTS 0 WARN I NG SI REN AND BELL 

0 BACKUP INTERCOM 0 EMERGENCY ABORT SWITCH 

0 REPRESSURIZATION VALVE (CABIN) 0 FIREISMOKE PROTECTIVE EQUIPMENT 

0 REPRESSURIZATION VALVE (AIR LOCK) 0 CO2 EXTINGUISHER (100 LB) 

0 AIR LOCKlCABIN EQUALIZATION VALVE 0 MEDlCAL TREATMENT FACILITIES 

0 C M I N  OVERPRESSURE RELIEF VALVE 0 HOT-LINE TELEPHONE 
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LIFE SUPPORT SYSTEMS 

By J. K. Jackson 

McDonnell Douglas Astronautics Company 

SUMMARY 

The interior of the Space Station Simulator was redesigned to provide an 
equipment room and a crew living a r e a  separated by an acoustic bar r ie r .  
The life support equipment, operating instrumentation, and controls were 
located in the equipment room. 
ca l  control, 
being operated for the f i r s t  time in a manned tes t  and baseline equipment 
which was available f rom the previously completed 60-day test. 
of these units in such a manner that failure of a single unit did not jeopardize 
other tes t  objectives was a major  task  of the systems engineers. 
support system included units for water management, thermal  and humidity 
control, atmosphere purification, atmosphere supply and pressure  control, 
waste management, and food management. 

Extensive provisions were made for acousti- 

E 
The life support equipment included advanced units which were 

Integration 

The life 

INTRODUCTION 

The design requirements for the life support system used in the 90-day 
operational manned test  included the following: 

Total P r e s  sure  

Oxygen Par t ia l  P re s su re  

10 f 0.3 psia (517 f 15 t o r r )  

3. 0 f 0. 1 psia (155 f 5 t o r r )  

C abin Tempe ra t  u r  e 70°F f 5°F (294°K f 2.8"K) 

Relative Humidity 40 to  70 percent 

C 0 2  Par t ia l  P r e s  sure  

Diluent: Nitrogen 

0. 0735 psia ( 3 . 8  t o r r )  

All  crew equipment, tools, and expendables were stored onboard at  the 
Pass-out s ta r t  of the mission, eliminating the need for pass-in operations. 

operations of medical samples required to verify the health of the crew and a 
limited quantity of other mater ia l  necessary for the collection of on-going 
tes t  data were conducted once weekly through a small airlock equipped with 
an autoclave that was steri l ized before each use. 
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SPACE STATION SIMULATOR DESIGN 

Figure 1 shows the configuration of the chamber that was used during the 

cludes a l l  the 
90-day tes t .  This arrangement features an eq crew living 
a r e a  separated by an acoustic ba r r i e r .  
mechanical equipment of the environmental control system and its operating 
instrumentation. A comrnand center is located at the I'front" of this room 
including the crew life support monitor, a psychomotor test console, and the 
computer-link keyboard. Computer input and output a r e  displayed on a large 
video monitor visible through the 
for ease  of installation and maint 
space for food preparation, a folding 
onboard laboratory area,  and an enclosed waste management a rea .  Two 
bunks a r e  located on each side of the a i r  lock and a r e  isolated f rom the main 
a rea  by Armalon draperies.  
influenced by previous test experience which indicated equipment and living 
a reas  should be separated and that efficient noise control is very important. 

The eq 

Much of the design of this installation was 

LIFE SUPPORT SYSTEM 

The design of the life support system involved consideration of the 
requirement for compact installation with ready accessibility for maintenance 
and repair .  The evaluation of the advanced subsystems required extensive 
integration with the previously tes ted backup subsystems. This ensured 
continuation of the t e s t  when a malfunction caused temporary o r  permanent 
shutdown of one o r  more  of the advanced subsystems, without compromising 
the remaining tes t  objectives. Figure 2 shows the interrelationships of most  
of the environmental control and life support units which will be described in 
more  detail in the following discussion. These subsystems include: 

Water Management and Humidity Control 

Atmosphere Purification and Control 

Atmosphere Supply and Pressurization 

Waste Management 

Food Management 

Table 1 presents a list of the advanced subsystems and equipment that 
were  evaluated, together with a list of backup and emergency units which 
were available for operation. In general, the advanced subsystems listed 
wexe not used previously in extended manned testing, o r  had undergone 
extensive revision since previous testing experience. They were  us.ed for 



primary life support during the 90-day test. 
been extensively tested. Although they were redesigned for the 90-day test ,  
this was intended to improve maintainability o r  improve data collection, o r  
to meet  installation requirements. The inter relation between the advanced 
subsystems and backup units is generally indicated on figure 2. 

The backup subsystems had 

Detail descriptions of the life support subsystems and the r 
obtained f rom the 90-day tes t  a r e  presented in the following papers.  

A breakdown of weights and volumes of major  i tems of life support 
equipment used in the 90-day tes t  i s  included in table 2. 
units were not designed to meet  flight weight, reliability, o r  structural  
requirements. However, these values may serve as a general guide, 
although they probably a re  usually much l a rge r  than would be found in a 
flight type design. 

Generally these 
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WATER MANAGEMENT 

By D. F. Putnam, E. C. Thomas, 
and G. V. Colombo 

McDonnell Douglas Astronautics Company 

SUMMARY 

W a t e r  management subsystems used in  the 90-day test were :  (1) isotope- 
heated VD-VF unit; (2) wick evaporator and humidity control unit; ( 3 )  detoxi- 
fication-multifiltration unit; (4) potable water storage and distribution system; 
(5) backup potable water  supply; and ( 6 )  wash water  recovery unit. The pe r -  
formance data include mass and energy balances, water chemistry, and micro-  
biological profiles. Pretest qualification procedures  a r e  covered as well a s  
operating procedures used during the manned t e s t .  

INTRODUCTION 

This paper is one of a series that descr ibes  the resul ts  of a 4-man, 
90-day t e s t  conducted in  the McDonnell Douglas Space Station Simulator with 
closed water and oxygen loops and no resupply. 
food, pretreatment  chemicals, filter beds, and machinery spare  par t s  were  
stored onboard the S S S  and no pass- ins  were made during the test. 

All expendables including 

SUBSYSTEM DESCRIPTIONS 

The water  management subsystems are shown in figures 1 through 6. 
Figure 1 i s  a schematic which shows the interfacing between subsystems. 
Figure 2 is a photograph of the isotope-heated vacuum distillation-vapor 
filtration (VD-VF) unit and the wick evaporator and humidity control unit, a s  
installed in  the S S S .  
which was completely isolated f rom the potable water units. Figure 4 is  a 
photograph of the wash water recovery unit showing the sink and the multi- 
filtration columns. 
distribution system. The insulated, heated, storage tanks were hung f r o m  the 
overhead. 
can be seen  at the right of figure 2. 
water storage and distribution system. 
penser  and the paral le l  plumbed Apollo hot and cold water dispenser. 
Figure 6 a l so  shows the backup potable water supply, which did not have t o  be 
used during the test. 

Figure 3 is a schematic of the wash water  recovery unit, 

Figure 5 i s  a photograph of the potable water storage and 

A pa r t  of the quick-disconnect water t ransfer  and line-up station 
Figure 6 is a schematic of the potable 

It shows the MDAC cold water dis- 

These subsystems are described in  more  detail below. 
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VD-VF Unit 

The basic  compone 
boiler, water c 
-238  dioxide), a 
potable water f r  
of radio-isotope 
each producing a 
boiler section to  
The result in 
less steel  wire  
source of about 
along with a 
t i es  to  carbon 
stored in  an 
overboard va 
microbiologically acceptable, it w a s  pumped directly t o  a storage tank. 
periods of unacceptability because of taste,  odor, o r  microbiological con- 
tamination, it was pumped t o  the detoxification-multifiltration unit for further 
processing. 

During 

Radiation shielding was provided by a movable water jacket, which is 
shown in figure 5. A shielded, cooled storage facility was a l so  provided 
inside the SSS for storage of the isotope capsules after removal f rom the 
VD- V F  boiler. 

Wick Evaporator Unit 

The basic components of this unit a r e  s ix  wick packages, blower, carbon 
filter, particulate filter, and zero-g condenser separator.  

This unit was used a s  a backup for  the VD-VF unit for recovering pot- 

When used to  recover potable 
able water from urine, processing excessive humidity condensate not used 
by the VD-VF unit, and for  humidity control. 
water f r o m  urine, the pretreated urine was pumped to  one of the wick packages 
where heated cabin air f rom the blower evaporated the water, leaving the 
urine solids in  the wick. The water vapor then passed through the carbon 
and particulate f i l ters  and through the condenser separator  where the water 
was removed and pumped to one of two zero-g holding tanks in the detoxi- 
fication-multifiltration unit. The water was held a t  160°F (344°K)  for a 
6-hour bacterial  kill t ime and then multifiltered to one of the use tanks. 

When the unit was used for humidity control only, the a i r  flow was by- 

a tes  on a hydrophobic- 
passed around the wicks to the  condenser separztor. The separator i n  t h i s  

i l e  and Space Cornpay, 
ne mesh Teflon-coated s l e s s  steel screen i s  

treatment was 4 m l / l  of the following solution. 
3 9 . 8  percent H2SO4, 4 7 . 3  percent H20,  9 . 8  percent CrOg, 3. 1 percent 
CuSO4, density = 1.42 g / m l .  
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the hydrophobic element i n  the a i r  stream, and an uncoated s ta inless  s t ee l  
screen is  the hydrophilic element for removing the separated water. 

The separated water could be removed i n  e i ther  of two ways: (1) a negative 
pressure  cylinder, with a spring force equal to the hydrophilic sc reen  differ- 
ential p ressure  rating, was filled f rom the separator  and then pumped to one 
of the two holding tanks o r  (2)  the negative pressure  cylinder 
utilizing the differential p ressure  sensing switch and pumping 
as par t  of the condenser separator unit. 

uld be filled by 
s t e m  supplied 

Detoxification- Multifilt ration Unit 

The detoxification- multifiltration unit consisted of two zero  - g holding 
tanks in which water was held for  a minimum time of 6 hours a t  16OoF, a 
1-micron fi l ter  followed by an activated carbon column, two ion-exchange 
columns, and a final activated carbon column. 
mately 0 .2  lb of material .  

Each column contained approxi- 

Potable Water Storage and Distribution System 

This sys tem consisted of four heated zero-g storage tanks, distribution 
panel, circulation pump, 1-micron filter, chiller, MDAC dispensing unit, and 
Apollo hot and cold water dispensing unit. The system is shown schematically 
in figure 6. 

The four storage tanks a r e  shown hanging f rom the overhead in their 
installed positions in figure 5. 
lines on the distribution panel. 
rotational sequence according to a plan in which the status a t  any time was 
one tank being filled, one tank being chemically and microbiologically checked, 
one tank certified potable awaiting use, and one tank being used. 

Figure 2 shows the flexible quick-disconnect 
The four storage tanks were used in 48-hour 

The distribution panel (fig.  2 )  contained movable piping connections and 
valving to place each of the potable tanks in i ts  proper status. It a lso provided 
for a convenient location to draw samples a t  any time from any tank for micro- 
bial and chemical analyses. 

The circulation pump provided a continuous flow of hot water f rom the use 
tank to the use point and return, to prevent bacterial growth during nonusage 
in an otherwise stagnant line. 

Backup Potable Water Supply 

The backup potable water supply consisted of a stainless steel  tank con- 
taining 400 lb  of iodine-treated distilled water. This water was to be used in 
the event of complete failure of both the V D - V F  unit and wick evaporator unit 
to produee potable water.  
microbiological control. 

The iodine level was maintained at  5 ppm to provide 
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Wash Water Recovery Unit 

This unit used multifiltration and heat s terilizatioh to recover water for  
personal hygiene, laundry, 
basic components of this un 
tion module, heat exchanger, sink with m 
and dryer .  Basic H, a con 
cleansing agent was used i 
figure 3 .  The multifiltration module consi d 1-micron 
filter s e r i e s  followed by an activated c a r  
columns, and a final activated carbon column. 

m is shown in 

In operation, the used water was pumped f r o m  the sink to the f i rs t  heated 
tank and then processed automatically through the multifiltration module to 
the second heated tank and i s  then ready t o  be reused. 
mixing supply valve proportioned the amount of water through the heat exchanger 
t o  provide the desired temperature. 

' 

The manually operated 

PRETEST QUALIFICATION 

Pr io r  to the s t a r t  of the 90-day test, the water management system was 
operated with r ea l  urine for 3 weeks to obtain mechanical, chemical, and 
microbiological certification. The chemical results a r e  shown in table 9 and 
the microbiological resul ts  a r e  shown in table 1. During the checkout proce- 
dure, high levels of cadmium were initially found in water f rom tanks 4 and 5. 
A thorough inspection disclosed that a cadmium-plated b ras s  fitting had inad- 
vertently been installed in the discharge port of tank 4. 
that cadmium was leaching f rom a similar fitting in one of the VD-VF boilers.  
After both fittings were replaced, no further high cadmium levels were 
detected. A small  amount of microbial contamination was found in two of the 
storage tanks (see table l), but in repeated tes t s  a t  a la te r  date, no contami- 
nation was found. 
crewmen participating, and the reclaimed water was found acceptable. A 
silver-ion generator, which had been installed in the sys tem for microbiologi- 
cal  control, did not pass  qualification tes ts  because of insufficient ion concen- 
tration and high microbe levels downstream of the generator. 

It was also discovered 

Both taste tes t s  and consumption tes ts  were run, with the 

The microbiological procedures used to qualify the sys tem and produce 
the resul ts  shown in table 1 were in accordance with the National Academy of 
Sciences ad hoc Cormnittee's recommendations for w a t e r  quality standards f o r  
long-duration manned space missions (unpublished). 

This committee recommended that microbiological sampling during sys  - 
t em qualification include testing for aerobic organisms (both gram negative 
and g r a m  positive), anaerobic organisms, fungal organisms, and viruses. 

The procedure used for bacteria and fungi was that recommended in 
reference 1. 
media for identification a s  shown in figures 7 and 8. 

All isolated organisms were subcultured to specific differential 



Testing Procedure for Bacteria and Fungi 

For  the standard pour plate procedure, each sample tested was collected, 
by use of s t e r i l e  techniques i n  Mhirl-Pac bags and labeled with t 
site and date of collection. Duplicate pour p la te  serial d i lu t io  
were done on each specimen, incubating one at  370 C f o r  48 hours f o  
counts and one at 220 c (room temperature) f o r  7 days f o r  fungi coun 

A presumptive test  for coliforms, by means of lactose broth fermentation 
tubes, was a l so  done using 2 ml of the original water sample. 

One milliliter of each water sample was a l so  inoculated into Thiogly- 
collate Medium, which permits  the growth of the s t r ic tes t  anaerobic as well as 
aerobic organisms. 

Differentiation of Organisms 

If aerobic growth appeared in the Thioglycollate Medium, this culture was 
subcultured onto Blood Agar, Eosin Methylene Blue Agar, and Staphylococcus 
Medium No. 110 for identification. 

A. 

B. 

C. 

D. 

Blood Agar is a general nondifferential medium which will grow both g r a m  
negative and g ram positive organisms. 
backup source for any organisms isolated. 

This medium was used as a 

Iosin Methylene Blue Agar is a differential plating medium which is selec- 
tive for g r a m  negative organisms. 
were tested by means of biochemical reactions (such as ci t ra te  fermen- 
tation) for identification. 

Any organisms isolated on this medium 

Staphylococcus Medium No. 110 is selective for  g r a m  positive organisms, 
especially in the Staphylococcus group. Any growth on this medium was 
tested for  the coagulase reaction which identifies Staphylococcus aureus.  

Fungus colonies which grew on the pour plate cultures incubated for 
7 days a t  room temperature were identified by their  colonial morphology. 

Viruses 

Analyses f o r  viruses  were conducted at Virginia College of Medicine. 
During the 90-day test all water  was collected in  sterile plastic bags f rom the 
Apollo hot water  dispenser. Samples of approximately 250 ml were  collected 
just p r io r  to passout and stowed outside at  -76' C u n t i l  shipment. 
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OPEXATING PROCEDURE 

The protocol for  maintaining the potable water system daily status and 
reclaimed water certification was as follows: water samples were delivered 
to the laboratory for analysis along with a chemical and physical analysis 
checkoff sheet (see fig. 9 )  and a t  the same time a Millipore Field Monitor was 
processed by the inside c rew for  bacterial  analysis. 
sample date were noted on a tank status card  (see fig. 10) and as soon a s  avail- 
able the chemical and microbiological resul ts  were also noted on the ca rd  and 
the medical director  then certified o r  rejected the tank for  consumption. The 
sys tem status and progression of tanks f rom f i l l  s tatus through certification 
to final use status was kept current  on a sys tem status board as shown in 
figure 1 1 .  

The tank f i l l  date and 

The Millipore Field Monitors that were used for the enumeration and pre-  
l iminary isolation of microorganisms were 0. 45 p, black, grid-type fi l ters.  
Samples of water for  microbial analysis were aseptically collected f rom each 
sampling port  in a s ter i le  disposable plastic bag af ter  f i rs t  flushing the sample 
port  and then returning the initial 100 to 200 ml of water to the system via the 
urinal o r  sink. A f resh  s ter i le  field monitor and sampling tube assembly was 
used for each water sample cultured. 
to sample port, date, time, and volume of sample filtered (usually 10 ml), 
ampouled medium (Millipore(R) M-TGE Broth) was added to each monitor and 
they were immediately incubated at 35OC for 48 hours.  
the field monitors were opened and the membrane fi l ters examined under 
illuminated low-power magnification for character is t ic  colonial growth. 
total number of colonies present on each fi l ter  was counted and this count, 
divided by the volume of sample filtered, was recorded as the number of viable 
ce l l s  per m i l l i l i t e r  of water. 
were s tored onboard at  ambient temperature for weekly passout. I n  the out- 
side laboratory, representative colonies were selected and subcultured from 
each monitor for identification of genus and species.  Field monitors showing 
no growth onboard were returned to the original storage container and held at 
ambient temperature for the duration of the test,. 

After identifying the field monitors as 

Following incubation 

The 

All f i e l d  monitors showing growth a t  48 hours 

PERFORMANCE 

Overall Water Balance 

A tabulated summary of the overall  potable water balance is shown in 
table 2. 
actually consumed by the crew. About one-fourth of the water was required 
to operate the solid amine unit and the remaining one-fourth was required to 
operate the VD-VF unit and for wash water makeup and samples.  These data 
point up the need for realist ic appraisals of the amount of reclaimed water 
that will ultimately be required in space vehicles in addition to the basic s u r -  
vival requirements of the crewmen. 

It is significant that l e s s  than one-half of the reclaimed water was 



Detailed water balances for severa l  significant periods of the tes t  a r e  
presented i n  paper 22. 

VD-VF Unit 

Two VD-VF boiler units were used during the tes t  for a total of 63 days of 
operation. The f i r s t  boiler was used for 25 days and the second boiler was 
used for 38 days, of which only the las t  27 days were continuous operation. A 
total of 1, 467 lb of urine and humidity condensate were fed to the units, which 
produced 1, 353 lb of water for a water recovery efficiency of 94. 3 percent. 
The net usable product was reduced to 1, 309 lb because of sampling require- 
ments and some substandard water that was rejected and reprocessed. Of 
this, 518 lb were used without multifiltration and 701 lb required multifiltration 
due to either poor taste o r  microbiological contamination. 

The mass and energy balance and the expendable requirements for VD-VF 
boiler 1 a r e  shown in table 3. 
shown in table 4. 

The requirements for VD-VF boiler 2 a r e  

The major maintenance on this unit  occurred a f t e r  the switchover t o  the 
second boiler. 
boiler when it w a s  observed tha t  the f loa t  switch did not shut off the urine feed 
solenoid valve. Draining and disassembly of the boi ler  revealed tha t  the f loa t  
retainer w a s  off the shaft and the f loa t  was  completely free. Repair was com- 
pleted and the boi ler  reassembled. During the next attempt t o  f i l l  the boiler,  
the f loa t  switch wires were found shorted and a repair  was made. 
w a s  continued and the boiler overfi l led and flooded the catalyst bed. This was 
thought t o  be the resul t  of using the coarse Dwyer d i f fe ren t ia l  pressure switch 
circui t  (normally used as a high boi ler  level  warning l i gh t )  t o  check out the 
f loa t  switch circui t ,  and then f a i l i ng  t o  return it t o  i t s  proper status. The 
catalyst bed was removed, flushed with water, and then reassembled. A repeat 
of the flooded catalyst occurred and was found t o  be due t o  fused contacts on 
the f loa t  switch. 
and the system restarted. A th i rd  flooding occurred a f t e r  11 days of opera- 
tion. 
cabin pressure forced the urine out of the boiler. Again, the catalyst w a s  
flushed, the system w a s  restarted and remained operational f o r  27 days. Fig- 
ure 12 shows one of the  boi lers  disassembled a f t e r  the tes t .  

The f irst  problem occurred during the i n i t i a l  f i l l  of the new 

The f i l l  cycle 

Catalyst flushing and switch repair  were performed again 

The urine accumulator was  inadvertently allowed t o  run dry and the 

The remaining maintenance requirements consisted of using the onboard 
s team ster i l izer  six t imes to steri l ize the condensate tanks whenever bacteria 
contamination was observed. This procedure could not maintain condensate 
tank sterility during most of the operation on the second boiler, in which case 
the product water was reprocessed in the detoxification-multifiltration unit. 

Wick Evaporator and Humidity Control Unit 

The wick evaporator operated a total of 31 days as a backup to the VD-VF 
The humidity control portion of the unit operated for  the entire 90-day unit. 
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525 l b  overflowed the separator and w a s  processed fr 
basin, and results i n  a water separation efficiency of 83.5 percent. 

excellent considering the s 
s design capacity. The hyd (three installed 
ired frequent removal and 

The frequency of cleaning varied, but averaged about every 3 days. 
a1 observation of the removed sumps did not reveal the cause of clogging. 

overflow catch 
This 

more than200 

inimize the amount of 
overflow. 

tration unit pro 
ere: 414 lb 



the  microbiological tes t ing of the w a t e r  management system done onboard 
during the t e s t  and table 9 shows the chemical analyses tha t  were run 
biweekly during the t e s t  and 3 , l S O  prior t o  the test  during system qualifi-  
cation. The potable water dz.ily inventory is  shown i n  figure 15. 

Backup Potable Water Supply 

The backup potable water supply was not required during the test .  Weekly 

Addi- 
checks of the iodine content were made to verify potability and the resul ts  of 
these analyses and a few microbiological checks a r e  shown in table 10. 
tional iodine was not required to maintain an acceptable minimum level, 

Wash Water Recovery Unit 

A summary water balance is shown in table 11 and resul ts  of the chemical, 
physical and microbiological analyses a r e  shown on figure 16 and in table 12. 

The unit processed 11, 182 lb of water and used 24 lb of expendables. The 
multifiltration module required four changes of a carbon column, one change 
of both res in  columns, and replacement of five particulate f i l ters  a t  the time 
intervals shown on figure 16. The neces- 
s a ry  filter changes were dictated by their individual pressure  drop increases  
and the column changes were dictated by crew judgment of water quality and 
chemical analysis results.  The replacement of the fi l ters and res in  columns 
was a straightforward change, but the carbon column changes involved putting 
a new column in the las t  position and moving the old one into the f i r s t  position. 

In addition to the 710 lb of phase changed water  that were added as makeup 

Figure 17 shows the used f i l ters .  

to the system, there was one complete change of water on day 35 in which the 
used charge was replaced with 88 lb of humidity condensate. 
after the first signs of crew rejection of the water.  Five days la te r  on day 40, 
the first carbon column was changed and a considerable improvement in water  
quality was noted. Microbial growth was found i n  the felt pad carbon retainer 
i n  the carbon column and it is felt that this growth was responsible fo r  the 
objectionable odors. Both the carbon and resin columns were changed on day 
52 and probably would have been changed again on day 86 had i t  not been so 
close to the end of the test. 

This was done 

The washer and dryer  were used to clean and dry  44 loads of wash com- 
posed of underclothing, socks, uniforms, wash cloths, towels, and bed sheets. 

The power consumption of the wash water unit is shown in table 13. 

REFERENCE 

1. Standard Methods for the Examination of Water and Waste Water, 
American Public Health Association, 1 l th  Edition, 1960, New York. 



Table 1 

POTABLE WATER SYSTEM PRETEST QUALIFICATION 
MICROBIOLOGICAL DATA 

VD-VF 
Raw MDAC Condensate T1  T 2  

Date Urine Dispenser  (B-84)  (B-36) (B-38) T3 T 4  T5 T6 TB 

5-2-70 %- 
-%- 5-20-70 

5-21-70 %- 
5-22-70 

5-27-70 

6-2-70 

6-3-70 

6-9-70 

-%- 

( 1 )  
29910 

a = aerobes ,  No. /ml 
b = anaerobes,  No. /ml 
c = fungi, No. /ml 
d = v iruses ,  No. /ml 

%- KEY: 

( 1 )  Pseudomonas, Klebsiella -\erobacter 
(2) Klebsiella Aerobacter,  Staph. Epidermidis 



Table 2 

POTABLE WATER SUBSYSTEMS SUMMARY 
WATER BALANCE 4 MEN, 90 DAYS 

Pounds Pounds 

Water Produced: 

Humidity control 

VD-VF 

Wick evaporator 

Water Used: 

Consumed by crew 

Feed to solid amine 

Feed to VD-VF 

Wash water makeup and phase change 

Samples , inventory gain, losses, etc. 

Source of Water Consumed: 

VD-VF 

Without post-filtration 

With post-filtration 

Wick evaporator 

Humidity condensate 

2 , 676 

1 , 353 

680 

2,045 

1,148 

644 

594 

278 

4,709 4,709 

809 

4 50 

3 59 - 
809 

3 10 

926 

2 , 045 
I 
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= f l  

Total = 592 
i- 

Mis ce llaneous 

+ VD-VF 
_ "  1 Boiler A i r  = 0. 12' i 

t -  

Overall Water Recovery Efficiency ( = 94. 3% 
Expendables : 

Pretfqatment Solution = 2.2 
Boiler = 54..4 > 

Catalyst = ,4.0 
MF Carbon = 0.11 

.11 MF Resin - 
Arntifoam = ~ 0,. 055 
A i r  Bleed = 0.121 

Total = 60.996 

- 

Water = 545 
(21.8 lb/day) - b 

Isotope Heat: 

Pretreated Urine Solids = 12. 0 
Excess Pretreatment = 1.5 
Water = 12.4 

Total = 25. 9 

1 .  

Boiler =' 916. 8 atu'/hr (268. 5 watts) 
Catalyst = 251.1 Btu/hr ( 73.54 watts) 

9 ,  

Condenser Cooling (average) = 1, 238 Btu/hr (362 watts) 

Pumping Power (average) = 9 watts 
:$All weights in pounds 
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Table 4 

VD-VF 2 BOILER MASS AND ENERGY BALANCE 

- 
Total = 875 

b. VD-VF 
2 Boiler A i r  = 0, 18 

4 

38 Days of Operation 

34 Days with Multifiltration 
4 Days without Multifiltration 

Water = 29.8 T A i r  = 0. 18 

,Water = 808 
(21.8 lb/day) * 

Water Out) = 94. 1% Water In Overall Recovery Efficiency ( 
Expendables : $ 1  

Pretreatment Solution = 
Boiler - - 
Ca ta ly s t 
M F  Carbon - 
M F  Resin - 
Antifoam - 
A i r  Bleed - 

Total = 

- - 
- 
- 
- 
- 

3.0 
57.5 

4. 0 
0.47 
0.47 
0,084 
0.184 

65,708 

Isotope Heat: 

Boiler = 1004.6 Btu/hr (294.3 watts) 
Catalyst = 163. 2 Btu/hr ( 47.81 watts) 

Condenser cooling (average) = 1,238 Btu/hr (362 watts) 

Pumping power (average) = 9 watts 
* All weights in pounds 
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Table 5 
WICK EVAPORATOR MASS ENERGY BALA 

31  DAYS OF 

= 69 
Total = 700 

- Mis ce llane ous 

* 
Water = 680 

(21.9 lb/day) Wick 
Evaporator 

b 

Water Out 
Water In Overall Recovery Efficiency ( ) = 100% 

Expendables : 
Pretreatment S o lu ti on = 3.7 
Wicks = 17. 0 
MF Carbon = 0.44 
MF Resin = 0.44 

Air Carbon{not expended 
24 lb installed} = _ _ _  

Total = 21. 58 

Heat (average) = 347 Btu/hr (101 watts) 

Condenser Cooling (average) = 360 Btu/hr (105 watts) 

Blower power = 307 watts (includes humidity condensate) 

Pumping power (average) = 0. 7 watts 

* A l l  weights in pounds 



Table 6 
POTABLE WATER XIFICATION MULTIFILTRATION 

Y S  O F  OPERATION 

Wick Evaporation = 358 
Humidity Condensate = 1,067 

Total = 1, 839 Water = 1,839 
(30. 7 lb/day) Detoxification 

Multifiltration 
Unit 

- 

Water Out 
Water In ) =  Overall Water Recovery Efficiency ( 100% 

Expendables: 
Carbon = 1.2 

= 1.2 Resin 

Total = 2.4 
- 

Hold Tank Heating ( T  1 and TZ): 556 Btu/hr (163 wat ts)  

*All weights in pounds 
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TABLE 7.- PCWABLE WATER SYSTEM 

Color 
Tank NH3 (Cobalt 

Date No. Source 1 (mg/l 1 units) 

%' 1, pH>7 
No etd No std No std IO,pH<7 15 

6-9-70 3 W. Evap t 6. 1 2.5 7 0 0 
dist H26 

6-9-70 

6- 16-70 
6- 18-70 
6-19-70 
6-20-70 
6-22-70 
6-22-70 
6-25-70 
6-27-70 

6- 29 - 70 

6-30-70 

4 

6 

4 

VD-VF + 6.4 5 .0  
dist H20 
VD-VF . 5 . 1  38 
VD-VI;' 4.9 18 
VD-VE 
VD-VF 5.2 15 
VD-VF ' 5.2 16 
H. Cond. -MF 6 . 7  16 
VD-VF 5 . 4  14 
VD-VF + 5.2  15 
H. Cond. -MF 

VD-VF t 5.5 11 
H. Cond. -MF 
VD-VF 

5 

7.7 
5 

4 
5 

11 
3 .5  
7 

9 

0 

1.4 
0 . 6  

0.5 
0 .6  
1.0 
0 . 6  
0.8 

1.0 

5 

1 

0 

4 

7-1-70 4 Process T 4  5.3 16 14 1 . 1  - 
7-4-70 5 VD-VF-MF 5.7 10 17 1.4 3 

through M F  

7-5-70 3 VD-VF-ME' 5.0 I 4  10 3.0 0 

7-7-70 6 VD-VF-MF 4 . 8  17 12 2.9 1 

7-11-70 5 W.Evap-MF 5.5 19 14 2 .0  0 

7-14-70 3 W.Evap-MF 4 . 7  19 15 2 .1  - 
7-15-70 6 W.Evap-MF 4.7  2 1  16 1.3 0 

7-18-70 4 W.Evap + 4 . 9  18 12 0.5 0 

7-22-70 5 VD-VF + 4.8 13 8 0 .6  I 

7-23-70 6 VD-VF-MF 5.9 37 16 3 . 0  2 
7-26-70 3 VD-VF-MF 6.6 34 9 3 . 1  1 
7-30-70 4 W.Evap-MF 5.9 4 . 5  10 1.0 2 
8-1-70 5 W.Evap-MF 5.7 7.5 12 1.0 2 
8-3-70 6 W.Evap-MF 4.3 42 21 1.2 0 
8-5-70 3 W.Evap-MF 4 . 3  48 27 1.4 0 

VD-VF -MF 

H. Cond. -MF 

TOC = Total Organic Carbon 

TNTC = Too num@rou. to COUnt * = Incorrect aampling technique 
M F  = Multifilteted 

Key* MFM = Millipore Field.Monitor 
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CHEMICAL AND MICROBIOLOGICAL ANALYSES 

48- hr  MFM 48-hr 
Turbidity VD-VF MFM Date 
(Jackson condensate tank Certi-  

Odor units) Taste  ' Foaming (No. /ml) (No. /ml) fied 

None None None 

able 10 able 10 10 
objection- objection- 

slight medicinal 

Bland Medicinal 0 10 0 6- 11 -70 

Slight 
Slight 

Slight 
Very slight 

0 
0 

0 
0 

0 6-18-70 
TNTCZ: Retested 

Q 6-21-70 
0 6-24-70 
0 6-24-70 
0 6-25-70 
0 6-27-70 
0 6- 29 - 70 

Slight 
Slight 
Slight 
Slight 
Slight 
medicinal 
Slight 
medicinal 
Objection- 
able 

< 5  
4 
0 

3 

2 

Slight 
Slight 
Flat  
Slight 
Medicinal 

0 
0 
- 
0 

0. 1 

4 Medicinal 0 0 0 7- 1-70 

Objection- 
able 
Strongly 
medicinal 
Slight 
medicinal 
Slight 
medicinal 
Slight 
Slight 
Slight 
Flat  
Flat  

0 .4  , 0 Rejected 

2 t o  0 0 7-4-70 

7-6-70 Slight 
medicinal 
Slight 

3 0 0 0 

2 0 0 0 7-8-70 

Slight 
Slight 
Slight 
Slight 
Flat  

0 

2 
0 

0 

. o  

0.4 

9. 6 

7- 1 1-70 
7-13-70 
7-16-70 
7-18-70 
7-22-70 

Flat  3 Flat  0 TNTC d 7-24- 70 

Flat  3 Flat  0 * 7. 6 0 .  7-27-70 
Flat  3 - 0 300 0 7-29-70 
Flat  3 Flat  0 - ' 0  8-1-70 
Slight 4 Slight 0 - Q 8-4-70 
Flat 0 Flat 0 - 0 8-5-70 
Flat  0 Flat  0 - 0 8-8-70 ' 
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TABLE 7.- POTABLE WATER SYSTEM 

Specific 
Conductivity TOC NH3 Tank 

Date No. Source pH (pnho-cm-') (mg/a ) (mg/ 1 units) 

1, pH>7 
No std No std No std 10,pH<7 15 

8-7-70 4 W. Evap-MF 4.4 38 25 1.0 2 

8-10-70 5 VD-VF-MF 4.2 44 28 1 . 8  0 

8-13-70 6 VD-VF 7.0 31 9 2.8 0 

8-16-70 3 VD-VF t 4.2 42 33 1.0 0 
H. Cond. -MF 

8-18-70 4 VD-VF t 
H. Cond. -MF 

H. Cond. -MF 

H. Cond. - M F  

H. Cond. -MF 

H. Cond. -MF 

H. Cond. -MF 

VD-VF t 

VD-VF t 

VD-VF t 

VD-VF t 

VD-VF t 

6.7 15 10 1.3 

1.2 

1.4 

2.2 

1.7 

0 

8-20-70 5 5. 5 15 10 1 

8-24-70 6 4.3 38 23 

8-27-70 3 4.3 32 21 2 

8- 30 -70 4 4.3 29 20 0 

4.6 18 9-1-70 5 22 2.2 0 

124 
15 

9 

26 
7 

13 

9-4-70 
9-6-70 
9-9-70 

6 
3 
4 

W. Evap-MF 
W. Evap-MF 
W. Evap-MF 

6. 7 
6.5 
5.4 

19. 0 
2.5 
4.0 

1 
1 
0 

Key: TOC = Total Organic Carbon 
MFM = Millipore Field Monitor 
TNTC = Too numerous to count 
J- -0 = Incprrect sampling technique 
MF = Multifiltered 
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CHEMZCAL AND MICROBIOLOGICAL ANALYSES (Concluded) 

48-hr MFM 48-hr 
Turbidity VD-VF MFM Date 
(Jackson condensate tank Cert i -  

Odor units ) Taste Foaming (No. /ml) (No. / m l )  fied 

None None None 
objection- objection- persistent 

ab le 10 able >15 sec 10 10 

Slight 4 - 0 - 0 8-10-70 

Slight 2 Slight 0 2. 6 0 8-12-70 

Bland 2 Bland 0 0. 3 0 8-17-70 

Bland 0 Bland 0 37.0 0 8 -20 - 70 

Bland 3 Bland 0 TNTC 0 8-20-70 

Bland 2 Bland 0 TNTC 0 8-24-70 

Bland 2 Bland 0 TNTC 0 8-27-70 

8- 30 - 70 Bland 4 Bland 0 TNTC 0 

None .2 Bland 0 TNTC 0 9-2-70 

Bland 2 Bland 0 0 0 9-5-70 

Bland 3 - 0 - 0 Rejected 

Bland 3 Bland 0 - 0 9-9-70 

Bland 2 Bland 0 - 0 9-11-70 
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0 

0 
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0 
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d 
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0 0  

0 

0 

.n 
0 

N 

0 
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0 
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0 0 

.n 
0 0 0 0 0  
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0 
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0 0  

0 0  
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POTABLE WATER 

L_ 

5-25 

5-25 

5-25 

5-25 

j-25 

5-25 

5-31 

s-2 

5-3 

5-9 

5-9 

5- 10 

5-16 

5-30 

7- 13 

7-15 

7-21 

7-28 

B-11 

8-25 

9-7 

- 
- 18 

* 18 

- 18 

- 18 

- 18 

- 18 

- 12 

- 10 

-9 

-3 

-3 

-2 

4 

18 

3 1  

35 

39 

46 

60 

74 

87 

- 

stant 

1 

3 

4 

5 

6 

3ackup 

Boiler 1 

2ondensate 
rank 1 

4 

Boiler 1 

Zatalyst 

Zold trap 

6 

6 

5 

2 

Condensatf 
rank 1 

6 

5 

6 

3 

rd 

evap 
2 

VD-VF, rejected* 

VD-VF, rejected* 

Distilled 

lodine treated 
distilled 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

Wick evap + humidit! 
condensate M-F 

Wick evap + humidit: 
condensate M-F 

VD-VF 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

Wick evap + humidit 
condensate M-F 

*Incorrect sampling technique. 

:0.001 

:0.001 

:0.001 

:0.001 

:0.05 

:0.07 

:O .04 

:0.04 

:0.03 

:0.03 

~0.03 

c0.02: 

co.01: 

co.011 

d.0 

4 . 0  

4 . 0  

<1.0 

<0.07: 

<O. 7 

<0.4 

<O. 7 

<0.02 

c0.06 

<0.07 

<o. 1 

40.03 

0.01! 

<0.09: 

- 
B 

5.0 

:1.0 

:1.0 

- 
- 

:1.0 

:1.0 

:1.0 

:1.0 

:0.07 

:7.0 

:4.0 

16.0 

c0.3 

c0.3 

c0.3 

4.2 

4 .5  

0.08 

0.09 

- 

:0.02 

0. 

0.05* 

:0.02 

:0.02 

:0.05 

:0.01 

:0.05 

0.008 

:0.005 

3.5 

:0.05 

0.009 

0.001 

0.004 

0.003 

0.000 

0.002 

0.002 

~ 

c1- 
450 

13.5 

15.2 

- 
- 

21.3 

9.6 

30.2 

6.0 

9.1 

22 

0.4 

0 

0 

0 

0 

0 

0 

0 

0.2 

0.2 

0.04 

0.04 

0.078 

0.08 

O.OO€ 

1.0 

0.01 

0.00f 

0.00: 

0.00: 

0.00: 

0.00 

0.00: 

0.11 

0.005 

:0.001 

:0.001 

:0.045 

0.03 

0.04 

0.6 

0.009 

0.015 

0.04 

0.002 

0.01 

0.013 

0.03 1 



Table 9 

POTABLE WATER CHEMICAL PRETEST AND BIWEEKLY ANALYSIS (Continued) 

Source 

Standard - 
5-2: 

5-25 

5-25 

5-25 

5-25 

5-25 

5-31 

6-2 

6-3 

6-9 

6-9 

6-10 

6-1E 

6-3C 

7-13 

7- 1 6  

7-23 

7-28 

8-11 

8-25 

9-7 

- 

- - 18 

-18 

- 18 

- 18 

- 18 

- 18 

- 12 

- 10 

-9 

-3 

-3 

-2 

4 

18 

31 

35 

39 

46 

60 

74 

87 

- 

1 

3 

4 

5 

6 

Backup 

Boiler 1 

Zondensatc 
rank 1 

4 

Boiler 1 

2 atalys t 

Zold trap 

6 

6 

5 

2 

Condensatc 
rank 1 

6 

5 

6 

3 

Distilled 

Distilled + wick evap 
M-F from Tank 2 

VD-VF, rejected* 

VD-VF, rejected* 

Distilled 

Iodine treated 
distilled 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

Wick evap + humidity 
condensate M-F 

Wick evap + humiditj 
condensate M-F 

VD-VF 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

Wick evap + humidity 
condensate M-F 

- 
Pb 

0.2 

:o. 1 

:o. 1 

- 
- 

0.15 

:o. 1 

:o. 1 

:o. 1 

0.022 

:O. 7 

:0.4 

0.46 

0.01 

:0.002 

:0.001 

:o.oot 

O.OOf 

0.00: 

- 

Se 

0.05 

<0.05 

<0.02 

<0.05 

<0..05 

~0.05 

<0.05 

<O. 7 

~ 0 . 4  

<0.7 

<O. 14 

<0.07: 

<O. 08 

<O. 2 5 

<0.3 

<0.01: 

0.01: 

Analysis Results (n 

Ag 

0.5 

0.0007 

0.0007 

0.001 

0.002 

0.003 

.0.0002 

:0.02 

0.03 

0.001 

:0.03 

0.004 

0.004 

0.005 

0.006 

0.003 

0.011 

0.004 

- 
i04 

150 
- 
- 
:i.a 
4.5 

1.5 

2.0 

:1.c 

16.0 

:0.5 

- 

- 
L'DS 

,000 

46 

16 

- 

16 

16 

56 

0 

5 

0 

0 

0 

0 

1o.c 

28.C 

- 

N.S. 

:o. 1 

:o. 1 

- 

6.4 

5.1 

:os 1 

8.6! 

0.5: 

1.2 

0.71 

1.0 

:o. 1 

:o. 1 

:o. 1 

0 

0 

0 

- 
NOZ 
As N 
N. S. 

3.13 

3.13 

- 

3.13 

3.10 

D.07 

3.43 

D.38 

0.06 

0.004 

0.05 

0.03: 

0.1 

0.03 

0.00: 

0.001 

- 
Total 
N 

10 

:0.23 

:0.23 

- 
- 

6.53 

5.2 

:O. 17 

9.08 

0.93 

0.84 

1.004 

c0.15 

c0.13! 

c0.2 

0.03 

0.00: 

0.001 

* Incorrect sampling technique. 
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Table 9 

POTABLE WATER CHEMICAL PRETEST AND BIWEEKLY ANALYSIS (Continued) 

Date1 Test I Tank No. I 
Day 

Source 

- 
5-25 

5-25 

5-25 

5-25 

5-25 

5-25 

5-31 

6-2 

6-3 

6-9 

6-9 

6-10 

6-16 

6-30 

7-13 

7- 15 

7-21 

7-28 

8-11 

8-2: 

9-7 

- 

Standard - - 18 
- 18 
- 18 
- 18 
- 18 
- 18 

- 12 
- 10 
-9 

-3 

-3 

-2 

4 

18 

31 

35 

39 

46 

60 

74 

87 

- 

1 

3 

4 

5 

6 

Backup 

Boiler 1 

Condensate 
Tank 1 

4 

Boiler 1 

Catalyst 

Cold trap 

6 

6 

5 

2 

Condensate 
Tank 1 

6 

.5 

6 

3 

Distilled 

Distilled + wick evap 
M-F from Tank 2 

VD-VF, rejected* 

VD-VF, rejected* 

Distilled 

[odine treated 
distilled 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

Wick evap + humiditj 
condensate M-F 

Wick evap + humiditj 
condensate M-F 

VD-VF 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

Wick evap + humidit] 
condensate M-F 

Incorrect sampling technique. 

__. 

A1 

N.S. 
- 
- 

1.53 

1.47 

1.038 

1.07 

1.0 

1.3 

I. 7 

1.05 

1.01 

- 

Be 

N.S. 

c0.002 

c0.002 

<0.002 

c0.002 

c0.002 

c0.002 

<0.0001 

<0.03 

<0.02 

<0.0007 

<0.0003 

<0.0003 

<0.005 

<0.005 

0.0001 

An - 
Bi 

N.S. 

.l.O 

.1.0 

- 
__. 

:1.0 

:1.0 

:1.0 

:1.0 

:0.03{ 

0.02 

:o.oot 
:o.oot 

0.00: 

0.004 

:o.oo: 

-- 

wis Results 
- 
Ca 

N.S. 

1.004 

1.05 

__ 

__ 

1.03 

1.02 

1.008 

1.008 

). 18 

1.1 

1.3 

1.8 

1.3 

). 04 

1.054 

- 

- 
c o  

N.S. 

:0.01 

:0.01 

- 
- 

:0.01 

:0.01 

:0.01 

:0.01 

Z0.002 

:0.03 

:0.02 

0.03 

:o. 002 

:0.002 

:o.ooe 

- 

E/l) - 
Fe 

N.S. 

:0.002 

:0.002 

- 
- 

1.75 

1.5 

:0.002 

:0.002 

0.1 

:0.38 

0.1 

0.04 

12 

0.08 

0.03 

0.014 

0.044 

Li 

N.S. 

<0.001 

<o. 00 1 

0.001 

<0.001 

<o. 00 1 
<0.001 

<0.0075 

<0.0007 

0.001 

0.00 1 

0.0002 

<0.0002 

0.0000t 

- 
Mg 

N.S. 

0.02 

0.14 

__. 

- 

0.04 

0.02 

0.02 

0.02 

0.045 

0.05 

0.07 

0.3 

c0.06 

0.02 

0.008 



Table 9 

POTABLE WATER CHEMICAL PRETEST AND BIWEEKLY ANALYSIS (Concluded) 

I I I_ 

>atejDay Test I T W N ~ .  1 Source 
I 1 I 

Standard - 
5-25 

5-25 

5-25 

5-25 

5-25 

5-25 

5-31 

5-2 

6-3 

5-9 

6-9 

6- 10 

6- 16 

6-30 

7-13 

7-15 

7-21 

7-28 

8-11 

8-25 

9-7 

~ 

- 18 
- 18 

- 18 
- 18 
-18 

- 18 

- 12 
- 10 

-9 

-3 

-3 

-2 

4 

18 

31 

35 

39 

46 

60 

74 

87 

1 

3 

4 

5 

6 

3ackup 

3oiler 1 

:ondensate 
rank 1 

4 

3oiler 1 

2atalyst 

:old trap 

6 

6 

5 

2 

:ondensate 
rank 1 

6 

5 

6 

3 

Distilled 

Distilled + wick evap 
M-F from Tank 2 

VD-VF, rejected* 

VD-VF, rejected* 

Distilled 

Iodine treated 
distilled 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

VD-VF 

Wick evap + humiditj 
condensate M-F 

Wick evap + humiditj 
condensate M-F 

VD-VF 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

VD-VF + humidity 
condensate M-F 

Wick evap + humiditj 
condensate M-F 

Analysis Results 

Mn 

N.S. 

0.01 

0.1 

0.16 

0.62 

'0.01 

0.08 

:0.075 

1.8 

0.1 

0.5 

0.004 

0.13 

0.0044 

- 
Hg - 

N.S. 

:o. 1 
:0.01 

- 

:o. 1 
:o. 1 
:o. 1 
:o. 1 

:0.03E 

:1.5 

r0.75 

:o. 2 

:0.07! 

:0.08 

~0.04 

- 
Ni 

N.S. 

:0.05 

0.05 

- 

0.9 

0.9 

'0.05 

:0.05 

0.38 

1.3 

0.01 

2.2 

0.05 

0.37 

0.003 

K 

N.S. 

0.02 

0.64 

0.03 

0.04 

0.01 

1.2 

:0.038 

0.03 

0.08 

14 

0.21 

0.04 

0.025 

.__ 

si 

N.S. 

0.3 

1.0 

- 

0.8 

:0.03 

0.3 

:0.03 

0.2 

0.2 

0.1 

0.5 

0.12 

:0.04 

- 

__. 

Na 

N.S. 

0.22 

0.38 

- 
- 

0.43 

0.19 

0.3 

0.3 

:0.07E 

0.2 

1.0 

1.2 

0.2 

0.05 

0.13 

___ 
Sn 

?.S. 

0.25 

0.25 

- 
- 

0.25 

0.25 

0.25 

0.25 

0.02 

0.07 

0.08 

0.4 

0.02 

'0.01 

- 
Zn 

N.S. 

0.01 

0.014 

- 
.___ 

0.27 

0.24 

0.01 

0.024 

0.08 

0.02 

0.03 

0.8 

0.00s 

0.012 

- 
Mo 

N.S. 

:0.01 

:0.01 

- 
- 

:0.01 

:0.01 

:o. 0 1 
:0.01 

0.00: 

:o. 02 
:0.01 

0.03 

O.OOE 

:o.oo< 

*Incorrect sampling technique. 
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Table 10 

DATA ON IODINE DISSIPATION IN BACKUP 

SPACE STATION SIMULATOR TEST 
POTABLE WATER STORAGE TANK DURING 90-DAY 

Tank Design 

Type : 

Size: 15-in. diameter x 66 in. - 14-gage shell, 12-gage ends 

Material:  Type 304 S/S-ZB 

Cylinder with f la t  ends 

Quantity: 400 lb (50 gal)  

W a t e r  Chemis t ry  

Source : Sparklet ts  dis t i l led drinking water .  Specific conductivity 
= 3 to  5 pmho-cm 

Treatment:  Add iodine solution 
(40 g I 
m e a s u r e d  by the silver method. No additional solution added. 

t 52 g KI t 1,000 g HZO) to reach 6 ppm/12 as 2 

I Dissipation Data 2 

Date 

5-22-70 

5-25 

6-2 

6-8 

6-13 

6-22 

6-30 

7 -6 

7-13 

7-13 

Storage 
Day No. 

1 

4 

12 

18 

23 

32 

40 

46 

53 

53 

Millipo re 
Field 

I2 Content Monitor 
(ppm) No. /ml Comment  

F i l led  tank 

0 

Start 90-day SSS test 

*Incorrect  sampling procedure  



Table 10 

DATA ON IODINE DISSIPATION IN BACKUP 

SPACE STATION SIMULATOR TEST (Concluded) 
POTABLE WATER STORAGE TANK DURING 90-DAY 

I Dissipat ion Data  (continued) 2 
Mil l ipore 

F ie ld  
Storage Day I2 Content Monitor 

No./ ml Date  No. (PPm) 

7-21-70 61 4. 5 

Comment  

7-2  1 61 5 . 0  

7-28  68 4. 5 

8 -4 75 5. 0 

8-11 82 5 . 0  

8- 18 89 5 . 0  

8-25 96  5 . 0  

9-1 103 5. 0 

9-8 110 5. 0 

9-10 112 - - -  
9 -24 126 5 . 0  

End 90-day SSS t e s t  

Empt i ed  tank 



Table 11 

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

Pounds Pounds 

Water Produced: 

11,182 Mult if ilt r a  t ion unit 

Water Used: 

Including evapo rat  ion 
Washing (loss = 560 lb 

Reprocess 

Urinal flush 

Phase change 

Miscellaneous 

Invent0 ry change 

10,448 

500 

88 

13 

-74 

11,182 11, 182 

Expendables : 

Four carbon columns 

Two resin columns 

Four particulate filters 

Cleansing agent (Basic H) 

Total expendables 

Heat: 

Tank heaters: 817 Btulhr (239 watts)  average 

Power: 

Pump: 1,056 watts f o r  4. 32 hours total operating time 

12 

6 

2 

4 

24 
- 
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Table 13 

POTABLE AND WASH WATER SYSTEMS 
POWER CONSUMPTION 

uring Operation 

Potable Water System 

Holding Tank 1 

Holding Tank 2 158 74 

Use Tank 3 180 83 

Use Tank 4 161 75 

Use Tank 5 t Circulation pump 286 133 

Use Tank 6 206 96 

Hurniditv condensate pump, 
67-hour operation 

Wick Evaporator heater,  
1,127-hour operation 

7 104 

3 74 

110-v Subtotal - - 1,564 

Humidity control blower, 400 Hz 66 1 

To tal - - 2,225 

332 

986 

307 

1,293 

W a s h  Water System 

Use Tank 7 244 113 

Process  Tank 8 27 1 126 

Sink pump, 4.32-hour operation 5 1,056 

Washer, 4-hour operation 4 1,000 

Dryer, 44-hour operation 82 

60 6 
- 

- Total - 

1,865 

4,160 
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Figure 4.- Wash water subsystem filters and sink. 
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TO: Dr. P. Mader 

FROM: Medical Director 9@Day Run 

SUBJECT: 

ACTION: 

CHEMICAL AND PHYSICAL WATER ANALYSIS 

Perform the analyses checked below 

Date of Sample 

Location of Sample 

Sample Number 

SourceofWater: [ ] VI)-VF 
[ ] Humidity Condensate 
[ ] AirEvaporation 

Actual Sample Size mll 
Total plate count - 24 HI per mll 

- 48 HI per mi! 

[ ] Certifiedtowe. 

Signed: 
Medical Director Date 

Amount Standard Amount Standard - 
mda. 

[ ] Turbidity (10) Jackson Units [ 1 NH3 l,pH >7 
[ ] Color (15)pt-CoUnits l0,pH <7 

MEASURED [ ] Taste (none objectionable) [ 1 TOC (no std) m& 
EVERY [ ] Odor (none objectionable) I 1 COD (100) mdn. 

[ 1 PH (no std) 1 1 (0.05) mg/E 
[ I K  (no std) pmho-cm-l 

TANK [ ] Foaming (none persistant >15 sec) [ 1 Br (1) mg/t 

[ l a  
1 Be 

[ 1 Bi 

TO 1 c o  
MEASURED [ ] Ca 

INITIALLY [ 1 Fe 
QUALIFY [ ] Li 
SYSTEM [ ] Mg 
PRIORTO [ ] Mn 
STARTOF [ ] Hg 
90-DAY TEST[ ] Ni 

[ I K  

Amount Standard 
(0.5) mglk 
(2) md2 
(5) 
(0.05) mglE - (450) mg/E 
(no std) mglR 
(3) mg/E 

~ (2)mg/n. 

Amount Standard 

[ I n  (0.2) m& 
1 1 Se (0.05) mgh 

1 Ag- - (0.5) mg/E 
I 1 SOT - (250) mglE 
[ I T B  - (1,000) mg/t 
I 1 NO3asN- (no std) mg/E 
[ ] NO2asN (no std) mg/& 
[ ] TotdNOg 

and NO2 
asN (10)mgln. 

Amount Standard Amount Standard 
(no std) mgle 1 si  (no std) m& 
(no std) mplE [ 1 Na (no std) mg/t 
(no std) mplE 1 1 sn (no std) mg/E 

(no std) mg/E 
(no std) mgk [ I P  (no std) mgjE 
(no std) m& 1 Mo (no std) mglt 
(no std) m& 
(no std) mg/E 
(no std) mglE 
(no std) mglE 
(no std) mg/E 
(no std) mg/I 

(no std) rn& -1 z n  - 

Figure 9. - Checkoff sheet. 
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START FILL 9 LS, 
ENDFILL 80 k-8 
SAMPLES TAKEN 
CERTIFIED: YES _2-&*0 
START USE *r 7 3 /  2200  
A M T I N T A N K : , a s _  r z !  
AMTINTANK: 23 8 z 2 U i  
A M T I N T A N K : g  2 3 3m 

V 
AMT IN TANK: - - -  

'-77- 42_ so/a,-zk'" AMT IN TANK: 
END USE 
CERTIFIED: NO - - -  
REPROCESSED - - -  i&z EMPTY, READY FOR REFILL 2. 3 - 

HEAT: - Y E S L  NO- 
IODINE: - YES- N O J  

SUU&& : m-4= 
VIA 744W4e 

P 

Figure 10.- Potable water tank status card. 
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Figure 12.- V expended boiler. 



Figure 13.- Expended wicks. 
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Figure 17.- Carbon column filters. 
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DESIGN AND DF;VELQPMENT OF TKE VACUUM-DISTILLA.TION, 

VAPOR-FILTERED, ISOTOPIC-FUELED WAT%R BECOVERY 

s y s m  FOR THE 90-DAY MANXED SIMULATOR TEST 

By Courtney A. Metzg 
Aerospace Medical Rese 
Wright-Patterson A i r  F 

SUMMARY 

The water recovery system f o r  the 90-day manned-simulator test  w a s  fur- 
nished t o  the McDonnell Douglas Astronautics Cmpany (MDAC) as an experimental 
system t o  recover potable water from pretreated urine and humidity condensate. 
This system, conceived and developed by the  Aerospace Medical Research Laboratory 
(AMRL), uses radioisotopes f o r  thermal energy and i s  based on vacuum disti l la-  
tion, vapor f i l t r a t i o n ,  and ca ta ly t ic  oxidation of the contaminants i n  the vapor. 
T h i s  paper describes the design and developmelit of the system, called VD-VF. 
This i s  the f irst  operation of a water recovery system which uses isotopes i n  a 
manned chamber and i s  considered a s ign i f i  ?ant technological breakthrough. 

I 

INTRODUCTION 

I 

Research conducted t o  obtain a prodess and a system design for the recovery 
of potable water from human waste during extensive space f l i g h t s  revealed that 
considerable thermal energy would be required f o r  sat isfactory operation. The 
large consumption of e l ec t r i ca l  energy prevents system acceptabili ty when the 
energy drain i s  on the  vehicle e l ec t r i ca l  supply system. The use of isotopes 
as  a source of energy was investigated and found t o  be acceptable. 
d i s t i l l a t i on ,  vapor-fi l tration (VD-VF) , catalytic-oxidation water recovery 
system designed by the U.S. A i r  Force t o  be used with e l ec t r i ca l  energy w a s  
redesigned t o  accept radioisotopes. 
gration w i t h  the  modified system. 
opment of the modified system. Results obtained by W C  with the system during 
the 90-day t e s t  a re  given i n  paper no. 5 of t h i s  symposium. 

The vacuum- 

Specific isotopes were designed for inte- 
This report describes the design and devel- 

SYSTEM DESCFCCPTION 

Development 

The AMRL conducted an investigation ( i n  1967-68) of methods t o  remove 
organic contaminants from waste vapors. One of the  methods evaluated was  
vacuum d i s t i l l a t i o n  followed by catalyt ic  pyrolysis of the vapor. Tests showed 



that contaminant removal could be accomplished by subjecting the catalyst  t o  
high temperature (1200° F) . 
and developed a vacuum-distillation, vapor-filtered water recovery system 
(VD-W) described i n  references 1 t o  3. 
ress, the  Arde Company of Mahwah, New Jersey, d 

lyst, designated ArdoxQ , that  showed promise. 
t he  incorporation of a uni t  containing the  Ardox catalyst  with a minimum modifi- 
cation of the system. To accomplish this modificatio 
top membrane were removed and rep1 ed by a catalyt ic  
with the Ardox catalyst .  The system was subjected t o  130-day tests i n  
which e l ec t r i c  heaters were used as the source of thermal energy. 
showed that the low-temperature catalytic-oxidation technique with vapor filtra- 
t i on  showed good potent ia l  f o r  use i n  recovering high-quality s t e r i l e  water 
from human waste. 

The AMRL during t h i s  period of a l so  designed 

While these developments were i n  prog- 
temperature cata- 

sign permitted 

charcoal bed and 
t ion unit  charged 

These t e s t s  

To qualify the VD-VF system further fo r  space application, the AMRL i n i t i -  
ated an in-house e f for t  t o  design, develop, fabricate,  t e s t  and evaluate a 
system with isotopes as the source of thermal energy, and the Atomic Energy 
Commission agreed t o  provide the required isotopes. 
operate continuously for a minimum of 9 days, reclaiming potable water from 
24 pounds of human waste per day ( 9  pounds of urine and 1.5 pounds of atmospheric 
condensate). 

The system was  designed t o  

Figure 1 shows the general f l a w  diagram f o r  the system. 

!The i n i t i a l  design consideration was t o  develop a system requiring a mini- 
The use of isotopes eliminated e l ec t r i c  mum of moving par t s  andmaintenance. 

heaters, which had exhibited a high percentage of fa i lure .  
resulted i n  only two pmps and a metering device for transporting the waste 
product from the storage tank t o  the evaporator and t o  remove recovered water 
from the water storage tank. The use of space vacuum and the vehicle coolant 
system f o r  the condenser cwgleted the  support required f o r  operation. 
imately 4 pounds of the Ardox catalyst  w a s  used f o r  each tes t .  

The f i n a l  design 

Approx- 

The system was subjec ted to  two separate continuous runs of 39 days and 
36 days prior t o  the 9 O - d ~  test. 
closed 6 - l i t e r  container placed i n  a public r e s t  room with no selection of the 
donors or  control over their diet .  
collection station, 15 m l  of a 4:1:4 mixture of sulfur ic  acid, chromium trioxide,  
and d i s t i l l e d  water was  placed i n  the urine collector along with 2 t o  3 drops 
of antifoaming compound per l i t e r .  
the breakdown of urea t o  ammonia. When 6 l i t e r s  was  collected, the container 
was taken t o  the laboratory and the measured urine w a s  mixed with an equal 
volume of d i s t i l l e d  water t o  approximate a 50:50 mixture of urine and atmospheric 
condensate. This solution was then poured i n  the urine storage tank. A timer 
i n  the system allowed approximately 400 m l  of the solution t o  be pumped from 
the storage tank in to  the evaporator every 20 minutes. 

A l l  urine processed w a s  collected i n  a 

Before the  container was placed at the 

Th i s  pretreatment w a s  necessary t o  prevent 

Evaporation occurs a t  temperatures between 100' t o  120' F a t  pressures of 

40 t o  75 mm Hg. 
t o  remove microbial contaminants (a backup f i l t e r  can be incorporated as  shown 
i n  f ig .  1) and then through the catalyst. 

The vapor passes through a 0.4-micron P a l l  UltiporQ f i l t e r  

The catalytic-oxidation uni t  i s  



maintained a t  240' t o  280' 3'. 
are  apparently removed by the  catalyst .  
oxidation uni t  through a tube which passes through the evaporator, 
of the heat i s  given up. The vapors a re  the 
the water i s  condensed and stored f o r  future  
enters  the pmp, and u n t i l  the potable water i s  pumped of 
under vacuum. 
approximately 12 t o  14 c d  of room air  per minute n 
dation of the vapors. 

If any organisms pass through the f i l ter ,  they 
The vapor leaves the catalyt ic-  

A flowmeter i n s t a l l ed  at  the beginning of 

1 

The isotopes maintain the temperature i n  the  e 
The temperature i n  the evaporator is  the key t o  satis 
system. 
temperature when the isotopes are used t o  supply the thermal energy. 
f a i lu re  can be caused by any one of the f o l l c i n g  subsystem malfunctions: 
failure of the sensing device which controls the l i qu id  l eye l  i n  the  evaporator 
( fa i lure  could allow the  evaporator t o  go dry o r  t o  over f i l l ) ;  loss of vacuum; 
slowing or stopping of the urine pump; and rupture of the urine tube. Buildup 
of sol ids  i n  the evaporator i s  another cause of fa i lure .  
shown that the system can process a 5O:?O mixture of urine and atmospheric 
condensate a t  24 pounds per  day f o r  up t o  40 days with no problem of so l id  
buildup. The system design includes two complete evaporators, and a f t e r  30 
t o  40 days of operation the second evaporator i s  f i t t e d  in to  the system and 
used f o r  the next 30 t o  40 days. 
urine solids remaining i n  t h e  used evaporator u n t i l  the mission is  completed. 
An evaporator change requires only the  operation of four valves and the  t ransfer  
of the f ive  isotopes from the used system t o  the new one going in to  operation. 

The volume of waste and the pressure i n  the  
System 

However, tests have 

The first evaporator i s  then stored, with the 

Radioisotope Capsule De sign 

Five heat sources were designed and fabricated by the Monsanto Research 
Corp., Miamisburg, Ohio, under the direction of the U.S. Atomic Energy 
Commission, Division of Isotopic Development. The AMRL requirements f o r  the 
sources t o  be compatible with the  VD-VF water recovery system are as follows: 

Catalytic- oxidat ion Evaporator un i t  

Number of sources . . . . . e . . . . 4 1 
Power (each capsule), watts . . . . . . 73.3 5 1.5 48 ,+ 2.0 
Operational temperature, OF . . . . . . 100 t o  1-20 240 t o  280 
Outer dimensions: 

Outside diameter, in. . . .  e . . .  1.00 1.00 
Length, in. . . . . . . . . . . . . 4.5 4.5 

The capsules were designed and fabricated i n  accordance w i t h  L i f e  

The capsule assembly (fig.  2) consists of two concentric 
Support I1 Heat Source Specification, Monsanto Research Corp. drawing 
No. 1-13297 (ref. 4). 
cylinders (the clad tube and the l i n e r  tube) fabricated t o  f i t  a t  close toler-  
ances a t  the interface t o  enhance the thermal conductivity. The capsules were 
designed f o r  a 5-year l i f e  t o  meet long-duration t e s t ing  and storage. 
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The l i n e r  tube was  fabricated from a tantalum-10 percent tungsten material. 
The w a l l  thickness of the  l i n e r  i s  0.030 inch with an outside diameter of 

t h  an in te rna l  length 

were use 

eter of 0.990 inch; the outside length i s  4.438 inches. 
with caps. 

The capsule was sealed 

Data derived from the stated dimensions and material  (tantalum-10 percent 
tungsten) indicate 0.05 percent creep i n  5 years at l?OOo F since the s t r e s s  
builds l inear ly  from 0 t o  22,000 p s i  during the  5 years, and almost a l l  the 
elongation occurs i n  the last year. Reference 5 i nd ica t ed tha t  f o r  a ?-year 

lifetime, the 238Pu02 microspheres are apparently compatible with the 
tantalum-10 percent tungsten material  a t  temperatures up t o  1500° F. 

Refractory metals are  incompatible with t rans i t ion  m e t a l s  when i n  contact 
at  elevated temperatures; however, the diffusion coefficient allows a depth of 
penetration of about 5 m i l s  i n  5 years, a rate which i s  slow enough f o r  accept- 
ab i l i ty .  
10 percent tungsten l i n e r  w i l l  lose  too much mechanical strength because of 
decreased w a l l  thiclxtess. 

Higher diffusion r a t e s  cannot be tolerated since the tantalum- 

The 0.050-inch-thick w a l l  of the clad tube appears suf f ic ien t  f o r  use at  
1500° F i f  only air  or i ne r t  gas environments are encountered. 
Hastelloy-C exhibits good oxidation resistance. A i r  oxidation occurs t o  the  
extent of 2.3 m i l s  i n  1000 hours and 6.0 mils a f t e r  5000 hours at 1832O F 
(refs. 6 and 7) .  Environmental control must be maintained. 
atmospheres or surroundings be encountered, the heat source would have t o  be 
located i n  a s h e l l  compatible with both the heat source and the corrosive 
ambient. 

A t  1500' F, 

Should corrosive 
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Figure 1.- VD-VF water recovery system with radioisotopes as energy source. 
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PERFORMANCE EVALUATION O F  THE THERMAL CONDITIONING UNIT 

By G. E. Allen 

Mc Donne11 Douglas Astronautics Company 

SUMMARY 

The configuration and performance of a thermal conditioning unit used 
during the 90-day manned test is presented. 
its actual performance and comparison to the design performance. 
analysis indicates that the unit's actual performance deviated from its 
design performance. However, comfortable temperatures were maintained 
in the living quarters throughout the test  in spite of excessive thermal 
loads imposed by the solid amine unit which caused higher equipment room 
temperatures than desired during its operation. 
realized throughout the 90 days and no failures required maintenance. 
Areas of improvement in the basic design concepts have been indicated, 
based on experience gained during the test, which would improve the 
operation and efficiency of the thermal conditioning unit. 
a r e  offered which will considerably lower the power required, the quantity 
of primary atmosphere circulated, and the associated noise level of the 
unit in addition to providing individual compartment temperature control. 

It includes an evaluation of 
The 

High reliability was 

Recommendations 

INTRODUCTION 

The prime function of the thermal conditioning unit is  t o  maintain tem- 
perature levels suitable for human comfort by removing the sensible heat 
dissipated into the atmosphere. 
was derived from occupants, high-temperature heat transfer fluid lines, 
electrical energy, and onboard isotope heaters. 
dissipated from these sources varied a s  much a s  40 percent and thus created 
a requirement fo r  accurate and reliable modulating automatic controls. 

This heat dissipation into the SSS atmosphere 

The rate of sensible heat 

E In addition to accomplishing its prime function of sensible heat removal, 
the thermal conditioning unit was conceived around strict  guidelines which 
limited designing for full optimum performance. These design guidelines 
included: (1) configuring to fit a predesignated minimum volume, (2)  providing 
adequate performance over a wide range of cabin pressures,  ( 3 )  fabricating 
from high-grade commercial or aircraft components, (4 )  limiting maintenance 
to filter changes, and (5) confining high temperatures resulting from excessive 
heat dissipation to the equipment area.  

UNIT DESCRIPTION 

The thermal conditioning unit configuration (fig. 1 ) utilized during the 
90-day test consisted of two supply blowers in parallel which drew cabin 
atmosphere through aluminum mesh filters which had 4 f t 2  of surface area,  
an acoustical sound trap,  and a flow tube for measuring flow rate.  The 

99 



discharge f r o m  the two blowe 
heat exchanger and an elimina 
sound trap. Conditioned atmos 
a reas  from a pressurized plen 
diffusers attached t 
supplied to the equi 
the acoustical partition betwee 
atmosphere from the living and bunk 
cal t rap mounted in the door o r  throu 

r s  mounted 

ither the acousti- 

Coolanol 35 was u in the liquid si  
coolant fluid. The SSS temperature was 
sensors with a thermostat located in the 
the deck. 
with a motor-balancing potentiometer, a low-limit heat exchanger fluid inlet 
controller, and an amplifier-discriminator circuit. The primary signal to 
balance o r  unbalance the bridge network was provided by the thermostat 
located in the living area.  

The electronic controls consisted of a modifi 

A drain pan beneath the heat exchanger and an eliminator plate on the 
discharge side of the heat exchanger were provided to collect any condensate 
which might result f rom dew points higher than design levels. 

UNIT PERFORMANCE 

Performance of the thermal conditioning unit was monitored by thermo- 
couples installed to measure temperatures within the three a reas  of the S S S ,  
return atmosphere, heat exchanger discharge atmosphere, and inlet-outlet 
coolant fluid. 
through the heat exchanger were measured. 
a calibrated flow tube with a differential pressure transducer for the atmos- 
phere and a turbine flowmeter in the supply coolant to the heat exchanger. 
Signals f r o m  this instrumentation were fed into preselected channels of a low- 
speed digital system (LSDS) where values were recorded on a half-hour basis 
throughout the test. 
were processed and reduced into engineering units on an SDS 930 computer. 

In addition, atmospheric flow through the unit and coolant flow 
This was accomplished by using 

Magnetic tapes were removed periodically where they 

Results and Analysis 

The results of the thermal conditioning unit performance were reflected 
in the SSS atmospheric temperature levels maintained during the 90-day test. 
Daily average temperatures for the bunk area,  living area,  and equipment 
a rea  a r e  shown on figure 2. 
of 3 .5 ,  4, and 9.4 percent. 
unit heat exchanger varied between 14,272 and 19,980 Btu/hr. 
rejection rates for the SSS were between 22,800 and 29,500 Btu/hr during the 
test. 

Examination of these data indicates fluctuations 
Heat removal rate by the thermal conditioning 

Total heat 

The difference between the total rejection rate and the thermal 
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conditioning removal rate was picked up by cold plates or small extended 
surface compact heat exchangers, including those in the humidity control, 
solid amine unit, Peak thermal conditioning heat rates 
correspond well with high temperature periods. Causes for variations in 
heating rates and temperature fluctuations will be discussed later.  

and other units. 

Actual Versus Design Performance 

Design and actual performance parameters are tabulated in table 1 for 
Closer control of a rea  temperatures was realized during the comparison, 

test than thought possible during the design formulation. However, the upper 
limit on equipment a rea  temperature was exceeded during much of the test. 
This was due primarily to higher than expected (i. e . ,  higher than allowed for 
during design) heat dissipation within the equipment area.  Atmospheric 
diffusion rates in the equipment a rea  were designed to  remove 1 .3  Btu/hr - 
ft3. 
all but three periods during the 90-day test. 
on test day 14 through 17, 20 through 24, and 81 through 90. 
the equipment a rea  temperature dropping from the previous highs during 
these periods. All three periods occurred at  a time when the advanced 
(solid amine) CO2 removal unit was off line and the baseline (molecular sieve) 
COz removal was on line. 
atmosphere by each unit indicates the advanced CO2 removal unit increased 
the thermal conditioning load by 6,482 Btu/hr. 

Heat dissipation densities in this a rea  exceeded 1.65 Btulhr-ft3 during 
These three periods occurred 

Figure 2 shows 

Examination of the sensible heat loss to the S S S  

Design heat rejection rate of the thermal conditioning unit never reached 
the design level even though heat dissipation densities for  the equipment a rea  
were higher than expected. 
factors: 
controller and (2)  low effectiveness realized from heat exchanger. 
ture control was achieved by allowing a master controller, located in the 
living area,  to unbalance a bridge circuit. 
in coolant fluid temperature supplied to the heat exchanger. 
modulation of coolant fluid was accomplished by mixing return coolant with 
cold supply coolant in proper quantities. A submaster sensor in the circuit 
acted as a low-limit controller and prevented achievement of fluid tempera- 
tures which would cause condensation within the heat exchanger. This control 
concept, designed to satisfy comfort conditions only in the living and sleeping 
areas ,  allowed a single discharge temperature f rom the heat exchanger. 
Therefore, high heat dissipation in the equipment a rea  had only an indirect 
influence on the control system. 
equipment area,  control signals would have been generated resulting in 
overcooling the living and sleeping areas .  

Reasons for this can be traced to the following 
(1) method utilized to achieve comfort control and location of master  

Tempera- 

The unbalance caused a modulation 
Temperature 

Had the master sensor been located in the 

The heat exchanger effectiveness achieved during the test was consider- 
ably below that indicated by the manufacturer for this service. 
show the realized effectiveness to be approximately 0 . 2  (i. e., e T  = 0 . 2 )  
rather than 0.5 as  indicated by the supplier. 
design heat rejection rate would not have been met at the inlet and outlet 
temperatures specified. 

Calculations 

Based on this effectiveness, the 

It should be noted that standard heat exchangers of 
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this type a r e  commonly designed and rated for use with water as the coolant. 
Improper techniques were apparen 
Coolano1 35 use,  [Note: Heat tra 
1 / 10 of that for water (flow and * 

Some humidity condensation r e  anger, partic 
nsation occur during periods of high atmospheric 

the end of the heat exchanger due 
plate and the cold tube return bends. 
water as the leak was discovered after the heat e 
Condensation from this source averaged 1.2 lb/da 
installed a line from the pan drain over to the overflow su 
evaporator condenser separator. 

A drain pan was installed to catch the 

test  the crew 
neath the wick 

The atmospheric filters installed in the return duct to the thermal control 
did not require changing during the test. 
event clogging occurred. 

Spares were carried onboard in 

CONCLUSIONS AND RECOMMENDATIONS 

The performance of the thermal conditioning unit adequately met the 

Satisfaction was expressed by the crew with the temperatures 
mission objectives even though several of the design parameters were 
exceeded. 
maintained and noise levels achieved throughout the test. Recommendations 
for an improved thermal conditioning unit would include elimination of 
deficiencies experienced plus a general upgrading of the complete concept of 
temperature control within a confined area.  
analysis and testing a r e  outlined a s  follows: 

A. 

Primary recommendations for 

Achieve at  least  70 percent of the sensible heat removal from the S S S  
by use of cold plates located at  the source of the dissipation. A large 
power penalty must be paid when removing this heat by circulation of a 
temperature- controlled atmosphere versus a temperature- controlled 
fluid. 

B. Design the thermal conditioning unit to provide individual area tempera- 
ture control. 
exchangers if a bypass section with bypass dampers is installed with a 
main heat exchanger equipped with face dampers. 

Minimize the quantity of primary atmosphere circulated by use of high- 
induction diffuser s ,  Sound generation in a thermal conditioning unit is 
a strong function of the atmospheric flow rate and system pressure.  If 
the atmospheric flow rate can be significantly reduced by only slightly 
increasing the pressure,  the sound generation will be lower. 

This can be accomplished without individual area heat 

C. 



REFERENCES 

1. Allen, G. E., Bonura, M. S . ,  Thomas, 
Integrated Temperature  Control, Hum 
Recovery Subsystems for  a 90-Day Spac 
McDonnell Douglas Paper No. MDAC- 

I 



+I +I +I +I 

& P I X  

0 
0 u 

W 

104 







PERFORMANCE O F  THE COz CONCENTRATORS 

By E. S. Mills and T. J. Linzey 

McDonuell Douglas Astronautics Com 

SUMMARY 

The performance of the C 0 2  concentrator sys t em consisting of the 
advanced baseline solid amine system, the backup molecular  s ieve system, 
and the emergency lithium hydroxide-Gemini C 0 2  removal unit was satisfac- 
tory, n over  the 90-day tes t  t ime 
averaged approximately 5 mm Hg ra the r  than 
mar i ly  because of the problems with adjusting the solid amine concentrator. 
The solid amine unit was used fo r  C 0 2  control during the majori ty  of the f irst  
81 days of the test. The solid amine required a significant amount of main- 
tenance; although this was not unexpected, considering the state of develop- 
ment. The backup molecular s ieve GO2 concentrator unit was used for  C 0 2  
concentration when the solid amine was inoperative. The molecular  s ieve was 
operated during tes t  days 14 through 25,  3 3 ,  34, and 81 through 90. The solid 
amine unit was operated pa r t  of t e s t  days 18 and 19 to check r epa i r s  being 
made. The m a j o r  problems with the solid amine were  maintaining the c o r r e c t  
percentage of water  in the beds during absorb and desorb  cycles and keeping 
the inlet air at the co r rec t  t empera ture  for  the bed conditions. 
mechanical problems were  a sticking valve that required manual cycling, a 
solenoid valve sticking open, and the clogging of the condensed water  drain i n  
the exhaust condenser. When adjusted correctly,  with the proper  water  
balance i n  the beds, the unit maintained the GO2 cabin concentration a t  the 
specified level. 

The average C 0 2  concentration in the c 
intended 4 mm Hg, pr i -  

The ma jo r  

The performance of the molecular  sieve C 0 2  concentrator was sat isfac-  
tory, serving the role of backup when needed. 
encountered, a leaking valve, shor t  bakeouts required af ter  start ing up f r o m  
standby conditions, and a nonfunctioning zero-g separator .  The negative 
p r e s s u r e  device used with the LEM elbow zero-g water  separa tor  did not 
function properly. Before the start of the test, this was replaced by a collec- 
tion tank installed downstream of the separa tor  to  collect the condensed water.  

Only minor  problems were  

I Operation of the LiOH unit was not required during the test. 

INTRODUCTION 

The function of the CO2 concentrator is to  maintain the par t ia l  p r e s s u r e  
of CO at approximately 4 mm Hg and to provide pure  C 0 2  fo r  processing in  

an advanced solid amine sys t em with a molecular  sieve unit as backup and a 
LiOH CO2 removal unit fo r  emergencies.  

the Sa ;i; a t ie r  reac tor  f o r  a tmosphere recovery. This function is provided by 



for the 90-da 

Hamilton Standard unde 

bin air 

e cycle timer with a more PO S n 

D. Addition of a filter upstream of the CO2 compressors to remove 
any dust coming from the beds. 

Complete rearrangement of component locations to obtain access 
for maintenance and part replacement and to meet installation 
space limitations. 

E. 

DESCRIPTION OF OPERATION 

Solid Amine 

The basic components of the so l id  amine COP concentrator uni ts  a re  three 
separate beds packed with sol id  amine ion exchange resin par t ic les ,  two circu- 
l a t ion  fans (one redundant), two condensing heat exchangers, t 
t o  pump C02 t o  the accumulator (one redundant), a b 
water pmps (one redundant), timer and cycle contro 
sequence control valves. A schematic of the u n i t  i s  shown i n  figure 1. 

ehumidified cabin a i r  f rom the humi outlet is drawn into the 
unit by the circulation fan. 
denser /heat exchange r to dition it to the 
humidity. The a i r  then e s the absorbin e canister(s) wher 
CO2 contained in  the a i r  s t ream is removed. The purified a i r  is then 
returned to the cabin through the secon ser/heat exchanger. This 
heat exchanger cools the a i r  and conde water removed from the 
absorbing bed during the absorption reaction. This water i s  passed to the 

The a i r  then passes through a filter and a con- 
d temperature and 

ulator. The desorption of the amine beds is  accom- 
ted stream. 
e water boile 

ater is pumped from the storage accu- 
supplied from the Coolanol 35 

oiler/superheater at 
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210*3"F is passed through the amine bed where it condenses on the amine 
resin. The resultant heat and water release the C02 f rom the amine 
particles. The C02 is then reabsorbed downstream in the bed. After 
sufficient steam is condensed in  the bed and the bed temperature is 
elevated, the C02 is eluted f rom the canister. The C02 is then pumped 
to the C02 storage accumulator. The temperature sensor in the bed dis- 
charge line senses when the steam breaks through, indicating the en 
desorption. A diverter valve then diverts the bed effluent (steam a 
to the cabin through the second condenser/heat exchanger. 
three-bed operation i s  possible. 
absorbing with the third on desorb. 

Either 
In the three-bed mode, two beds a re  

Molecular Sieve 

The basic components of the molecular sieve unit a r e  two silica gel beds 
in parallel, a heat exchanger, a circulation blower (Apollo suit compressor), 
a heat exchanger, two molecular sieve beds in parallel, a sequence timer, 
manifolds, and sequence control valves. A condenser and zero-g water 
separator a r e  provided to remove water vapor f rom the silica gel beds 
desorption air stream. A schematic of the unit is shown in figure 2. 

Function of the uni t  is as follows: cabin a i r  is drawn through the 
adsorbing silica gel bed where the moisture in the a i r  is removed to a dew 
point of -50 to -70°F. The flow then enters the circulation blower and passes 
through the heat exchanger cooling it to 40 to 50°F. 
passes through the adsorbing molecular sieve bed where the COz is removed. 
Approximately 80 percent of the dry, C02-free gas is discharged into the 
cabin. 
which has been heated to approximately 300°F with hot Coolanol. 
gas flow picks up the water being driven off the beds by the heat and carr ies  
it to the condenser and separator where it is collected and passed to storage, 
The desorbing molecular sieve bed is being regenerated, heating to 300 O F  

with the hot Coolanol and evacuating with a vacuum pump (or external vacuum 
system if  not necessary to collect the C02).  The vacuum pump pumps the 
desorbed C02 to an accumulator for storage. To remove the cabin gas f rom 
the canister voids a t  the s tar t  of the desorb cycle, the gas i s  pumped back to 
the cabin through the adsorbing molecular sieve bed for a few minutes. This 
insures pure C02 when flow is switched to the accumulator. 
utes of desorption, cold Coolanol is pumped to the desorbing beds to cool 
them before cycling to the adsorption cycle. After 45 minutes, the t imer 
sequences the valves t o  divert the cabin flow through the regenerated beds 
and place the beds now requiring regeneration on desorption cycle. Hot 
Coolanol will then flow through the desorbing beds and the cycle i s  repeated. 
The time for a complete adsorption, desorption, and cooling cycle is 90 
minutes. 

The cool, dry a i r  then 

The remaining gas is passed to the desorbing silica gel canister 
This dry  

After 30 min- 

Lithium Hydroxide 

For  emergency use, in the event both the pr imary and backup C 0 2  con- 
centrator units were inoperative and repairs could not be completed before 



the CO2 concentration reached e 
unit was installed. It had the ca 

PERFORMANCE 

The cabin atmos 
in figure 3. 
significant events a r e  a s  follows: 

Test  Day 

The abnormal oper 

3 

13 

14 

18 

19 

25 

26 
to 
28 

33 

34 

45 
and 

46 

110 

Main valve on bed 1 did not automatically cycle. 
rotate valve manually, 
until day 14. 

Crew had to 
This occurred approximately 200 times 

Peak (1). 
excessively wet, due to delays in performing the above noted manual 
valve sequencing. 

Unit shut down. 
beds accomplished. 

C02 removal efficiency reduced. It appears bed 2 was 

Attempts to dry bed 2 failed. 

Molecular sieve started up. Drying of solid amine 

Bed 1 isolated because of valve problem. 
valve sticking caused bed 2 to overwet. 
initiated; molecular sieve shut down, 

It was suspected that 
Operation on beds 2 and 3 

Peak (2).  Solid amine could not maintain the cabin CO2 concentra- 
tion within acceptable limits. Molecular sieve placed in operation. 

Problem in solid amine traced to shifting of inlet a i r  thermocouple 
reference junction by t15 O F .  

Molecular sieve shut down. Solid amine restarted, operation 
s ati s f  actor y. 

Instrumentation recalibrated. 

Peak (3) .  Solid amine not maintaining CO2 level. Evaluation 
showed steam generation rate too low, 
changed, rate increased. Operation satisfactory, 

Peak (4). 
system failed, Solid amine shut down. Molecular sieve started up. 

Molecular sieve performance marginal. Bakeout performed. Unit 
performance satisfactory after bakeout. 
unit, with gaseous nitrogen supplied to unit, replacing a i r  compres- 
sor function. 

Water filter element 

Pneumatic compressor on solid amine valve actuation 

Restarted solid amine 

Peak (5). 
It was suspected bed 2 was excessively wet. 
de sorb technique. Operation improved. 

Solid amine could not maintain the required C02 levels. 
Bed 2 dried by I'dryl' 



48 

58 

65 

74 

76 

80 

81 

81 

81 

90 

Condensate was observed to be flowing from the condenser otltlet. 
Investigation revealed the condenser w a s  ful l  of water. The drain 
line was plugged. 
physical layout of the system allowed water trapped in the heat 
exchanger to drain back from the heat exchanger inlet to the d 
charge line from bed 2, and into bed 2. 
excessive water. 
through the heat exchanger. 

Peak (6). High cabin CO2 level. 
plugged, causing excessive wetting of the beds. The heat exchanger 
was blown oat again, beds "dry" desorbed. Performance improved. 
(This occurred approximately every 2 to 3 days until end o€ 
operation. 1 

This caused excessive wetting of bed 2. The 

Therefore bed 2 r 
The water line was di 

The heat exchanger again was 

Peak (7). 
rate. Improved performance. , 

Plug fell out of amine bed 3 canister allowing several pounds of 
amine resin to leak out of the canister. 
marginal. 

Peak (8). 
time shortened from 13 to 12 minutes. 

Water filter changed allowing greater steam generation 

Hole plugged. Performance 

Solid amine could not maintain required CO2 level. Cycle 

Cycle time reduced to 11 minutes in attempt to improve per- 
f ormance. 

Peak (9). Bed 3 performance negligible. Bed 3 shut down, bed 1 
activated. 
Cycle time increased to 13 minutes; bed 1 was very difficult to  
cycle manually. 

Cycle time increased from 11 to 12 minutes. No effect. 

Unable to obtain required performance in bed 1. 

Unit shut down at  1, 533 hours. 

Molecular sieve started. 

Test terminated. 

One significant factor is the thermal balance of each unit. The require- 
ment fo r  heat supply and cooling can constrain vehicle design. The typical 
thermal balance of the molecular sieve and solid amine units is shown in fig- 
ures 4 and 5, respectively. 

CONCLUSIONS AND RECOMMENDATIONS 

The solid arnine unit demonstrated its effectiveness for maintaining 
cabin C02  concentration. 
by design improvements. 

The problems encountered can be easily solved, 
The water balance problem can be overcome by 



placing humidity leve l  detectors i n  the beds and automatically or  manually 
controlling the  steam gen oding 
can be eliminated by redesign of the conden g. The 
so l id  amine contribut i b l e  thermal 1 the 
atmosphere than 
undoubtedly imp first time tha t  
a so l id  amine C 0 2  concent 

The performance of the molecular sieve w a s  sa t isfactory,  
For future , a more e f f ic ien t  wate be used as well as 

ar sieve material. 
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N2 PRESS. (TO ACCUATE VALVES) 
COOL1 NG 

Figure 1.- C02 concentrator - solid amine unit. 

Figure 2. - C02 concentrator - molecular sieve unit 
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EiECTR I CAL 
POWER 
52, OOO BTUlDAY 

TOTAL AVERAGE HEAT - INPUT 135,540 BTUlDAY 

- 

Figure 4.- Thermal balance of molecular sieve unit. 

AVERAGE LOSS TO 
CAB IN-SENS I BLE 
26,740 BTUlDAY 

- 

AVERAGE 
BO I LER HEAT 
INPUT-HOT COOLANT 
174,000 BTUlDAY 

AVERAGE LOSS 
TO CABIN 

TOTAL AVERAGE HEAT 
INPUT 235,200 BTUlDAY 

ELECTR I CAL 
POWER -1 
61,200 BTUlDAY 

SENSIBLE = 60,000 BTUlDAY 1 , 1 LATENT 
= 26,500 BTUlDAY 

3% ELECT- = 21,450 BTUIDAY 
RICAL LOAD 

107,950 BTUlDAY 4 
AVERAGE CONDENSER OUTPUT TO COOLANT 

87,500 BTUlDAY 

39.750 BTUIDAY 
ELECTR I CAL LOAD 

127,250 BTUlDAY TO COOLANT 

Figure 5.- Thermal balance of solid amine unit. 





OPERATIONAL CHARACTERISTICS O F  THE INTEGRATED 
SABATIER/TOXIN BURNER UNIT 

By J. F. Harkee 

Mc Donne11 Douglas Astronautics Company 

SUMMARY 

Operation of the Sabatier reactor  during the initial 30 days of the 90-day 
manned tes t  was somewhat complicated by catalyst  poisoning caused by t race  
quantities of Freon- 113 ( T F )  appearing in the carbon dioxide. 
returned to normal  a f te r  replacing the catalyst and adding a charcoal  t r a p  to 
remove the contaminant from the  carbon dioxide. 
about 350 lb of water during the test. The average water production rate for 
the  last 60 days was  4.38 lb/day, 
hydrogen processed to water.  
the test .  

Operation 

The Sabatier unit  produced 

The reactor converted over 95 percent of the 
The toxin burner operated normally throughout 

INTRODUCTION 

The Sabatier functions to recover  oxygen f rom the carbon dioxide exhaled 
by the crew. 
lysis  unit a t  a temperature  of about 700°F in the presence of a catalyst  to pro-  
duce water for  the electrolysis unit, methane (exhausted), and heat. 

The carbon dioxide is reacted with hydrogen f r o m  the electro-  

The toxin burner  oxidizes hydrocarbons, methane, and carbon monoxide 
to carbon dioxide and water vapor. This reaction a l so  occurs  a t  a temperature  
of boo0 to 700°F in the presence of a catalyst. 
tion of oxidizable material ,  heat must  be added to maintain reaction conditions. 

Because of the low concentra- 

The integration advantage is to utilize the heat produced by the Sabatier 
to support the toxin burner  operation thereby reducing spacecraft  power 
requirements.  

DESCRIPTION O F  UNITS 

The pr imary  components of the Sabatier unit are the CO2 pres su re  regu- 
lator,  Hz and CO2 mixture control valves, Sabatier reactor ,  reactor  p re s su re  
control valve, and a zero-g condenser/water separator .  

The toxin burner unit consists of a regenerative heat exchanger, an elec-  
t r i c  heating element, a temperature  controller, and a catalytic (Hopcalite) 
reactor .  A schematic of the units is presented in figure 1. 



The Sabatier obtains CO;! 
the p re s su re  regulato 
The regulated 6 0 2  th 
ditions. 
two gas s t r e a m s  mix downstre 
reactor .  The r 
nic ke 1 - on - kie s e 
exchanger flows through the jacket to remove 
is normally operated 
a ture  of 500° to 750°F. 
and steam. 

The H;! flows direct ly  to 

The product gases  
reacted H2 leave the r 
and then a conventiona 
separated as water.  
critical-flow reactor pressure-control valve to the Space Station Simulator 
(SSS) vacuum subsystem. The zero-g condenser/separator is approximately 8 in. 
long by 4 in. wide by 1-1/2 in. high and is divided into two compartments by a 
partition of porous metal. Chilled water wets one surface of the porous plate. 
The reaction gases flowing along the opposite surface are cooled and the steam 
condenses and wets the porous surface. The condensed water will then trarkfer 
through the porous plate into the cooling water by capillary action and a con- 
trolled pressure difference. Product water flowing through the plate increases 
the displacement of a negative-pressure device, triggering the mqgnetic latching 
of a reed switch which activates the proper valving to allow compressed C02 to 
displace the water into the electrolysis water storage tank. 
denser collects any water it recovers in a small accumulator. 
in the accumulator activates a positive displacement pump which also discharges 
the condensate into the water storage tank: 

The toxin burner  obtains SSS air f r o m  the discharge side of the thermal  

The backxp con- 
A float switch 

control unit blowers a t  a ra te  of about 90 f t3 /hr .  
the regenerative heat exchanger, where i t  is preheated by the exit g a s  s t r eam.  
The gas then flows through the cooling jacket of the Sabatier reac tor  where it 
absorbs a portion of the reaction heat (and likewise cools the reac tor ) .  
gas  then passes  through the e lec t r ic  heater,  where the gas  temperature  is 
increased to the proper  oxidation temperature  (predetermined by the temper-  
a ture  control ler) .  The gas  then t r a v e r s e s  the catalytic reac tor  bed to the hot 
side of the regenerative he,at exchanger and then exits to the cabin. 

The air is forced through 

The 

OPERATION O F  SABATIER REACTOR 

During the initial pa r t  of the test ,  many valve adjustments and stabilization 
of reactor  temperature  with the s t a r t e r  hea te r  were required.  The mainten- 
ance activity during the tes t  is summarized on table 1. The unexpected atten- 
tion requirements  were partially caused by the frequent changes in hydrogen 
sources  and p res su res  affecting H;!/CO2 mixture  ratios.  At the middle of the 
third week, it became apparent that the reac tor  was not operating in a normal  
manner.  The temperature  profile in the reac tor  shifted toward the aft end of 
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the reactor, and a tendency for the reaction to be blown out the end of the 
reactor was  experienced. Poisoni 
electrolysis produces almost pure 
was entering with the carbon diox 
switched to commercial grade bott 
"clean up" and, i f  not, to ascertain 
Samples of 6 0 2  from the onboard a 
what trace contaminants might be present 
the expected 0 2  and N2, were eth 
review of the literature indicated (ref. 11 that ni 
could be poisoned by compounds containing sulfur o r  halogen groups 
mechanism of tying up the "active" si tes of the catalyst. 
both chlorine and fluorine atoms of the halogen group. 
determine i f  significant amounts of the Freon-113 would be thermally decomposed 
under reactor conditions, 
Sabatier reactor with similar Freon concentrations and conditions. LRC quickly 
reported that Freon decomposition was found t o  be i n  excess of 80 percent, with 
no halogens being found i n  the exhaust gas stream, but with significant concen- 
t ra t ions of halogens being present i n  the product water. 

by a 
Freon-113 contains 

The next step was t o  

M r .  David Grana of NASA I31C arranged t o  operate its 

The source of the Freon-113 i s  at t r ibuted t o  the cleanup following a 
failure of a Coolanol line during the unmanned SSS baseline test. 
used a s  a final wash to remove all traces of the Coolanol. 
ventilated for several days before the repeat of the unmanned baseline test, it 
is believed that t race quantities remained absorbed on surfaces within 
the simulator. 
removed by the CO2 concentrator units. 

Freon was 
Though the SSS was 

The trace quantities that desorbed during the test were 

Reactor operation on bottled CO2 did not significantly improve. Reaction 

The reactor operated to the 22nd day on bottled COz, when a charcoal 
during this period remained in the aft end of the bed with occasional "flame- 
outs". 
trap was placed in the cabin CO2 delivery line. 
s t ream of the charcoal trap indicated that the charcoal was effectively removing 
all organic trace contaminants. 
utilizing CO2 from the molecular sieve until the 28th day when it was decided 
to replace the catalyst, 
catalyst. 
52 days during the 60-day manned t e s t ,  about 25 days i n  bench tes t ing  pr ior  t o  
the 90-day manned test, 8 days during the preliminary unmanned and manned t e s t s ,  
and 28 days during the 90-day manned test, giving a t o t a l  operational history of 
about 1-28 days. 
baseline tes t .  The reactor w a s  down the 28th and par t  of the 29th day while the 
crew replaced the catalyst  and leak tes ted the reactor and subsystem. 
catalyst was  placed i n  a No. 2 t i n  can and sealed w h i l e  awaiting the next sched- 
uled pass-out. 
placed i n  an o2en aluminwn pan u n t i l  the exothermal reaction with the oxygen- 
r ich  atmosphere was'complete t o  avoid any crew handling accidents while loading 
the reactor. After completion of loading and sealing the reactor, it was leak 
checked by pressurizing it t o  30 psia  with nitrogen and immersing i n  water. 
After assembly in to  the subsystem, the uni t  was evacuated t o  5 psia  and pre- 
heated t o  3000 F t o  demonstrate gas-tight integri ty  a t  elevated temperatures. 

Gas samples taken down- 

Operation! continued without improvement 

It i s  interesting to note here the past history of the 
This catalyst  was  used for  15 days'before the  60-day manned t e s t ,  

No sign of deterioration was observed pr ior  t o  the unmanned 

The used 

The new catalyst  (Ni-0104T-1/8", Harshaw Chemical Company) w a s  



The reactor was  the 
act ivate  and reduce the catalys 
procedures. 

Operation with t 
by the crew. W a t e r  
the init ial  30 days to 
well  as the daily wa 
ure a l so  includes th 
zation is shown on 

Some crew a t  
period when the to 
for the decrease  in rcsb.lvl Looling capacity). 

ulation during the 

The reactor  was shut down for partial  periods of four of the l a s t  60 days 
of the t e s t  because of interruption of supply gases .  
capacity of about 120 in3  of charcoal and a useful life of about 11 days. 
Biweekly testing of the C02  both ups t ream and downstream of the charcoal trapE 
was accomplished. However, the shifting aft of the reaction within the 
Sabatier turned out to be the most  sensitive method of determining when the 
charcoal  needed replacing. During the short  period of t ime (approximately 
20 minutes) required to change the charcoal, C02 bypassed the t r ap  to main- 
tain reaction. 
reaction remained stable in the aft end of the reactor  before returning to the 
normal  position. 

The charcoal t r ap  had a 

For  a period of 6 to 24 hours  a f te r  changing the trap,  the 

On tes t  day 87, methane concentration in the SSS increased significantly. 
The Sabatier, a producer of methane, was then reduced in operating p res su re  
f r o m  about 530 t o r r  t o  480 to r r ,  well  below cabin pressure .  The SSS methane 
concentration then leveled off and began to decrease.  
p re s su re  control valve was in the fully open position to maintain the p re s su re  
a t  a lower than cabin level. On the 88th day, the Sabatier was shut down and 
leak tested,  A g r o s s  s t r e s s  corrosion failure along the minimum s t r e s s  axis 
of a 90-degree bend in the exhaust line between the reac tor  and the condenser 
was found. 
fluoride in the exhaust. 
operated normally f o r  the remainder  of the test .  

However, the reactor  

The corrosion was attr ibuted to hydrogen chloride and hydrogen 
The line was replaced by the crew, and the reactor  

Daily analyses of the  Sabatier exhaust gases were made and quant i t ies  
recorded. 
r e l a t ive  t o  the use of these exhaust gases as propellants i n  a r e s i s to j e t  a t t i -  
tude control system. It should be recognized tha t  the exhaust may include Some 
nitrogen. 
the sys t em and exhausts with any unreacted C02. 

Figure 5 shows the r e su l t s  of the  ac t iv i ty  and provides information 

All nitrogen entering the sys tem is unreacted as i t  passes  through 

Operation of the zero-g condenser /separator  was not completely initiated 
until the 14th day of the tes t ;  cold Coolanol flow was maintained through the 
condenser throughout the test ,  the product condensate being allowed to dra in  
into the backup condenser. 
it  pumped gas through the porous plate of the condenser. Repeated attempts 
to stop the gas breakthrough were t r ied on tes t  days 16, 29, 30, and 50. 

When the negative p re s su re  device was energized, 
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Efforts included various adjustments in cooling flow. 
device was actuated 42 t imes  during this period. 
was delayed to avoid long-term exposure of the c rew to any spillage of Coolanol. 
The condenser was replaced on tes t  day 81. 
indicated discoloration and corrosive pitting of the porous plat 
caused by hydrogen chloride and hydrogen fluoride resulting f rom the thermal  
decomposition of Freon  and absorbed in the product water.  

The negative p re s su re  
Replacement of the condenser 

Inspection of the initial condenser 

The new unit worked in a normal  manner until day 83 when the negative 
p re s su re  device became stuck about a quar te r  of the way down on the "down" 
stroke. 
water  a t  this time. 
paral le l  with the piston proximity switch. 
tive p re s su re  device was used for the remainder  of the test .  Post- tes t  inspec- 
tion disclosed that the piston was a t  the bottom of the stroke, indicating that 
the piston proximity switch might be inoperative, 

The negative p re s su re  device had automatically pumped 31 s t rokes  of 
The unit was freed by actuating a momentary switch in 

This method of actuating the nega- 

Typical operating conditions of the zero-g condenser during the run on 
the Coolanol side were  38OF inlet and 54OF outlet. 
tu res  were 163OF inlet and 90°F outlet. 
effectiveness to completely remove the water  f r o m  the exhaust g a s .  

The vapor side tempera-  
The unit apparently had inadequate 

OPERATION OF TOXIN BURNER 

Operation of the toxin burner throughout the tes t  was routine and without 
operational problems, as previously noted on table 1. Burner temperatures  
were adjusted between 5600F and 730°F throughout the las t  60 days of the t e s t  
to investigate variations in cooling e f fec t  on the Sabatier reactor. 
burner  was turned off f r o m  days 68 through 81 to observe changes in carbon 
monoxide, methane t r ace  contaminants, and microbiological activity. 

The toxin 

On day 68, while turning the toxin unit off, the c rew observed a powder 
deposit in the a r e a  of the discharge-to-cabin vent. A sample of this mater ia l  
was collected and passed out for chemical analysis. 
indicate the mater ia l  to be mainly chlorides of aluminum, copper, iron, 
nickel with minor amounts of silicon, magnesium, chromium, titanium, 
manganese, and boron. 
thermal  decomposition of Freon  in  the toxin burner  to f o r m  chlorides and 
probably fluorides with the Hopcalite catalyst  and the s ta inless  s tee l  and 
aluminum components of the unit. 
vapor pressure ,  i t  is not known how the mater ia l  could t ransport  through the 
regenerative heat exchanger to the vent. 
gas  s t r e a m  seems  the only obvious method. 

Pre l iminary  resul ts  

It would appear  that the mater ia l  resulted f r o m  the 

Since this mater ia l  has  a n  insignificant 

Dust ca r r i ed  along with the process  

In light of the catalyst  poisoning experience in the Sabatier and the 
chloride deposits, it  can  be suspected that the Hopcalite was adversely 
affected by the Freon. The extent and t ime history of the catalyst  degradation 
are not known; i f  the degradation occurred during the i n i t i a l  par t  of the t e s t ,  
the requirement f o r  a toxin burner can be questioned. 
required, methods of protecting the catalyst  from poisoning must be developed. 

If toxin burners are  
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Correlation of carbon monoxide and methane concentrations in the S S S  
with toxin burner operation is no 
pletely oxidized at room temperatur  

unit was retu to operation, t 
9 days to a level of 18 ppm. Th 
affect the CO level 

the repa i r  of the Sabatier 
point reached a level of 60 
of 50 ppm a t  the end of test. 
therefore, l i t t l e  washout effect of contaminants occurred. 
lowering in hydrocarbon level tends to indicate the toxin unit maintained some 
effectiveness throughout the test. However, the general  gradual r i s e  in 
hydrocarbon levels in the atmosphere during the test, which is mainly due to 
an increase  in methane concentration, m a y  indicate that a gradual reduction 
in  capacity was occurring. Daily values of cabin hydrocarbon concentrations 
a r e  shown in figure 6. 

Cabin leakage was minimal  during this period; 
This significant 

CONCLUSIONS 
1 

A. The Sabatier/toxin burner units performed as expected a f te r  catalyst 
poisoning problems were resolved. 

The Sabatier produced twice the wkight of it and the toxin burner  in 
water  and contributed a considerable amount of thermal  energy to 
support operation of the toxin burner.  

B. 

C. Future  Sabatier reactor  development should include provisions to 
protect the catalyst  f rom poisons. 

Quicker methods of initiating reac tor  operation such as a glow-plug 
type s t a r t e r  would be a worthwhile convenience. 

Future  development of negative p r e s s u r e  devices should tend towards 
a short-s t roke configuration and utilize a separate  pumping device to 
move the water to the s torage reservoi r .  

D. 

E. 
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TABLE I 

MAINTENANCE ACTIVITY 

SUBSYSTEM 

TOXIN CONTROL I NONE 

S ABAT I ER 

M A  I NTENANCE ACTlV IN 

REPLACED FUSE AND PRIMED WATER PUMP 

CLEARED WATER FROM METHANE PUMP" 
INSTALLED CHARCOAL TRAP I N  C02 LINE" 
CHANGED CATALYST 
CHANGED CHARCOAL" 
CHANGED ZERO-G CONDENSER 
ATTEMPTED TO UNSTICK NEGATIVE PRESSURE 
DEVICE 

REPLACED C02 FLOW TRANSDUCER" 

REPLACED LEAKING TUBE AT REACTOR OUTLET 

"OUTSIDE ACTIVITY 

SPARES USAGE 

NONE 

FUSE 
TRANSDUCER 

CHARCOAL COLUMN 
CATALYST 
CHAR COAL 
CONDENSER 

12 IN. TUBING 

HOURS 

NONE 

1.5 
0.3 
0.2 
3.0 
7.0 
2.5 
1.5 

0.6 
2.0 

18.6 
- 
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PERFORMANCE OF A SOLID-AXINX CARBON DIOXIDE CONCENTRATOR 

DlI€lJ3G A 90-IzAY TEST 

Hanilton Standard 
Division of United Aircraft Corporation 

and 

Rex B. Martin 
NASA Langley Research Center 

SUMMARY 

A carbon dioxide (C02) concentration system which u t i l i zed  a regenerable 
amine absorbent was used i n  the 90-day manned test .  Hamilton Standard u t i l i zed  
surplus f l i g h t  hardware from the Manned Orbiting Laboratory project t o  meet the  
cost, schedule, and manned-test constraints. The system design was based ofi 
t e s t  data provided by MSA Research Corporation. 
automatic operation with manned override capability. The successful operation 
of the uni t  during the %-day t e s t  establishes so l id  amine as a feasible C02 
absorbent with cer ta in  advantages over a molecular sieve C02 control system. 
The principal advantages demonstrated i n  the 90-day t e s t  are the a b i l i t y  of the  
sorbent material t o  operate with humid influent gas, with good performance at 
low C02 pressures, and with the a b i l i t y  t o  desorb C02 at ambient pressure and 
higher. 

The design provided for  limited 

INTRODUCTION 

The a f f i n i t y  of Linde Molecular Sieve f o r  water (H20) i n  preference t o  
carbon dioxide (CO2) i s  an inherent deficiency of t h i s  sorbent when u t i l i zed  
f o r  C02 removal since the influent gas must be dehydrated. 
research has been sponsored t o  investigate sorbents potent ia l ly  having more 
desirable character is t ics  t h m  Molecular Sieve. 
(MSA), under contract t o  the  NASA Langley Research Center (I;RC) found tha t  the  
weak-base amine ion-exchange resins showed promise as regenerable C02 sorbents. 
(See ref. 1.) Subsequent research by MSA under contract t o  LRC derived system- 
design information specif ical ly  fo r  aniberlite IR-45 ion-exchange resin from 
Rohm and Haas Company ( r e f .  2).  

Consequently, 

The MSA Research Corporation 

This resin is  durable and is widely used in  l iquid purification processes. 
It has been found useful i n  the removal of such weak acids as Cog, although 
re la t ive ly  l i t t l e  is  known about such resins  f o r  the absorption of gases. The 
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ear l ies t  references t o  ion-exc resins as potential 
gas sorbents were for  anesthes 
tions (ref.  4). 
in that  desorption is  at cabin pressure 
elimination of compressors fo r  puqping t 

(ref. 3) an 
The resin provides additional a 

l a t t e r  aspect w i l l  be d h 

The important characteristics of t h i s  sorbent are as follows: 

(1) It is spherical i n  shape with a me 

(2) It has a density of 39 t o  43 lb/ft 

(3) The heat capacity when 20-percent QO by weight is 0.48 Btu/lb-OF; 

ize  af 16 t o  50. 

h 40- t o  45-percent water con- 
tent and 35- t o  40-percent void space. 

and the heat capacity when dry is 0:314 Btu/lb-OF. 

centrated alkalis, and common organic solvents. 
(4) It i s  insoluble and inert in  strong acids (except n i t r i c  acid), con- 

( 5 )  It is  unaffected by prolonged exposure t o  water a t  212' F. 

(6) Porosity, swelling, and moisture-holding properties are dependent 
primarily upon the degree of polymer cross-linking. 
related t o  water content. 

Swelling is  also directly 

This steam-desorbed amine sorbent was selected for the Cog concentrator 
system in  the advanced integrated l i f e  support system study (ref.  5) because of 
consistently high ratings f o r  the applications considered. Thus, when certain 
flight-development prototype hardware became available from the Manned Orbiting 
Laboratory (MOL) i n  mid-1969 and when the s ta te  of amine technology at the time 
was considered, it was desirable and feasible t o  have Hamilton Standard design 
and fabricate an experimental amine s6rbent system f o r  the 9O-day manned t e s t .  

SYS'I'EM DESCRIFTION 

The system design assumed t h a t  certain MOL hardware, for  example, three 

Steam regeneration has several advantages f o r  t h i s  
canister and valve assemblies, heat exchangers, and so forth, would be avail- 
able for  use in  the system. 
sorbent and w a s  planned as the mode of desorption for  the system. 
significant advantages are that no heating coils are required in  the canisters 
and that cycling hot and cold coolant i s  not required. 
tions were conducted 'by MSA t o  determine certain system design- and operation- 
parameter information specific t o  the MOL Environmental Control System canister 

The most 

Laboratory investiga- 

- 

and t o  th i s  particular 

The system design 
canisters were used in  

- 

three-bed design. 

that  evolved is shown schematically in  figure 1. 
a three-phase cycle which w a s  considered base-line 
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operation; however, a two-canister mode w a s  a l so  incorporated. In  the three- 
canister mode, each canister is  desorbed during one phase or  1/3 of the cycle 
and absorbs during two phases o r  2/3 of the cycle. 
45 minutes. Each c 
15-percent water 
the canister volume, was a l l o  
f o r  res in  expansion since the 
increase in  water content up t o  
saturation condi resin. The 
between 25 percent by we at the end 
the end of absorptiori. 

Process air from the chamber humidity control system at 4 5 O  F t o  500 F 
and 400 F dewpoint is  passed through e i the r  of two redundant fans at 25 ft3/min 
and then through a heat exchanger t o  condition the air t o  the desired tempera- 
t u re  and re la t ive  humidity. 
connected i n  para l le l ,  where the C02 i s  absorbed by a weak chemical bonding on 
the amine resin and the purified a i r  i s  then returned through a second heat 
exchanger t o  the cabin. This heat exchanger cools the air  and condenses mois- 
ture  tha t  was  removed from the sorbent since the sorbent contains the  w a t e r  
condensed from the previous steam desorption. 

The complete cycle lasts 

The airflow divides and passes through two canisters 

Each canister undergoes desorption i n  turn i n  the following manner: Steam, 
at cabin pressures, is generated in  a two-stage finned-tube-in-shell steam 
generator. The superheated steam flows into the canister,  condenses on the 
resin,  the resin i s  heated, and the C02 i s  displaced and is reabsorbed down- 

stream. 
canister-void-space air ,  then humid C 0 2  and f ina l ly  steam are eluted from the 
canister. 
pressor requirements are  reduced from those of a molecular sieve system. 
accumulator pressure of 30 psia  i s  acceptable, it would be possible to eliminate 
compressors completely and use steam pressure t o  compress the C02 in to  the 
accumulator. The pressure i s  limited because IR-45 w i l l  degrade at temperatures 
m e r  about 250° F. 

This thermal mass-transfer zone passes through the canister and 

Since the C02 i s  recovered at 12 psia or  higher i f  desired, the com- 
If  an 

During the first half of the desorption cycle, canister-void-space humid 
air at about 8 5 O  F is flushed from the canister.  A s  C02 begins t o  e lu te  from 
the  bed, a flow-rate change i s  sensed, and the effluent is  d i v e r t e d t o  a com- 
pressor which stores the C02 at a pressure suitable f o r  the oxygen-reclanation 
system. The effluent temperature rises during th i s  period, and at a tempera- 
tu re  of 170° F, the steam breaks through and the flow i s  diverted back t o  the 
system out le t  heat exchanger where the gas is  cooled and moisture is  condensed 
and returned t o  the system water accumulator. For redundancy, two compressors 
are ins ta l led  in  para l le l .  

Water is  recycled within the system, however, a net water loss  m y  occur 
because of the loss of water vapor i n  the collected C02 and i f  a net difference 
ex is t s  between the system out le t  vapor concentration and the in l e t  vapor con- 
centration. An external water source was connected t o  the water accumulator. 



The accumulator has high and low l eve l  switches which aut 
re f i l l ing .  

Two water-metering pumps 
the steam generator. The wate 
be supplied t o  the steam gener 
within the  selected desorptio 
2 minutes t o  s 
diverter valve 
pressure t o  give a 
t o  the accumulator. A second diver ter  valve was  located i n  the steam l ine  t o  
divert  steam t o  the system condensing heat exchanger a f t e r  the  bed i s  heated 
suff ic ient ly  t o  desorb the C02 loaded on the bed. 

the C02 compressor t o  

Controls were provided f o r  fu l ly  automatic operation f o r  e i ther  three- o r  
two-canister operation. 
was also provided i n  addition t o  the flow and temperature controls f o r  desorp- 
t ion.  
manually adjustable. 

For redundancy a completely timed mode of operation 

For f l e x i b i l i t y  during the 90-day t e s t ,  a l l  control s e t  points were 

Photographs of the front and rear  concentrator system are  shown i n  f ig-  
ures 2(a)  and 2(b), respectively. 
4 ft X 4 f t  x 2 f t .  The weight is about 600 pounds. 
commercial hardware, a frame made of grating t o  save program schedule and cost, 
and the f ac t  tha t  the two-canister mode was adequate (as will be discussed l a t e r ) ,  
the s ize  and weight of the concentrator system can be reduced significantly f o r  
a f l igh t  system. 

The s ize  of the unit  i s  approximately 
Because of the use of 

SAFEW CONSIDERATIONS 

System Outgassing 

Most materials and parts not approved f o r  use i n  a manned test with a non- 
standard atmosphere were enclosed i n  an aluminum box of 0.060 gauge, spotwelded 
on f ive  sides. The information displays and controls were mounted on the front  
of the panel drawer of the box. 
items containing materials not approved fo r  use i n  a manned test with a non- 
standard atmosphere were placed i n  a 75 ft3 oven, heated t o  130' F, and outgassed 
fo r  three days pr ior  t o  f i n a l  system assembly. 
pentane) outgassing ra te  fo r  the  three-day period was 18 ppm f o r  the  75 ft3 
enclosed space f o r  the first day, 8 ppm f o r  the second day, and 4.5 ppm f o r  the 
th i rd  day. 

This en t i re  box assembly and the remaining 

The hydrocarbon (referenced t o  

Sorbent 

Four samples of the sorbent were submitted t o  NASA Manned Spacecraft Center 
f o r  tes t ing  ( r e f .  6).  The results of these t e s t s  concerning f lash  and f i re  



point, flame-propagation ra te ,  odor, and carbon monoxide (CO) and total-organics 
outgassing are summarized as follows: 

(1) IR-45 passes flammability c r i t e r i a  

(2) IR-45 passes odor criteria 

(3) m-45 passes total-organics c r i t e r i a  

(4) IR-45 is  borderline on CO outgassing, but steam exposure reduces 
concentrations suf f ic ien t ly  f o r  pass ra t ing 

PERFORMANCE PRIOR TO 90-DAY TEST 

Testing of a single-canister assembly at MSA indicated that a canis ter  C02 
loading of up t o  2.5 percent of dry-bed weight or  0.15 pound of C02 per canis ter  
cycle was feasible  if a proper water balance could be maintained i n  the canister.  
It was known from e a r l i e r  tes t ing  tha t  a 20-percent-by-weight bed water 1Fd ing  
was  ideal f o r  C02 absorption and tha t  higher and lower water loading would give 
less C02 absorption. 

Maintaining proper bed water loading was indicated in  single-canister 
tes t ing  at MSA as the most important problem i n  t h i s  design, and t h i s  f ac t  was 
confirmed when the system was tes ted  at Hamilton Standard. Thus, i f  the exact 
quantity of steam condensed i n  the bed on desorption and pa r t i a l ly  absorbed by 
the bed w a s  not removed o r  if  excessive water was removed during the subsequent 
drying C02 absorption period, the beds would progressively get wetter or dryer, 
respectively, and l e s s  than optimum performance would resul t .  
became s l igh t ly  wetter each cycle, the C02 removal performance would approach 
zero. 
s tab i l ize  at about 9.6 lb/day at  a 4 m Hg pressure input leve l  w i t h  a 3O-minute 
absorption cycle. The optimum removal rate was determined t o  be about 12 lb/day 
at an average of 20 percent by weight water loading. 
i n l e t  air temperature was  selected tha t  would cause the beds t o  s tay on the 
average on I the  dry side since only a 9 lb/day C02 removal rate was required f o r  
the system. 
gives adequate drying margin t o  prevent the canisters from becoming wet because 
of nominal change i n  coolant f l o w  and in l e t  a i r  condition. 

If the beds 

If the beds became s l igh t ly  dryer each cycle, the C02 removal ra te  would 

As  a resu l t ,  a canister 

Furthermore, the  selected temperature of 80° F and bo F dewpoint 

Absorption performance of the resin is  shown i n  figure 3. These data were 
taken during the dry, stable operation of the  system which resulted in  a 
9.6 lb/day 602 removal capacity. 
two canisters and the effluent temperature prof i le  of a single canister. 
can be seen that most of the C02 absorption takes place during the first 
10 minutes of i ts  two-phase absorption cycle. 
are required t o  complete the bed drying pr ior  t o  another desorption. 

The curve shows the combined absorption of 
It 

However, the remaining 20 minutes 



A canis ter  cycling from desorption t o  absorption.is hot and moist but dr ies  
rapidly during the first 5 minutes of the absorption cycle because the process- 
air temperature rises rapidly as it passes through the Canis 
a significant water-vapor capacity. 
makes drying much slower f o r  the remainder of the 
of sorbent, the r a t i o  of bed length t o  dimneter ( 
ideal  optimization of flow rate and cycle time. 
were selected i n  order t o  obtain the required capacqt 
e f f ic ien t  than would be possible by designing a bed 
resulted. 

This evaporation cools 

The desorption characterist ics are shown i n  figure 4. The effluent flow- 
ra te  change used as a switch point f o r  C02 collection and the steam break- 
through with the corresponding temperature r i s e  indicating completion of C02 
desorption are evident. 
the diver ter  valve switches t o  C02 collection resu l t s  because the back- 
pressure regulator increases bed pressure. 

The change i n  effluent flow ra t e  M e d i a t e l y  a f t e r  

Approximately 300 hours of investigatory t e s t s  were conducted at Hamilton 
Standard. These t e s t s  were concluded by a 3-day continuous operation acceptance 
t e s t .  
no adjustments being made. 
9.6 lb/day at a 4 mm Hg C02 pressure i n  the air in l e t .  

During the acceptance tes t ,  the unit  operated f u l l y  automatically with 
Average C02 performance f o r  the three days w a s  

Because of the chemical nature of the C02 sorption, IR-45 has a more favor- 
able isotherm f o r  low C02 pressures than Molecular Sieve. 
t o  determine the performance of the system at  a 1 mm Hg C02 pressure. 
t e m  removed 5 lb/day at t h i s  condition. 

A t e s t  was conducted 
The sys- 

The t e s t s  conducted on the amine system fo r  the Langley Research Center 
and McDonnell Douglas Astronautics Company 90-day t e s t  were oriented only t o  
obtain acceptable performance from the system f o r  the four-man crew require- 
ment. Adequate data t o  determine optimum cycle time, bed geometry, a i r  flow, 
and so forth,  were not possible due t o  schedule and cost constraints. It 
appears t ha t  significantly greater performance could have been obtained with a 
shorter cycle ( f ig .  3) and a r a t io  of bed length t o  diameter of about 1 instead 
of 2, since the bulk of the  absorption occurs i n  the first 10 minutes. It a lso  
appeared from these data tha t  two-canister operation may be more desirable. 
During the 90-day t e s t ,  it was necessary t o  operate i n  a two-canister mode. 
The performance data ver i f ied tha t  the two-canister mode w a s  generally more 
desirable for  t h i s  par t icular  system than the three-canister mode. 

P E R F O W C E  DURING 90-DAY TEST 

The amine C02 concentrator operated successfully as a system experiment 
during the 90-day t e s t .  
schedule (8 months) t o  bring a laboratory concept t o  prototype manned t e s t  
hardware i s  considered. The unit  was operated fo r  71 days. Figure 5 shows the 

This resu l t  i s  evident when the extremely short 



C02 pressure leve l  as a function of test days. 
during the test w a s  94 t o  98 percent. 
did occur during the t e s t  and the corrective action taken. 
the crew w a s  able t o  take corrective action without re  
outside the chamber. From t h i s  table, the imp0 
redundancy and al ternate  operating modes in  the 

The concentrated GO2 purity 
Table I indicates the malfunctions which 

For allmalfunctions,  

Condenser drain l ine  Deposits 09 material in  l ine I plu@;ged 

T e s t  days 

3 t o  lo, 81 

24, 81 

29, 62, 64, 
66, 67, 71, 
72, 73 

48, 58, 60. 
63, 75, 77, 
79 

Periodically purging the l ine  
with pressurized nitrogen (N2) 

74, 80 

Noise in compressor 1 

28-volt ”parer on’’ 
light not energized 
(unit =in@;) 

Amine material and 
steam leaking from 
hole i n  bed 3 

Fan would not start 34 

Unknown Switched t o  compressor 2 

Burned-out bulb Replaced bulb 

Epoxied patch loosened Plugged hole (amine material 
not replaced) 

Switched t o  fan 2 Unknown 

TABLE I. - MAI;FuNCTIONs OF AMINE CO2 CONCEN!CRAWR DURIXG W-DM TEST 

or  overflowing 
solenoid valve 

A complete post tes t  analysis of the  uni t  will be conducted. In  addition 
t o  the analysis of the  malfunctioning components and an analysis of materials 
compatibility, a postacceptance tes t  w i l l  be conducted t o  determine the amine 
material condition. 

Periodic manual adjustment of coolant flow t o  the unit was required during 

A 
the  test. 
matic control of airflow and inlet-drying conditions should be incorporated. 
direct  measure of bed-moisture conditions i s  necessary i n  order t o  properly 
control i n l e t  process-air drying capacity, and t h i s  improvement m u s t  be con- 
sidered i n  future hardware. 

For flight hardware o r  new long-duration test  hardware, f u l l y  auto- 

Information derived during the 90-day test and from a post tes t  analysis of 
the hardware will great ly  enhance the capabili ty of designing a solid-amine 
C02 concentrator f o r  future manned tests. 



The use of existing flight-development hardware provided the lead 
necessary t o  fabricate a system suitable f o r  the 90-day t e  
hardware posed some problems i n  i t s  adaptation t o  the  amin 
more favorable canis ter  configuration would have resulted i n  a reduced steam 
flow rate and a significant increase i n  the  absorption efficiency. 
of the 90-day t e s t ,  it i s  obvious tha t  direct  sensing of the sorbent moisture 
condition i s  mandatory and tha t  t h i s  information should be used t o  control the  
drying capacity of the i n l e t  process air  automatically. 
exchange cleanup i n  the water and steam c i rcu i t  i s  needed and may show a very 
significant trace-contaminant-removal capabili ty f o r  t h i s  system. The use Of 
waste o r  isotope heat i s  f e l t  t o  be s ignif icant ly  advantageous with t h i s  sys- 
tem concept. 

As a resu l t  

I n  addition, ion- 

A l l  malfunctions of the system tha t  occurred i n  the 90-day t e s t  were hard- 
ware development problems tha t  are judged t o  be amenable t o  a reasonable develop- 
ment e f for t .  
t es t ing  i s  the hardware design t o  "hold" the sorbent during cyclic swelling and 
contracting without causing sorbent agglomeration. 

Perhaps the problem tha t  may require the  most development and 
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ANALYSIS O F  TRACE CONTAMINANTS 

By P. P. Mader, Ph. D. and J. K. Jackson 

McDonnell Douglas Astronautics Company 

SUMMARY 

Analysis of atmospheric samples for the presence of t race  contaminants 
was conducted by MDAC to ensure the continued health and safety of the tes t  
crew. 
t ra ted samples obtained by freeze-out techniques to determine the presence 
of organic compounds. 
a s  nine organic contaminants although none were  present at levels approaching 
crit ical  values. The concentrated samples,  taken weekly, indicated a s  many 
as 23 compounds, most  of which occurred at very low levels.  
contaminants included methane, as high a s  290 ppm a t  the end of the run; 
carbon monoxide, which varied f rom 10 to 27 ppm; and Freon  TF,  which 
reached peak values as high as 1 1 . 6  ppm. Methane and carbon monoxide are  
most probably the metabolic products of the crewmen. 
cleaning solvent which was used before the test ,  apparently leaving residuals 
that maintained the cabin concentration throughout the test. 

Analysis was done by chromatograph on direct  samples and concen- 

The direct  samples indicated the presence of as many 

Major t race  

The F reon  T F  is a 

Inorganic compounds were measured by wet chemical analysis on samples 
taken daily. Compounds detected included total  aldehydes, which maintained 
a fairly stable concentration of about 0.35 pprn during the test ,  and ammonia 
during some periods, reaching levels of 2 to 3 ppm. During toxin burner 
operation, the presence of ammonia was frequently accompanied by t race  
amounts of oxides of nitrogen (about 0. 1 ppm). 
acid, hydrogen sulfide, chlorine, hydrochloric acid, and phosgene were tested 
for and not found at any t ime during the tes t .  

Sulfur dioxide, hydrocyanic 

Tests run  on CO2 removed f rom the cabin by the molecular sieve and solid 
amine units indicated increased concentration of Freon  T F  over the cabin 
levels.  This resulted in locating an  activated carbon filter in the CO2 line to 
remove this contaminant during the tes t .  

Tests  on catalyst f rom the Sabatier reactor  and a white powder found at 
the outlet of the toxin burner indicated heavy concentrations of halogens. 
apparently resulted f rom catalytic decomposition of the Freon T F  and may 
have caused a significant loss  in catalyst effectiveness in both units. 

This 

INTRODUCTION 

During the 90-day operation of the Space Station Simulator (SSS) and the 
short- duration manned and unmanned tes t  runs which preceded it, analytical 
support was provided by determining the composition and daily fluctuations of 
trace contaminants. A daily search  was instituted in which representative 
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air samples were withdrawn f r o m  the SSS and analyzed. Both sampling and 
analytical procedures depended on whether the tes t s  pertained to organic o r  
inorganic compounds. 

Additional analyses car r ied  out by the laboratory pertained to: 

A. Composition of constituents in C02 gases between concentrator and 
Sabatier unit. 

B. 

C. Purity of hydrogen, oxygen, and CO2 tanks. 

Analysis of Sabatier catalyst and toxin burner catalysts. 

D. 

E. 

Composition of exit vapors of the Sabatier reactor .  

Analysis of reclaimed water for compliance with potability standards 
proposed by the Ad Hoc Committee of the Space Science Board of the 
National Res e a r  ch Council. 

The present report  describes the types and quantities of inorganic and 
organic compounds found in the SSS and the analyses of toxin burner and 
Sabatier catalysts. 

Particular attention was directed to specific compounds (see table l ) ,  
which have been reviewed and to which pretest  planning had assigned contin- 
gency and abort  levels. 
recommendation of the Panel on Air Standards for Manned Space Flights of 
the National Academy of Science. 

Many of these levels were established upon the 

INORGANIC CONTAMINANTS 

Cbnventional wet chemical analyses of the cabin air were performed 
daily for ammonia, sulfur dioxide, oxides of nitrogen, and aldehydes. Twice 
a week tes ts  were run for hydrocyanic acid, hydrogen sulfide, chlorine, 
hydrochloric acid, and phosgene. 
during the 4-day unmanned and the 5-day manned tes t s  which preceded the 
90-day tes t  a r e  tabulated in tables 2 and 3, 

These tes t  data a s  well as those obtained 

During the 90-day manned operation of the SSS, the VD-VF unit and the 
wick evaporator system were alternately used for water recovery. It was 
desired to obtain data on the effect of the open-loop wick evaporator on the 
normAl contaminant level measured in the cabin air, and whether a correlation 
existed between the observed contaminants such as ammonia and oxides of 
nitrogen. Additionally, information was desired on the effects of the toxin 
control unit on formation and buildup of contaminants in the S S S .  

During the unmanned and manned tes t  periods preceding the 90-day tes t ,  
the space cabin air was almost f r ee  of contaminants. 
the start of the 90-day tes t  a lso showed the absence of all inorganic compounds, 
as seen in table 3, with the only exception being the aldehydes which started 

Analyses conducted after 
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with a low value of 0.04 ppm, and soon increased to  0 .2  to 0 .4  ppm. 
remained at this level throughout the entire tes t .  
nor oxides of nitrogen were detected in the cabin a i r ,  regardless  whether the 
VD-VF o r  wick evaporator system was in operation. This lasted until tes t  
day 52, when the presence of ammonia was detected at about 
Simultaneously with the appearance of ammonia, t r aces  of oxides of nit 
( less  than 0. 1 ppm) were  found. 
catalytic burner may cause oxidation of ammonia to  oxides of nitrogen. 

On tes t  day 57, af ter  the wick evaporator had been in operation for 

In spite of this,  the ammonia concentration in the 

They 
Initially, neither ammonia 

This reinforces a previous indication that the 

12 days, the further feeding of the wick was stopped, and the VD-VF unit was 
placed in operation. 
chamber increased during the following few days, reaching a peak at about 
2.8 ppm. 
more  ammonia was formed f rom the wick deposits and released into the cabin 
air. After several  days without wick operation, the ammonia concentration 
in the atmosphere returned to zero.  

This may be due to the fact  that after start ing to dry the wick, 

The effects of the toxin control unit with regard to the ammonia conver- 
During this t ime, sion can be seen f r o m  the data of tes t  days 68 through 82. 

the unit was inoperative. 
found in the SSS although the amount of ammonia that was present in the cabin 
atmosphere was similar to the previous period. 
was activated, the oxides of nitrogen again appeared, reaching a maximum of 
about 0.15 ppm. 

In this ent i re  period no oxides of nitrogen were 

Soon after the toxin burner 

ORGANIC CONTAMINANTS 

Daily gas  samples were  withdrawn f rom the cabin air by the syringe and 
needle technique. Analyses were car r ied  out with the two gas chromatographs 
calibrated for  120 organic compounds at two temperatures  and with two column 
packing mater ia ls .  
was measured with a L i ra  Infrared Analyzer) were identified and quantitatively 
determined. 
these compounds for each tes t  day. The concentration ranges were: Freon 
TF, 1 .6  to 11.6 ppm; acetone, 0.06 to 2.39 ppm; toluene, 0. 05 to 0.15 ppm; 
ethyl alcohol, 0.35 to 1.49 ppm; dichloroethane, 0.08 to 0. 25 ppm; methyl 
ethylketone, 0 .05  to 0.27 ppm; 2-ethylbutanol, 0.14 to  0.43 ppm; 2-ethyl 
hexanol, 0.1 to 0.68 ppm; methane, 110 to 290 ppm; and carbon monoxide, 
7 to 27 ppm. 

Ten organic compounds including carbon monoxide (which 

Figures 1 through 5 show the identification and concentrations of 

The horizontal bar between tes t  days 68 and 82 represents  the t ime 
interval during which the toxin burner was not in operation. 
the carbon monoxide level (fig. 5 )  increased f rom about 16 to 26 ppm. When 
the toxin burner was reactivated, the level was gradually reduced to 17 ppm 
at the end of the tes t .  

After tes t  day 68, 

With regard to methane (fig. 5),  it was noted that the concentration of 
this hydrocarbon increased f rom approximately 160 to 245 ppm when the 
toxin burner was inoperative. However, no decrease in the methane level 
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was observed when the toxin burner was placed in operatim again, 
increase resulted between samples taken on days 87 and 88. 
by a leak in the exhaust line of the Sabatier reactor which vented exhaust 
gases into the cabin, thereby adding to the methane le 
since the methane concentration in the exha 
Replacement of the faulty tube stopped this venting an 
in methane level. 

A further 
This was caused 

rresponding rise 

With regard to the other organic compounds plotted in f 
no specific trends were noticeable. 
low in all cases. 

Measured concentratio 

Freeze-out samples were collected on a weekly basis by passing 60 l i ters  
of cabin air into a stainless steel t rap which was immersed in liquid nitrogen. 
The noncondensable gases were returned to the cabin, while the remainder was 
condensed in the stainless steel t rap and was analyzed by chromatograph. 
total of 23 organic compounds could be identified by the use of the concentrated 
samples, as  compared to nine compounds when noncondensed samples were 
used. 

A 

Most of the chromatographic peaks exhibited by the large-volume samples 
could be identified. 
table 4% and from the 90 day test on tables 5 and 6 .  
peaks remain to  be identified. 

n-amylalcohol, and n-valeraldehyde, were present only during the unmanned 
5-day run. 

Those from the pre-test checkout runs a r e  shown on 
A few unassigned minor 

Efforts in  this direction are being undertaken. 

, It  may be of interest that three compounds, methylisobutylketone, 

These compounds were not found during any of the manned runs. 

ANALYSIS O F  CARBON DIOXIDE 

The carbon dioxide desorbed from molecular sieve o r  solid amine sorbant 
after removal from the SSS atmosphere was then processed in the Sabatier 
reactor. 

Since the C 0 2  originated in the cabin air  the possibility existed that other 
contaminants may be present in the CO2 stream leaving the concentrator. It 
was important to know the composition of the gas  stream reaching the Sabatier 
unit because the catalyst, upon which the Sabatier reaction is based, may be 
gradually deactivated or completely destroyed by the presence of undesirable 
contaminants. 

Analysis of the C 0 2  showed the presence of Freon T F  a t  an average 
concentration of 8 .0  ppm, and acetone and ethyl alcohol at low concentrations. 
Carbon dioxide, oxygen, and nitrogen comprised 98 to 100 percent of the total 
gas flow. 

An analysis of the Sabatier catalyst, which consists mainly of metallic 
nickel deposited on kieselgur as carr ier ,  was carried out. 
removed from the reactor by the crew on test day 29 and passed out of the 
chamber after a long period of intermittent operation had led to the conclusion 
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that catalytic activity had been lost. It was found to contain large amounts of 
chlorides and fluorides. 
available, it is  probable that the identified halogens came from the Freon TF 

Although there were no samples of unused catalyst 

in the CO2 in en 
and spent cata a Y  

have been impaired o 
halogens from the Freon TF. 

A metal analysis of the catalyst by atomic adsorption showed nickel and 
silicon as major compone resent in trace amounts were bor 
phorus, manganese, iron sium, and lead. These element 
assumed to be normally present in the catalyst. 

After the test crew replaced the spent nickel catalyst with new material 
on test day 29, an activated carbon filter was placed in the CO2 line. Analyses 
of samples taken downstream of the carbon filter showed that Freon TF as 
well a s  the two organic compounds mentioned above had been completely 
removed. 
of the test and the carbon filter replaced to prevent further contamination of 
the catalyst by Freon. 

This point was subsequently monitored periodically for the balance 

A white powder at the outlet of the toxin burner was collected at the end 
Analysis of this powder showed an extremely high concentration of the test. 

of chlorides. 
it  was obscured by the high chloride content. Analysis of the powder by 
atomic adsorption spectroscopy showed the following major constituents: iron, 
aluminum, nickel, and copper, besides several minor trace constituents. 
These major metallic constituents may have originated in the Hopcalite 
catalyst or f rom attack of the tubing or heat exchanger downstream of the 
catalyst bed. 

The presence of fluoride was not specifically identified because 
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DATE 

6113 

6115 

6117 

6114 

6116 

6118 
6119 
6EU 
6Ql 
6/22 
6/23 
6/24 
6/25 
6/26 
6/27 
6/28 
6/29 
6/30 

7 12 
76 
7 14 
715 
7 I6 

7B 
719 

711 

7 n  

7110 
7111 
7112 
7113 

7119 
7116 
7117 
7118 
7119 

7114 

7/20 
7121 
7/22 
7123 
7124 
7125 
7126 
7127 

TABLE 3 

8 0 0 0 0. 27 
9 0 0 0 0.27 

10 0 0 0 0.28 0 0 
11 0 0 0 0.25 
12 0 0 0 0.31 
13 0 0 0 0.29 0 0 
14 0 0 0 0.35 
15 0 0 0 0.27 
16 0 0 0 0.30 
17 0 0 0 0.27 0 0 
18 0 0 0 0.26 
19 0 0 0 0.27 
20 0 0 0 0.47 0 0 
21 0 0 0 0.33 
22 0 0 0 0.38 
23 0 0 0 0.24 
24 0 0 0 0.38 0 0 0 0  0 
25 0 0 0 0.31 
26 0 0 0 0.33 
27 0 0 0 0.34 0 0 0 0  0 
28 0 0 0 0.32 
29 0 0 0 0.34 
30 0 0 0 0.32 
31 0 0 0 0.33 0 0 0 0  0 
32 0 0 0 0.33 
33 0 0 0 0.34 
34 0 0 0 0.33 0 0 0 0  0 
35 0 0 0 0.34 
3 6 0  0 0 0.34 
37 0 0 0 0.31 
33 0 0 0 0.35 0 0 0 0  0 
39 0 0 0 0.31 

0 0 0  

0 0 0  

0 0 0  

0 0 0  

pl 0 0 0 0.28 
41 0 0 0 0.29 0 0 0 0  0 
42 0 0 0 0.34 
43 0 0 0 0.23 
4 4 0  0 0 0.23 
45 0 0 0 0.27 0 0 0 0  0 
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l8 STOPPED FEEDING WICK 
19 AFTER STARTING TO DRY WICK, 

MORE NH FORMED FROM WICK 

INTO CABIN A I R  
DEPOSITS AND WAS RELEASED 

&lCORRElATlON BEWEEN 
NH3 AND (NO1x 

3119 TOXIN BURNER TURNED OFF 

3119 WICK EVAPORATOR PRE- 
HEATER LEFT ON S I NCE 
PREVIOUS USE OF WICK 
EVAPORATOR WAS TURNED 
OFF LAST NIGHT 

3/21 FLOOR WAS WASHED WITH 
C CONDENSATE WATER 
FR 2 M SOLID AMINE 

911 SOLID AMINE SYSTEM 
DISCONTINUED 

911 MOLECULAR SI  EVE STARTED 
911 WICK EVAPORATOR 

STARTED 
911 VD-VF DISCONTINUED 
912 TOXIN BURNER BURNED ON 
4OLE I N  SABATIER EXHAUST LINE 
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CONSTITUENTS OF W EEZE- LES 

NOTE: PRESENT - NOT FOUND SAMPLE VOLUME: 60 LITERS 

TABLE 6 
CONSTITUENTS OF WEEKLY FREEZE-OUT SAMPLES 

NOTE: .-PRESENT - NOT FOUND SAMPLE VOLUME: 60 LITERS 
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OF TRACE A!IWOSPBERIC CONSTITUEN'I'S 

By M. L. Moberg and C. L. Deugl 

Analytical Research Laborat 
Aero j e t  Electrusystems Company 

ABSTRACT 

!The significant analytical data and methods of collecting trace atmospheric 
camponents found during the 90-day manned space chamber t e s t  are reviewed. The 
three collection methads and special sampler used on this program provided s a -  
ples for  measuring the major, minor, and trace ccmponents with classical gas 
volumetric analytical precision throughout the dynamic range and with reasonable 
turnaround time. Approximately LOO ccarcponents were identified and quantitatively 
measured using gas chromatography, mass spectrcmetry, infrared spectrophotometry, 
and. high-vacuum rack manipulation. 
minor test difficult ies) the SSS atmosphere was found t b  be of higher quality 
than the average tropasphere. It is  believedthat these data will also serve 
as a base for  parametric auto-instrumentation. 

With relatively few exceptions (and som6 

The purpose of this program wag t o  measure the trace atmospheric constit- 
uents found i n  the Space Station Simulator and expediently report these data t o  
the technical monitor for  medical surveillance. This information was also used 
t o  verify autcanatic instrumental monitoring of selected cctmponents. 
study more than LOO compuunds were identified and quantitatively measured using 
state-of-the-art gas chramatagraphic and mass spectrometric techniques. 

During th i s  

Three methods of sample collection were employed using the general proce- 
dure shown i n  Figure 1. 
on the re l iab i l i ty  of sampling. 
t o t h e  inherent weaknesses i n  any single known sampling method, three accepted 
prucedures were used. These were charcoal adsorption, cryogenic sample collec- 
tion, and direct or "grab" sampling. 
was arranged fo r  paral le l  or ser ia l  collection with the direct and cryogenic 
system. For t h i s  program a sample OS the chamber atmosphere was continually 
directed through one of the cpllection modes. 
sampler is shown i n  Figure 2. 
charcoal system, was  used ear l ier  fo r  the Apolla '7, 8, and 

The credence of a l l  chemical analytical data depends 
For this reawn principally, and in  additiun 

A s  shown, the activated charcoal system 

A pictor ia l  View of the complete 
T h i s  sampler, though modified to  accept the 

atmospheric 



studies. 
Atlantic Research Corporation). Figure 2(b), a side sampler, s h m  
three charcoal adsorption race constituents 
from the chamber gas strean. 

It i s  the property of the Langley Research 

Each adsorption tube 
charcoal. Before use the c 
exaslined as an analytical s 
w d d  be added t o  the chamb 
components collected from t 
stainless s t ee l  collection cylinders 
first trap was operated slightly be l  
and fourth a t  the boifing 
Grab samples were taken with cylinders similar t o  the ones used for  cryogenic 
collection. 

no contaminant 
resent only the 

Gas f l a w  for  this collection system i s  shown i n  Figure 3.  'Jko Diapumps, 
manufactured by Air Ccmtruls, Inc., were used t o  mye and return the chmber 
atmosphere through the col ledion system. 
control f r m t h e  G a s  Analysis Console pumps, a desired redundancy. G a s  f law 
rates fo r  the cryogenic system, corrected t o  760 t o r r  pressure, were varied 
downward from approximately 1000 t o  DO cc/min i n  an a t t q t  t o  improve collec- 
t ion efficiency. 
cryogenic systems are discussed la ter .  
flaw chart shown, a continuous surveillance of the chamber atmosphere was main- 
tained. The schedule for each collection method was varied somewhat t o  acca-  
modate special analytical requests of the technical monitor. 
was minimal however and Figure 4 shows the schedule used fo r  the middle month 
of the program. 
28 charcoal collections were taken during the course of the test .  
checks on gas flow (measured with Matheson Mass Flaw Meters) were made by 
McDonnell Douglas personnel when the Aerojet team was off site. 

This system offered independent flaw 

Differences i n  amount collected between the adsorption and 
With the sample collection system and 

This variation 

A t o t a l  of 25 grab smples, 28 cryogenic sample sets, and 
Periodic 

The samples were removed from the s q l e r ,  brought t o  the Islboratories, 
analytically divided into 3 fractions and analyzed gene raw within a 24 hour 
period. 
sampling when some question of atmospheric contamination was suspected. Each 
sample was handled on the Laboratory high-vaculrm system sham in  Figure 5. 
This equipment, which included the metal system on the ather side of the mck, 
was maintained a t  pressures below UP? to r r  when not emplayed for  sample manip- 
ulation. 
data generated frw the test s q l e  was not biased from equipment contamination. 
Cleanliness of the sample cylinders was also verified by this periodic spot 
t e s t  irrg . 

Occasionally, special anaJyseg were made i n  the same 8 hour period of 

Periodic blank samples were analyzed t o  assure the analyst that  the 

Each charcaal trap was transferred i n  an iner t  atmosphere box t o  a 200 mL 
rowld bottam flask and attached t o  the vacuum system as shown i n  Figure 6. The 
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flask was temperature programed from a b i e n t  t o  170Q C at  a ra te  approxlmating 

The t o t a l  system is f i t t e d  with 

ers, the sample 
t o  the receiver 

ivers were m i n t  

laring runs. 

The major analytical tool supporting this study was the i n s t m e n t  complex 
gas chromatography-mass spectrometry. Figure 8 shows the ?33M Model 5736 Chroma- 
tograph f i t t e d  with flame ionization, electron c'qture, and thermal conductivity 
detectors each separately recorded, and an Infotronics H S l l  integrator coupled 
t o  the FID mode. The sample inlet  system, constructed by the laboratories, is 
f i t t e d  with packless bellows valves. 
sample fraction attached, the connecting tube, s q l e  loop and a portion of the 
inlet system can be evacuated and helium purged wzlile under a controlled tan- 
perature of looo C. The instrument i s  
f i t t e d  with a Porapak Q and a Cabawax 1000 column. 
nately, one analyzing and the second backflushing. 
with Circle Seal valves located within the calm oven. The column effluent i s  
directed t o  the detectors i n  the approximate percentages shown: 
2 t o  ECD, 25 t o  TCD and 10 t o  the mass spectrometer. 

The arrangement is such that with the 

Figure 9 i l lustrateg the sample flow. 
These are operated alter- 

Fluw direction i s  controlled 

63 t o  FID, 

The Consolidated 21-104 mass spectrameter (E), shown i n  Figure 10, is 
attached t o  the chromatograph with a; short heated line. 
t o  the analyzer input where a portion of the sample enters and the remainder i s  
removed through a second Vacuum sptem. 
this in l e t  system a8 "a direct in-line inlet" the introduction t o  the analyzer 
resembles a Eyhage venturi. 
i n l e t  upening i s  scmewkrat c r i t i ca l  and aptim'um response is achieved through 
experimental positioning. 
include a t o t a l  ion monitor and special sweep selectors fo r  monitoring selected 
m/e ranges. 
ammonia 17, formaldehyde 30, and sulf lxr dioxide 64 mu. 
special measurements vere made using infrared spectrophotcmetry and a long-path 
gas cell.. 
separate M S  measurements:. 

This l ine  i s  directed 

While the laboratory has identified 

Spacing of the column effluent l ine  t o  the analyzer 

Other capabilities oZ the MS wed on this program 

m e  l a t t e r  was used for follaring three particular components, 
Finally, a nlrmber of 

The data obtained from these measurements were i n  agreement with 

The analytical data acquired on this program are too massive to be conven- 
iently reported here. 
on selected data, compare the collection systems on the basis of m a t e r i a l  

Hawwer, I will t ry  topresent  significant observations 
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eawn for the 
atmospheric compositional variations. occurring during the 90-day study. Total 
product recovery was examined frm the three collection methods. These &ta 
indicate that direct sample collection appears t o  grovide the greatest calcu- 
lated contaminant concentrations although signal responses Were quite low i n  
most cases. Cryogenic sampling provided a concentration factor from 50 t o  
100 times, w h i l e  the quantity of gas sampled with charcoal was from 300 to 
2000 times that of the grab sample. 
concentrations and quantity of gas sampled (108) the obsewed disparities might 
not be considered too serious. 
data are shown i n  Figure 11. 
water, carbon dioxide, Freon U3, and the mjos atmospherics components, the 
values shown represent the remaining t o t a l  collected material. Flaw rates 
through the charcoal started at 1 Uter/min were reduced t o  750 c c / . n ,  t o  
300 cc/min, and f i n a m  t o  a rate near 100 cc+n i n  an attenpt t o  a t ta in  recov- 
eries approaching those of the cryogenic system. Likew'ise, cryogenic collection 
was made fo r  the first 3 sets at I. liter/mi.n, decreased t o  750 cc/min and finaUy 
(the last 2 sets)  to  approximately 300 c-c/min. It i s  mggested that differences 
i n  the data obtained from these methods were, i n  part, due t o  elution of the 
adsorbents (with %O and (2%) or deactivation of the charcoal. 
a drying agent and l a t e r  l i t h i u m  hydroxide plus m e r i t e  a f t e r  day $ as a 
pretreatm'ent c a l m  for  the adsorption system, a marked lmprwement in recovery 
was  observed. 
of' minor constituents adsorbed by a given amount of charcoal. 
this s t u w  is continuing under N A S ~  Contract NM g - ~ o 4 9 .  

Considering the dynamic range of compound 

A comparison of the cryogenic and adsorption 
kt us examine these data for a moment. Excluding 

On addition of 

Either proposed mechanism could subs%antially reduce the amount 
A portion af 

"he change i n  ab-served concentration of several constituents was followed 
throughout the 90-d.ay test .  While this 
figure is a l i t t l e  too "busy," some observations can be abstracted from it. 
First, Freon 113 quantities are sham fo r  a l l  three Collection systems. 
ferences between direct and cryogenic sap l ing  generally remain the same 
throughout, e.g. , a factor of 2., except for a f e w  perturbations. The charcoal 
recovery was impsaved by predrying the gas stream although recoveries were 
never equivalent. 
evapomtor charcoal; the halogenated hydrocarbons we 
desarbed. Tri,fluorochloroethylene (TFCE) , shown on oal graph, is an 
impurity i n  the Freon 113 solvents or a degradation pro 
Its concentration varies rather consistently with Freon 113 at about lo$ of tbe 

These data a m  shown i n  Figure 12. 

Mf- 

Recall for  a moment the information obtained on the Wick 
retained or easily 

of one of the freons. 
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la t ter .  
a generally increasing trend throughout the test. 
able increase was observed a f t e r  water was removed from the atmospheric gas 
stream. 

Benzene, a material with a relatively hi& adsorption isotherm, showed 
Even with benzene a measur- 

Acetaldehyde and isoprene, two knawn human exudates, Were followed through 
the test. 
T h i s  may be related t o  their relative chemical instabil i t ies.  
benzene and isopropyl alc'ohal (IPA) were followed on the direct smple data 
sheets. With the exception of 2 OT 3 samplings, a generally increasing level 
for IPA would indicate a decreasing cap 
the large charcoal scrubber reached a saturation level for  organics, however, 
large changes would have been absemed for  a l l  organics. Ethylbenzene varied 
rather randomly during the test. 

A general concentration buiMqp was expected but did not materialize. 
Finally, ethyl- 

of the purification system. If 

Figure 13 i l lus t ra tes  the geney- increasing trend of contaminant buildup. 
Note that one of the sample containers used for  the 57 aaJr cryogenic collection 
had faulty valve$. 
was taken. Freon U 3  data was omitted from this flgure because rather enornous 
concentration variations were observed and the general trend i n  a l l  other p'kod- 
ucts would haye been obscured. Figwe 14 shars the chromatagrams of 2 selected 
samples. A s  mentioned earlier,  two chramatographic columns were used for every 
s m l e .  
300 t o  150° C at a rate of 4 degrees/min. Most of' the low boiling hydrocarbons 
and halogenated'materids were resolved on this column. After approxkately 
60 minutes of operation this column was backflushed and a second sp l i t  sample 
introduced into a 20-ft by 1/8-in. Car;bawax lC@U (lo$ on Ga;s C h r o m  Q) column. 
THS column was programed from 30O t o  150~ c at  a rate  of 4 degrees/min and run 
for approxLmately 45 minutes. Arraws from one chromatogram t o  another i l lus- 
t ra te  the ccarrplimentary nature of both columns and the increased analytical 
capability that i s  achieved with duo-column operation. Each of these columns 
were operated with a matched column used for equalizing flow rate and providing 
a stable baseline. 

This failure was not observed u n t i l  &ter the s-le set  

A 12-ft by 1/8-in. Porapak Q column was temperature programed from 

A number of other experiments were  conducted for  the program. These 
included measuring t o t a l  water recovery for  the proJed, fofiow2ng the level 
of methane, carbon monoxide and hydrogen with I R  and MS, analyzing several 
breath smrples taken i n  teflon cylinders and analyzing coolanol f o r  i t s  impur- 
ities, stabil i ty,  and decoanposition products under thermal and oxidative 
degradation simulating chamber spill. conditions. 
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(a) Front view. 

sample acquisition system. 
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RESULTS OF THE AEROSOL ANALYSIS EXPERIMENT PERFORMED 

DURING A 90-DAY MANNED TEST O F  AN ADVANCED 

REGENERATIVE LIFE SUPPORT SYSTEM 

By Walter F. H a r r i o t t  and Robert A. Walter 

DOT Transportation Systems Center 

SUMMARY 

Preliminary r e s u l t s  from the  aerosol  ana lys i s  experiment are presented. 
The membrane f i l t e r  d a t a  ind ica t e  t h e  t r end  of p a r t i c u l a t e  concentration i n  
the  simulator. 
e l ec t ron  microscopy f o r  p a r t i c l e  type. Close co r re l a t ion  i n  par t ic le  pro- 
duction has been found between submicrometer and micrometer p a r t i c l e s  and the  
p a r t i c l e  producing a c t i v i t i e s  within t h e  simulator. 

The f i l t e r s  have a l s o  been p a r t i a l l y  analyzed by scanning 

INTRODUCTION 

The objec t ives  of t he  aerosol  ana lys i s  experiment were three-fold: 

(1) The primary purpose w a s  t o  measure p a r t i c u l a t e  concentrations and 
s i z e  i n  t h e  simulator during t h e  9O-day test  of a regenerative l i f e  support 
system and t o  eva lua te  p a r t i c u l a t e  removal by t h e  environmental con t ro l  
system (ECS) and t h e  generation of p a r t i c u l a t e  matter by housekeeping p rac t i ces ,  
experiments, and equipment. 

(2) Provide base l ine  da t a  i n  support of Skylab Experiment T-003, In- 
F l igh t  Aerosol Analysis, which i s  t o  be flown t o  assess t h e  spacecraf t  p a r t i -  
cu l a t e s  generated i n  t h e  Orbi t ing  Workshop. 

(3) Evaluate the  condensation nuc le i  counting technique as a means of 
de tec t ing  submicron p a r t i c l e s  from overheated materials and their  applicability 
as a warning of p r e f i r e  conditions i n  spacecraf t .  The simulator provided an 
environment similar t o  a spacecraft ,  which could be used fo r  determining t h e  
i n t e r f e r i n g  activities that would g ive  r ise t o  false alarm s igna l s  and f o r  
e s t ab l i sh ing  a base l ine  background count. 

To achieve a l l  t h e  goals of the  experiment, ana lys i s  of d a t a  i s  being made 
t o  determine t h e  levels of p a r t i c l e s  and t h e i r  v a r i a t i o n  with time wi th in  t h e  



closed simulator environment; t o  determine t h e  gross phys ica l  and chemical 
c h a r a c t e r i s t i c s  of the aerosols; t o  determine t h e  extent of co r re l a t ion  among 
measurements taken by d i f f e r e n t  techniques at different loca t ions ;  t o  
determine t h e  ex ten t  of co r re l a t ion  of p a r t i c l e  concentrations, vari 
and c h a r a c t e r i s t i c s  with operating conditions and activit ies i n  t h e  
t o  evaluate activities and opera t ing  conditions as t o  t h e i r  production of 
p a r t i c u l a t e  matter; and t o  provide base l ine  information f o r  modification and 
improvement of cur ren t  sanpling techniques, 

PROCEDURE 

Three measurement techniques f o r  p a r t i c u l a t e s  were employed f o r  t h e  
experiment. 

F i l t e r  A i r  Samplers  

Membrane f i l t e r s  with a pore s i z e  of 0.8 pm and preloaded i n t o  p l a s t i c  
holders w e r e  used a t  l oca t ions  1 through 4 ( f i g .  1 ) .  An a i r f low of 3 l i ters/  
minute w a s  maintained by a pump ins ide  the  simulator.  The f i l t e r s  a t  loca t ions  
1 and 2, food preparation and w a s t e  management, w e r e  changed da i ly ;  l oca t ions  
3 and 4,  a i r  r e t u r n  and a i r  supply, were changed weekly. 

Light Sca t t e r ing  Equipment 

Four i n l e t  l i n e s  terminating adjacent t o  the  membrane f i l t e r s  were 
sampled sequent ia l ly  a t  approximately one hour i n t e r v a l s  throughout the 90 days, 
with the p a r t i c u l a t e s  being drawn i n  a t  17 l/min a i r f lo t ;  through a l ight scat- 
t e r i n g  p a r t i c l e  monitor (Royco Model 245) loca ted  outs ide  the  simulator chamber. 
The count and s i z i n g  information f o r  p a r t i c l e s  from 0.5 t o  1 0  pm w a s  obtained 
by s o r t i n g  the  pulsed output of t h e  l i g h t  s c a t t e r i n g  instrument i n t o  512 chan- 
n e l s  of a multi-channel pu lse  he ight  analyzer (Nuclear Data Model 3300) and t h e  
r e s u l t s  s to red  on computer compatible magnetic tape  (Datamec Model 2020). I n  
addi t ion ,  the  analog output of t he  l i g h t  s c a t t e r i n g  instrument w a s  recorded on 
a s t r i p  c h a r t  recorder (Royco Model 503) f o r  the  in tegra ted  par t ic le  count of 
0.5 t o  10  micrometers. 

Condensation Nuclei Counter 

A condensation nuc le i  counter (General E l e c t r i c  Model PCNC-1) w a s  loca ted  
a t  s t a t i o n  3 ,  the  a i r  re turn .  This instrument gives a gross count of p a r t i c l e s  
from 0.001 t o  0.1 pm by l i g h t  ex t inc t ion  measurement. The instrument w a s  modi- 
f i e d  f o r  use a t  10  p s i  and 110 V AC power and had a l a r g e  water r e se rvo i r  added 
f o r  reduced maintainence. The condensation nuc le i  counter operated continuous- 
l y  f o r  the whole test, with the counts recorded on an e x t e r n a l  analog s t r i p  
cha r t  recorder. 
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RESULTS 

The p a r t i c l e s  co l l ec t ed  on t h e  membrane f i l t  
o p t i c a l  microscopy i n  th ree  ranges: ess than 2 pm, 2 - 5 p 
5 pm. Fig. 2 shows t h e  results i n  t h r e e  s i z e  ranges f o r  
t i o n  area, s t a t i o n  1. 

Peaks and t rends  observed i n  the  food prepara t ion  area, s t a t i o n  1, were 
found i n  t h e  waste management areas. 
and r e tu rn  f i l t e r  samples correspond t o  the weekly averages of the  food prepa- 
r a t i o n  and w a s t e  management areas. 

Weekly t rends  r e f l e c t e d  i n  the  air supply 

All  t h ree  s i z e  ranges show similar peaks and a f t e r  an i n i t i a l  cleanup of 
the simulator a buildup of particles continues through day 50. 
the trend is  downward f o r  t h e  p a r t i c l e  counts which can be a t t r i b u t e d  t o  more 
rout ine  opera t ions  by t h e  c r e w ,  and buildup of a f i l ter  cake on t h e  ECS fil- 
ters r e s u l t i n g  i n  more e f f i c i e n t  f i l t e r i n g .  

From day 50 on 

The high counts around day 28 are the r e s u l t  of  rad ioac t ive  source change 
and maintenance on the  vacuum d i s t i l l a t i o n  - vapor f i l t r a t i o n  un i t .  Micro- 
scopic examination ind ica t e s  t h a t  t he  p a r t i c u l a t e s  cons i s t  mostly of c lo th ing  
p a r t i c u l a t e s  from t h e  high workload to  accomplish t h e  changeover w i t h  some 
contribution from f i l t e r  material removed from the  u n i t .  
days of increased general  a c t i v i t y  by t h e  crew. 

Other peaks are from 

The f i l t e r s  were a l s o  examined by scanning e l ec t ron  microscopy f o r  evalua- 
t i o n  of p a r t i c l e  morphology. 
t i v e  i d e n t i f i c a t i o n s  of the  observed materials. 

Typical r e s u l t s  are shown i n  f i g .  3 with  tenta- 

Figure 4 shows a 1 2  hour readout of the l i g h t  s c a t t e r i n g  instrument and 
condensation nuc le i  counter. The agreement between the  two curves is  q u i t e  
good and t h i s  w a s  t yp ica l  over the f u l l  90 days of the  test. 

Both t h e  condensation nuc le i  counter and t h e  l i g h t  s c a t t e r i n g  instru-  
ment peaks w e r e  co r re l a t ab le  throughout t h e  simulator test period t o  waste 
management, food prepara t ion  and ea t ing ,  various exerc ises ,  body hygiene and 
laundry and biomedical checking devices such as the  Langley psychomotor test 
and human describing function. 

I n  a c t i v e  periods,  the l i g h t  s c a t t e r i n g  instrument recorded up t o  30 
peaks i n  an e igh t  hour period; and superimposed on a c t i v i t y  peaks, simulator 
cyc l i c  events w e r e  noted a t  e i g h t  d i f f e r e n t  i n t e r v a l s  during the 90 days. 
These events had frequencies of 1 p e r  1 5  min, 1 per  26 min, and 1 per  45 min 
with c h a r a c t e r i s t i c  peak shapes. Fig. 5 shows a day when the  45 min peak 
dominated i n  p a r t i c l e  production. 

A check of engineering d a t a  shows t h a t  t he re  i s  an automatic cycling of 
f i l t e r  beds i n  the molecular sieve on t h e  C 0 2  concentrator every 45 
minutes. 
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A condensation n u c l e i  counter could be used as an i n c i p i e n t  f ire de tec to r  
i n  spacecraf t  i f  the  normal act ivi t ies  did no t  give rise t o  an excessive f a l s e  
alarm rate and t h i s  test i s h  t h e  condensation nuc le i  production 
from common activities. 0,000 particle/cm3 p r e f i r e  detec- 
t i o n  threshol  l a b  s i z e ,  t he  9O;day test i 
satis ns ,  vacuum d 
filtr maintenance an S, t h e  level 
10,000, whereas a frozen pump motor c l e a r l y  an ove ed condition. 

FUTURE STUDIES 

Work i s  continuing on examining the  f i l ters  by scanning e lec t ron  micro- 
scopy. I n  addi t ion ,  an e l ec t ron  probe w i l l  be  used f o r  elemental ana lys i s  of 
the p a r t i c u l a t e s  of i n t e r e s t .  P a r t i c l e s  from samples of the  common materials 
i n  use i n  the  simulator such as clothing, bedding, cu r t a ins  and soap are being 
compared t o  those observed on the  filters. The f i l t e r s  from the  environmental 
cont ro l  system have been obtained from McDonnell Douglas and the  f i l t e r  cake i s  
being examined chemically t o  determine i t s  composition. 

The tape readouts from t h e  l i g h t  s c a t t e r i n g  u n i t  contain the  p a r t i c l e  s i z e  
d i s t r i b u t i o n s  and these  are being analyzed f o r  comparison of d i s t r i b u t i o n s  t o  
the producing a c t i v i t y .  
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Figure 2.- Filter results for food preparation area, 
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Figure 3. -  Scanning electron photomicrographs of filters for day 28. 
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Figure 4.- Records of 12-hour readout. 
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WATER ELECTROLYSIS SYSTEMS 

By E. S. Mills 

Mc Donne11 Douglas Astronautics Company 

SUMMARY 

Three  different water  e lectrolysis  units were  used during the 90-day t e s t  
of a regenerative life support system. 
to two experimental  units. 
mittent circulation of electrolyte and was installed inside the Space Station 
Simulator (SSS). 
circulation and was installed outside the chamber.  All three units operated 
with some degree of success  during the test period. The experimental  units 
provided 71.6 percent of the total hydrogen required and 6 8 . 3  percent of the 
total  oxygen required.  
caused ea r ly  shutdown due to inaccessibility and lack  of proper  parts, 
other  fa i lures  were  repairable  because the unit was outside the chamber.  
p rog ram indicated that additional testing of water e lectrolysis  sys tems is 
needed, 
ce l l s  should be designed to operate with grea te r  gas-to-liquid p r e s s u r e  differ- 
entials.  
require  d . 

A commercial  unit was used fo r  backup 
One experimental  unit u ses  a vapor feed and inter-  

The other unit u ses  a liquid feed with continuous electrolyte 

All units experienced failures.  Some of these fai lures  

This 

Grea ter  c a r e  in hardware selection should be made, and electrolytic 

Improvements in the performance of two-phase separa tors  are a l so  

INTRODUCTION 

The gas  generation sys tems for the 90-day manned SSS tes t  consisted of 
three different water  e lectrolysis  subsystems and a s tored  gas supply. 
subsystems were  required to produce high-purity oxygen for meeting meta- 
bolic and leakage requirements  and high-purity hydrogen for  carbon dioxide 
reduction in the Sabatier reactor .  The s tored gas supply was used only in 
emergencies  where excessive demand exceeded the output capability of the 
operating electrolysis  units. 

These 

The electrolysis  sys t ems  used in this t e s t  consisted of a commercial  unit 
and two experimental  units developed specifically for this t e s t  program. The 
commerc ia l  unit was used for  backup when neither experimental  unit was 
capable of meeting ei ther  hydrogen o r  .oxygen demands of the s imulator  cabin, 
This unit was identified as the Stuart  unit and was manufactured by the 
Electrolyzer  Corporation, Ltd. of Toronto, Canada. The other two units were  
manufactured by Allis-Chalmers Manufacturing Company (A-C) and the Lock- 
heed Missiles and Space Company (LMSC). 
vapor feed and intermittent circulation of electrolyte and was installed inside 
the chamber during the test. 
tinuous electrolyte circulation and was installed outside the simulation chamber  

The All is-Chalmers  unit uses  a 

The Lockheed unit u ses  a liquid supply with con- 



during the test .  
90-day test .  All th ree  sys tems were  de 
ments of the four-man c rew and all thre  

All of these sys tems we 

er ienced some 

The following paragraphs briefly des  
experimental  sys tems and the integration 
chamber  design. 
sys tems as well  as the major  problems e 

Also descr ibed are th 

SYSTEM DESCRIPTIONS 

All is-Chalmers  Water Electrolysis  System 

The All is-Chalmers  water  e lectrolysis  sys t em was designed to be a n  
integral  p a r t  of the MDAC-West Space Station Simulator. 
of development, it is a nonflight sys t em which incorporates  the basic  principles 
and fundamentals of a zero-g flight-type system, but not necessar i ly  the weight, 
bulk, and detail  design. 
day. 
must produce 0. 3 3 3  lb/hour (0. 111 lb/hour/module).  This, in turn, requi res  
0 . 3 7 5  lb  of water  be fed to the sys tem each hour and 33. 9-amp total (an 
average of 11. 3 amps  applied to each module). 
enclosure approximately 24 in. wide, 24 in. high, and 18 in. deep, weighing 
approximately 220 lb fully charged with coolant and electrolyte.  

At i t s  p resent  stage 

Oxygen output capacity of the sys t em is up to 10 lb/  
To meet  the specified requirements  of 8 lb/day of oxygen, the sys t em 

The unit is contained in an  

A schematic of the sys t em is shown in  f igure 1. During normal  operation, 
feed water  is pumped to the accumulator f r o m  a supply source  every  2 hours.  
The water  is then fed on a pressure-demand principle through the separa tor  
to the electrolyte cavities in the three electrolysis  modules. 
electrolyzed into hydrogen and oxygen. 
accumulators  through a condenser and their  respective back-pressure regu- 
la tors .  W a t e r  vapor, condensed f r o m  the 0 2  and H2 gas, is fed back to the 
electrolysis  modules. 
65 percent  I320 by weight) in the modules and feed l ines is circulated by a 
pump through the two-phase gas  separa tor  to remove noncondensible gases  in 
the system. This purge process  lasts approximately 3 minutes.  
the electrolysis  modules is regulated by sensing the oxygen accumulator p re s -  
su re  downstream of the unit to adjust  the production ra te  to meet  sys t em 
demands. 

The water  is 
The 02 and H2 are supplied to the SSS 

Every 2 hours  the electrolyte solution ( 3 5  percent KOH, 

Current  to 

The operation is completely automatic a f te r  s ta r tup  is achieved. 

Instrumentation on the front panel includes switched readout of individual 
cel l  voltages, module voltage, module current ,  sys t em voltage, sys t em 
current ,  module temperatures ,  and sys t em temperatures .  P r e s s u r e  gages 
a r e  used to indicate the gas and water  p r e s s u r e s  in the sys t em manifolds 
before the condensers and at their  respective accumulators.  
lights indicate when the main power to individual modules and individual 
hea te rs  is on. 
high and low water pressure ,  high oxygen pressure ,  and high cold-plate 
temperature .  

Annunciator 

A l a r m  lights are provided for high and low hydrogen p res su re ,  



The unit has several safety devices and control circuits to provide the 
operator with sufficient information to take corrective action, 
a r e  protected by fast-acting circuit breakers that limit the current to 20 amps. 
Fuses are provided to protect individual circuits. 
the remainder of the fault conditions is a complete shutdown and isolation 
from the external line. 
hence, no change in internal pressure should occur after the unit is shut down. 
Isolation solenoids for retaining internal pressure for short periods of time 
after power cutoff prevent unbalancing of the hydrogen and oxygen pressure 
loops. The isolation valves in the inlet water lines to the modules serve two 
purposes. 
into the hydrogen cavities. 
from the circulation pump to be directed through one module during a purging 
operation by manually closing two of the three solenoids. 
except the temperature switch operate latching-type relays which in turn 
operate the indicator lamps on the front panel. 
though the fault may correct itself before the operator reaches the unit. 
reset  switch on the front panel energizes the reset  coils in the latching relays. 

The modules 

The method of safety for 

The instant power is cut off, gas generation stops; 

At shutdown, they isolate the water cavities to prevent flooding 
They also provide a means of allowing all the flow 

All safety devices 

The lights remain on even 
A 

Lockheed Water Electrolysis System 

The Lockheed electrolytic oxygen generator i s  a water electrolysis sys- 
tem-which was suitable for integration into and operation with the environ- 
mental control life support system of the MDAC- West Space Station Simulator. 
Oxygen output capacity of the system is 8 to 10 lb/day at  a discharge pressure 
of 21 to 27  psig. The hydrogen discharge pressure is 9 psig. 
dimensions of the system enclosure a re  24 in. wide, 22 in. high, and 3 1  in. 
deep. 

The outside 

It weighs 285 lb fully charged with coolant and electrolyte. 

A schematic of the unit is shown in figure 2. The concepts employed in 
the system design include the use of dual-matrix, liquid-center electrolysis 
cells with a circulating 30 percent potassium hydroxide electrolyte. 
generating unit consists of four electrolysis modules, each containing 16 cells 
connected hydraulically in parallel and divided electrically into two 8-cell 
banks. 
Peripheral manifolding within the module provides separate paths for electro- 
lyte circulation, oxygen and hydrogen discharge, and nitrogen purge. Differ- 
ential pressure control is used to maintain gas-liquid phase separation across  
absorbent matrices contiguous to the electrodes. 

The 

Cells within each 8-cell electrical bank a r e  connected in series.  

Electrolyte is pumped through a closed circulation loop using one of the 
two in-line magnetic-coupled centrifugal pumps; the second pump is an in-line 
spare. 
shell-and-tube heat exchanger. 
waste heat generated in the electrolysis modules. 
these lines a r e  used to balance the flowmeters. 
electrolyte lines from the modules a r e  provided so that a disabled module can 
be isolated from the circulation loop. 
charge valves a r e  fully open. 

The electrolyte Leaving the pump passes through the tube side of a 
Coolant supplied to the shell side removes 

Flow control valves in 
Valves in the discharge 

During normal operation, these dis- 



Downstream of the discharge valves, the electrolyte is manifolded 
together and en te r s  the electrolyte r e s e  
p re s su re  is applied with a nitrogen p re  
reservoi r .  

Water feed for  the electrolysis  proc 
liquid water into the r e se rvo i r .  
control and solenoid valve provides the p 

Hydrogen is delivered f r o m  the elect  

c t  injection of 
on with a flow A gea r  

9 psig. 
9 psig, is  pumped to 2 1  to 27 psig using a diaphragm pump. 
la tor  a c r o s s  the pump maintains the pump suction p res su re  a t  5 psig. 

Oxygen, discharged f r o m  the electrolysis  modules at approximately 
A pres su re  regu- 

Nitrogen purge is provided to maintain gas-liquid differential p re s su re  
during s ta r tup  and in te r im shutdown. When this function is activated, e i ther  
manually o r  automatically during safety shutdown, inlet and outlet solenoid 
valves in the hydrogen and oxygen discharge l ines open, allowing nitrogen to 
flow through the oxygen and hydrogen chambers  of the electrolysis  modules. 
A micrometer  valve is used to adjust the nitrogen flow rate .  

The electrolysis  unit is  designed to operate in an automatic mode during 
normal  operation except during manual s tar tup and shutdown. 
controls include electrolyte temperature  which is accomplished by using a 
thermostat  in  the electrolyte discharge line f r o m  the modules. 
to the electronics  cold plate is continuous and is regulated with a flow control 
valve. 
constant by controlling electrolyte volume in the r e se rvo i r .  Two differential 
p re s su re  control lers  mounted on each  module a r e  s e t  to control the hydrogen 
and oxygen p r e s s u r e s  a t  25-in. water above the electrolyte p re s su re  in order  
to maintain gas-liquid phase separation. 
vided with a current-controlled switching regulator to control the dc cur ren t  
input. 

Automatic 

Coolant flow 

Water balance in the circulating electrolyte is maintained relatively 

Each electrolysis  module is pro-  

Safety circui ts  are provided to automatically shut down the sys tem under 
abnormal  operating conditions. In a n  automatic shutdown, e lectrolysis  mod- 
ule power is turned off, the electrolyte pump, water  feed system, and sys t em 
r e s e t  a r e  turned off, nitrogen purge to the modules comes  on, and the cause 
of shutdown is indicated on the front panel. 
f r o m  nongate c i rcui t ry  which continuously monitors the following safety 
circui ts :  (1) module temperatures ,  (2)  0 2  and Hz safety pressure ,  ( 3 )  H2 
detector, (4) electrolyte volume, and (5) interruption of 60-Hz power. Each 
safety circuit ,  except i t em ( 5 ) ,  has i ts  own memory  latch which allows the 
sys tem to r emember  what type of malfunction caused the shutdown. 
to these memory  latches is driven by the safety sensors ,  When an out-of- 
tolerance condition exists,  the respective latch will be set .  
can be obtained by depressing the sys tem r e s e t  buttoil. 

The shutdown signal is derived 

The input 

A reset condition 



SYSTEM INTEGRATION 

The Stuart  unit used in this tes t  was an  upgraded vers ion of the sys t em 
configuration used in the 60-day tes t  conducted in 1968. 
and sys t em descriptions are provided in reference 1 .  
sists of a n  air-cooled t r ans fo rmer  and rectifier,  five Stuart  electrolytic ce l l s  
connected electr ical ly  in ser ies ,  a water  seal ,  a low-pressure gas  holder for 
each gas, an air-cooled electr ical ly  driven compressor  for each gas, a purifi- 
cation sys t em for each gas, s torage and r e se rve  tanks for each gas, cel l  
interconnecting piping, various protective devices, and automatic controls. 

Detailed schematics  
Briefly, the unit con- 

Figure 3 indicates how the three  electrolysis  sys t em were  integrated to 

Oxygen f r o m  the Stuart  unit went direct ly  to 
supply hydrogen and oxygen to  the other SSS subsystems. 
had i t s  own gas accumulators.  
the two-gas control unit. 
purifier,  common to all e lectrolysis  units, before reaching the Sabatier unit. 
The All is-Chalmers  and Lockheed units were connected in paral le l  and used 
common accumulators.  
The piping arrangement  provided the capability, on the oxygen side, to f i l l  the 
internal accumulator f r o m  ei ther  the Allis-Chalmers unit o r  the Lockheed unit 
while the Stuart  unit was meeting demands of the two-gas control. The Stuart  
unit was designed and operated to maintain constant p re s su re  in i t s  own gas 
accumulators;  any excess  gas was vented overboard. On the hydrogen side, 
l e s s  versat i l i ty  existed. The Lockheed unit could operate when ei ther  of the 
other two sys tems were providing hydrogen to the Sabatier reac tor .  
Allis- Chalmers  unit was providing hydrogen, the Stuart  and Lockheed units 
were se t  to vent excess  gas .  
and providing hydrogen gas to the cabin, the Allis-Chalmers unit had to be 
inoperative. 
tility; however, any future designs should include the ability to operate any of 
the sys tems without interference with any other. 

The Stuar t  sys tem 

Hydrogen f rom the Stuar t  unit went through a Deoxo 

Preceding the accumulators  were Deoxo purifiers.  

If the 

If the Stuart o r  Lockheed units were operating 

No major  problems were encountered with this lack of v e r s a -  

TEST RESULTS 

Alli s - Chalme r s W a t e r  Ele ctr oly s is Sy s t em 

Analysis of collected data has  indicated that the average oxygen require-  
ment is 9. 58 lb/day. Figure 4 shows that value as well as the quantity of gas  
generated by each of the experimental  e lectrolysis  sys tems during the 90-day 
period. The Allis-Chalmers unit operated satisfactorily during the f i r s t  few 
hours  without any difficulties, then high module tempera tures  and cel l  voltages 
appeared. 
down to stable oeeration, but at reduced capacity. 
apparent that the module water p re s su re  was ve ry  low relative to the oxygen 
and hydrogen sys t em p res su res .  The low water- to oxygen differential p res -  
su re  switch did not appear to be functioning as the differential exceeded 11 
psia  and the operating manual indicated automatic unit shutdown would ensue 
i f  the water p re s su re  was more  than 4 psi  below the oxygenpressure  ( ref .  2) .  

The amperage levels were  reduced,and the unit seemed to sett le 
Early on day 3, it was 



All  correc t ive  e f fo r t s  to raise the module water  p re s su re  were  unsuccessful. 
Evidently a blockage existed between the water  supply solenoid and the mod- 
ules. Tes ts  conducted subsequent to the si 
blockage. 
Module amperage was reduced and the electrolyte 
m o r e  frequent intervals.  
day 3 .  
flushing unit to ensure  the proper  wetnes 
mat r ices .  

All through the ea r ly  par t  of da 

The unit was finally shut 
All modules were  flushed for long periods o 

A number of a t tempts  were  made to r e s t a r t  the unit between days 3 and 18. 
During that period, problems were  encountered with the MDAC-installed nitro- 
gen regulator and with electr ical  shor t s  in the zener  diode and the bias-power 
relay. 
Again problems of high cel l  voltage were  experienced. 
experienced in  maintaining the module water p r e s s u r e  at 2 ps i  o r  less below 
the oxygen sys t em p res su re .  After trying all possible correct ive measu res  
without any improvement in performance, the unit was permanently shut down 
on the evening of the 20th tes t  day. 
f r o m  t e s t s  conducted p r io r  to the 90-day t e s t  as well as data collected f r o m  
the 90-day tes t  indicated that some damage may have been done to the modules 
before the tes t  that had caused an  increase  in  the internal res is tance of the 
modules thus causing increased voltages within each cell.  
amplified by the high differential p r e s s u r e  between the module water  and 
hydrogen sys tem.  
leaks that l imited water vapor diffusion to the electrolyte matr ix .  
fur ther  concentrating of the electrolyte and still higher voltages due to 
mat r ix  drying. 

After correct ing these problems, the unit was r e s t a r t ed  on day 18. 
Difficulty was a l so  

Detailed analysis of tes t  data collected 

This problem was 

The high differential p re s su re  allowed hydrogen c r o s s -  
This caused 

During the 98  hours  of operation of the Allis-Chalmers unit, i t  produced 
This is a n  average 'of 57.3'percent 

This unit provided, during i ts  

A 

22.4 lb  of oxygen and 2 . 8  lb of hydrogen. 
of the required oxygen for  the 4-day period. 
l imited operating life, approximately 2 . 6  percent of the total oxygen and 2. 7 
percent of the total hydrogen required by the SSS during the 90-day tes t ,  
maintenance summary  is shown on table 1 .  

Lockheed Wate r Electrolysis  Sy s t em 

The Lockheed unit was installed outside of the space simulator (in accord-  
ance with refs .  3 and 4) and operated on vent mode during the f i r s t  3 days; 
that  is, all oxygen and hydrogen were  vented to ambient. On day 3, a nylon 
fitting in module 1 was found to be leaking hydrogen. The unit was secured 
and representat ives  f r o m  Lockheed made the necessary  r epa i r s .  Due to the 
outside installation and accessibil i ty of the unit, r epa i r s  were  accomplished 
and the unit reinstated to normal  operation. The reduced performance shown 
on figure 4 between day 3 and 11 was caused by frequent unexplained shutdown 
of the 28 vdc power supply and a loose hydrogen fitting. 

The next major  failure was identification of nitrogen in the hydrogen and 
oxygen supplies. 
were allowing purge nitrogen to leak into the oxygen and hydrogen gas passages.  
A long shutdown was required because replacement par t s  had to be obtained 

Two solenoid valves were  found to have lost  their  sea ls  and 
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f r o m  the manufacturer.  
res ta r ted  but capacity was reduced because of intermittent automatic shutdown 
by module 2 overtemperature  protection switch. 
the unit seemed to per form trouble-free until day 40. 
tes t  day 40 the facility power was lost. 
smoke was detected f r o m  module 1. 
f r o m  moist  potassium carbonate collecting a c r o s s  e lectrodes of different cel ls .  
The carbonate collected f r o m  a leaking fitting above the module. The problem 
was overcome by using installed redundancy (module 4). Module 1 was isolated 
and the leak repaired.  

After r epa i r s  to the solenoid valves, the unit was 

This was disconnected and 
Ear ly  on the mo 

During r e s t a r t  of the Lockhee 
This was caused by an  e lec t r ica l  shor t  

The major  shutdown on day 45 was caused by hydrogen leaks in  the bottom 
of the modules 2 and 3 .  Module 1 was disassembled and new mat r ices  were  
installed, a l so  new temperature  switches were installed. New fittings were  
installed in  the bottom of modules 2 and 3 .  Good operation was experienced 
until days 58 to 60 when the cooling unit, supplying chilled water  to the elec-  
t rolysis  unit, developed a clogged fi l ter  and cooling capacity was reduced. A 
nitrogen supply solenoid valve a l so  stuck and required cleaning. Also during 
this  interval, the 28-vdc logic power supply failed. 
repa i rs ,  the unit was res ta r ted  and operated a t  required gas  generation r a t e s  
for  2 days. At this t ime, c ross - leaks  were  discovered in module 2. The unit 
was stopped and module 2 was rebuilt with new ma t r i ces  and the unit was 
restar ted.  
electrolyte of all modules and the hydrogen back p r e s s u r e  was found to be up 
to '11. 3 psig instead of the design value of 9 .0  psig. This high back p res su re  
was caused by the high venting ra te  of hydrogen through a fixed orifice in the 
hydrogen wet t e s t  meter .  
value eliminated most  of the bubbles in the circulating electrolyte. The unit 
was observed for  the next few days and on day 73 the unit was shut down to 
allow Lockheed personnel t ime to rebuild modules 1, 3 ,  and 4. Al l  matrices 
were  replaced in these three modules. The unit was restar ted,  but module 3 
st i l l  showed evidence of c ross - leaks  and it was decided to operate on modules 
1, 2, and 4 for the remainder  of the test .  On day 76, a n  e lec t r ica l  problem 
developed in the c i rcu i t ry  of module 1 .  
connecting modules 3 and 1 .  That is, module 3 circui t ry  operated module 1 
electrolysis .  
out additional fa i lures  until the end of the tes t  period. 
is shown on table 2. 
i f  the unit had been installed inside the SSS because of the unexpected nature of 
the failures,  the special  ski l ls  required,  and the need for  safe checkout of 
performance before gas  usage was allowable. 

After the necessary  

On day 68, more  gas bubbles were observed in the circulating 

Returning the hydrogen p res su re  to the proper  

This was solved by electr ical ly  cross- 

The unit operated at just  under chamber  requirements  and with- 
A maintenance summary  

Many of these r epa i r s  could not have been accomplished 

During the 90-day test ,  this unit operated a total of 1, 681.2 hours  o r  70. 1 
days. 
gas  generated by the unit was vented to ambient. 
oxygen and 55. 7 lb of hydrogen to the chamber.  
of the hydrogen used by the Sabatier unit and 65. 7 percent of the oxygen 
required for  leakage and metabolic consumption. 
ra te  for  this unit was 9. 1 lb/day. 

The unit supplied the chamber  a total of 62.2 days and for  7. 9 days the 

This represents  68 .9  percent 

Average oxygen production 

It delivered 566.02 lb  of 



The Stuart  e lectrolyzer  unit provided 23.0 lb  (28.4 percent)  of the hydro- 
gen to the Sabatier unit and 258. 3 lb  (30.0 percent)  
Also, 15.3 lb  (1. 7 percent)  of oxygen was pro  
storage.  

xygen to the chamber.  
high-pressure 

All three water  e lectrolysis  sys tems operated with varying degrees  of 
success  during the 90-day test period. The co 
least number of fa i lures  as was expected. The 
fai lures  but s t i l l  were  able to supply 71.6 pe rc  
and 68. 3 percent of the required oxygen. It is evident f r o m  the tes t  experience 
that additional development and testing are required before advanced concepts of 
water  e lectrolysis  sys tems are ready for space applications. It is a l so  evident 
f r o m  the tes t  p rog ram that qualified personnel with the appropriate  s p a r e  pa r t s  
can  complete v e r y  significant r epa i r s ,  The All is-Chalmers  unit, being instal-  
led in the chamber,  was not accessible  by highly qualified personnel nor were 
spa re  pa r t s  available. 
was accessible  for complete rebuilding of modules when required.  Should the 
ro les  have been reversed,  less favorable resu l t s  would probably have been 
obtained on the Lockheed unit. Selection of better operating hardware and 
redesign of modules to withstand grea te r  preqsure  differentials a c r o s s  the 
mat r ices  would have reduced the overal l  maintenance of both units. 
design and performance of two-phase sepa ra to r s  are a lso  required.  

cia1 unit experienced the 
r imental  units had m o r e  
the required hydrogen 

The Lockheed unit,’ being installed outside the chamber,  

Improved 

, 
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OPERATIONAL CHARACTERISTICS OF WO-GAS CONTR 

By J. F. Harkee 

-. - McDonnell Douglas Astronautics Compa 

A system for controlling an 
to the Space Station Simulator during 
successfully. A four-gas mass spec 
control signals to the atmospheri 
oxygen and 279 lb of nitrogen to the Space Station Simulator during the test. 
During most of the test, the oxygen partial pressure was controlled 
*O. 5 mm Hg of the control setpoint and the nitrogen partial pressur 
*8  mm Hg. 
to the higher than predicted cabin leakage associated with a low control loop 
gain, and can be improved by simple design modifications. 

The reduced accuracy of the nitrogen channel was apparently due 

INTRODUCTION 

One of the life support systems tested in the SSS during the manned 
90-day test w a s  the two-gas atmosphere supply subsystem. 
functioned by adding fixed pulses of oxygen and nitrogen to the atmosphere. 
The pulse frequency is controlled by an electronic comparator signal which is 
proportional to the difference between the sensor output and a level represen- 
tative of the preselected control point. The quantity of gas added is measured 
by counting the pulses. 
manned testing a re  presented. 

This unit 

The operational characteristics observed during the 

DESCRIPTION 

The flight-type two-gas atmosphere controller is a second-generation 
unit stemming from the controller developed for the 60-day tes t  (reference 1). 
A feature added to the unit in addition to compact packaging and miniaturized 
electronics is the capability of the unit to accept transducer signals from 
alternate sources. This allowed the unit to operate primarily from a four-gas 
mass spectrometer developed by Perkin-Elmer, or in a backup mode using a 
self-contained polarographic oxygen sensor for oxygen control and an absolute 
pressure transducer for nitrogen control. A schematic diagram of the control 
system is presented in figure 1. 

Except for the transducer circuits, the oxygen and nitrogen supply 
circuits a r e  identical (See figure 1). A transistorized, chopper -stabilized dc 
amplifier having very low noise level is used as  an integrator in each circuit. 
A 10-turn potentiometer, supplied from a regulated dc power supply, is used 



to adjust the set point. 
Shorting diodes across the amp 
pressure e r ror  signals. 

The amplifie 
which is biased to 
to prevent reverse 
amplifier increase voltage at a rate 
voltage reaches the 6-volt bias, current conducted through the relay coil 

Oper 

triggered. 

Another pole of the sensitive relay initiates the electromechanical timer. 
This timer opens the appropriate solenoid valve for the required pulse of gas 
and advances the pulse totalizer one count. 
pulse durations to 15 sec. 

The timer is adjustable for 

The flow time for an oxygen pulse was 8.56 sec, and a nitrogen pulse 
was 9.62 sec. 
the regulated pressure of 29.7 psia, and for nitrogen 3.83 x 10-3 lb/pulse at 
34.8 psia. 
controlling orifices, which were selected on the basis of the predicted use 
rates of about 8 lb/day of oxygen and .1 lb/day of nitrogen. 

The mass flow per pulse for oxygen was 2.3 x 10-2 lb 

The pulse quantities were determined by the flow area of the 

at 

Three oxygen source modes a re  available to the control unit: baseline 
mode which accepts oxygen from the flight-type electrolysis units; backup 
mode which accepts oxygen from an industrial electrolyzer; and storage mode 
which accepts bottled oxygen. Baseline operation is the primary mode, and 
is implemented by a pressure switch located on the oxygen accumulator that 
locks out the solenoid valves of the other modes when accumulator pressure 
exceeds 36 psia. Should the accumulator pressure drop below 30 psia, a low- 
pressure switch gives a visual and audio warning signal that the source 
pressure is approaching a level that will not support sonic flow through the 
metering orifice. The audio warning may be silenced by depressing an 
acknowledge switch, and the unit manually switched to the backup mode. 
the oxygen accumulator pressure is built up to 36 
returns to baseline mode. 
from each source, the mode switching circuitry also switches the pulse signal 
to respective counters. 

When 

In order to provide a record of the oxygen quantities 
ia, the unit automatically 

The pneumatic portion of the unit contains the 
gas pressure regulator and regulated pressure gage 
and orifices. 

urce solenoid valves, 
ulse solenoid valves, 
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OPERATIONAL RESULTS 

During the initial week 
partial pressure as indicated 
agreement 
level control on the atmosphere 
to the specified level as indicate 
started to verify the anal 
mass spectrometer. Th 
oxygen content of the GA 
vendor's certification stated 
pressure in the cabin of 145 
155 mm Hg. 
accordingly increased and 
storage on day 7 of the test in order to bring the oxygen level to the proper 
155 mmHg level. Figure 2 pres 
level. throughout the test, and the 
a re  evident. 
of the control level for the remainder 'of the test. 
throughout the run stayed within the limits of 330 f 8 mm Hg after the 
transients of the first few days settled out. The dips in nitrogen partial 
pressure indicated in figure 3 for days 8 and 12 resulted from leakage through 
the garbage can lid to the annulus. The dip in nitrogen partial pressure 
indicated on test days 28, 29, and 30 is attributed to leakage through the 
pass-through port while replacing the catalyst in the Sabatier reactor. 
relatively large fluctuations in nitpogen partial pressure a re  partially due to 
the leakage being considerably higher than expected. The low mass flow per 
pulse resulted in many more pulses to correct an e r ror  than desirable. The 
input circuit sensitivity was also much lower than that for the oxygen channel. 
Improvements in these parameters would result in much more accurate 
nitrogen partial pressure control. 

a s  compared to the desired level of 
The set point 

s the average oxygen partial pressure 
ygen level perturbations of the first week 

Figure 2 also shows that the oxygen stayed within *O. 5 mm Hg 
Nitrogen partial pressure 

The 

Figure 4 presents a record of total atmosphere pressure showing both 
the minimum and maximum pressures recorded for the day. This figure also 
reflects the dips in nitrogen partial pressure previously described. Figure 4 
also reflects the difference in operation of the solid amine unit (before day 81) 
and the molecular sieve unit (days 81 to 90). The lowering in total pressure 
is attributed to a decrease in cabin humidity and a lesser decrease in carbon 
dioxide partial pressure. 

One feature of the oxygen circuit design caused a loss of accuracy in the 
mass flow measurement feature of the two-gas control. 
oxygen demand, which occurred regularly during the crew's morning 
exercise period, the Lockheed electrolysis unit was unable to maintain 
accumulator pressure. 
crewrnen could either manually &+itch to the backup supply, or wait until a 
lower pressure was reached. 
absence of demand on the 02 accumulator results in a rapid buildup in pressure 
with automatic switchover to the primary source. 
accumulator would again be depleted, and so on. 
manual switchover to the backu 

On periods of high 

The low-pressure alarm would sound at 30 psia, and 

When switched to the backup supply, the 

In this event, the 
Frequently the crew delayed 
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ply to avoid repeated requirements, until 



the accumulator pressure had dropped well below that required to maintain 
the regulated pressure to the sonic orifice. 
indicated by the pulse counter was frequently larger  than the actual flow. 
Changes in the switchover log should be mad 
in both directions, with a wider band between s 
periods of accumulator recharging. Reduction 
would also reduce the response to t ran  
loss in  oxygen channel accuracy would 

No malfunct ns requiring corre  

As a result, the mass flow 

flight type two-gas control. 
changed once during the mission as the original sensor had lost sensitivity. 
Since the mass spectrometer signal was used as input to the two-gas control, 
the polarographic sensor was not actually required, but was operated in  order 
to obtain tes t  experience. 

A Beckman polarographic oxygen sensor was 

CONCLUSIONS 

The flight-type controller and sensors functioned properly throughout 
the test ,  having no malfunctions and requiring no unscheduled maintenance. 

The control accuracy was very good on the oxygen channel, holding with- 
in *O. 5 mm Hg (*O. 3 percent) of the set point during most of the period. 
Accuracy on the nitrogen channel was not as good, being *8  mm Hg 
( *Z .  4 percent) over the major portion of the test. This can be improved 
considerably by increasing the input amplifier sensitivity and the flow control 
orifice size. 

The mass flow measurement accuracy was compromised by the switch- 
over logic in the oxygen channel, which required frequent manual attention 
during periods of high demand. An automatic switchover to backup supply, an 
increase in the differential pressure required to switch back, and a reduction 
in oxygen channel sensitivity would improve this operation a s  well a s  reduce 
transient demands on the electrolysis unit. 
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LOCKHXED 

EWCTBOLYSIS SYSTEM FOR THB 
N X i T Y - D A Y  I@J?NED TE 

By Thomas 14. 0 
Barbara 14. Gre 

The Lockheed electrolysis  system f o r  the ninety-day test  w a s  designed 
as a back-up system t o  operate e i ther  inside or  outside the ~4cDonnell-Douglas 
Space Station Simulator. 
the  same interface requirements 8 s  the vapor feed unit scheduled f o r  use i n  
the ninety-day t e s t .  The Lockheed unit provides oxygen automatically on 
demand at a design r a t e  of 8.0 lb/daY*Starl;up and shutdown of the  system 
can be accomplished quite rapidly and are manual operations except f o r  
automatic safety shutdawn. Safety s ta tus  indicators a re  provided on the 
front panel f o r  pe r fomace  monitoring. 

The program t o  design, fabriccite, t e s t  and deliver a back-up electro- 

The system w a s  designed, where possible, t o  meet 

Tne uni t  i s  sham i n  Figure 1. 

l y s i s  system f o r  the ninety-day t e s t  w a s  accomplished i n  four months. 
program was in i t i a t ed  on 1 January 1970. 
safety review w a s  completed by the end of the  f irst  month. 
t i o n  was coinpleted by mid-March. Component, subsystem and system develo?ment 
checkout t e s t s  and acceptance tests were completed by the end of April. 
hardware w a s  delivered t o  Mcbnnell-Douglas on 5 May 1970. 

The 
The system d.esign and system 

System fabrica- 

The 

SYSTEN DESCRIPTION 

The Lockheed water e lectrolysis  system shown i n  Figure 1 features 
liquid,  water feed in to  a circulat ing electrolyte.  This concept w a s  selected 
because of i t s  operating advantages in  the areas of water balance, tempera- 
ture control and eff luent  gas water vapor content. With d i rec t  injection of 
water in to  the electrolyte,  rapid changes i n  gas flow requirements can be 
easi ly  accommodated. The circulat ing electrolyte  a l so  provides the opportu- 
n i t y  f o r  act ive temperature control which improves the  a b i l i t y  of the system 
t o  operate over a wide var ie ty  of conditions and enhances system re l i ab i l i t y .  
Another feature of the circulat ing electrolyte  with act ive temperature con- 
t r o l  is tha t  the dew point of the eff luent  gases can be maintained below 
room temperature, thus eliminating the  need f o r  condensers and phase separa- 
tors. A schematic of the system, depicting the major elements, is  presented 
i n  Figure 2,and the following discussion describes these elements. 



Electrolysis Modules 

The generating mi 
containing 16 c e l l s  connected 
cal ly  in to  two &cel l  banks. 
connected i n  series.  Peri  
separate p t h s  f o r  e lectrolyt  
and nitrogen V g e .  Differe t o  m i n t a i n  gas- 
l iquid phase separation acr  
Three modules are  required 
v ided for redundancy. 

t o  the  electrodes. 
module is  pro- 

Accessory Equipment 

The electrolyte leaving the modules passes over temperature sensors 
which control the electrolyte cooling and actuate the automatic shutdown 
safety c i r cu i t  i n  the event of an overtemperature condition. 
then passes thro-ugh a bubble separator which removes gas bubbles from the 
electrolyte which may have developed as a resu l t  of dissolved gases in  the 
feed water. 
the electrolyte throuzh a heat exchanger. Tne flow of coolant t o  the hezt 
exchanger i s  controlled by a temperature sensor i n  the electrolyte.  
reservoir is  used in  the electrolybe c i rcu i t  t o  provide system pressure 
through the use of a d i a p h r w  and spring. 
reservoir diaphragm position. A s  water is  consumed and hence electrolyte 
volume reduced, a signal is sent t o  the water feed solenoid and gear pwnp 
which allows water t o  be added to restore the  i n i t i a l  l iquid volume. The 
feed water is passed through an ion exchange r e s in  t o  remove ionic species 
that would tend t o  build up in  concentration i f  allawed t o  enter the elec- 
t rolyte .  
the system dam i n  the  event of a loss of electrolyte due t o  a leak or  
excessive electroQ-te due t o  a fa i lure  of the water feed systems. 

The electrolybe 

A mapet ical ly  driven centrifugal pump is used t o  circulate 

A closed 

FIater feed i s  controlled by the 

The electrolyte reservoir also includes safety functions that shut 

The electrolyte leaving the reservoir is then routed t o  each of the  
electrolysis  c e l l  modules. 
through d i f fe ren t ia l  pressure controllers which maintain the correct electro- 
lyte interface at  each electrode. 
sense electrolyte pressure i n  the module and gas pressure In t he  module and 
t h ro t t l e  the gas effluent t o  maintain a gas pressure 25 inches of water 
grezter than the electrolyte pre 

G a s  generated by the  electrolysis  c e l l s  passes 

The d i f fe ren t ia l  pressure controllers 

Hydrogen is  delivered from the electrolysis  modules at approximately 
Oxygen discharged from the electrolysis  modules at  approximately 9 9 psig. 

psig is puraped t o  21-27 p i g  using a diaphragm pump. 
across the pump maintains the pmp suction pressure at 5 psig. 

A pressure regulator 
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Mitrogen purge i s  provided t o  maintain gas-liquid d i f fe ren t ia l  
pressure during star tup 
e i ther  manually or aut 
solenoid valves i n  t h  

modules. A micromete 
nitrogen t o  flow th ro  S 

The electrolysis  system i n i n  an automatic mode 
during noma1 operation, except d and shutdown. The 
individual control functions are described i n  the following paragraphs. 

Temperature Control 

Control of the electrolyte temperature, necessary because of the 
waste heat generated i n  the electrolysis  reaction, i s  accomplished by using 
a themostat  in the  electro3yte discharge l i ne  from the  modules t o  provide 
i?. control signal t o  a coolant solenoid valve. 
opens t o  allow coolant t o  flow through the electrolyte  heat exchanger. 
fluw rate is  set by a flow control valve. Control of the electrolyte tempera- 
ture also provides control of the dewpoints of the generated oxygen and hydro- 
gen. The themostat  provided i n  the electrolyte oxygen generator has a 
switch-closure setting of 75OF. 
the product oxygen w i l l  be no greater than 75OF; the  hydrogen dewpoint of the  
procluct oxygen w i l l  be approximately 409. 

On demand, the solenoid valve 
The 

During normal operation, the dewpoint of 

Coolant f low t o  the  electronics cold-plate i s  continuous and is  
manually adjusted w i t h  a f l o w  control valve. 

Water Feed 

Hater balance in  the circulating electrolyte is maintained by con- 
t ro l l i ng  the electrolyte volume. A pir  of micro switches i n  the electrolyte 
reservoir actuate high-and low-level switches i n  the water feed control band. 
A water feed cxcle occurs as fo l low:  water is consumed i n  the electrolysis  
modules causing the  volume i n  the reservoir t o  be reduced. When the ro l l ing  
diaphragm reaches the bottom of the control band, the water feed. pur@ is  
actuated; the  water feed solenoid valve opens; and the 15-second water 
feed timer starts. Fifteen seconds is  the maximum feed time; the flow con- 
t r o l v a l v e  i s  set t o  deliver suff ic ient  water i n  approximately f ive  seconds. 
A s  water i s  fed t o  the reservoir, the  volume increases and the  ro l l ing  dia- 
phragm reaches the top  of the control band. 
is  shut oTf, tine solenoid valve closes, the 15-second timer resets, and: a 
15-minute timer s t a r t s .  This timer is  se t  t o  run for  five minutes. During 
t h i s  period, the water feed signal is  overridden so tha t  another water feed 
cannot occur until the timer resets.  

A t  t h i s  point, the water pump 
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h differen- 

C 

is module is pro 
switching regulator t o  control the  DC current, input. 
d i r ec t  function of the current value. The current value is  selected by 

Oxygen output is  a 

i c  o r  manual command. These currents are maintained over a module 
range of 13.5 t o  17.5 vol t s  and a supply voltage range of 25 - 31 

vol ts  with an efficiency greater  than 75$. 

Module 4 i s  the only module which can be operated i n  the standby mode. 
In  t h i s  mmle, it can only be operated at  the low current value. 
mode, a l l  modules can be manually operated at  e i t h e r  high or  low current. 
the normal automatic mode of operation, a pressure switch i n  the  oxygen d is -  
charge l i n e  determines the high or  low current value. I n  t h i s  lat ter mode, 
a l l  modules which are on w i l l  automatically switch t:, the l o w  current value 
a t  27 psig and t o  the high current value a t  21 psig. 

I n  the on 
In  

Safety Circuits 

Safety c i r c u i t s  are provided t o  automatically shut down the  system 
under normal operating conditions. In  an automatic shutdown, e lec t ro lys i s  
module power is  turned off ,  the e lec t ro ly te  pump, water feed system and 
system reset are turned off ,  nitrogen purge t o  the modules comes on, and 
the  cause of shutdown i s  indicated on the  f ront  panel. 

The following safety c i r cu i t s  are provided: 

Module Temperature - - A temperature sensor is located i n  each module, 

The 85 F point provides a warning sig- 
Any one of the four 

i n  contact with an end electrode.o These thegmostats have two switch-closures: 
Bnd the second a t  100 F. 

sensors can actuate the shutdown. 
0 F point signals automatic system shutdown. 

- The oxygen hydrogen discharge l i n e s  from the 
am a pressure s h set t o  actuate automatic shutdown 

if the pressure reaches approximately 13 psig. 



Electrolyte Volurne - 3Ji-i;ches located i n  the elec.t;rolyte reservoir 
are actuated if the electrolyte volume i n  the reservoir exceeds a 3$ change 
in  the t o t a l  electrolyte volume. 

Hydrogen Dctector - A hydrogen detector is  located direct ly  Over the 
e l e c t r o u s i s  modules and t r i l l  s ignal automatic shutdown i 
concentration reaches 0.8$. 

?mer Interru*ion - The loss of input parer t o  the unit, even if 
momentq, w i l l  automatically put the system i n  the shutdown mode from 
which it w i l l  have t o  be manually restarted. 

CHECKOUT TEST I?ZSUL'i?S 

During checkout tests of the system at Lockheed two problems evolved. 
One of these w a s  with the closed reservoir and the other w a s  with the ni t ro-  
gen purge system. These pro3lems w i l l  be discussed In t h i s  section, 

The un i t  u t i l ized a zero-gravity bubble separator a id  closed reser- 
voir water feed system. 
gravity independent. 
zero-gravity operation had been successfully bench tested f o r  ninety days. 
Hdkever, the closed reservoir water feed system w a s  a new component. 
checkout tests of the uni t ,  the spring in  the closed reservoir caused an 
unexpected pressure increase which damaged the bubble separator membrane. 
The spring w a s  operating i n  the region of buckling, which produced an 
e r r a t i c  s p r q  rate. 
t ion  of a new spring and repair of the bubble separator. The delivery 
schedule did not allow suff ic ient  t i m e  fo r  this,  and hence an available one- 
gravity bubble separator and water feed system w a s  substituted. 
consisted or' a reservoir with f loa ts  f o r  water feed and system volume safety 
control, 
pressure t o  the top  of the reservoir. 

Tfiese two components made the design completely 
The bubble separator, which w a s  the key element i n  the 

During 

To correct this, it required a redesign and fabrica- 

This unit 

Electrolyte pressure was achieved by applying a controlled nitrogen 

The spring f o r  the closed reservoir w a s  subsequently increased t o  a 
larger  diameter and a nylon spring guide w a s  provided. The bubble separator 
w a s  reworked and these two components have been successfully bench tested i n  
an electrolysis  system located et Lockheed. 

The second problem that occured during the development tes t ing was 
mixing of hydrogen and oxygen i n  the  nitrogen purge l ine.  
when gas sanples were being obtained at various points i n  t'ne system. The 
or iginal  configuration f o r  the nitrogen purge supply w a s  a solenoid suppu 
valve branching t o  two nitrogen supply l ines  w i t h  check valves. 
supplied pressure t o  the hydrogen and oxygen passwee of the electrolysis  
modules. 
two check valves and w a s  due t o  the fact  t ha t  the  check valves were not 
providing a positive seal. 
nitrogen supply solenoid valves, one f o r  the hydrogen and one f o r  the oxygen 
gas passages. Check valves with a high cracking pressure w e r e  also provided 
i n  these l ines .  After these modifications were made, the problen did not 

This w a s  observed 

These l ines  

The mixing of hydrogen and oxygen occurred at a point between the 

The situation w a s  corrected by providing two 



reoccur. 

t e s t ,  the syst  

exceeded the requirements 
detected. 

NINETY-D.4Y TEST RESULTS 

The electrolysis  systern was delivered t o  Mcknnell-Douglas on 
5 l.lay 1970. The unit  was instal led outside of the  cabin sirnulator t o  be 
used as ;t back-up system. 

T e s t  Inst  al lat  ion 

During in s t a l l a t  ion, t v o  a6dit ional problems developed . The first of 
these problem was the failure of the electrolyte t o  coolant heat exchanger. 
The probable cause of t h i s  fa i lure  w a s  fatigue of the heat exchanger due t o  
rapid cycling of the coolant solenoid valve, 
controlled t i e  coolant solenoid vas changed during the instal la t ion 'because 
the original switch did not meet the OR1 requirements. 
bi-zetal l ic  and did not provide a sharp closure which caused the solenoid 
valve t o  chatter, resulting in hydraulic hammer on the heat exchanger. 
problem was rect i f ied by replacing tkte heat exchanger and modifying the 
control c i rcu i t  t o  f i l t e r  out the switch noise. 
experienced with the heat exchanger. 

The temperature switch tha t  

The new switch was 

The 

No subsequent problems were 

The second i n s t a l  n problem occurred during a loss of 28 VDC 
supply power t o  the unit .  n eitis occurred, the  residual c e l l  voltage 
was i m y e s s e d  on the nitrogen purge solenoid valve, which prevented them 
from opening. This problem w a s  rec t i f ied  by adding a relay which opened 
the c i r cu i t  t o  these valves during a 1 of input p e r .  

Ninety-Day T e s t  - Locaeed System St  

e lectrolysis  system is presented i n  
70 days during inetyilay test  period. 

s spent i n  the  ry mode during which 
and oxygen t o  the chamber. Some periods of 

owrating time were spent i n  Vne standby mode where the system w a s  operating 
but wzs  not providing oxygen and hydrogento the chamber. For t w e  f the 
ninety days, the system was turned off for corrective maintenance. 
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Failure Analysis 

During the ninety-day test, failures occurred which required correc- 
t i v e  action. 
include failures of t e s t  support equipment unless they resulted 
sequent e lec t ro lys i s  system failure. The period of t 
off is a lso  indicated on the  table, This w a s  not t he  
maintenance since, on some occasions, Lime was requi 
None of the  failures t h a t  occurred during the ninety- 
nature, nor did they indicate a need for a l te ra t ion  
'phe failures primrely Were associated with the accessory equipment and 
could have easi ly  been avoided if  reasonable development t e s t  time had been 
available pr ior  t o  delivery of the  unit .  
e lectrolysis  c e l l  modules w a s  caused bjr a problem with equipment t h a t  t he  
electrolysis  c e l l  interfaced with. 
the hydrogen suggly w a s  increased t o  a w i n t  near the  ma%rix breakthrough 
pressure. This was done periodically and eventually resulted i n  a matrix 
failure, The applied pressure was s l igh t ly  less than the overpressure switch 
sett ing,  however, break%hrough occurred at a slightly lmer pressure than w a s  
ant ic isated due t o  the  cyclic nature of the pressure pulse. 
would not have occurred i f  tne overpressure switch se t t ing  had been red-uced. 
Loss of current control on the 77th day caused the u n i t  t o  supply oxygen at a 
r a t e  slightly below the 9.6 lb/day required by the chamber but at a ra te  well 
above the 8.0 lb/day design point. 

These failures are presented i n  Table 11. The tab le  does not 

est were major i n  

The only failure involving the  

This occurred when the back pressure on 

This problem 

CONCLUSIONS 

The results of the  ninety-day tes t  have indicated tha t  tine circulatidg 
electroQ*e system offers  some opera%ional advantages. 
t ed  the  a b i l i t y  t o  operate automaticelly for long periods of time with no 
operator adjustnents required. 
var ia t ions i n  gas demand. 
t i on  with no cfflucnt gas water removal required. 
experience Gained i n  t'ne ninet;)--ds,y t e s t ,  a number of' design imp=ovements 
have been ident i f ied which would increase system r e l i a b i l i t y  md maintain- 
ability for zero-grzvity operat ion. 

The system demonstra- 

The system was a lso  able t o  respond t o  w3de 
Active texpmxbure control provided stable opera- 

As a result of the 

Tizese improvements include : 

o Provisions f o r  replacins circulating f l u i d  loop assmblies without 
breaking b t c g r i t y  os" fluid system, 
consist of several i'lutd loop assemblies . A multi-ma-n sys-bem would 

o Redu-cc sens i t iv i ty  t o  dor;mstrem hydrocen and osjgen pressur-e 
pillses. Subsequent t o  the ninety-day test, c e l l s  have Been 
b u i l t  ahil tes ted w i t h  incre8sed matrix su'pport; which prevents 
i j ~ t r i : c  ?ar,trilwge when a, gtts brezkthrougti occurs. This eliminates 

being 

is a primary 
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Figure 1. - Lockheed electrolysis system. 
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EVALUATION OF A FOUR-GAS MASS SPECTWMETER 

USED FOR ATMOSPHERIC CONTROL DURING THE 

NINETY -DAY ‘TEST 

By Michael R. Ruecker 

Perkin-Elmer Corporation 
Aerospace Systems Division 
Pomona, Ca l i fo rn ia  91766 

SUMMARY 

The design and performance of a Mass Spectrometer Atmospheric Sensor System 
which w a s  u t i l i z e d  f o r  monitoring and cont ro l  of the atmosphere of a manned 
space s t a t i o n  s imulator  during a 90 day test is reviewed. The instrument 
w a s  a modified Two Gas Atmosphere Sensor System which w a s  operated w i t h  a 
new closed loop e l e c t r o n i c s  con t ro l  system f o r  improved long term s t a b i l i t y .  
Based upon c a l i b r a t i o n  v e r i f i c a t i o n  da ta  taken during the  5-day and 90-day 
runs,  t h e  instrument w a s  demonstrated t o  hold i t s  c a l i b r a t i o n  wi th in  1X f o r  
n i t rogen ,  2% f o r  oxygen, and 3% f o r  carbon dioxide f o r  a per iod of 132 days. 
It a l s o  monitored water vapor p a r t i a l  pressure.  The output  signal from t h e  
oxygen channel w a s  employed by an atmosphere con t ro l  system f o r  maintaining 
the  oxygen p a r t i a l  p ressure  of  t h e  space s t a t i o n  s imula tor .  The instrument 
demonstrated i t s  a b i l i t y  t o  perform r e l i a b l y  and i t s  p o t e n t i a l  value as 
equipment f o r  ECS app l i ca t ions .  

INTRODUCTION 

I n  1965 a phased program aimed a t  t h e  development of a mass spectrometer 
system f o r  monitoring t h e  major cons t i t uen t s  of a buffered two gas atmos- 
phere as w e l l  as t h e  primary metabolic products of r e s p i r a t i o n  w a s  i n i t i -  
a t ed  with Langley Research Center. The Two Gas Atmosphere Sensor System, 
a s i n g l e  focusing magnetic s e c t o r  m a s s  spectrometer,  evolved f r o m  th i s  
program, and w a s  capable of continuously monitoring n i t rogen ,  oxygen, 
carbon dioxide,  and water vapor. 
prototype u n i t s  w e r e  f ab r i ca t ed  on t h i s  program. 
shown i n  Figure 1. 
appl ica t ions  f o r  atmospheric and r e sp i r a to ry  measurements i n  var ious 
l abora to r i e s ,  a space s t a t i o n  s imula tor ,  and two undersea h a b i t a t s .  One 
of these  appl ica t ions  w a s  i n  conjunction with the 60-Day Manned Space Cabin 
Simulator T e s t  i n  1968. A t  t h a t  t i m e  t h e  Two G a s  Atmosphere Sensor System 
w a s  operated ex te rna l ly  t o  the  Space Cabin Simulator with a labora tory  
vacuum system, and sampled the  cabin atmosphere through a capillary-bypass 
i n l e t  system. 

An engineering test model and fou r  
One of these u n i t s  i s  

These instruments have been employed i n  several 
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In  the  most recent  a p p l i  
o r i g i n a l  instruments w a s  
repackaged with a c lose  co 
system, and mounted i n s i d e  
the  p a r t i a l  p ressures  of oxygen, 
The output  s i g n a l  of the  mass spec 
as the  inpu t  t o  the  a t  
p a r t i a l  p ressure .  The 
adequate t o  hold the  ox 
f o r  constant  physiolo 

PRINCIPLES OF OPERATION 

The Two G a s  Atmosphere Sensor System is a s i n g l e  focusing magnetic s e c t o r  
mass spectrometer t h a t  is  designed t o  provide four  simultaneous outputs  
which are propor t iona l  to  the  p a r t i a l  p ressures  of  N 2 ,  02, C 0 2 ,  and H20. 
The fundamentals of t he  operat ion of t he  mass spectrometer are diagrammed 
i n  Figure 2. A s m a l l  quant i ty  of t h e  gas sample t o  be analyzed is  
continuously introduced t o  the  m a s s  spectrometer through a molecular i n l e t  
leak.  The c h a r a c t e r i s t i c s  of t h i s  leak  allow each cons t i tuent  of t he  
sample to  flow through the  leak independent of t h e  o the r  components. The 
r e s u l t i n g  p a r t i a l  pressures  wi th in  the  i o n  source are propor t iona l  t o  the  
corresponding p a r t i a l  pressures  i n  the  sample environment. 

The ion source performs the  funct ion of i on iz ing  p a r t  of t h e  gas t o  form 
charged p a r t i c l e s  which are then ac ted  upon by the  e l e c t r o s t a t i c  and 
magnetic f i e l d s  wi th in  the  instrument.  
bombardment of an e l ec t ron  beam which is  der ived from a hot  w i r e  f i lament .  
The ions are r epe l l ed  from the  ion iz ing  region,  focused by an e l e c t r o s t a t i c  
lens ,  and passed through the  ion  source exi t  s l i t  i n t o  t h e  magnetic s e c t o r .  
A permanent magnet provides a uniform magnetic f i e l d  through which the  ion  
beam passes wi th in  the  vacuum envelope. 
c i r c u l a r  arcs by the  magnetic f i e l d ,  t h e i r  r a d i i  being propor t iona l  t o  t h e  
square roo t  of t h e  m a s s  t o  charge r a t i o s  of t h e  ions .  
of i n t e r e s t  are s i n g l y  charged, t h e  r a d i i  are propor t iona l  t o  t h e  square 
root  of mass (m%). 
t he  magnetic f i e l d  and are co l l ec t ed  by four  Faraday cage type c o l l e c t o r s  
loca ted  along a f o c a l  plane,  
feedthroughs t h a t  pass  t h e  cu r ren t  through t h e  vacuum envelope t o  four  
electrometer ampl i f i e r s  t h a t  amplify the  s m a l l  cu r r en t s  t o  provide output  
vo l tages  which are propor t iona l  t o  t h e  ion  cur ren ts .  
are the re fo re  propor t iona l  t o  t h e i r  r e spec t ive  par t ia l  pressures ,  
i n t e r n a l  vacuum necessary f o r  opera t ion  of t h e  analyzer  i s  maintained 
by a s u i t a b l e  high vacuum pump, which is connected t o  t h e  m a s s  spec- 
trometer by means of a pump tube. 

The Two Gas Atmosphere Sensor mass spectrometer analyzer  assembly i s  shorn 
i n  Figure 3. 
and t h e  pump tube are c l e a r l y  v i s i b l e .  The mult ipin feedthroughs t h a t  are 
v i s i b l e  i n  the  ion  source housing provide t h e  vol tages  t h a t  opera te  the  ion  
source f i lament  and focusing e l ec t rodes .  
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Ioniza t ion  is  accomplished by 

The ions  are de f l ec t ed  i n t o  

Since a l l  t h e  ions  

Consequently, t h e  ions  are dispersed as they leave 

The c o l l e c t o r s  are a t tached  t o  s i n g l e  p i n  

The output s i g n a l s  
The 

The vacuum envelope, permanent magnet, s i n g l e  p in  feedthroughs 



REQUIREMENTS FOR THE 90-DAY TEST 

The requirements f o r  t he  90-Day Space S ta t ion  Simulator (SSS) app l i ca t  ' 
w e r e  a modified Two G a s  Atmosphere Sensor t o  mon 
of nitrogen, oxygen, carbon dioxide and w a t e r  v 
ments are summarized i n  Table 1. 

The instrument w a s  t o  be loca ted  within a spec i  
and t o  give continuous outputs wi th in  a s p e c i f i  
90-day period without requi r ing  r eca l ib ra t ion .  
t i o n  f o r  engineering evaluation of t h e  instrument's performance, a method 
of making ca l ib ra t ion  v e r i f i c a t i o n  w a s  required. The instrument w a s  t o  be 
provided wi th  the  necessary support equipment t o  maintain i t s  i n t e r n a l  
vacuum through a power f a i l u r e .  Dual outputs w e r e  necessary f o r  i n t e r n a l  
s i g n a l  monitoring by meters as w e l l  as voltage outputs t o  be monitored by 
t h e  computer system e x t e r n a l  t o  the  simulator.  

TABLE 1 

Requirements f o r  90-Day SSS Atmospheric Sensor 

Monitored Species: 

Monitored Masses: 

Fu l l  Scale Ranges: 

To t a l  Pressure : 

Configuration: 

Operating Controls : 

Maintenance : 

outputs : 

H20, N2, 02, and C02 

m / e  18, m / e  28, m / e  32, and m / e  44 

20 t o r r ,  500 t o r r ,  200 t o r r  and 120 t o r r ,  respec t ive ly .  

Nominally 10 l b f / i n 2  'abs o r  517 t o r r  

Limited s i z e  cons is ten t  with ava i l ab le  space and 
comme r cia1 support components . 
None f o r  normal operation. I n l e t  system valving f o r  
i n i t i a l  setup and c a l i b r a t i o n  v e r i f i c a t i o n .  Power 
on-off, ion pump, and emission cur ren t  ad jus t s .  

None 

In t e rna l :  four  meters. 
Remote: four buffered, l i n e a r ,  zero t o  5 v o l t .  

Performance Monitors: Anode cur ren t ,  ion  pump cur ren t ,  and b a t t e r y  
voltage.  

Sample I n l e t :  

Nominal Accuracy: 

Sample t r anspor t  l i n e  with 3 inch H20 head. 

+2% of f u l l  scale f o r  N2 and 02. 
23% of f u l l  scale f o r  C02 
+5% of f u l l  scale f o r  H20 

Compatible with operation i n  t h e  Space S ta t ion  
Simulator 

Environment : 



SYSTEM DESCRIPTION 

been assigned an index number as shown i n  Figures  5 and 6. 
e n t e r  t h e  i n l e t  system from t h e  1 / 8  inch sample l i n e  a t  t h e  sample i n l e t  
po in t  (1 ) .  The sample gas then passes  through a needle  flow con t ro l  valve 
on t h e  f r o n t  panel  of t h e  instrument (2) .  
c o n t r o l l i n g  va lve ,  the  sample gas goes t o  t h e  mode s e l e c t o r  valve (3)  which 
determines t h e  mode of opera t ion ,  t h a t  i s ,  opera t ing  i n  the  c a l i b r a t i o n  
mode o r  t he  normally opera t ing  sample mode. Af te r  passing through the  mode 
s e l e c t o r  va lve ,  the  gas is f i l t e r e d  by a two s t age  i n l i n e  f i l t e r  (4) .  On 
t h e  sample o u t l e t ,  corresponding sets of f i l t e r s  (5) are present .  The gas 
mixture then passes  through a sample flowmeter (6) which measures t h e  rate 
of gas flow through t h e  instrument  and the re fo re  a l lows t h e  p re s su re  drops 
through t h e  i n l e t  system t o  be  checked. 
m e t e r ,  t h e  sample  t r a v e l s  pas t  a Cotal  p re s su re  t ransducer  (16) and ou t  t h e  
sample vent (17).  
v a r i a b l e  leak  valve ( 7 ) .  This  v a r i a b l e  leak  valve is  f i t t e d  with a 
temperature con t ro l  system. The h e a t e r  switch (8) cont ro ls  the  h e a t e r  f o r  
t he  i n l e t  valve.  The c a l i b r a t i o n  gas mixture i s  s t o r e d  i n  a pressure  tank 
(9) wi th  regula tor  (10).  Passing through the  r egu la to r ,  t h e  sample gas 
goes t o  a p ro tec t ion  shutoff  va lve  (14),  t o  a needle  flow c o n t r o l  va lve  
(15) ,  an6 then t o  t h e  s e l e c t o r  va lve  ( 3 ) .  P a r t  of t h e  gas  t o  be sampled 
( e i t h e r  t h e  sample gas  o r  t h e  c a l i b r a t i o n  gas)  passes  through t h e  restric- 
t i o n  i n  t h e  l eak  va lve  and through a s m a l l  diameter l ine  (11) i n t o  t h e  m a s s  
spectrometer  (12) and f i n a l l y  t o  t h e  ion pump (13). There is  a roughing 
valve (25) loca t ed  wi th in  t h e  analyzer  chass i s  f o r  i n i t i a l l y  pumping down 
t h e  instrument .  The conductanc of t h e  v a r i a b l e  leak  valve can be ad jus ted  
by means of a s l o t t e d  screw a d j  tment (28) on the f r o n t  panel .  The ion  
cu r ren t s  coming out  of the  mass spectrometer  are de tec ted  and amplif ied by 
fou r  e lec t rometers .  The e lec t rometer  ou tputs  go t o  t h e  output  meters (26) 
and a l s o  t o  buffered outputs .  The zero l e v e l s  of t h e  e lec t rometers  can be 
checked by press ing  the  press- to- tes t  bu t ton  (27) ,  which cu t s  o f f  t h e  i o n  
beams. 
power supply,  and r e q u i r e s  a 115 v o l t  ac inpu t .  

Af te r  passing through the  flow 

Af te r  passing through t h e  flow- 

Between t h e  double f i l t e r s  t he  gas passes  through t h e  

The main power t o  t h e  mass spectrometer is provided by a 28 V dc 
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There is a f r o n t  panel  switch (18) t h a t  cont ro ls  t he  operat ion of  t he  28 v o l t  
power supply.  
(19), and t h e  i o a  pump cur ren t  meter (20). These monitor t h e  cu r ren t  flowing 
t o  the  i o n  pump from t h e  high vol tage  supply and therefore ,  i n d i r e c t l y  

Control Module. One of these  i s  t h e  b a t t e r y  vol tage  ind ica  
i n d i c a t e s  t he  s t a g e  of readiness  of  the  emergency b a t t e r i e s  

The o the  

Other i t e m s  on the f r o n t  panel are the ion  pump m e t e r  switch 

l y z e r  pressure .  There are two o the r  meters on the f r o  

t h a t  are used f o r  powering the  i o n  pump i n  a power o f f  s i t u a t i o n .  
f ron t  panel  meter i s  the  anode cur ren t  meter ( 2 2 ) .  This meter measure the 
anode cur ren t  and gives an ind ica t ion  of t he  s e n s i t i v i t y  at which the  sou 
is being operated.  The anode cur ren t  may be ad jus ted  only i n  open loop mode 
by the  .anode cu r ren t  ad jus to r  potentiometer ( 2 3 ) .  The mode of operat ion,  
open o r  closed loop, is cont ro l led  by a s e l e c t o r  switch (24 )  on t h e  f r o n t  
panel .  

An important f ea tu re  o f  t h e  system is the  closed loop mode of operat ion 
which automatical ly  compensates f o r  any common mode va r i a t ions .  The four  
e lectrometer  ou tputs  are sca l ed  t o  provide s i g n a l s  t h a t  are a l l  propor t iona l  
t o  pressure  with the  same v o l t  p e r  t o r r  s e n s i t i v i t y  and are summed t o  g ive  a 
" t o t a l  pressure" s i g n a l .  
e s s e n t i a l l y  a l l  t h e  atmosphere, t h i s  s i g n a l  can be compared with t h e  out- 
put of a t o t a l  p ressure  t ransducer ,  which i s  r e f l e c t i n g  the  t r u e  pressure  
seen by t h e  sample in le t  system. The r e s u l t i n g  e r r o r  s i g n a l  represents  the  
s e n s i t i v i t y  e r r o r  of t h e  mass spectrometer.  This s i g n a l  is fed  back t o  the  
emission r egu la to r  t h a t  cont ro ls  the  level of i on iz ing  e l e c t r o n  cur ren t  i n  
t h e  ion  source and, thereby, the levels of the i o n  cu r ren t s  which are 
de tec ted  a t  the  co l l ec to r s .  I n  t h i s  way the  summation of  the  p a r t i a l  
pressures  is  he ld  at the  p reva i l i ng  ambient pressure  level and, consequently, 
common mode v a r i a t i o n s  due t o  such f a c t o r s  as changes i n  t h e  i n l e t  l eak  
conductance o r  i on  source s e n s i t i v i t y  are el iminated.  
operat ion represents  a s i g n i f i c a n t  improvement i n  mass spectrometers design 
and allows a high l e v e l  of accuracy t o  be  maintained f o r  a long period of 
t i m e .  

Since the  four  components of i n t e r e s t  comprise 

This method of 

Other elements of the s y s t e m ,  which are shown i n  Figure 4 ,  are the  power 
suppl ies  t h a t  provide vol tages  t o  the  i o n  source,  t he  ion  pump and its high 
vol tage power supply, the  power supply system, t h e  f r o n t  panel cont ro l  and 
monitoring func t ions ,  and the  output bu f fe r  ampl i f i e r s  . 
The complete 90-Day SSS Atmospheric Sensor is  shown i n  Figure 7 and the  
internal cons t ruc t ion  of t h e  upper and lower bays is  shown i n  Figures  8 and 9 ,  
respec t ive ly .  The upper bay contains  the  mass spectrometer ,  i on  pump, t h e i r  
support  e l e c t r o n i c s ,  the  sample i n l e t  and c a l i b r a t i o n  i n l e t  systems, and t h e  
c a l i b r a t i o n  gas supply. The lower module houses t h e  main power supply,  t he  
b a t t e r y  pack and charger,  the  b u f f e r  ampl i f ie rs ,  output and monitoring meters, 
and t h e  bu f fe r  ampl i f i e r s  and pressure  t ransducer  power supp l i e s ,  



C AL I B  RAT I O N  

This i s  a 222.6% 
ed va r i a t ion  of t he  

ca l ib ra t ion  d a t a  over 
t h i s  pressure range i s  shown i n  Table 2 .  

TABLE 2 

Table of Cal ibra t ion  Errors a t  F ina l  Calibration 

During the  5-day test run the  c a l i b r a t i o n  of t he  Atmospheric Sensor w a s  
v e r i f i e d  t w i c e  by admitting a ca l ib ra t ion  gas sample. 
f i c a t i o n  t h e  gains of the  bu f fe r  ampl i f ie rs  f o r  the  dry gas channels were 
reset. 
of shipment, inspection, and i n s t a l l a t i o n .  

During the  f i r s t  ver i -  

The oxygen bu f fe r  ampl i f ie r  gain had somehow s h i f t e d  during: t he  process 
The o ther  buf fer  ampl i f ie rs  w e r e  
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very c l o s e  t o  t h e i r  p roper  va lues .  
t i o n  and a second one taken 1 
both cases the  e r r o r  is less 

During t h e  5-day tes t  i t  w a s  found 
h igh  compared wi th  t h e  Cambridge D e  
t o r  w a s  reading  11.3 t o r r  wh i l e  t he  
wi th  a b u f f e r  ampl i f i e  
run t h e  b u f f e r  a m p l i f i  
based upon an 11.3 t o r r  p a r t i a l  p r  
5 v o l t s .  This  c o r r e c t i o n  gave t h e  
t h e  summing r e s i s t o r  f o r  t h e  water 
e r r o r .  
10 .  This shows t h e  e r r o r  between t h e  sum of  t h e  p a r t i a l  p re s su res  as 
i n d i c a t e d  by t h e  mass spec t rometer ,  and t h e  t o t a l  cab in  p re s su re  as measured 
by t h e  Wallace-Tieman gage. During t h e  5-day run t h e  sum of the p a r t i a l  
p re s su res  agreed wi th  t h e  t o t a l  p re s su re  wi th in  one percent  o r  b e t t e r  except  
f o r  t h e  f i n a l  reading,  which w a s  2.9 pe rcen t  low. This  f i n a l  va lue  w a s  taken 
a f t e r  t h e  water vapor channel w a s  r ead jus t ed .  This  a d d i t i o n a l  2 percent  
e r r o r  amounts t o  an e r r o r  of 10.5 t o r r  a t  525 t o r r  t o t a l  p r e s s u r e ,  which is 
very nea r ly  equal  t o  the  11.8 t o r r  e r r o r  t h a t  e x i s t e d  i n  t h e  water  output  
p r i o r  t o  adjustment of t h e  b u f f e r  a m p l i f i e r .  

One e f f e c t  of t h i s  adjustment is seen  i n  t h e  d a t a  presented  i n  Figure 

This  e r r o r  r e s u l t s  from t h e  a c t i o n  of t h e  c losed  loop,  which makes up f o r  
t he  erroneously h igh  H20 e l ec t rome te r  a m p l i f i e r  ou tput  by dropping t h e  
i o n i z i n g  cu r ren t  t o  achieve  t h e  c o r r e c t  t o t a l  p re s su re .  
bu f fe r  gain l e d  t o  a low va lue  f o r  t h e  summation of t h e  p a r t i a l  p re s su res .  

Reduction of t h e  H20 

TABLE 3 

Resul t s  of Ca l ib ra t ion  V e r i f i c a t i o n  During t h e  5-Day T e s t  

During t h e  90-day test t h e  Atmospheric Sensor performed wi thout  malfunct ion.  
Five c a l i b r a t i o n  v e r i f i c a t i o n s  w e r e  run dur ing  t h e  course of t h e  test  and t h e  
d a t a  from these  i s  presented  i n  Table  4 .  This d a t a  shows t h a t  t h e  m a s s  
spectrometer  maintained i t s  c a l i b r a t i o n  wi th in  very c lose  to l e rances .  The 
last  adjustment of t h e  instrument  w a s  made on 30 A p r i l ,  1970. Therefore ,  t h e  
ana lyzer  maintained i t s  c a l i b r a t i o n  on N2, 02, and C02 wi th in  0.9,  2.1, and 



are usua l ly  accounted f o r  by s p e c i f i c  known events t h a t  occurred wi th in  t h e  
SSS. 
2.9 t o r r  o r  b e t t e r  than 51 percent. The t o t a l  p ressure  va r i a t ions  are much 
wider primarily because of a lower ga in  i n  t h e  n i t rogen  make-up por t ion  of t h e  
atmospheric cont ro l  system. The va r i a t ions  i n  the carbon dioxide and water 
vapor p a r t i a l  pressures r e f l e c t  changes i n  the  status of t he  s o l i d  amine and 
molecular sieve C02 scrubber systems. The summation of t he  p a r t i a l  pressures 
is  cons i s t en t ly  low because of t h e  inco r rec t  summing r e s i s t o r  i n  t h e  water 
channel, as predicted by t h e  last  d a t a  point taken during t h e  5-day test run. 
The indictment of t h e  water channel i s  made even clearer by comparing t h e  
co r re l a t ion  between t h e  water vapor output and t h e  e r r o r  i n  the  summation of 
t he  p a r t i a l  pressures.  Note t h a t  whenever t h e  water vapor level goes up t h e  
summation of t h e  p a r t i a l  pressures goes down, and v i c e  versa.  
exac t ly  what w a s  expected from a de ta i l ed  ana lys i s  which w a s  made of t he  
interchannel e f f e c t s  of an inco r rec t ly  es tab l i shed  summing r e s i s t o r .  

The oxygen p a r t i a l  pressure w a s  cont ro l led  wi th in  a t o t a l  v a r i a t i o n  of 

This is 

TABLE 4 

Results of Cal ibra t ion  Ver i f ica t ion  During the 90-Day T e s t  

6-18 I 1902 

7-8 1135 

7-13 1346 

9 -9 0250 

Error percent 

02 

+1.1 

+0.7 

+o .9 

+1.3 

+2.1 

N2 

+0.1 

-0.4 

-0.6 

-0.5 

-0.3 

co2 

-1.5 

0 .o 

+O .8 

M . 6  

+2.7 

CPlJ 

+O .4 

0 .o 

0 .o 

0 .o 

+o .1 
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During the course of the 90-day test i t  w a s  found t h  
mass spectrometer w a s  not i n  agreement with the in f  
l y ,  on 2 1  August, 1970, a portion of the  gas u t i l i z  
ca l ibra t ion  of the mass spectrometer was sent  t o  the 
or ig ina l  mixture analysis.  The r e s u l t s  are shown i n  

2 output of the 

TABLE 5 

Comparison of Calibration Gas Analyses 

Carbon Dioxide 

Note t h a t  the ca l ibra t ion  f o r  C02 changed by more than 20 percent. 
later cal ibrat ion figures are u t i l i zed ,  the agreement with the  infrared 
analyzer i s  very close. 
gas changed during th i s  period, and therefore,  i t  m u s t  be concluded tha t  the 
or ig ina l  cal ibrat ion was i n  e r ror .  

I f  the 

There is no reason t o  suspect tha t  the  ca l ibra t ion  

A t  the  conclusion of the 90-day test the Atmospheric Sensor w a s  shut  down and 
returned t o  Perkin-Elmer Aerospace Division where it is  now being operated on 
laboratory ambient atmosphere f o r  a period of 180 days. 

CONCLUSIONS 

The Atmospheric Sensor w a s  shown t o  be a r e l i ab le  and accurate instrument for 
monitoring nitrogen, oxygen, carbon dioxide, and water vapor during the 
course of the 90-Day Manned SSS T e s t .  
only t o  monitor these consti tuents but t o  provide outputs tha t  could be 
u t i l i zed  by an atmospheric control system f o r  regulation of the primary 
atmospheric const i tuents  of a closed environment. The closed loop operating 
mode controlled the s e n s i t i v i t y  of the mass spectrometer so t h a t  it could 
operate f o r  a period of 132 days without a cal ibrat ion.  The accuracy o f  the 
outputs w a s  affected by the i n i t i a l  cal ibrat ion,  which wasfound t o  be i n  e r r o r  
because of a f au l ty  ca l ibra t ion  technique i n  the case of water vapor, and an 
inaccurate cal ibrat ion gas mixture i n  the instance of carbon dioxide. These ' 

procedural matters have been r e c t i f i e d  and should allow the Atmospheric Sensor 
to  perform t o  i t s  f u l l  capabi l i ty  i n  future  applications.  

It demonstrated its capabi l i ty  not 



The 90-Day Manned SSS T e s t  w a s  intended t o  prove out e 
t o  fu tu re  space s t  

a f l i g h t  q u a l i f i e d  
as a modified version t o  be used as a r e sp i r a to ry  gas analyzer as p a r t  of the  
M-171 Metabolic Analyzer, which w i l l  be used i n  Skylab i n  1972. A photograph 
of t he  instrument is shown i n  Figure 

These u n i t s  are f 
l i n e ,  a small d i  
m a s s  spectrometer, sys t e m  power, 
spectrometer elec 
of t he  dua l  ion  
operation a t  excessive pressures and 
important functions t h a t  can change 
are f u l l y  i s o l a t e d  and pro tec ted  and the  instrument has sample i n l e t  hea te r s  
and ion  source temperature cont ro l  f o r  improved performance. 

The design is  f u l l y  compatible with Apol lo  and Skylab environments including 
a 38 l b f / i n z  abs over pressure requirement. 
version of t h i s  instrument measure t h e  p a r t i a l  pressures of hydrogen, water 
vapor, n i t rogen ,  oxygen, carbon dioxide, and hydrocarbons i n  t h e  mass range 
50 t o  120 amu. The f i n a l  configurat4qn of t h i s  system weighs 21 pounds, 
requi res  19 w a t t s  of power during normal operation, and has a c y l i n d r i c a l  
enclosure with a diameter of 7.2 inches and a length  of 12.5 inches. The 
f i r s t  design v e r i f i c a t i o n  test u n i t  of t h e  W S  is scheduled f o r  de l ivery  t o  
NASA MSC i n  November 1970. 

The atmospheric monitoring 



Figure 1.- Two gas atmosphere sensor system. 
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Figure 2 .- Principles of mass spectrometer operation. 



Figure 3.- Two gas sensor mass spectrometer analyzer assembly, 
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Figure 4.- Atmospheric sensor system block diagram. 
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Figure 5.- Sample and calibration inlet system schematic flow diagram. 
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Figure 14.- Flight qualified mass spectrometer atmospheric sensor system 
for atmospheric and respiratory monitoring . 
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DESIGN AND OPERATION OF A WASTE WAGEZ@NT SYSTEM FOR 

FECAL COLtlECTION AND SAMPLING MTRTNG TUE W-DAY 

PIANJIED S-R TEST 

By Courtney A. Metzger 
Aerospace Medical Research Laboratory 
Wright-Patterson Air Force Base, Ohio 

A component designed f o r  the collection, processing, and storage of feces 
and t o i l e t  t i s sue  aboard aerospace vehicles has been fabricated and successfully 
tested. 
design extends the useful l i f e  of the pr ior  design by use of a replaceable l i n e r  
assembly ( l iner ,  sl inger,  motor, and f i l t e r ) ,  sized f o r  approximately 200 man- 
days accumulation. 
and permits changing of the  l i n e r  without contamination of the cabin. 
features of the uni t  are a quick-acting slide-valve assembly, a feca l  sampler, 
and a disinfectant dispenser. 

This system is  a type similar t o  the "Dry  John;" however, .this new 

The f i l t e r  prevents contamination of a l l  downstream l ines  
Other 

INTRODUCTION 

Various means of collecting and processing feces and other sol id  wastes i n  
zero-gravity environment aboard spacecraft are being investigated i n  a number 
of programs. 
Research Laboratory, both in-house and on contract. One such program was f o r  
the development of a four-man, 60-day waste management system (ref. 1) , which 
w a s  used i n  a simulated space chamber (ref. 2). 
i n  turn was  used as  a base-line f o r  an improved version, called Extended Life 
Dry John (ELDJ), which was  used i n  a recently canpleted four-man, 90-day tes t  
sponsored by NASA and conducted by McDonnell Douglas Astronautics Company 
(MDAC). This report describes the components and operation of the system. 
Results obtained during the 90-day test  are presented by KOAC i n  paper no. 19 
of this symposium. 

Swera l  of these have been supported by the  Aerospace Medical 

This system called "Dry John" 

mm DESCRIPTlON 

A photograph of the system is  shown i n  f igure 1. The individual components 
of the system are ident i f ied i n  the system block diagram of figure 2. 
components are a seat t o  support the user, a slinger-shredder t o  spread feces 
on the l i n e r  where they can be quickly vacuum dried, a uni t  f o r  dispensing dis-  
infectant onto the feces f o r  odor and bacteria control, and a removable l i n e r  
which extends the useful l i f e  of the system. 

These 

Items not par t  of E m ,  but 



necessary f o r  it t o  f 
control, a vacuum 
bacteria f i l t e r ,  
disconnect. 

The first s tep i n  t h e  operat 
the seat. This action, by means of interlocking solenoids, starts the sl inger 
and blower, opens the blower l i n e  from t stem, and closes the vacuum "line 
from the system. Cabin a i r  i s  immediate in to  the  container, thus pre- 
venting backflow of odor, bacteria,  o r  debris from the container t o  the cabin. 
The user then occupies the seat ,  which i s  contoured according t o  guidelines i n  
reference 3. 
well as a means of indexing himself over the storage container. 
t ion,  the s too l  is transported by gravity and airflow ( i n  zero gravity, air i s  
the onw m e a n s  of transport)  t o  the f la t  surface of the sl inger.  Here the s too l  
i s  slung outward and shred by the slinger t ines  then spread on the in t e r io r  sur- 
face of the storage container l iner .  Each layer  of feces spread i n  t h i s  manner 
is .densely packed and suff ic ient ly  th in  t o  be dried rapidly by the subsequently 
applied vacuum. 
feces; however, the t i s sue  w i l l  not shred i f  it is  dry .  After t i s sue  disposal, 
a predetermined quantity of disinfectant i s  injected onto the sl inger by 
pressing the dis infect  switch. 
the spread feces. 
s l inger  t ines  will be wet by the disinfectant and then dislodged from the t ines;  
hence, the disinfectant provides a secondary benefit  of helping t o  clear the 
slinger t ines  i n  addition t o  the primary one of reducing bacteria and odor. The 
blower which is  run during usage f o r  feca l  transport a l so  helps to  control odor 
and bacteria by drawing gases associated with defecation through a f i l t e r  before 
these gases can diffuse in to  the simulator environment. When finished, the user 
closes the seal valve under the seat. T h i s  action, the reverse of the first 
step, stops the sl inger and blower, closes off the system from the blower, and 
opens the system f o r  vacuum drying of the contents. 

This  seat  contour provides comfortable support t o  the user as 
Upon defeca- 

Used t o i l e t  t i s sue  i s  dispensed with i n  the sane manner as 

The slinger then sprays the disinfectant over 
Any dry t i ssue  tha t  might have become entangled on the 

If a feca l  sample i s  need-ed, a cap covering the sample port i s  removed and 
the f eca l  sampler (see f ig .  3) is  inserted in to  the EI;w before usage. 
action of inser t ing the sampler opens the sampler cavity i n  which feces are col- 
lected as  they are slung toward the l iner .  
the sampler closes the sampler cavity i n  which the feces sample has been col- 
lected. 
p l a s t i c  bag which i s  then sealed. 
gas sampling or  vacuum drying of the contents, i f  required. After sampler 
removal, the cap i s  replaced on the sampler port. 

This 

Conversely, the action of removing 

The sampler, as it is  being removed frm the EILU, is  drawn in to  a 
T h i s  bag i s  f i t t e d  with a valve t o  pem5.t 

The ELDJ components f o r  collecting feces, dis t r ibut ing them with a slinger- 
shredder, and providing airfluw for odor and bacteria control and f o r  transport 
of feces, are  similar t o  corresponding D r y  John hardware. However, t o  extend 
the useful l i f e  of the present uni t  compared with tha t  of the Dry John, the 
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present uni t  i s  provided with a replaceable l i ne r  sized f o r  approximately 
200 man-days of usage, hence the name Extended Life Dry John, o r  ELDJ. 

To allow conve ta iner  
i s  used. A single quick- iner  
halves - Likewi 
points." When the l i n e r  is removed and discarde are  
a l so  removed and di eon- 
t aminati on. of 
additional cow e of 
the motor i tself .  
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Research  Laboratory a1 

MDAC f o r  this program, and included automatic pretreatment  injection. 
Operation and crew acceptance of all units were  ge e ra l ly  adequate except the 
ur ine  phase separator ,  in which the polyuret?hane i 3 pel ler  vas dissolved ear ly  
i n  the tes t  by an  accidental injection of concentrated pretreatmeyt  solution. 
Subsequent u s e  of the ur ine  collection sys tem required the use  of gravitational 
forces  for  phase separation. 
during the mission, on day 44, and was used 319 times. 

The commode kequired liner replacement once 

INTRODUCTION 

The design guidelines fo r  waiste! management during the 90-day tes t  
included: minimum c rew handling of waste  products following eliminati'on, 
effective control of odors and bacter ia l  contamination to the cabin, conven- 
ience of operation and maintenance, and design for  zero-gravity operation. 
A "Dry John'' commode which had been built for  AMRL by General  Electr ic  
had been preyiously used by MDAC in the 60-day test. This unit included a 
slinger-type collector with air induction of feces, a spherical  bowl fo r  s tor -  
age, and sequencing valves for  vacuum dehydration between us  es. This {unit 
had performed satisfactorily according to the above guidelines, but was 
expected to have inadequate capacity f o r  the 90-day tes t  resulting f r o m  the 
increased duration and the predicted increase  in res idual  fecal  solids because 
of the improved diet. 
a replaceable l iner  in  the collector bowl, a sampling device, improved con- 
t ro l s  and valves, and a disinfectant injection system. 

An improved model was therefore  built which included 

During the previous 60-day tes t ,  u r ine  pre t rea tment  solution had been 
inaccurately added. A urine collection u 
provide automatic addition and to adhere 
capability. 

was therefore  built by MDAC to 
the requirement  for  null-gravity 

EQUIPMEN T DESCRIPTION 

The waste  management sys t em is shown schematically in  figure 1. A' 
description of the commode and associated equipment is included in paper 



nmber 18 of t h i s  
c bllec tion rec ep tac 
collection capacity was 
the vacuum system 
such as is used for 
bags were sealed a 

The urine collector 
the fecal collector. A c 
impeller, was use 
through a charcoa 
a small  blower. Pretreatment fluid, 
chromic oxide, a 
ally added to the urine stream. The urinal was located adjacent to the fecal 
collector and could be used separately o r  in conjunction with the commode, 
An Apollo type urine collector with provisions for flush water injection was 
provided by NASA - MS C. 

Several methods were provided for handling of waste and garbage. Excess 
water remaining from preparation of some food items was added to other 
highly contaminated water including concentrated sodium hydroxide solution 
from the microbial sensor and periodically pumped overboard. Wet garbage 
was sealed in standard No. 2 metal cans after treatment with 8-hydroxy 
quinoline sulfate for bacterial control. The disposable dishes were stored in 
aluminum boxes having tight-fitting covers after being similarly treated with 
bactericide. Food packaging material  was baled and wrapped with aluminum 
foil, in which the meal packs were originally wrapped, and stored in cabinets. 
A large aluminum container was provided for other dry waste, including 
filled toilet paper bags. 
12 in. in diameter and could be vented to the SSS annulus periodically if  
desired to remove odors. 

This container was fitted with a sealing cover about 

TEST RESULTS 

The commode operated very satisfactorily during the 90-day test. Table 1 
presents comments on commode operation, 
mode performance. During use of the f i r s t  liner, all toilet paper was put into 
the commode. 
which time i t  appeared to be about two-thirds full. The used liner was stored 
in the unused pass-through airlock for the balance of the mission. During use 
of the second liner, the crew was instructed to place used toilet paper in  a 
separate receptacle. At the end of the test, the liner appeared to be about 
one-third full. 
extension of liner life. 

Table 2 is a summary of com- 

The liner was considered full and was changed on day 44, at  

Separate collection of toilet paper appears to be desirable for 

One significant operational e r r o r  occurred. On day 38 one of the crewmen 

Subsequent checks revealed that a nitrogen valve controlling pres- 

The tank was refilled once during the run. 

noticed the Wescodyne disinfectant was not being injected into the commode 
after use. 
sure  to the disinfectant tank had been closed since the s ta r t  of the test. 
sequent injection was satisfactory. 

Sub- 



The urine collection 
relay controlling pretreatm 
quantity of pretreatment sol 
sulfate) to enter the phase s 
impeller. Subsequent to th 
and pretreatment solution was 
poured directly into the urin 
installed a direct line from 
direct transfer. Subseque 
water was then manually a 
as required by urine outpu 
accumulator when the VI)-VF system w 

The wet waste was s 
to pass cans out of the ch 
signs of bulging or  indications of potential rupture. 
filled cans were passed out during the test. 
resulted in only 5 developing discernable bulges. 
found to contain a high concentration of potassium hydroxide, apparently 
included in a wiping cloth, and much resulting corrosion. Contents of other 
cans have not yet been examined. 
improperly instructed in material to put into the cans, and possibly overly 
cautious in passing them out. 
a chance be taken of a can rupture inside the SSS during the test. 

A s  a result, 23 of the 
Saving these at room environment 

One of these was opened and 

However, i t  appears that the crew was 

It was felt that, under no circumstances, should 

Used food trays were stored in five of the aluminum boxes provided. A 
total of 2, 408 trays were used, with a maximum number of 521 in one of the 
boxes. N o  problems were encountered with this disposal method. 

Dry garbage stored in the big container weighed 17.65 lb, including four 
bags of toilet paper having a total weight of about 3 lb. 
bag was in the receptacle next to the commode, nearly full. 

A fifth toilet paper 

No  record is available of the amount of stored food wrappings, although 
no problems were encountered with their storage. 
aluminum foil provided convenient, satisfactory, and safe overwrap for 
packages of used food wrappings. 

Reuse of the original 

MAINTENANCE SUMMARY 

Table 3 summarizes the major maintenance items on the waste manage- 
ment subsystem. 
collector have already been discussed. 
caused some concern because a permanent correction could not be made. 
a result, venting of the can to the annulus was done only occasionally when a 
noticeable odor was generated in the can. On one o r  two instances, signifi- 
cant loss  of cabin atmosphere occurred when the can was left venting 
to the annulus. This was detected by the resulting loss in cabin 
pressure and corrective action was taken within a few hours to close 
the vent valve. 

Most of the repairs required on the commode and urine 
The leakage of the t rash container 

As 
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well and was a 

survive failure modes in which much 
improperly introduced. 

Handling of garbage and other general waste products requires further 
study. 
basis for system design to reduce the quantities and provide more effective 
means for handling them. 

Perhaps the data on types and quantities produced will serve as a 

254 



a, 
rn 
3 
M c .. 
.rl 
k 

a, 
M 

A u 
9 2 

2 u 
c 

W 

119 
a, 
.rl 

ci 

: 
I 
k 

.rl 

4 

E 
0 

2 
k 
0 
u U k c 

0 
.rl 
42 

u 
U 
a, 
3 
W 

u c 
2 
c4 
.rl 

% 
W 
c 
5 
a, u 

H 

d 
k 

M 

i rn 
.rl 
4 

i? 
Y 
0 u 

it0 
irl c 
0 u 

W n M c 
.r( 

h 

ci 
a, 

4 
cd 
a, 
m 

J-) 

d 
a, 
m z: 

cd 
k 
.rl 
rn 
a, 
5 
G 
3 

w 
0 z 

0 
zn 
E 

0 

h 

5 
d 

u 

d 

2 

0 
E .rl u 

2 a 
rn 
24 c 

u A 
a, 
k 
.rl 
rn 5 

cd m 

u 

2 B 
a, 
.-I 

T 
U 

k 
0 z 

cli 

d 
a, 
k u 
rn 
k 

E 

2 

rn 
a, 

Tcl 
a, 
.rl 

ci 

A 
3 

E 

a, 

k 

3 
2 
k 

B u 
U 

;rj 

X 
9 r' 

d c 
0 
.rl 

2 u u 
0 

5 
a, 
td 
pc 
u 

u 

.d 

.PI u 

4 

r' 

.rl 
cd 2 2 

ki 
k 
a, 
M 
k 

k 
a, u 

3 F: 
0 

0 
5 
5 
G 

.rl U 

W 

w 
0 
a, 
a, 

. . 
r ' N  * *  

: 
0 
v3 

k k 

.rl : :  .rl 

; 1 J  

B 
u 
a, 
k 

0 

k 
A 
E 

0 0 0 

255 



Ln 
N 

UI 
rl 

* 
UI 
N 

0 

0 
0 

UI 
rl 

d 
N 
m 

a 
a, 
m 
3 

h 
v1 

d 
rn 
a, 
rn 
3 

5 
., u u 

a, 

0 

rn 

I4 
I4 

u 
2 
4 
0 
tn 
m 
m 
2 
0 

ft 
.a 

k 
a, 

2 
PI 
4.l 

I4 
.d 
a, 

0 
E 

ft 

2 
., 
m 

a, 
a, c 
E 
0 
k cr 

co 
9 co 

m 

9 
N 

e 
P 

m I I N m  
d Q 0  I I N t c  

I I 
4 m I I 
rr) I I 

I I 

h 

d 
d 
k 

v1 
a, rn 
3 
a, 

k 
? 
$ 
4 

h 

8 
k 
a, 
PI 
m 
a, rn 
3 
E 
8 
'9 c 

h 

d 
; 
k 

rn 
a, 
m 
3 

=1 

E: 

E 
E 
.d 

3 

h 

8 
\ 

5 
a, 
M 
Id 
k : c 



. .  "'19 
0 0  o n  v3 

" " I "  r i d  

m 
rl 
rd 
a, m 
a 

3 
$ 8  

u 

m 

*d 
4J 
8 

-P 
e, 
a, " 
a, 

0 

1-1 1-1 z r 2 g 3 5  

k 
0 
3 
3 
0 
0 

a, 
G 
.d 
b 

k 
0 
k 

d 

d 1 1  

3 

0 
-P 

k 

cr 

257 



su 
FLWH WATER 
(FROM WASH W A R l  SVSTEM) 

TO WATER 
RECOVERY 
SUBSYSTEM 

Figure 1 

V 
OVERBOARD 
VACUUM VENT 



FOOD MANAGENEWI! F!EiOGRAM 

McDonnell Doug1 utics %ompany 

ovisions available t 
rimary freeze-dried 
ner), and a small 

Recommendations f o r  food programs f o r  future long-term space 
accommodations, supporting equipment, and 
are  discussed. 
missions are provided. 

INTRODUCTION 

In  response t o  frequently reported negative reactions t o  food provisions 
f o r  previous crews of long-term missions and simulations involving confinement, 
MDAC established the policy, ear ly  i n  the planning phase of the 90-day test ,  t o  
select  and provide food from the standpoint of acceptability. Acceptability 
was f e l t  t o  be a function of menu diversity,  mission duration, and i n i t i a l  reac- 
t i on  t o  the aesthetics of food consumption: flavor, color, consistency, and 
aroma. 

This approach permitted the collection of information relevant t o  resolu- 
t ion  of the question of whether a t tent ion t o  these factors  could eliminate nega- 
t i v e  reactions t o  food provisions o r  whether such negative reactions could be 
expected t o  accompany a l l  future long-term operational o r  simulative confinements.. 

PROCEDURES 

Known processors of food provisions f o r  space missions, o r  those known t o  
have the capability, were contacted and requested t o  submit samples of t h e i r  
products. 
of cognizant personnel at the U.S..Army, Natick Laboratories. 
of products, t h e i r  avai labi l i ty ,  diversity, and projected a b i l i t y  t o  meet c r i -  
teria on microbiological control, Oregon Freeze-Dry, Inc., Albany, Oregon, was 
selected as the principal supplier of onboard food. 
the freeze-dried menus tha t  were  provided. 

A list of potent ia l  suppliers was obtained through the cooperation 
From t h i s  review 

Table 1 represents some of 

Requirements placed upon the supplier of freeze-dried, uncompressed food 
consisted of: Microbiological control consistent with NASA/Army requirements, 
vacuum packaging, a 10-day menu cycle, and 2500 kilocalories/man/day. 
microbiological specifications were adhered t o  except f o r  deviations on t o t a l  
aerobes (raised from 10 t o  20/g) and t o t a l  streptococcus counts (raised from 

NASA/Aray 
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(75) JELLY 
(68) MILK  (8 OZ) 
DAY 2 2,460 TOTAL CALORIES 
BREAKFAST - 654 CALORIES DINNER - 1,073 CALORIES 
(55) STRAW BERR IES (20) CONSOMME ( 4) SLICED HAM 
(28) CREAMED BEEF (59) NOODLES WITH CHEESE SAUCE 
(90) ON TOAST (3 SLICES) (33) ASPARAGUS 
(94) CHOCOLATE M I L K  (6 OZ) (85) CHOCOLATE PUDDING 

(74) MARGARINE (10 

LUNCH - 733 CALORIES 

(56) CRACKERS (6 CRACKERS) 
( 9) BEEF WITH RICE 
(24) CARROT-RAISIN SALAD 

COOKIES 

DAY 3 2,563 TOTAL CALORIES 

BREAKFAST - 697 CALORIES 

161) RALSTON WITH MILK  (56) CRACKERS (6 CRACKERS) ( 3) DICED C 
(73) SUGAR (13) CRAB IMPERIAL (71) WITH GRAVY 
(91) TOAST (2 SLICES) (27) SWEET CORN (58) NOODLES 
(75) JELLY (36) CARROTS, DICED 
(68) MILK  (8 OZ) (77) COCONUT MACAROONS 

LUNCH - 724 CALORIES DINNER - 1,142 CALORIES 
(53)* DRIED OR STEWED PRUNES (64) CHICKEN NOODLE SOUP (19) SHRIMP IL 

(74) MARGARINE ( l / 2  TSP) 

(54) RAISINS 
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less than 10 t o  less  than 
Director. An additional. 5 
sisted of nuts, raisins, 

ice cream were placed o 

The glycerol (a sweetening agent having nutrient value) was obtained as an 
experimental food supplement from Dr.  J. Shapira, NASA Ames Besearch Center. 
Interest i n  the glycerol as a food additive centered upon i ts  acceptability as 
a sweetening agent, as well as on i ts  physiological resolution a f te r  ingestion. 
A f u l l  description of this  experiment is  provided i n  paper no. 21 of t h i s  
symposium. 

Data on food consumption were provided daily throughout the mission via  
Information the TSCL data transmission system available t o  onboard crewmen. 

thus transmitted consisted of crewman identification, food items consumed, per- 
centages of foods not ingested, water volumes required fo r  reconstitution, and 
relative acceptability ratings (1-9; 1 equals "poor," 9 equals "excellent"). 

Because of the l a t e  arrival of information on frozen foods, only the freeze- 
dried d ie t  could be reported via  the above-mentioned TSCL. 
food consumption were obtained verbally from crewmen. 

Thus data on frozen 

Freeze-dehydrated foods were supplied i n  vacuum packages of a multilayer 
laminate which i s  used by the Army t o  package similar foods f o r  combat f i e ld  
distribution. The packages consisted of an inner layer of polyethylene, an 
intermediate layer of aluminum fo i l ,  another layer of polyethylene, and an outer 
layer of Mylar, the l a t t e r  a flasanable plastic. 

Within some packages of food items was a dish composed of a waxy plastic 
(also flammable) which was t o  be used fo r  reconstitution purposes. 
available t o  the crew were made of stainless steel. 

Utensils 

Frozen food was  supplied i n  aluminum containers similar t o  TV dinner trays. 
These were covered with aluminum fo i l .  

Ice cream was packaged i n  cylindrical paper containers. 

Because of the flammability of packaging materials i n  the food program, 
special precautions were taken i n  the i r  onboard storage and disposal. Freeze- 
dried packages were grouped into four-man meal packages. 
with the use of f iber  glass cable-tie cord and then overwrapped with three 
layers of heavy-duty aluminum foil .  These were then stored i n  closed food 

These were constrained 
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Storage requirements fo r  all food provisions appro _ _  
m i n e s s  m P  izing of free war food contributed 
t o  using approx 40 re  storage vo than inally allocated. 

All foods requiring elevated temgeratures t o  enhance palatability were 
heated i n  an onboard microwave oven. 
wen was employed f o r  food heating. 
were made throughout the tes t .  
the addition of adhesive-backed altrminum f o i l  tape, readings revealed consistent 
levels of 0.1 mW/cm2 (average) with peak emissions up t o  0.2 mW/cm2. 
time during the 9O-day t e s t  did emissions exceed 0.2 mW/cm2. 

A Litton 'Industries Model 3 0  microwave 
Daily measurements of microwave emissions 

After modification of the front door seals by 

At no 

Table 2 provides an indication of t o t a l  food consumption f o r  each crewman 
on day 90 of the mission and provides arithmetic means of daily caloric con- 
sumption f o r  the crew over the entire 90-d.a~ duration. 
intake averaged 2,894 kcal/day/man. 

It can be seen that 
Differences i n  daily consumption among 

FOOL) CONSUMPTION 

Kilocalories Kilocalories 

90th Day Mean 90 I)ays 
Crewman 

1 2,067 2,741 

2 2,412 2,822 

3 4,041 

3,137 - 4 3,561 

Grand Mean 2,894 kilocalories 
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crewmen are consistent with e 
individual requirements. This 

inordinately high 
t e s t  of a mmne 
tion of under 2 

actual crew work loads. 

Referring t o  table 3, the overall acceptance of 
extending from 1 through 9 was quite high - a l l  food 
received ratings of 6 and above. 
tions or  operational missions and 
selection of food on the basis of 

This is an unusual 
reflects increased 
palatability. 

TABLE 3 

90-DAY FIzF3EZE-DRY FOOD ACCEPTANCE 

food on a rating scale 
items on a group mean basis 
finding for  space simula- 
attention given t o  the 

Crewman Mean 
Category Modal Rank 

Order 1 2 3 4 Preference 

soups 

Salads 

Entrees 

Dairy Products 

Vegetables 

Fruits and Juices 

Grain Products 

Desserts 

Sauces and Condiments 

7-50 

7.33 

8.04 

7.21 

7-07 

7.90 

7.84 

7.79 

8.80 

7.80 

6 -33 

8.21 

7.14 

6.69 

7.40 

7-05 

6.08 

7.80 

7.20 

8 .oo 

7.95 

7.28 

7.23 

8.36 

6.46 

7.55 

7.80 

7-00 

8.66 

8.07 

6.92 

7.53 

8.54 

5.69 

7.26 

7.60 

7.38 

7.58 

8.07 

7.14 

7.13 

8.05 

6.75 

7.17 

8.00 

Mean Modal 7.72 7.3-6 7.54 7.47 

Rank Order 1 4 2 3 

Preferences 
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individual food items within the 

such things as s 
r e f l ec t  the f ac t  

Table 4 summar 
the mission. Forty- 
Ohio, and were s tore  
for  dinners) were provided t o  the crew with instructions t.0 u t i l i z e  them as they 
s a w  f i t  approximately once weekly throughout the mission. 

Crewmen chose t o  use these foods with a frequency of approximately once 
per week and otherwise employed them as a means of celebrating special  occasions 
encountered during the mission. 
bration held f o r  one of the  onboard crewmen. 

One such special  occasion was a birthday cele- 

Generally the  frozen foods were well accepted by a l l  crewmen but the crew 
indicated tha t  they could have done without them had they been required t o  do 
so. Since they were available, they found them a welcome diversion from the 
freeze-dehydrated primary food menu. Negative remarks reflected the feeling 
that, when compared with the primary d i e t ,  the frozen meals were overly rich. 
This combined with differences i n  strength of seasoning apparently resulted i n  
some minor gastrointest inal  d i f f icu l t ies .  Interestingly, frozen meals were 
prepared u t i l i z ing  the microwaye oven even though the use of that  piece of equip- 
ment w i t h  the frozen meals required frequent pulsing. 
tha t  t h i s  was  an annoyance as have others. 

Our crew did not report 

Microbiological Qual i ty  

A l l  freeze-dried and frozen food items were tested f o r  microbiological 
quali ty by the  vendors. 
vendor's products: 

The following c r i t e r i a  were specified and met by the 

A. 
B. 
C. 
D. 
E. 
F. 

Total aerobic count = l e s s  than 20,00O/g 
Total coliform count = l e s s  than 1O/g 
Total f eca l  coliform count = none/g 
Total Streptococcus count = l e s s  than 20/g 
Total coagulase posit ive Staphylococcus count = none/5g 
Total Salmonella count = none/iOg 

Spoilage 

There w a s  l i t t l e  i f  any spoilage of freeze-dried o r  frozen foods during the 

Candy bars and cookies containing nut meats 
t e s t .  
otherwise unacceptable by the crew. 

Several commercially packaged snack food items were found t o  be s t a l e  o r  
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TABLE 4 
FROZEN FOOD 

DINNER WEIGHT ESTIMATED 
No. CONSTITUENTS 0 2 1  K1lOCALORIES - 

1 SlRLUlN STEAK 8 663 
CREAMY PaTATO SAKE 4 120 

20 

15 8a3 
-LI 

3 
L 

ASPARAGUS SPEAUS 

2 FOTROASfOFBEEF 3 265 
BEEF GRAVY 2 50 
DUCWESSE POTATUES 3.5 120 

3 140 GLAZEDCARROTS 

11.5 575 
- -.- 

3 BEEFSTEW 
SPICED PEACHES 

12 HALVES) 

10 1,mo 
4.5 90 

125 
2 90 CHICKEN GRAVY 
3 210 RICE 

CORN 3 80 

13 485 

4 BAKED CHICKEN BREAST 5 

c-- 3- 

6 rAMsCWOPSl21 8 lli30 
ESCALLOPED W L E S  4 205 
GRE€PI BEANS 3 20 

15 915 
- - 

686 
3 60 

B CWKKEN AND DUMPLINGS 10 
PEAS 



trimming, and 

of the contents with disinfectant (8-hydroxyquinoline sulfate, 5 percent 
aqueous solution). 

Post-test microbiological assays of treated food waste revealed complete 

Upon inspection of the can contents, it was evident that  several cans 
steri l ization of the food trays, but only par t ia l  supression of growth i n  canned 
waste. 
had not been treated o r  had not been treated with s icient disinfectant t o  
completely inactivate the contents. 

Sprayed food trays (plastic) were stowed in  environmentally sealed ahrminum 
boxes. 
and observing the box f i l l  dates, an average use rate  of 2 trays/man/meal was 
calculated. 

Each box held approximately 500 trays. By counting the nmber of trays 

This figure is  lower than pretest estimates and the crew confirmed saving 
of trays by multiple-use techniques such as using the same tray for  preparation 
of more than one item o r  using one t ray f o r  preparing a double portion. The 
use rate of stowed trays would have re care been taken 
during handling of several f r e e z e 4  
These trays had become cracked during t ing operations 
before stocking of the simulator. 

packaged in  trays. 

Freeze-dehydrated food is  an acceptable ng-duration missions. 

It may be desirable t o  defray the monotony of a single diet with foods 
prepared and stored uti l izing other techniques. 

Reheating of reconstituted freeze-dehydrated food apparently served t o  
increase the acceptability of t h i s  diet. 
and quite effective 

When eqloying 

The microwave oven was simple t o  use 
rforming t h i s  function. 

ned diets, it may be necessary t o  adjust seasoning and 
"richness" t o  achie ater acceptability. 
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Greater attention must be given t o  the selection of containers and food 
packaging materials from the dual standpoints of flammability and storage 
density. 

Negative reactions t o  food provisions are a phenomenon which can be elimi- 
nated through the combined efforts of food selection oriented toward palatabil- 
i ty ,  the provision and uti l ization of a means whereby foods can be heated t o  
acceptable serving temperatures, and provision of an acceptable variety in  
available diets. 





not lead t o  an elevation i n  serum free glycerol. 
r i s e  i n  urine-free glycerol, as determined by an enzymatic method, was observed. 
As expected, there was no nausea or ill effect observed during the use of free 
glycerol as a food adjunct. 

An errat ic  and inconsistent 

INTROIXTCTION 

Glycerol dates from the ear l ies t  days of organic chemistry when its isola- 
t ion from fat  as an individual compound was first reported by Scheele i n  1779 
(ref. 1). Its name derives fram the Greek "glukos," meaning sweet, since it 
had a Sweetness almost as intense as sugar. 
be 

Later, i t s  structure was shown t o  

CH2-OH 
I 
CH-OH 
I 

which i n  most aspects i s  quite similar t o  the structure of sugars. 

Along with being found in  food as a component of fa t ,  free glycerol i s  
present i n  s m a l l  amounts i n  fermented materials such as beer, wine, and bread. 
Further, it is now commonly added i n  relatively small amounts t o  foods i n  which 
it is  not normally present t o  confer desirable physical properties. It i s  also 
uti l ized because of i t s  desirable solvent properties i n  the formulation of a 
wide variety of pharmaceutical preparations and i s  useful i n  the compounding of 
food flavorings. 
and Drug Administration. 

Glycerol i s  "generally recognized as safe" by the U.S. Food 

It was not unti l1902 that Cremer demonstrated that glycerol was processed 

This gluconeogenic attr ibute of glyc- 
by the body t o  produce glucose when he reported that diabetics excreted addi- 
t ional sugar whe 
erol  was l a t e r  c and Lewis i n  1 t h  the demonstration that 
ingestion of glycerol 
(ref. 3). Since then, extensive studies have been conducted which repeatedly 
show that the most important pathway of glycerol metabolism involves i t s  rapid 
conversion i n  the body t o  glucose. 

lycerol (ref. 2). 

a t s  led t o  an i e in  l iver  glycogen 
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products which resulted i 

injurious effects i 

fed 110 Q of glycerol per 

been previously reported by others. 

Based upon the report of Johnson, Carbon, and Johnson (ref.  4), and other 
subsequent reports of the innocuous effect of the oral  ingestion of glycerol by 
man, it was decided t o  investigate the suitabil i ty of glycerol as a potential 
physicochemically regenerated food during long-duration space missions. 
other aspects of the problem, aside from i t s  nutritive qualities, had t o  be 
investigated: the feasibi l i ty  of i t s  manufacture from waste during the mission 
and its psychological acceptability. 

Two 

The problem of manufacture has been pursued t o  the point where currently it 
can be stated that  the feasibi l i ty  of the foUowing synthetic sequence has been 
demcimstrated: (1) reaction of respiratory carbon dioxide with hydrogen t o  yield 
methane; (2) oxidation of methane t o  formaldehyde; (3) self-condensation of 
formaldewde t o  produce formose sugars; and (4) hydrogenolysis of formose sugars 
t o  give glycerol plus other law-molecular-weight polyols. 
glycerol from the mixture remains t o  be accamplished. 

Separation of pure 

The problem of acceptability of glycerol under simulated aerospace condi- 
tions i s  the subject of t h i s  report. The crewmen of the ninety-day t e s t  agreed 
that they would consume 40 g per day of food grade glycerol i n  four 10-g doses 
during two different five-day periods. They muld also report the i r  evaluation 
of different flavorings and methods of ingestion. Concurrently, analyses of 
blood and urine sanrples would  be conducted t o  determine the possible physiologi- 
ca l  effects of th i s  supplement t o  their  diet. 

W m S  AND METHODS 

The glycerol used was Reagent Grade per the specifications of the American 
Chemical Society. 
taining 1 g glycerol per m l  of f ina l  volume. 
s t i tuted juices obtained from a local supermarket. 
foodstuffs such as "Kool-Aid," dehydrated coffee and tea, used by the crew i n  
combination with the glycerol are reported i n  paper no. 20 of this com@lation. 

It was diluted with d is t i l l ed  water t o  give a solution con- 
Lemon and lime flavors were recon- 

The c osition of other 

The glycerol solution was provided i n  a 1- l i te r  plastic automatic dispenser 
set  t o  deliver 10 m l  of the solution each time. The crew was instructed t o  mix 



this quantity of solution with a single flavor or mixture of flavors, dilute 
with a t  least five volumes of water or beverage, and consume. 
LO m l  of the solution was equivalent t o  

tructed t o  auoW at least  2 
between meals 
ir subJective evaluation 0 

The Sweetness of 

lowing f ive-point scale : 

1 = l ike  very much 

3 = acceptable 

4 = mlght t ry  again 

5 = will never t ry  again 

"his five-point scale satisfied the requirements of this experiment and i s  
similar t o  a standard hedonic scale used i n  food preference studies. 

'Phe blood samples usedwere portions of the weekly collections described 
i n  paper no. 43 of this canpilation. 
per9omed on the samples by NMRI, values for  serum-free glycerol were deter- 
mined and are reported herein. 

As a normal part of the s e a  l ip id  study 

Analysis of weekly urine samples for free glycerol was kindly performed by 
D. Jfyers of MDAC using a variation of the Boehringer MElnnheim Corp. protocol 
for  the enzymatic analysis of serum glycerol uti l izing the following reactions: 

Glycerol + ATP e Glycerol-1-phosphate + AllP 
ADFJ + PEP e ATP + e ruva te  

Pyruvate + NADH, + Hc e Lactate + NAD+ 
The reduction i n  absorbancy of the solution a t  366 nm due t o  the loss of W H  
was equated with the glycerol present. 

The accuracy of the method for  urine samples and the recovery of added 
glycerol is indicated by the follawing excerpt frm a l e t t e r  by S. KLotzsh, 
Chief Chemist, Boehringer Mannhelm Corp. 

"Follaring the methodalogy fo r  serum, our laboratory assayed three differ- 
ent urine samples (0.5 ml per t e s t )  and also the same specimens with the addi- 
t ion of 1 mg and 2 mg$ of glycerol: 



Sample 

Without addition 0.2 

Plus 10 pg g w c e r o l / d  1.25 1.2 

Plus 20 pg acero l /mI-  2.20 2.19 2.48 

percent recovery 103, 100 100, 96 95, lo2 

The urine was  f i l t e r e d  pr ior  t o  use t o  exclude par t ic le  interferences i n . t h e  
measurement of opt ical  density. 
serum samples was  not observed. 'I 

A difference of time or  r a t e  i n  comparison t o  

RESULTS 

Glycerol as a food additive w a s  quite acceptable t o  the crewmen. During 
the first period i n  which they had access t o  t h i s  material, there was consider- 
able experimentation with various flavorings. I n  addition t o  i t s  formulation 
as beverages, on a number of occasions it was  added t o  cereal and fruits with 
good reports. 
that it was considered t o  be "better than ayerage.ff 

A s  can be seen from table I, the recorded evaluations indicated 

During the second period of ingestion, the acceptability declined samewhat 
t o  approximately "average. The degree of experimentation with flavors was 
very much reduced and one of the crewmen was  sa t i s f ied  merely t o  d i lu te  the 
glycerol with water throughout this  phase. None of the crewmen i n  e i ther  of 
the t e s t  periods found any formulation t o  be unacceptable. 
the end of the t e s t  indicated tha t  the crewmen thought the t a s t e  of glycerol 
was  detectably different from sucrose. I ts  convenience as a sweetener was 
thought t o  be desirable. 

General comments at  

Analysis of blood samples dram immediately after the period of glycerol 
consumption indicated a nonsignificant rlse (P > 0.1, t t e s t )  i n  the leve l  of 
free glycerol when compared with the levels observed one week pr ior  t o  or after 
the t e s t  (table IT). 
analysis, the increase was not significant. 

Even when a l l  base-line values were pooled for statistical 

The results obtained with urine s q l e s  are more d i f f i cu l t  t o  interpret .  
There is a highly significant rise i n  the mount of glycerol excreted (table 11) 
Howe-rer, there i s  a wide difference i n  the levels of excretion by the different 
crewmen. This may be due t o  individual physiological variations but other fac- 
t o r s  may also have had an effect. For instance, during the last f e w  days of 
each test period, there were deviations from the  protocol with regard t o  the 
time between consumptions and the amount consumed at  a given time. 
during the second test period, because of unanticipated losses of glycerol 
solution, not a l l  subjects held t o  the regime until  the end of the t e s t ;  i n  

272 

Also, 



fact ,  crewman 1 terminated glycerol inge 
the shortage. 
rapid succession. 
excretion of glycerol. 

n a a e r  only three days because of 
Further, some crewmen consumed "double doses" or single doses i n  

It can be pre 

As was expected, it was f that even with the Yess of the ninety 
tes t ,  acceptability of glycerol was  high. 
very rapidly metabolized by the body t o  primarily glucose and t o  a lesser degree 
directly t o  carbon dioxide, it is  not surprising that no elevation in serum- 
free glycerol was observed several hours after the l a s t  ingestion. 
the mount consumed could give r i s e  t o  a transitory threefold increase i n  the 
serum level M glycerol, but this would be observed only i f  absorption was very 
rapid and measurements were performed within minutes a f te r  consumption. 

Since it i s  known that glycerol i s  

In  theory, 

It i s  thought that  the ra te  of excretion of glycerol into the urine is  
directly proportional t o  the S e m  concentration of free glycerol. This may 
help t o  explain the difference observed between the mQunts excreted before 
and af te r  the first t e s t  period and the corresponding values obtained during 
the second t e s t  period. 
the first t e s t  period was l l40 k 265 m l  whereas it was 1940 i- 205 E& during the 
second period. 
situation obtained with regard t o  the excretion of glycerol. 
l ine  periods of the first glycerol ingestion, t o t a l  excretion of glycerol was 
2.24 2 0.25 mg per day while d m n g  the second period, it was 4.43 4 0.45 mg 
per day. Thus, 
the normal excretion rate  of glycerol seems t o  paral le l  the to t a l  volume of 
urine, a situation which would be expected i f  glycerol excretion were a passive 
process. 

The mean volume of urine during the collection day of 

The difference i s  significant (P < 0.05, t tes t ) .  The same 
During the base- 

Again, the increase was highly significant (P < 0.01, t tes t ) ,  

The passive nature of glycerol excretion does not explain the extent of the 
elevation observed during test .  The wide variations i n  glycerol excretion com- 
plicate the situation. However, the fact  that  the relative amounts excreted by 
each crewman during the two different t e s t  periods was essentially in  the same 
order would suggest individual physiological differences. Further studies are 
planned. 
less  than 0.1% of the ingested mount and can be considered negligible. 

In  any case, the average excretion of glycerol during t e s t  represented 

Because of shortage of glycerol, crewman 1 terminated his consumption of 
glycerol about 10 hours before beginning the collection of urine. 
table 11, his urinary excretion had r e t q e d  to  noxrnalvalues, which indicates 
a very short retention time for  excess glycerol i n  the bady. This is  consistent 
with known rates of glycerol metabolism as determineif by studies involving 
radioactive glycerol and measurement of the excretion of radioactive metabolites 
such as carbon dioxide (ref. 5 ) .  

A s  seen from 
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T.ABl3 I.- A C W W L I T Y  OF GLYCEROL AS A FOOD 

%ean +_ ~ ~ 5 1 .  See text  for  description of five-point rating scale. 

Crewman fai led t o  give numerical rating. ** 

Serum-free glycerol, mg$ 

1 

0- 7 

0.6 

0.7 

1.2 

1.2 

I. 1 

* 

2 

0.8 

0.7 

0.7 

0- 9 

1.1 

0.7 

3 

0.9 

1.2 

0.9 

0.9 

9.1 

1.3 

4 

0.6 

0.8 

1.0 

1.2 

4.2 

0.9 

Urine-free glycerol, mg/24 hr 

1 

2.7 

i8.4 

1.7 

4.4 

*3. 3 

5.5 

2 

1.9 

39.0 

2.5 

3.0 

30.7 

2.9 

3 

1.7 

106.0 

2.8 

5.9 

65.7 

5.6 

4 

3. 7 

2.8 

1.6 

5.0 

5.8 

3.1 

Crewman terminated consumption of glycerol about 10 hours before * 
collection of urine. 





MASS BALANCE DATA 

The overall 
by considering 

upply, and the oxygen recovery units. Over the 90-day 
duction averaged 13.09 lb/day and respiration and perspira- 

tion losses by the crew, 11.70 lb/day. The cabin latent load was increased 
by wash water evaporation of 560.3 lb and excess humidity generated by the 
solid amine unit of 1, 075. 1 lb, so that a total of 2, 688. 7 lb ( o r  29.87 lb/day) 
of humidity condensate was removed from the cabin. Potable water produc- 
tion, certified for crew consumption, was 2, 356.7 lb (26. 19 lb/day), of which 
2, 044.6 lb (22.72 lb/day) was actually consumed by the crew. Of this potable 
water production, 1, 308.6 lb was produced by the VD-VF unit during i ts  days 
of operation and 1, 048.1 lb by the wick evaporator o r  from humidity conden- 
sate. 
(1, 148.0 lb), for makeup to the VD-VF unit (643.8 lb) to support its feed 
requirements, for makeup to the wash water unit (512.9 lb), and other miscel- 
laneous uses. 

The humidity condensate was also used to supply the solid amine unit 

The wash water recovery unit produced 10,447.6 lb (116.08 lb/day) of 
water at the dispenser, of which 560.3 lb was lost by evaporation, as has 
been mentioned. 

The atmospheric gas  supply furnished 862.0 lb of oxygen and 278.9 lb of 
nitrogen to the S S S .  Par t  of the oxygen (137.4 lb) and all of the nitrogen went 
into losses, leakage, and atmospheric samples, leaving a balance of 724.6 lb 
(8.05 lb/day) of metabolic oxygen consumption by the crew. 
primarily furnished by water electrolysis, including 22.4 lb by the Allis- 
Chalmers unit, 566.0 lb by the Lockheed unit, and 258.3 lb by the commer- 
cial electrolyzer serving as  a backup. The balance of 15.3 lb was supplied 
by high-pressure storage. 
was supplied by the Sabatier reactor (332.0 lb) o r  from an onboard storage 
reservoir (330.0 lb). 
ysis for the Sabatier reactor, with a balance of 24.9 lb being vented during 
periods of inoperation of the Sabatier. 

from the cagin. A total of 636.9 lb was processed through the Sabatier 
reactor along with the 8 1.0 lb of hydrogen. 
o ve rb o ar d . 

The oxygen was 

Water for the Allis-Chalmers and Lockheed units 

A total of 8 1.0 lb of hydrogen was supplied by electrol- 

The CO concentrators removed a total of 752.0 lb (8.36 lb/day) of GO2 

The balance was vented 
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ccuracy of ins 
occur red, the 

SYSTEM DESCRIPTION 

Mass balance data were determined by a review of data from many 
sources. Flowmeters and totalizers were installed in most major gas  and 
water transfer lines. Quantity measurements in  potable and w water tanks 
were made continuously by strain gage load cells supporting th 
Quantities in other tanks b e r e  measured before and after the test. The two- 
gas control used pulse counters to total the amount of gas  supplied by the 
flight-type electrolysis units, the backup (Stuart) electrolysis unit, and high- 
pressure oxygen and nitrogen facilities. Records were kept, particularly in 
the latter portion of the test, of water supplied to the Lockheed electrolysis 
unit, which provided an improved calibration of the two-gas oxygen pulse 
counter. 
in the potable water system. 
were kept of water transfers by the inside crew. 
mass  balance depended on these records. 

Some variation in  the water flowmeter calibrations was encountered 
Fortunately, very detailed and accurate r 

f the water sys Mu 

TEST RESULTS 
, 

Discussion of mass balance test da 
potable water overy, the wash water 
and the atmos re  recovery units. Fr 
crew input/output requirements can be dete 
be discusse de tai 1. 

Potable Water Recovery 

The potable water recovery unit represented an integration of the VD-VF 
radioisotope heated unit and the wick evaporator for recovery of water from 



urine. 
tion of water was accomplished by multi 
heated use tanks. When possible, the water p 
pumped direc to a use tank; when potability 
this water wa so processed by multifiltrati 
reprocessing a positive microb 
concentration in  the VD-VF condens 
discussed in  detail i n p  

Figure 1 shows th 

Water was also recovered from humidity 

During this time 1, 178.5 lb of urine were produced, averaging 13.09 lb/day. 
The respiration and perspiration losses of the crew were determined by sub- 
traction of recorded data on water sources from total water production, and 
were found tb be 1, 053.3 lb (11.70 lb/day). Contributing to the total load on 
the humidity control separator condenser were also 680 lb of urine vapors 
from the wick evaporator, 560.3 lb of wash water evaporation, and 1,075.1 lb 
of water vapor from the exhaust of the solid arnine unit. 
condensate was 3,356.4 lb (37.29 lb/day) of which 3, 172.4 lb was removed by 
the Lockheed hydrophilic/hydrophobic condenser-separator, 76.0 lb by the 
silica gel desorbate condenser, and 108.0 lb by the condensation that occurred 
in  the thermal control unit. The Lockheed separator actually separated 
2,647.0 lb from the air stream, allowing the balance of 525.4 lb to pass 
through; this was separated downstream by gravitational forces. The sepa- 
ration efficiency was therefore 83.5 percent, which was undoubtedly consid- 
erably reduced by the unexpectedly high condensation rate which was several 
times the design value. 

The total humidity 

Unprocessed humidity condensate was supplied to a number of units which 
did not require water meeting potability standards. These included makeup 
water to the solid amine boiler (1, 148 lb), makeup for the evaporation in the 
wash water unit (512.9 lb), and makeup to the VD-VF unit (643.8 lb). 
latter was required because the feed rate to the VD-VF boiler must be held 
constant to accommodate the constant heat input rate of the radioisotope 
heaters. 
evaporator that had already been diluted for feed to the VD-VF unit, the 700 lb 
of feed to the wick evaporator included some humidity condensate as well as 
urine . 

The 

Since it was necessary occasionally to reprocess urine in  the wick 

Where product water from the VD-VF unit met potability standards, i t  
When was pumped directly to the heated use tanks. 

these standards were not met, 848.6 lb of VD-VF water was processed by 
multifiltration. Of the total 2, 356.7 lb (26. 19 lb/day) of water certified for 
potability during the test, a net increase of 81.9 lb occurred in the four use 
tanks and 2,044.6 lb (22.72 lb/day) were consumed by the crew. Of the 
balance, 49.8 lb were passed out of the chamber for analysis, 8 1.4 lb were 
returned to the wash water unit, 43.4 lb were added to the VD-VF feed 
(possibly being reprocessed after onboard sampling) and 55.6 lb were trans- 
ferred overboard as contaminated waste. 

This included 460.0 lb. 

, Of the water transferred to the solid amine unit (1, 148.0 lb) and not 
returned to the cabin as humidity (1, 075. 1 lb), a total of 55 lb were 
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ed that VD-VF 

The total humidity condensate averaged 3 0 . 4 7  lb/day, of which 12.70 lb/day 
resulted from the solid amine unit. 
58.48 lb o r  7 . 3  1 lb/day most of which was provided from the humidity 
condensate. 

Diluent water to the VD-VF feed was 

Figure 3 shows the 8-day period from test day 46 through 53, when the 
wick evaporator and solid amine units were operating and no VD-VF operation 
occurred. Again, 90-day average values were used for urine production, 
wash water evaporation, urinal flush water, and wick evaporation residual 
solids. 
average metabolic water production was used to determine crew latent loss 
of '12.33 lb/day. 
period, the solid amine unit contribution to cabin humidity was 8.48 lb/day. 
The wick evaporator was processing urine which was previously diluted for 
VD-VF feed, averaging 21.93 lb/day. The total humidity condensation rate 
was 48.83 lb/day, which was one of the peak periods during the test. 
average of 26.09 lb/day was Certified for  crew consumption. 

Figure 4 shows data for the final 10 days of the test. 

Actual data were used for crew consumption (23.35 lb/day) and 

All other data represent measured values. During this 

An 

On day 81 the 

con- 
VD-VF and the solid amine units were both shut down for the balance of the 
test. 
centrator and the wick evaporator. At the beginning of this perio 4 approxi- 
mately 65.75 lb of diluted urine was available which was processed in the 
wick evaporator as well as  the urine produced. No further dilution of the 
urine occurred from humidity condensate. 
paring for the end of the test, and a number of extra cycles of the washer/ 
dryer were performed, increasing the wash water evaporation loss to 8.67 
lb/day. Even so, the total humidity condensate was down to 20.84 lb/day 
becayse of the shutdown of the solid amine unit. 
wick evaporator was 22.0 lb/day, producing a total condensation of 42.84 
lb/day. Of this, the net inventory in the two potable holding tanks was in- 
creased by 81 lb and the potable use tanks by 44 lb, averaging an increase of 
12.5 lb/day. 

This period represents operation on the molecular sieve C 

Also, the crew was actively pre- 

The evaporation rate of the 

Wash Water Recovery 

The mass balance for the wash water recovery unit i s  shown on figure 5. 
During the 90-day period, a total of 10,447.6 lb (116.08 lb/day) was dispensed 
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by the unit. 
of this was probably from 
included 797.8 lb from various sour 
as well as  207.4 lb u 
The net change in  inventory in the 
About 500 lb D f  wash 
columns to remove a 

Of this 560. 

Figure 6 shows the overall mass balance for the atmospheric gas supply. 
Oxygen for this supply and hydrogen for the Sabatier reactor were normally 
generated by water electrolysis, 
built by Allis -Chalmers and installed inside the SSS. 
i n  paper nmber 14, 
sible for generation of only 22.4 lb of oxygen and 2.8 lb of hydrogen. 
the balance of the test depended upon the Lockheed unit which was installed 
outside the SSS and generated 566.02 lb of oxygen and 70.75 lb of hydrogen. 
These units were supplied with water produced by the Sabatier reactor (332 lb) 
or  from a storage reservoir inside the chamber (330 lb). The hydrogen 
generated was normally used by the Sabatier reactor, although it was shut- 
down for periods of time during which i t  was necessary to vent 15.6 lb. 

Initially this was done by a flight-type unit 
However, as  explained 

this unit soon had operational problems and was respon- 
Most of 

When neither flight-type water electrolysis unit was able to meet cabin 
requirements, supplementary oxygen and hydrogen were produced by the 
commercial Stuart electrolysis unit. 
and 23.00 lb of hydrogen. Since the Stuart unit was manually controlled at a 
fixed electrolysis rate, the excess gas generated was vented, and measure- 
ments were not made of the amount of water supplied to the unit. 

This amounted to 258.3 lb of oxygen 

In addition to the 846.7 lb of oxygen generated by electrolysis, 15.3 lb 
were supplied from the high-pressure storage unit. This was done once on 
day 6 when the oxygen setpoint of the two-gas control was increased by 10 
torr,  and approximately 4 lb of oxygen were added manually to compensate. 
Other usages of gaseous oxygen occurred during several short periods when 
none of the electrolysis units were functioning. 

Nitrogen was supplied from high-pressure gaseous storage and con- 
trolled by the two-gas control. 
the pulse counter totalizer on this unit. 
lb/day. 
S S S  for atmospheric analysis. 
losses and leakage. 
and solid amine units indicates a total of 20.4 lb of N2 and 10.0 lb of 0 were 
removed with this gas. Other losses may have occurred by undetectecfleaks 
in the VD-VF vent, the commode sealing valve, the commode fecal sampler, 
the dry waste can vent to annulus, and other sources. Data are not available 
to define these values. Previous experience with the SSS indicates that basic 
chamber leakage is normally very low. In any event the total of unaccounted 
losses and leakage is 256.2 lb (2.85 lb/day) of nitrogen and 126.3 lb (1.40 

Total nitrogen usage was determined from 
This amounted to 278. 9 lb, o r  3. 10 

Of this input, 2.30 1b of N2 and 1.10 lb of O2 were removed from the 
The balance of the nitrogen is indicative of 

Average analysis of the COz output of the molecular sieve 
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gen 18.05 lb /day) i 

i ty of the CO removed was 
determined by periodic anal 
Average values of these analyses were used to determine the nitrogen and 

from the solid amine 
After the test, 5.5 lb-of water were removed 

an average dewpoint of the C02 of about 75OF. This resulted in removal of 
about 12.2 lb of water from the SSS during the 69.5 days of operation. The 
molecular sieve unit provided CO2 with a dewpoint of about -50"F, and there- 
fore removed very little water from the cabin although there may have been 
some water entrapped in  the beds. 

en outside &e chamber, 

n removal with the Go;?. 
ontained excess water. 
the C% accumulator. 

Also, the effluent 

Additional water vapor was present to establish 

The Sabatier reactor was normally operated with all the produced COZ 
being processed through it. However, low C 9  feed rates were used during a 
period of intermittent operation before the catalyst change, and venting of COz 
occurred during periods when it was not operating. During one period when 
catalyst poisoning was suspected, 28.3 lb of bottled CO, was furnished to the 
reactor in an attempt to regain catalyst activity and CO, removed from the 
cabin was vented. 

H20 as impurities. Analysis indicated the hydrogen feed to be essen$ially 
pure. 
in water content was noted to determine the loss of water in the exhaust vent, 
and measured by wet test meter. 
vent gas  composition, which confirmed the presence of nitrogen and C%. 
Normally the oxygen content was very low, indicating that i t  had reacted with 
hydrogen in  the reactor to produce product water. 
vented, including some during short periods of reactor operation with excess 
hydrogen to produce catalyst reduction. The Sabatier reactor operated for a 
total of 80 days, producing 332.0 lb of water for an average rate of 4.10 lb/  
day. 

The C02 feed to the Sabatier reactor necessarily included02, N , and 

The exhaust gas was passed through a water bath, in  which the increase 

Average of periodic analyses determined the 

Unreacted hydrogen was 

Peak rates were somewhat higher. 

Crew Input /Output 

The input/output of the four crewmen is shown on figure 8. As indicated, 
the input included averages of 8.05 lb/day of oxygen, 22.7 lb/day of water, 

freeze dehydrated. The crewmen showed a net weight increase of 2.25 lb. 
lb/day of food. Most of this food (approximately 90 percent) was 

282 



Output of the crewm 
respiratory quotient was 
averaged 11.70 lb/day. 
49.8 lb of solids and 1, 128. 
lb/day. The reclaimabl 
therefore 24.24 lb/day; 1 the potable water 

roduc tion was 
on. Water was traps (52.2 lb) and 
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UM 

Thermal  conditioning of the Space Station Simulator (SSS) during the 90- 
day tes t  was done by a cooling loop c i r  ing Coolanol 35 a t  32 to 40°F. 
P rocess  heating fluid was a l so  provided by a circulating loop using electr ical ly  
heated Coolanol 35. This loop supplied the carbon dioxide concentrators:  the 
solid amine unit a t  about 240°F and the molecular sieve unit at 320°F. 
heat removed f r o m  the chamber var ied f r o m  22, 846 Btu/hr (6.695 kw) to 
29, 514 Btu/hr (8.650 kw), depending on operating mode of the life support 
units. This total does not include thermal  control requirements  for  water  
e lectrolysis ,  because operating time on the Allis-Chalmers unit was too shor t  
to reach  equilibrium and the Lockheed unit was installed outside the SSS and 
separately cooled. 

Total 

INTRODUCTION 

The design of the thermal  control subsystem is presented in 'paper number 7, 
To review, coolant is provided f r o m  external  dual redundant refr igerat ion 
units that simulate a space radiator.  The coolant, which is Coolanol 35, is 
supplied a t  32 to 40°F a t  about 14 gpm. 
life support units within the chamber  to remove the heat generated and is a l so  
used for  a tmospheric  cooling in  the thermal  conditioning unit to pick up all 
heat re jected to the atmosphere.  The SSS is insulated to reduce heat t ransfer ,  
and is operated a t  a temperature  ve ry  close to the outside en.vironment. 
es t imated that heat t ransfer  between the SSS and outside was l e s s  than 1, 000 
Btu/hr under any operating mode. 

Coolant is supplied to a number of the 

It is 

P r o c e s s  heating fluid, which is a l so  Coolanol 35, is furnished to the 
chamber f r o m  an  external,  e lectr ical ly  heated reservoi r .  This fluid was used 
ei ther  by the solid amine o r  the molecular sieve CO2 concentrator.  
plans for  the SSS a lso  included a Coolanol heated oven, but this  unit was elimi- 
nated before the tes t  because of possible mater ia l  incompatibility. 
molecular sieve and solid amine sys tems were not required to operate simul- 
taneously, the proper  c i rcui t  temperature  was achieved by sett ing the heater  
thermostat  at the reservoi r .  
solid amine  unit and 320°F (160OC) for  the molecular sieve unit. 

Original 

As the 

This was approximately 240°F (1 15OC) for  the 



The thermal balance 

alance is listed in 

Although some 
amounted to le 

remove all the water vapor introduced in the steam desorption of the beds. 
Condensation in the silica gel bed desorbing air s t ream of the molecular sieve 
assisted in reducing the cabin humidity. Condensation that occurred in the 
Sabatier reactor exhaust and VD-VF vent gas did not influence the cabin latent 
load since these exhaust products were vented to overboard vacuum. 

SYSTEM PERFORMANCE 

The thermal balance was subject to considerable changes from day to day 
a s  the operating modes of the various life support unitslwere changed. 
among these variations were the following: 

A. 

Chief 

When the wick evaporator was processing urine, an  electrical air pre- 
heater was used, adding about 1, 020 Btu/hr (300 watts) to the heat input 
to the unit. 

B. When the VD-VF unit was not rating, heat generation by the Pu-238 
d in a storage chamber cooled by the radioisotope capsules was re  

coolant fluid loop. 

s in thermal inputs 
ecular sieve units f 

curred, depending on use of the solid 
C02 removal. 

s in latent load from t 
aundry ope rations. 

sher and dryer resulted fro 

In order to describe system operations with these variations included, 
data is presented in figures l’through 4 representing u 
four typical days of the mission. 

operating modes for 
These a r e  as follows: 

Figure 1, Day 23:  Molecular sieve and VD-VF operating, solid amine 
not operating, wick evaporator preheater not operating. 
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Figure 2, Day 50: Solid amine unit and wick evaporator preheater oper- 
ating; molecular sieve and VD-VF not operating. 

Figure 3, Day 58: Solid amine unit and 

Figure 4, Day 83: Mo lar sieve unit 

Although these represent typical days, 
ally represent averages over much longer per 
and latent loads are averages for the entire m 
caloric values of food intake, net weight ch 
values from the water recovery mass balance data. 
sieve and solid amine units represent averages over sign 
apparently normal operations. 

Values for the molecular 
ant periods of 
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ELECTRICAL 

cuit, and ammeters and voltmeters on the dc circuits. Automatic recording of 
power data was provided by six power sensors on groups of the ac circuits and 
a shunt in the dc circuits. These signals were recorded on the low-speed data 
system (LSDS). 

Electrical energy usage was 8, 169 kwh on the 60-Hz circuits, 5, 885 kwh 
on the 400-Hz circuits, and 2, 257 kwh on the de circuits. The total energy was 
16, 0 12 lrwh, for an average power consumption of 7,425 watts. Power and. 
energy requirements of each unit a r e  presented. 

INTRODUCTION 

The power distribution system for the Space Station Simulator (SSS) was 
designed to meet all industrial code requirements. 
number of circuits were provided and many of these were very lightly loaded. 
Further requirements were established during the safety reviews which 
included insurance that each circuit wire gage was adequate for the circuit 
breaker protection provided and that each using element was fused to prevent 
destructive currents. 
fuses on electric motors that were selected to protect against locked rotor 
cur rent values. 

As a result, a large 

An example of the latter was the provision of individual 

Instrumentation was provided to establish average and instantaneous power 
readings. Insofar as  possible, this instrumentation was intended to show the 
power requirement for each unit, but constraints on circuit arrangement and 
the numbers of available instruments prevented full achievement of this 
objective. 

In designing and operating the life support system, efficient design from a 
pow>er requirement standpoint was a secondary objective. 
inefficient components were selected for economic reasons. Similarly, no 
effort was made to schedule operation of intermittent equipment to influence 
the occurrence of power-load peaks. 

In many cases, 



cuit allocations 

Backup power supplies were connected i 
and the 400-Hz motor generator t o  allow fast 
by loss of the primary supply or need. for preventive maintenance. 

imary 28-vdc 
a1 switchover i f  necessitated 

An emergency backup 28-Vdc s 
electrical power system to automat 
60-HZ power fail. The emergency power supply c 
which, when activated, provided power to the emer 
emergency onboard lighting and control of all safety-oriented chamber control 
functions. 
trickle charger when not on line. 

o the overall 

The emergency battery pack was maintained a t  fu l l  voltage with a 

The electrical power distribution system incorporated. relay isolation of 
all electrical power entering the chamber with the exception of intercom, 
television camera power and emergency lighting circuits which were classified 
as essential for safety of the crew. 
integrated into the automatic abort s equen 
is shown on figure 1. S 
for measuring power on 
These sensors provided 

The electrical isolation circuits were 
block diagram 

ower for the 

e maintenance on 
the primary motor generator drive belt. 



The average power consumed during the 90-day run is diagrammed in 
figure 2. The detailed subsy power conswnpt total power for the 
90-day run are itemized in  t 3 and 4. 

Power consumption for the run w a s  derived from c o m e  

1- 
time power instrumentation is sho 
of WIR. 

Three power profiles were made during the run on days 38,67, and 79. 
Samples were taken and recorded on the low-speed data system every 4 minutes 
for each of the three 24-hour periods. 
power profile for the ac  power circuits on the 67th test day. 

Figures 3 through 8 show the resulting 

Power provided to the Lockheed electrolysis unit which was located out- 
side the SSS was not included in  the SSS power instrwnentation system. 
the run, the following power was provided the Lockheed electrolysis unit while 
it was on line and supplying gas to the SSS: 

During 

300 M A  120/208 Vac, 3 phase,40O Hz (3 sec on, 15 min off) 
2 .5  Amp 115 Vac, 1 phase, 60 Hz for controls and the oxygen 

1, 300 W a t t s  
445 Wat t s  DC on low mode operation, 140. 1 hr 

compr e s so r 
DC on high mode operation, 1, 349. 1 hr 
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WIR-DZ 
115 V a c  
60 Hz 

WIR-D3 
115 V a c  
60 Hz 

WIR-D4 
115 V a c  
60 Hz 

WIR-D6 
115 V a c  
60 Hz 

WIR-D7 
115 Vac 
60 Hz 

WIR-D1 
28 V d c  

WIR-D5 
120/20B 
V a c  
3 phase, 
400 Hz 

A2 

A4 
A6 
A8 

A1 

A3 

A5 

A7 

c2 
c 4  
C6 
C8 

c 1  
c 3  
c 5  
c7 
D2 
D4 
D1 
D2 
B 

F 

Airlock Controls, crew a rea  lights. 
Clothes dryer. 
A i r  saxnplers(2), cri , pass thru port con- 
trols, conductivity meter,  T. V. monitor, solid amine air 
compressor. 
Bed,lights (2), T. V. monitor, vision testor, incubator, 
timer, deep freezer,  radiation monitor. 
Bed lights (2), portable nuclei counter, equipment a rea  
lights (4) 
Dew point pump, bio-medical ergometer, VD-VF, mass  
spec. flight weight, two-gas pneumatics, base line 2-Gas. 
Microwave Oven 

Wash tank #8 
Potable tank #3  
Potable tank #5, water circulation pump. 
Solid amine 

Sink pump. 
Wash tank #7, waste overboard pump. 
Potable tank # 1, wick evaporator a i r  heater. 
Potable tank #6, metering water pump. 
Potable tank #2  
Thermal control, nuclei counter a i r  pump. 
Potable tank #4, urine liquid level control 
C 0 2  concentrator 
Allis - Chalme r s electrolysis, baseline and flight weight, 
two-gas Sabatier/Toxin, C02 concentrator, crew life 
support, potable water dispensor, solid amine, waste 
management, wash water control, potable water control. 

Lithium hydroxide* , C 0 2  concentrator , wick evaporator, 
commode, thermal control. 

* Not used during 90-Day Test. 
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10 

28 

40 

45 

57 

66 

68 

12:06 

09: 50 

02: 00 

08: 30 

06:  30 

08: 50 

08: 00 

Table 2 

Test 

for unit tripped, reset  breaker with no problem. 

SSS 115-Vac. 60-Hz circuit A5 (20 amp) circuit breaker 
tripped due to short i n  VD-VF control wiring. Corrected 
short and reset  breaker and performed a res tar t  on mass 
spectrometer . 

Facilities 115-Vac, 60-H~ power momentarily failed, lost  
coolanol system, solid amine and 400-Hz motor generator, 
perform res ta r t  on affected systems. 

SSS 115-Vac. 60-HZ circuit A5 (20 amp) circuit breaker tripped 
due to short in  VD-VF liquid level switch, corrected mal- 
function, reset  breaker and performed a res ta r t  on mass 
spectr ome ter . 

Facilities 115'-Vac, 60-HZ power failure occurred for approxi- 
mately 20 seconds, all  onboard and SSS support systems went 
OFF,  emergency SSS 28 -Vdc battery power automatically 
came on to provide SSS lighting, maintained communication 
sys tem via communication backup battery supply. 
normal res tar t  on all affected systems with no problem. 

Performed 

Switched to backup 400-Ez motor generator to perform 
preventitive maintenance on drive belt of primary motor 
generator. 

Switched back to primary 400-Hz motor generator. 
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POWER LOAD PROFILE - DAY 67 

0 3.00 6.00 9.00 12.00 ls.w 18.00 21.00 24.00 
TIME ZERO = 00 00 00 ON 8/16/10 E W E 0  TIME (HOURS) 

Figure 5 

POWER LOAD PROFILE - DAY 67 
CIRCUIT WIR-D5 

HVDROX~~ELOWER" ~ 
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CENTRATOR BLOWER. 
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THERMAL CONTROL BLOWERS 
3200 *NOTON LINE 

2m 

2m 

I 

1 rm 

1200 

8oD 

4#1 

0 
0 3.00 6.00 9.00 12m 1s.00 10.00 21.00 24.00 
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Figure 6 
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Figure 7 
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MAINTENANCE AND REPAIR REQUIREMENTS 

By M. S. Bonura 

McDonnell Douglas Astronautics C 

SUMMARY 

A primary mission objective of the SSS 90-day manned tes t  was that all 

This mission objective was me t  since all 
spares  would be stored onboard with all required maintenance and repair  
tasks performed by the crewmen. 
maintenance and repa i rs  were accomplished utilizing only onboard spares .  

During the tes t ,  the crew performed 212 maintenance and repair  tasks on 
the life support system (LSS) and over 40 maintenance and repair  tasks on 
miscellaneous support equipment. 
117.4 hours for repair  and 34.4 hours for maintenance. 
for all maintenance and repair  tasks was approximately 203 hours o r  

The total crew time on the LSS was 
The total crew time 

_ _  
2.3 hours/day. 

All LSS units were successfully repaired with the exception of the zero- g 
urine collector and the onboard Allis- Chalmers electrolysis unit. 
were  shut down on days 6 and 20, respectively, when the onboard repair  
efforts could not res tore  operation. 
procedures and equipment for these functions. 

These units 

The test  was completed using backup 

INTRODUCTION 

To ensure the successful completion of the 90-day tes t ,  extensive planning 
was required to determine the spares  and maintenance actions necessary for 
continuous operation of the SSS equipment. 
was the failure mode, effects, and criticality analysis (FMECA). 
of the FMECA were used as inputs to a computer program which generated a 
spares  inventory list which was then reviewed by the responsible subsystem 
engineers for  commonality of spares  and for practical  levels of component 
replacement or repair .  The maintenance procedures were then formulated 
and the tool requirements and storage volume delineated. 

The basis of this planning task 
The resul ts  

The tes t  crew was required to monitor, maintain, and repair  the life 
support equipment which was installed within the SSS. 
unit which was not installed within the SSS was a n  electrolysis unit which was 
devqloped for NASA by the Lockheed Missiles and Space Company. 
advanced subsystem was provided as a backup to  the onboard Allis-Chalmers 
electrolysis unit and, due to space and time limitations, w a s  installed outside 
the S S S .  

The only life support 

This 

The approach to life support equipment repair  and maintenance simulated 
that aboard a space station vehicle. The tes t  crew was trained to complete 



normal repairs,  maintenance, and part  replacement. Standby procedures and 
units were provided and used until repairs could be completed on the primary 
unit. 
the test crew utilizing the onboard spares. 
was provided by the outside staff. 

All repairs and maintenance on i ide equipment was accomplished by 
Verbal assistance, when required, 

DISCUSS ION 

The reliability of the equipment was generally very good. The only major 
failures occurred with the onboard electrolysis unit and the zero-g urine 
collector. 
90-day test  is shown in figure 1. 
evaporator, molecular sieve concentrator, toxin control, mass  spectrometer, 
and baseline 0 2  control sensor do not signify failure but periods when opera- 
tion was not required and these units were in standby. 
operating history is shown in figure 2. 

A summary of the life support system (LSS) operation during the 
The nonoperational periods for the wick 

A summary of LSS 

The major failures which caused unit downtime a r e  as follows: 

A. 

B. 

C. 

D. 

Urine Collector-On day 6, the phase separator failed because of addition 
of excessive urine pretreatment which severely damaged the separator 
impeller. The crew modified the unit for one-g operation. 

VD- VF-Between days 27 and 33,  a malfunctioning boiler liquid-level 
control was repaired and the catalyst, which had been flooded with urine, 
was washed. On day 39 the condensate tanks, which had been micro- 
biologically contaminated by the flooding, were sterilized. Between days 
45 and 52, the catalyst was again washed and the unit sterilized after a 
malfunction of the urine accumulator liquid-level control. On day 81, the 
unit was shut down when the second boiler was expended. 

Solid Amine Concentrator-Between days 14 and 17 unsuccessful attempts 
were made to repair a faulty bed selector valve. The unit was returned 
to operation on the remaining two beds. 
unit was shut down to evaluate lack of CO2 removal efficiency. 
evaluation revealed that the temperature reference junction had drifted 
15°F and required recalibration. 
which supplied control power, failed and was replaced by a nitrogen 
pressure line from the two-gas control supply source. 
was shut down when acceptable CO2 levels could not be maintained in the 
sss . 

Between days 20 and 25, the 
Data 

On day 34 the pneumatic compressor, 

On day 81 the unit 

Sabatier Reactor-Between days 14 and 16 the unit was in standby for 
evaluation of a suspected gas contamination problem. Nitrogen had been 
detected in the H2 and Freon had been detected in the 6 0 2 .  
17 and 27 the operation was intermittent with 25 shutdowns and restarts.  
On days 28 and 29 the catalyst was replaced. On day 59 the unit was in 
standby resulting from a lack of H2 and available crewtime for restart .  
On day 81 a failed zero-g condenser separator was replaced. 

Between days 



E. Allis-Chalmers Electrolysi 
replaced and all modules fl 
t+e electronic 
20 the operation was 

F. LMSC Electrolysis- 
day 4 a H2 leak 
mittent because 
days 12 and 17 
solenoid valves and 
the unit was in 
repair a short 
replace defecti 
valve was repaired and the 28- Vdc logic power supply was replaced. 
Between days 63 and 66 module 2 was rebuilt. 
modules 1, 3,  and 4 were rebuilt. 

Between days 73 and 74 

The LSS repair operations requiring hardware removal, repair, and 
replacement during the 90-day test a r e  outlined in figure 3 .  The crew was 
also requird to perform maintenance on equipment and the maintenance items 
which directly affected the LSS a r e  also noted in figure 3 .  The hours noted 
are the best information obtainable from the test logs maintained by outside 
staff and crewmen. 

Since the LMSC electrolysis unit was located outside the SSS, all 16 repair 
operations on this unit were performed by outside personnel. 
certain failures, which occurred in external gas sample and vent lines, were 
repaired by outside personnel. These items were the replacement of a flow 
transducer, the installation of a charcoal trap, and five charcoal changes in 
the Sabatier CO2 sample loop, the draining of water from the Sabatier methane 
vent pump, and the replacement of the 0 2  purifier in the electrolysis sample 
loop. 
there were 152 onboard repair items which required 117.4 hours of crew time. 

In addition, 

These outside activities covered 25 items in 90.2 hours. Therefore, 

In addition to repair and maintenance of the LSS, the crew performed 
additional tasks on onboard experiments and other support equipment. 
significant items a r e  outlined in figure 4. 
scheduled maintenance which was required f o r  items such a s  the TV cameras, 
radiation monitor, and aerosol particle counters. This scheduled maintenance 
was estimated to be a total of approximately 23 hours. 
onboard crew time for all maintenance and repair activities was approximately 
203 hours or 2 . 3  hours/day. 

The 
Not included in figure 4 is the 

Therefore, the total 

As previously noted, all spares for the LSS and critical support equipment 
were stored onboard the S S S .  The location and quantity were documented in 
the spares inventory list. There were 365 major items included in the spares 
inventory, not including items such a s  fluid fittings, wire, tubing, tape, and 
sealant. 
amounted to 14.3 percent usage of available spares. 

The usage of these major spare parts is noted in figure 5 and 



type of failure had not been anticipated by the FMECA and adequate spares 
were not available. Although two spare modules were provided for the Allis- 
Chalmers electrolysis unit, both spares were expended by day 20 and 
subsequent failures terminated the operation of this unit. 

The lack of adequate spares for these two units only emphasizes the 
importance of adequate reliability data. Analysis such as the FMECA is only 
a s  good as the available data. 
obtained by extensive bench testing and long-duration tests such as the 
90-day test. 

On new prototype equipment, this can only be 
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INTRODUCTION 

The plan for  the 90-day manned t e s t  o minhize the passing i n  or out 
r except i n  case of emergency OT of materials, t o  avoid opening the t e s t  

t o t a l  systems failure, and t o  make maxhaluse of the onboard crew for operation, 
maintenance, and r e  

, andmonotony is  potential 

four-man c 

for gaining acceptance of the program within the Department of Interior, where 
they were mployed. 
who were convinced that serious marine research could be carried on by using 
saturation diving techniques. 

They had formed an ad hoc g r o q  of like-minded individuals 

I n  addition, each meziber of the group had a 

131 



of a crew-initiated abort, t o  mi&ze the effects of stress on the individual 
crewmen, and t o  offer a rea l i s t ic  r e  
mission. 

for successf'ul. completion of the 

APPRaclcK 

The behavioral program for the 9 t e s t  was seen as a t r ia l  of 
humas. endurance but rather as an attenpt t o  aid the succ 
supplying knowledge of small-groq processes and. dynamics. 

t?ae mission by 

t h  the project 
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can be outlined 

area. Over 30 responses f o  d, T t  i s  l ikely that  mor d have been 
secured had the prospectus been circulated nationwide. 

Pursuant t o  the present definition, motivation could be assessed by active 
career interest  and a relevant educational program, by academic standing, by 
faculty recommendation, and by interviews. 

During the course of continuing interaction between the panel and the Qper- 
ations personnel, it became evident that  much of the Success or failure of the 
mission would depend upon engineering, mechanical, and technical sk i l l s  and 
aptitudes of the crew. 
t ion of jobs or task areas. 
of relevant study areas, work history, and interest  patterns. 
t ion could be carried out during the systems training period before the f i n a l  
crew was chosen. 

A task analysis was suggested, t o  be followed by defini- 
Selection procedures could then be defined i n  terms 

Fwrther evalua- 

The next definitive step involved a medical examination and assessment of 
None of the selected crewmen had psychological health and emotional maturity. 

a history of a major physical disease and none had evidence of psychiatric d i f -  
ficulty. 
academic schedules or other pressures, the remainder were administered a com- 
prehensive psychodiagnostic battery by a licensed clinical  psychologist. The 
scores were then farwarded t o  the panel for  study and concurrence. 

After some mem'bers of the original pool had withdram because of 

Given active motivation, relevant work history, and personal s tabi l i ty  and 
emotional maturity, group ccmrpatibility became the desired ob jectiue. 
objective i n  fact was combined i n  part  with the f i n a l  step, selection of the 
crew by operations personnel, 
personnel would prayide a backup t o  the other procedures and would 
provide the best nt  of work skills. In addition, since t 
crewmen would  be 
an opportunity for observation of group compatibility would exist, 

This 

It was f e l t  that  the decision of the operations 

sly working with each other and wlth the outside crew, 

!The panel also recognized the fact  that the onboard crew would be integrated 
into a complex organizational and technical structure. 
several constraints in this area. For example, it was believed that  some nec- 
essary degree of structure might be obtained by designating a crew chief. 
was suggested that he be selected before the beginning of the t e s t  but as l a t e  
as possible so that  his leadership potential md acceptance could be evaluated. 

It therefore recommended 

It 
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It was recwmended that if' at a l lposs ib le ,  he be the older, more experienced 

congruence could be prese 

i n  such a way t 

mission. 

Finally, it was suggested that a l l  relevant aspects of the mission such as 
the necessity f o r  behaxioral. studies, tasks, and observations be frankly and 
openly discussedwith the c r e w  so as t o  avoid misunderstandings and surprises 
during the course of the test. 

In post-test discussions with both NASA, and MDAC project managers, the 
panel ascertained that the crew m e t  the managers' expectations with regard t o  
psychosocial integrity and with regard t o  performance. 
both emergencies and prolonged repair and maintenance tasks, 
problems i n  interpersonal relationsbips as occurred were probably negligible i n  
their  effect on the t o t a l  systems operation. 
schism between the onboard and outside crews. 

They responded w e l l  t o  
Such minor onboard 

A t  no time was there any pronounced 

This c q a t i b i l i t y  may have been i n  part due t o  t h e  emationalmaturity of 
the onboard crew and i n  part  due ta some eviden2; feeling that the onboard crew 
was an e l i te ,  intelligent, and knowledgeable group of indiv'idua2s. 

It i s  quite possible that the r e  
eral, but the intent was t o  provide a 
out defining the actual selection program i n  detaA1. 
vided cannot be said t o  be novel. 

ions of the panelwere too gen- 
zed schema 09 mew selection with- 

In  review, the schema pro- 
It consisted of plans ta choose hLgh3-y moti- 

Us, emotional ma tu r i  
t resses and t o  e 
fixations were a 

t i c a l  on-the- job selection. In 
t o  personae1 selection far 

hazardous or demanding missions. 

If  the schema was suceessful f o r  the selection 
test ,  a large part of the success was due t o  the c 
behavioral science community and the responsible NAsll and MDAC project managers. 

he crew for the 90-day 
ooperation between the 
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SUMWRY 

The successful selection of crewmen for the 90-day m 
a major contribution to the total study. 
viduals was screened and evaluated for compliance with numerous criteria 
relating to their acceptability and ability to withstand isolation stresses. 

A highly selected 

Results of the crew selection process indicate that crew selection was 
an important contributor to the overall success of the 90-day test. 
addition, quantitative psychological criteria have been developed which can 
be employed on future studies of this nature. 

In 

Certain limitations in the use of psychological €esting techniques have 
been identified and the importance of pragmatic aspects of personnel selection 
has been demonstrated. 

INTRODUCTION 

Crew selection for  the 90-day test was the most comprehensive selection 
program ever applied to a simulation study. 
objective of choosing a crew that would function effectively and efficiently for 
the total test duration and do so with no subsequent pathology. Selection 
techniques were psychologically oriented, but also placed a great deal of 
emphasis on the more pragmatic aspects of crew suitability such a s  mechan- 
ical skills; availability for training; physical fitness; health of close family 
members; motivation for participation; and acceptance of pay scales offered. 

The selection program had the 
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Psychological Criteria 

sored symposi 
istian Univers 
, Symposium 

E. K. Eric  Gunderson, Ph. D. 
Director, Special Environments Division 
US Navy Medical Neuropsychiatric Research Un 
San Diego, California 

W i l l i a m  Haythorn, Ph. D., Director 
Behavioral Sciences Department 
Naval Medical Research Institute 
National Naval Medical Center 
Bethe s da, Maryland 

R. Mark Patton, Ph.D. 
Chief, Human Performance Branch 
NASA Ames Research Center 
Moffett Field, California 

e, Tennessee. ) Jam 

Rayford T. Saucer, Ph. D. (Co-chairman) 

M r  . 

Consult ant 
Stop 310, NASA Langley Research Center 
Langley Station, Hampton, Virginia 

Jerome S. Seeman 
Behavioral Director - 90-Day Manned Test 
Advance Biotechnology and Power Department 
McDonne 11 Douglas Astronautics Company 
Huntington Beach, California 
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Texas Christ 
Fort  Worth, 

The resulting recommended process w 
necessitating demonstration among crew c 

A. Scient and c 

B. Emotional maturity and mission motivation. 

6. Physical health, 

D. Ability to withstand isolation. 

E. Leadership identification. 

F. Crew compatibility. 

Information concerning quantitative scores of the various psychological 
tests for each of these areas was not available. 
criteria existed for crew selection based upon psychological tests and what 
was recommended consisted of a technique of multiscreening based upon 
hdgment of the screeners. 

Consequently no quantitative 

A consultant in clinical psychology (Dr . T. MacFarlane) administered 
tests, scored them, and recommended candidates from among those appli- 
cants sent to him for  psychodiagnosis. Dr.  MacFa 
request, a quantitative profile of scores on the var 

ne generated, by MDAC 
objective psycho- 

, which were on an a priori basis thought to describe the kind 
ted to be most effective in withstanding the r igors  of 

confinement. 

Physical Criteria 

Physical criteria consisted of the ability to pass an FAA Class I physical 
examination and dem 
biochemical indices. 

d compliance with normal values of a number of 
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Pragmatic Criteria 

Pragmatic criteria i 

W illingne s s to 

A demonstrate 
dependence on 

No criminal arrests or convictions. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 
J. 

K. 

L. 
M. 

N. 

No serious speech imp 

No evidence that participation in the program reflected an escape from 
life. 

No previous history of serious emotional difficulties. 

Commitment to the achievement of higher academic goals in graduate 
school. 

Interest in becoming an astronaut. 

Previous history of small group confinement or  isolation experiences. 
Experience with construction, repair, and/or maintenance of electro - 
mechanical devices. 

Older than 21 years. 

Height and weight consistent with volumetric provisions of SSS. 
Minimal history of psychosomatic illness. 

No serious physical illnesses among close relatives o r  friends. 

Applications were solicited from graduate schools in the Southern 
California area within the disciplines of engineering, physics, biology, and 
the social sciences. Contact was established between representatives of 
MDAC and the personnel offices at the various universities. These contacts 
permitted an explanation of the 90-day test to be relayed to officials of the 
schools and also afforded the opportunity to request that applications for 
membership in the candidate pool be limit 
major professors would recommend and c n the application. Approxi- 
mately 45 applications were recei 

ose graduate students whose 

The 27 who survived the initial screening and appraisal interviews were 
identified on the basis of initial screening and approval interviews by the 
Behavioral Director, as  well as through review of screening questionnaires 
obtained before the interviews. Reasons for exclusions from this group 
included monetary incentives being primary as a motivational force in volun- 
teering, imminent school failure, ill health of close family members, history 
of serious emotional difficulties, etc. 
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A. 

B. 

C. 

D. 

E. 

F. 

6. 

H. 

A. 

B. 

C. 

D. 

E. 

16 PF (Forms A and B) 

MAT (Motivational Analysis Test) 

Study of Values - Allport/Vernon 

Edwards PPS (Personal Preference Schedule) 

6 Personality Factors) 

Rokeach Dogmatism Scale 

Eysenck Personality Inventory 

Projective tests used were: 

Rorschach 

Thematic Apperception Test 

Sentence Completion 

Early Parental Recollections 

Future Autobiography 

The formal crew pool (eight) was chosen on 26 January 1970. Training 
began the following week. 
observed for group formation and the evolution of a leader. 
prior to the 5-day run, a sociometric test was given as  an adjunct to aid in 
crew selection. 
vidual availability led to the selection of a four-man crew. 
was outstanding during the trial run and gave a great deal of conf 
the selection process. 

Throughout the training period the men were 
Immediately 

This combined with training results and, to an extent, indi- 
Crew performance 

Subsequent to the 5-day run, a review and evaluation was accomplished 
that gave valuable information for hardware and procedural modifications. 

Final crew selection occurred on 26 May 1970 and was achieved through 
the consensus of the Program Manager, Medical Director, and Behavioral 
Director following an evaluation of all the pertinent data, i. e. , training 
results, psychological data, subsystem knowledge, health data, etc. 
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RESULTS 

Selection criteria for the objective psycho- ests have been 
developed which a re  quantifiable and apparently s is considered 
to be a major contribution to future quantitative crew selection procedures 
The objective of scientific and technical capabilities was obviously met as  
the crew learned the subsystems and they operated well with outside crew 
support . 

A feature of selection not originally planned, but ons ide r able value 
in the ultimate selection, was the demonstrated ability of selected candidates 
to comply with the many irritating, time- consuming, and constantly changing 
infringements on their time throughout the training program. Crewmen were 
thus additionally selected on the basis of accepting these requirements without 
complaint. 

Another feature originally intended to be used (observation of group 
structure throughout training) proved to be of less value than originally 
expected because a cohesive group was not firmly developed. 
the personality characteristic of inner-directedness during the selection 
process apparently worked toward mitigating the development of a strongly 
cohesive group. 
penetrations necessary for the establishment of such a 

Attention to 

These individuals were too inner-directed to pe 

CONCLUSIONS 

Crew selection at ching t e st re sult s 

A great deal o ecessary to the selection e crew. It is 
felt that too much 
selection techniques which is inconsistent with the degree of confidence cur- 
rently existing in the adequacy of these techniques. 

s placed upon psychologic 
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The points already made emphasize the tenuous nature of existing 
psychologically based crew se 
desirable to explore the possib 
methods. Rather than reexam 
tests, it seems more reasonable to investigate alt 
deriving from other disciplines. 

would be highly 
validity of selection 
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HOMOGENEITY OF PERSONAL1 

HIGH MOTIVATION 

PRECLUSION OF CONSEQUENT PATHOLOGY 

ABILITY TO LEARN SUBSYSTEM OPERATIONAL REQUIREMENTS 

ELIMINATION OF INTER-CREW HOSTILITIES 

EMOTl ONAL STAB I L I  TY 

PROCEDURES 

0 FORT WORTH SYMPOSIUM -- RECOMMENDED PROCEDURES (21, 22, 23 MAY 1969) 

0 LIMITED APPLICATIONS -- GRADUATE SCHOOLS AND DISCIPLINES (OCT 1969) 

0 APPRAISAL INTERVIEW -- AVAILABILITY, INTEREST, HISTORY, AND OBVIOUS 
PHYSICAL INCOMPATIBILITIES (NOV 1970) 

0 SCREENING TESTS -- MDAC, NMRI, AND NMNRU (DEC 1969) 

0 PHYSICAL EXAMS (JAN 1970) 

PSYCHODIAGNOSTICS -- DEVELOPED QUANTITATIVE CRITERIA (JAN 1970) 

0 IDFNTlFlCATlON OF CREW POOL (26 JAN 1970) 

0 TRAINING, INCLUDING COHESION TRAINING (STARTED 2 FEB 1970) 

0 EVALUATION OF TRAINING AND CREW FORMATION -- TESTS AND OBSERVATIONS 
(JAN TO APR 1970) 

0 SELECTION FOR 5-DAY MISSION (APR 1970) 

0 REVIEW AND EVALUATION OF 5-DAY CREW PERFORMANCE (8 TO 15 MAY 1970) 

0 SELECTION FOR 90-DAY MISSION (26 MAY 1970) 
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Table 2 

RESULTS O F  CREW SELECTION PROCESS 

Achieved fair homogeneity of personality 

High motivation 

No apparent consequent pathology 

Identification of apparently valid and numerically 
de s c ribable selection c rit e ria 

Excellent learners4ubsystems operated with crew support 

Minimal manifestations of crew hostilities 
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CREW TRAININ 

was accomplished over an approximate 6-month period and consisted of train- 
ing in experiment operations, safety procedures, equipment operating proce- 
dures, and maintenance and data collection requirements. 

The training program contributed significantly to the success of the 90-day 
manned test insofar a s  it provided a well-trained, highly motivated crew for 
integration with the ope rations required onboard the Space Station Simulator 
( S S S ) .  

INTRODUCTION 

The goals for training a t  the beginning of the program emphasized the need 
for crew competence and safety. 
with good basic scientific training and aptitudes, experienced instructors, a 
thorough curriculum, and a flexible schedule. The preliminary organization 
of instructor staff and curriculum development is dependent on staff experience 
and abilities and can be formed in a relatively straightforward manner. 
development, the training program becomes dependent on the availability of 
the staff, crewmen, and training equipment, all of whom have other de 
on their time and attention. The development and use  of an accommodating 
schedule permits maximum interaction of the crew and instructors. 

The basic requirements included candidates 

After 

PURPOSE 

Crew training served the dual functions of providing information to the 
s, as well as providing 

r use by program 
crew on test objectives and operational requ 
information on the crew regarding levels of 
management as pragmatic inputs to crew selection. 
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The organizatio 
consisting of a t r a  
Manager, with the 
the training di 

staff interactions. 

was developed by the staff from these outlines and the scheduled development 
of the test equipment, 

CURRICULUM 

The basic curriculum consisted of lectures, demonstrations, and practice 
sessions. 
ation and maintenance, medical and behavioral methodology, test procedures, 
and requirements. (1) bio- 
medical, (2) life support systems, and (3)  man/systems integration and 
ope ration. 

Lectures were used to familiarize the crew with equipment oper- 

There were three basic a reas  in the curriculum: 

The distribution of course work under these headings can be seen in 
table 1 and Appendix A. 

The crewman performance evaluation for this curriculum consisted of a 
crew proficiency rating (table 2 )  filled out by each instructor after the comple- 
tion of his class and evaluation period, a crew course rating filled out by the 
crewman candidates (table 3 ) ,  a self-evaluation by each candidate of his own 
knowledge of the systems, and three written tests administered periodically 
during the course of training. 

The f i rs t  of the three written tests was relatively unstructured and 
requested that the crewmen describe what they knew of the systems they had 
studied and what they understood of the objectives of the 90-day test. 
intent in giving this type of test was to assess the effectiveness of the training 
to date, to find those a reas  the crewmen were interested in and responded best 
toward, and to 

The 

ow each crewman structured his concepts of the whole 
nded with de tailed 
with the larger  vie 

were not used for comparative evaluations because they respo 
in different ways. Some went into little detail system by system, but gave a 
good comprehensive view of the program. 
detailed description of the processes and hardware of the life support equip- 
ment. 
situation it demonstrated the various viewpoints and grasp of detail possessed 
by other candidates and clearly defined the nature of the selection competition. 
The second written test concerned the life support systems and asked for 
details of hardware and processes. The last test was, in effect, a final 

lyses of the equipment 
The crewmen's scores 

Others provided considerable 

These differences had a beneficial effect because in this competitive 
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examination consisting of quest i  
requiring detailed sys t em desc r  
l a s t  test and the ins t ruc tors '  eval 
ation of the candidates. 

The candidates were  graduate 
adapted very  readily to the 
studies were more  arduous 
had had previous training that 
program. One candidate was 
blood handling, s eve ra l  had ta  
sufficient chemistry courses  so that they readily understood the life support 
processes .  All had had experience in  operating t e s t  equipment and computer 
techniques. Their  advanced degree goals in engineering and the sciences a l so  
demonstrated the ve ry  important attr ibute of being concerned with this type of 
program, the experiments,  and knowing the value and need of good data. 

Cross-training of the crewmen was quite extensive in the first par t  of 
training. 
urinalysis, and s te r i le  techniques for microbiology. All attended the lec tures  
on life support equipment and practiced the m a d s y s t e m  procedures  and 
psychomotor devices. 

All members  of the final group practiced veni-puncture techniques, 

Cohesion training was a f o r m  of sensitivity training oriented to the develop- 
ment of a cohesive group consisting of crewmen and communications monitors. 
It was undertaken in an  attempt to eliminate in te rcrew difficulties. Cohesion 
training consisted of six sessions of varying length. 
6 hours  long with seven crewmen and four communications monitors partici-  
pating. The group d i rec tor  was a n  MDAC consultant, Dr. MacFarlane.  The 
l a s t  session consisted of eight crewmen, two communications monitors, and 
Dr. Mac Farlane.  

The f i r s t  sess ion  was 

A s  training progressed  and particularly after final c rew selection, the 
amount of cross- t ra ining was lessened, and with some experiments none was 
done. The particle counting experiment procedure, light measurement ,  
and mass balance data management were  assigned to par t icular  crewmen. 
microbial  monitoring technique was taught to two crewmen. 
were  selected for  EEG monitoring and taught the required procedures  (paper 
no. 38 of this symposium). 

The 
Two crewmen 

The following cha r t  shows the training hour distribution. All values a r e  
in  man-hours,  

Lecture and Miscellaneous Written To tal  
De mons t r a t  ion Practice (EEG Sleep) Tes t  Training 

853 893 44 80 1, 870 

There was some difference between crewmen in  the number of hours  each  
attended training. 
those selected in particular fashions relating to their anticipated onboard roles.  

After c rew selection, there was more  demand to t r a in  
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ment, such as  the ergometer and human describing function device, could not 
be met on all days because of limited opportunities for demonstrations and 
practice on other equipment. A s  blood analysis was begun, the crew arrived 
in a fasting condition every Tuesday morning and practiced blood and urine 
sampling, microbiological techniques, food management, and-waste mate rial 
handling. The requirement to a r r ive  fasting every Tuesday morning depended 
upon the crewmen and was met with few exceptions. This type of coordination 
was more the exception than the rule. 

Occasionally, the availability of a particular instructor or  equipment 
required rescheduling of a class and the reduction in the number of c r e m e n  
given certain kinds of training. This was true of the electrolysis units and 
the solid amine C02 concentrator because other companies developed these 
units and assisted in  the crew training. Some computer training was given 
after regular work hours to have more  nearly uninterrupted access to the 
computer. 1 

Maintenance training was variable for each item. On some items, instal- 
lation and instrumentation occurred late in  the prerun period and the available 
training time was used to teach operation. Major overhaul type maintenance 
was not taught as it was felt that most equipment would operate with only minor 
electrical and mechanical malfunctions. Some units had a considerable history 
of operation without failure before, the 90-day test. In-depth maintenance 
training was not practical fo r  most of the life support equipment because of the 
complexity of their respective control systems. The Bchedule seldom per- 
mitted adequate time to pra,ctice maintenance on equipment undergoing final 
test, instrumentation, and installation. 

In the biomedical lectures and demonstrations, there were few o r  no dif$i- 
culties and the practice requirements allowed adequate scheduling flexibility. 
Similarly, the man/systems lectures and demonstrations introduced few 
difficulties and permitted flexibility in scheduling. The final sessions of 
cohesion training had to be postponed once o r  twice. 
impact on the class. 
while they were being installed in the simulator, but this was a relatively small 
amount of time compared to the whole practice time. 

This apparently had little 
Practice on the psychomotor devices was interrupted 
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tions were a 

The instructors for the three a rea  

contributing companies and Government agencies. 
biomedical and man/ systems areas  were specialists in those disciplines appli- 
cable to specific classes. For example, a specialist with radiological training 
and experience was assigned to isotope handling. 
support equipment were the principal investigators for each piece of equipment. 
The instructors outside MDAC were generally the principal investigators or  
their assistants for  those experiments and pieces of equipment. 

The instructors for the 

The instructors for the life 

The previous test experience of the instructors was invaluable because it 
provided a base of knowledge of what would be required. 
siderable extra time to course preparation and outside working hours instruc - 
tion, demonstration, and testing of the crewmen. Generally, they appeared to 
take personal interest in the preparation of the crew. 

They devoted con- 

The instructors were evaluated by the crewmen on the crew course rating 
These results can be employed to (table 3 )  form (and by occasional remarks).  

improve the content and delivery of future comparable training programs. 

A tabulation of MDAC capabilities brought to bear upon training for the 
90-day test is shown in table 4. 

CONCLUSIONS 

The training program was a contributing factor to the successful accomp- 
lishment of the 90-day test. 
showed little of those characteristics of ineffectual training, such a s  operating 
indecision, poor o r  hasty procedural judgments, missed data, and over- 
dependence on outside direction; especially as the mission progressed. With- 
out competent crewmen, interested in and responsive to the needs of principal 
investigators and engineers, the 90-day test could not have been successful. 

The performance of the crew throughout the run 

For long-duration simulations of this type, a training program must be 
flexible with respect to schedule and changes in subject matter. 
of these studies evolve throughout the preparation period. 
design and installation schedules must be altered and access periods to these 
units changed. 
content and in  schedule. 

The subgoals 
The equipment 

All these contribute to changing the training curriculum in 
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essentially of on-the-job training during ea r ly  s tages  of the test .  

Cohesion training seems to have been effective in reducing the frequency 
and the severi ty  of intercrew difficulties. 
suggests that crewmen would have prefer red  to have had grea te r  exposure to 
the cohesion training portion of the overall  training program. 
consistent with resu l t s  obtained on the 60-day tes t  concluded in 1968. 

Post- tes t  interview mater ia l  

This finding is 
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Appendix A 

S S S  CREW TRAINING CURRICULUM 

Biomedical Procedures  

Microbiology 
Medical Monitoring 
Blood Sampling 
Urine Sampling 
Physical Fi tness  
Experiments 

Life Support Systems 

Water Subsystems 
Atmosphere Control 
Mass Balance 

Man/ Systems Integration and Ope ration 

Human Fac tors  
SSS Procedures  
Support Functions 
Expe rime nt s 
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COURSE AREA: 

A. Introduction 

B. Sampling and Counting 

C. Sterile Techniques 

D. Potable W a t e r  Protocol 

E. Experiments 

2. Prac t ice  

Each crewman will per form the sampling and 
counting operations using s te r i le  techniques under 
the direction of the instructor .  Several  crewmen 
will be selected to specialize in  experiment per -  
formance and bacteriological protocols 

CRITERIA FOR 
CERTIFICATION: Satisfactory demonstration of manual techniques and 

knowledge of microbiological methodology. 
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COURSE AREA: Biomedical Procedures  

COURSE TITLE: Medical Monitoring 

COURSE OBJECTIVE: To t r a in  crewmen in ct  
of monitoring equipm 

COURSE OUTLINE: 1. Class room 

A. Introduction 

B. EKG Electrode Application 

C. Respiration Rate 

D, Body Weight 

E, Blood P r e s s u r e  

F, Ora l  Temperature  

2. Prac’.ice 

Each crewman will pract ice  each function under 
the supervision of the instructor .  
men will be selected to specialize in  these 
measurements  

Several  crew- 

CRITERIA FOR 
CERTIFICATION: Satisfactory performance for  each medical measurement  
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COURSE AREA: 

COURSE TITLE: 

COUR 

COURSE OUTLINE: 1. Class room 

B. Veni- Puncture Technique 

C. Blood Smear  Procedure 

D. Hematocrit 

E. Vacutainer Preparat ion 

F. Hemoglobin Determination 

G. Waste Material  Handling 

2. Prac t ice  

Each crewman will practice each  function under 
the supervision of the instructor .  
men will specialize in  the sampling and analytical 
procedures  

Several  crew- 

CRITERIA FOR 
CERTIFICATION: Satisfactory performance for each procedure 
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COURSE AREA: Biomedical Procedures  

COURSE TITLE: Urine Sampling 

COURSE OBJECTIVE: 

COURSE OUTLINE: 1. Class ro  

To t ra in  crewmen to per form accurate  analysis 

A. Voiding and Measurement 

B. Specific Gravity Determination 

C. Labstix Analysis 

D. Sample Preparat ion 

E. Waste Material  Handling 

2. Prac t ice  

Each crewman will per form each function under 
supervision, 

CRITERIA FOR 
CERTIFICATION: Satisfactory analysis,  preparation, and sampling 

techniques demonstrated for  the instructor  

349 



COURSE AREA: Biomedical Procedures  

COURSE TITLE: 

COURSE OBJE 

COURSE OUTLINE: 1. Classroom 

A. Introduction 

B. Ergometer  

C. Treadmill  

D. MRM (paper no. 39 of t h i s  symposium) 

2. Pract ice  

Each crewman will exercise  as directed by the 
instructor to achieve and maintain the specified 
level of physical conditioning 

CRITERIA FOR 
CERTIFICATION: Achievement of prerun fitness baseline 
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COURSE AREA: Biomedical Procedures 

COURSE TITLE: Biomedical Experiments 

COURSE OBJECTIVE: n in the u s e  and operation of the 

COURSE OUTLINE: 1 .  Classroom 

B. Visual Tester  

C. Glycerol-Based Dr'ink 

D. Spirometer 

2.  Practice 

Each crewman will operate the equipment under 
the instructor s supervision. 

CRITERIA FOR 
CERTIFICATION: Acceptable performance on all i tems 



COURSE AREA: 

A. Air Evaporator Unit 

B W)ash W a t e r  Unit 

C. VD-VF Unit 

D. Isotope Handling 

E. Potable Tank Procedures  

F. Multifiltration Unit 

G. Water Dispenser 

H. System Changeover 

I. Sampling Protocol 

J . Contamination P r o  ce du r e 

K. Backup Water 

L. Waste Management 

2. Practice 

Each crewman will practice startup, operation, 
and shutdown of all equipment. 
will be selected to specialize in  life support 
systems ope ration and maintenance. 

Several crewmen 

CRITERIA FOR 
CERTIFICATION: Satisfactory demonstration of equipment operations 

and maintenance 
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COURSE AREA: Life Support Systems 

COURSE TITLE: Atmosphere Contro 

COURSE OBJECTIV 

COURSE OUTLINE: 1. Class room 

A. Two-Gas Control Unit 

B. Thermal  Control 

C. CO2 Concentrator 

D. Sabatier Reactor 

E. Toxin Burner 

F. Electrolysis  Unit 

G. Atmosphere Par t ic le  Counter 

2. Prac t ice  

Each crewman will pract ice  startup, operation, 
and shutdown of all equipment. 
will be selected to specialize in life support 
sys tems functions, 

Several  crewmen 

CRITERIA FOR 
CERTIFICATION: Satisfactory demonstration of equipment ope ration 

and maintenance. 
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D. Crew Life Support Monitor 

2. Practice 

CRITERIA FOR 
CE R TIFI CA TION: Class attendance and demonstrations of knowledge of 

mass balance fundamentals and data collection 
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COURSE 

COURSE 

COURSE 

COURSE 

AREA: 

TITLE: 

OBJ 

OUTLINE: 

B. Q u e s t i o n n a i r e s  and Tests 

C. Da ta  Col lec t ion  

2. Practice 

CRITERIA FOR 
CERTIFICATION: At tendance  and participation in classroom 
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COURSE 

COURSE 

COURSE 

COURSE 

TITLE: 

0 UT LINE : 

C. Lock Operation 

D. Contingency Procedures 

E. Food Management 

F. Oven Operation 

G. Housekeeping 

H. Recreation 

I. Hygiene 

J. Garbage Handling 

2. Pract ice  

Each crewman will perform all operations and 
participate in the contingency procedures. 

CRITERIA FOR 
CERTIFICATION: Attendance of lectures  and participation in practice 

s e  s sions . 
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COURSE AREA: 

COURSE TITLE: 

COURSE OBJEC 

COURSE OUTLINE: 1. Classroo 

A. Time Share Computer Link 

B. Communications 

6. Ground Rules 

D. Mission Analysis 

2. Practice 

None 

CRITERIA FOR 
CERTIFICATION: Attendance at  lectures and demonstrated grasp of 

support function concepts. 
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COURSE ARE 

COURSE OUTLINE: 

C and 

COURSE OUTLINE: 

nts 

ustic Measurements 

D. Human De scribing Function 

E. Rater 

2. Practice 

Each crewman will practice measurements  and 
operate the psychomotor devices for the estab- 
lishment of performance baselines. 

CRITERIA FOR 
CERTIFICATION: Establishment of asymptotic performance levels and 

demonstrated proficiency in  light and sound 
mea su r  e me nt 
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Table 2 

Skill Level (Highly Skille 

Class Standing 

1. 5. 

2. 6. 

3. 7. 

Attitude (Enthusiastic, Attentive, Complacent) 

Remarks: Cover special aptitude for maintenance and repair, knowledge of 
operational procedures and system. 



Table 3 

CREW COURSE RATING 

STUDENT INSTR C 

'LETED COURSE 1 

What skill level have 

(Highly skilled, skill , semi- skilled) 

ou achieved through participation in this course: 

How do you rate the class on skill level achieved? 

(Enter names of all crew members including yourself) 

1. 5. 

2. 6. 

3. 7. 

How do you rate the performance of the instructor: 

Knowledge of subject Excellent, Good, Fair 

De livery Excellent, Good, Fair 

Compatibility with class Excellent, Good, Fair 

Remarks: Include recommendations for future course improvement and 
indicate a reas  in  which you would like additional review. 
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BEHAVIO CRAM 

By J. S .  Seeman and M. V. 

behavior i n  

monitoring of the onboard crew. 
stressful as expected, but periods of low morale and mild hostility were noted. 
Certain tests appear somewhat insensitive and a re  candidates for  exclusion 
from future studies. More subtle or sensitive tests must be developed in their 
stead. 
mission for crewmen on inverted sleep cycle and adaptation did not occur until 
approximately the mid point in the test. 
cates a relatively poor use of the crew in terms of work performance. 

Psychologically, the test was not severely 

Sleep durations were significantly shorter during the early part of 

Task performance information indi- 

BACKGROUND 

A great deal of research has recently been directed toward determining 
individual and group reactions to isolation and confinement. 
to most of these studies have included manifestations of boredom and 
monotony, declines in morale, interpersonal problems, great individual self- 
control to contain hostilities, scapegoating on outside personnel, impairment 
of memory, and low energy for intellectual pursuits with little or no loss in 
intellectual abili in this area, see Appendix A. ) To the 
extent that one o a r  developments manifest themselves 
during an orbital o r  deep n, the efficiency and effectiveness of 
crew may be compromised. 
obviate such an occurrence. 

Findings common 

The research reported herein i s  one attempt to 

OBJECTIVE 

effects of confine- 
1111 
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PROCEDURE 

During the 90-day test a t  s che dule d 
times. The tests we 
computer keyboard. One catego 
considered to avail the outside s 
status and were available for 
of tests that were available for post-test analysis only. 
listed in  Appendix B. Only group mean scores are reporte 

Both categories are 

Task performance was determined by continuous TV monitoring and the 
logging of s tar t  and stop times for crew activities. 
in  the mission activity analysis (paper no. 24 of t h i s  symposium) and will not 
be detailed here. 

This area i s  fully covered 

RESULTS 

A l l  the resultant data show a great deal of consistency. Decreases in  
positive affect are generally supported by increases in  negative affect. 
Plotting the primary affect scale (PAS) a s  a positive and negative dichotomy 
shows a clearly significant drop in  positive affect that reaches a low on 
day 59 and increased moderately thereafter (fig. 1). 
followed by corresponding increases and decreases in  the negative affect 
curve. A spike, however, i n  positive affect occurred on day 52 that is not 
supported by a corresponding decrease in  negative affect. 

This curve i s  generally 

Subjective s t ress  (plotted in  the same figure) began with an  initial high 
and then dropped to a very low level. 
days 45 through 75 which is in  agreement with the PAS results. 

A moderate r ise  occurred during 

The isolation symptomatology questionnaire (ISQ) results a r e  apparently 
less  sensitive (no statistical tests have been applied yet) than PAS or the 
s t ress  scale, but trends a r e  still  apparent in  the graph. 
dichotomized into positive and negative categories and the resulting plots show 
a slight downward trend in  the positive factors. 
negative factors occurs about day 65, and i s  followed by a downward trend 
on day 85. The PAS, s t ress  scale, and ISQ were combined into one plot as 
they all purport to measure individually oriented effects. 

These data were 

An upward fluctuation in the 

The group confinement inventory (GCI) shows plots similar in  trend and 
apparent sensitivity to the ISQ. 
about the third quarter of the mission and subsequently rises during the las t  
quarter. 
and then displays a plateau. 

The positive scale decreases moderately 

The negative scale shows a slight increase through the third quarter 
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plots and t h e ’ t m  hos 
directed t e s t s  (fig. 

men 3 and 4 on 

cognitive functioning. 

Task performance was divided into categories of: ( 1 )  operational tasks, 
(2)  meals, (3 )  f ree  time, and (4) sleep. Sampling over 23 days (not always 
consecutive) revealed that 14 percent of crew time was spent on operational 
tasks, 9 percent on meals, 37 percent free time, and 37 percent on Sleep 
(see fig. 5 and table 1) .  
increase from midpoint of the test until just beyond the two-thirds point when 
a reversal is noted. 

Figure 5 shows an apparent trend in  free time 

Hostility and s t ress  measured on the outside personnel, i. e . ,  persons 
i n  contact with the crew, was very low level and showed no significant 
fluctuations. 

Appendix A supports the position that the 90-day test was an adequate 
simulation of an operational mission by providing indirect evidence that crew 
behavioral changes seen during the test were different only by degree from 
those seen under operational conditions. 

CONCLUSIONS 

The overall low-level scores in  the negative test categories and the 
s t ress  scale indicate that the test was not perceived as stressful by the crew. 
Whereas the mission may not have been stressful, neither was it a happy or 
pleasurable experience for the crewmen. 

Reported intercrew hostility was generally quite low, but 
incidents were observed that were evidently not reflected i 
This may have been an attempt by the crewmen to avoid negative re 
to one another. 
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by diary entries 

immediately before the test. 

D. Spurious data not s rted by other tests. 

E. A real increase in positive affect for unknown reasons. 

Insofar as  hostility toward the outside personnel was concerned, i t  was 
minimal and never became a problem. 
hostility in the outside personnel was negligible and displayed no apparent 
relationship between the occurrence of s t ress  or hostility onboard. 

By the same token, stress and 

Interestingly, there was more hostility shown toward the sound level i n  
the equipment compartment than toward members of the study. 
equipment compartment sound level was measurably more annoying than that 
in the crew compartment. 

Also the 

Certain behavioral tests (ISQ and GCI) may be insensitive to the low 
levels of stress inherent i n  the SSS. 
light which denies this conclusion, these tests a re  prime candidates for 
elimination from future batteries. 

Unless additional information comes to 

The suggestion that crewmen may have consciously biased behavioral 
test scores on at least the hostility scale (corroborated by post-test debrief- 
ings) indicates that the validity of these devices for assessing affect states of 
individual crewmen i s  highly suspect. This conclusion points out the desira- 
bility of increased effort to develop valid techniques for the measurement of 
affect states. 

The crew reported i ts  primary difficulty resulting in boredo 
inadequacy of the work program. 
of crewmen for  approximately 1, 200 man-hours of work out of a total of 
8, 600 man-hours of time during which work could have been accomplished. 

This inadequacy resulted in an 

14 percent utilization of the crew for mission-related 
sed during the test and as subsystem difficulties were 

time available to crewmen increased and work-related activities 
decreased (fig. 4). This is  probably not unlike what would be expe 
an actual mission in terms of utilization of time by crewmen over the mission 
duration. A point to be made here is that almost without exception all crew- 
men felt that more could have been accomplished in terms of work perform- 
ance on board had there been more to accomplish. As with most group 
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confinement studies, inactivity or free time not devoted to productive 
mission-related work may be 
to overcome i n  successfully 
confinement situations. 

During debriefings the 
to reside onboard in running 
to the role of the Crew 
apparently was not sati 
the Crew Commander was un 
on-board. This uncertainty a 

Behavioral results are considered sufficiently accurate to be employed 
in the prediction of human behavior under operational mission conditions. 
This conclusion is based upon the findings reported in Appendix A. 

Unfortunately, the minimal behavioral effects noted during this 90-day 
test do not provide sufficient information to permit extrapolation to missions 
of greater duration. Similarly, information based upon a group of four pro- 
vides little data for the prediction of behavior of groups consisting of more 
than four crewmen. 
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may experience tedious boredom due to the unchanging environment. 11 

A. 

B. 

C. 

D, 

"As we1 ent 
ture is sizeable presence of irritability, hostility, and per sondity 
conflicts, although often, to avoid alienation of the group, persons 
made great efforts towards self control (sic). 
problems have been shown to be more serious among groups, who, 
by personality composition, could be expected to be incompatible. 
Highlighting the importance of group compatibility for confinement, 
incompatible groups a re  also under more stress and report more 
symptomatology than do compatible groupings. Members of con- 
fined groups tend to  withdraw from one another and from group 
activities more and more a s  lengthy confinement drags on. They 
also display increased territoriality for areas and for positions, 
perhaps in  their quest for privacy.'! 

These inter-personal 

"Relationships with those outside of confinement a re  subject to 
change as  well. Much of the aggressive hostility that is observed 
i s  frequently directed away from the group, perhaps representing 
useful scapegoating. There is speculation that the loss of meaning- 
ful and relevant feedback from the parent society may be a problem, 
particularly in very lengthy and isolated confinement. 

"There a r e  several reactions to group confinement that a r e  fre- 
quently stated. 
characteristically mentioned even when facilities a r e  available to 
alleviate the problem. 
motivation r emain at acceptable levels, but pronounced declines 
a re  frequently in evidence and there a r e  no reported instances of 
consistent morale increases over time." 

In lengthy confinement, boredom and monotony a re  

For some groups morale and general 

"Many things serve to annoy members of confined groups. 
annoyances frequently center around crowded conditions, inter- 
personal problems, food, difficulties of maintaining cleanliness, 
and environmental factors such as noise and odors.'! 

These 

.II -e- 

Smith, Seward, Studies of Small Groups in Confinement, in Sensory Deprivation: 
Fifteen Years of Research; Zubeck (ed. ) Appleton-Century-Crofts, N.Y. 1969 
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E. "Most of the report 

The final test of the adequacy of mission simulation seems to be the 
degree to which phenomena usually found under conditions of confinement have 
occurred during the mission in  questi 
derive from debriefings and observations accomplished during the test. Com- 
paring the findings concerning our test crew with findings of Smith's review, 
we see the following corresponding similarities and differences: 

. The phenomena reported below 

A. 

B. 

Only one crewman reported unusual dreams. 
reported an isolated incident of an apparent perceptual distortion 
in  which he reportedly saw things out of the corner of his eye which 
were not really there. This may have been related to that particular 
crewman's level of fatigue at  that moment. Three out of four crew- 
men reported problems with boredom due to the unchanging environ- 
ment, especially as  the two-thirds point of the mission approached. 

Another crewman 

Although irritability, interpersonal hostility, and personality 
conflicts did occur during our mission, they could not be described 
as sizable. Most crewmen, reported making great efforts toward 
self control. This self control was referred to by the crewmen a s  
an attitude of professionalism. 
serious among groups who by personality 
expected to be incompatible, then there is 
to conclude that incompatability among personality characteris tics 
of our crew mem was minimal. Throughout the mission the 
crew tended to w aw from one another. At ti * teractions 

If interpersonal problems are more 

with concurrent physical 
a t  territorial or areas,  in case subsystems, 

and for possessions took place. 
the mission. 

This was not a prominent aspect of 
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E. 

F. 

G. 

monitor s we r e 

behavioral findings as a possible elevation in affect as a consequence 
of having accomplished 50 percent of the mission. Otherwise, mood 
generally declined. 

Crowded conditions, food, and environmen factors such as  noise 
and odors were not a prominent source of annoyance for the crew. 
Difficulties in interpersonal relationships and in maintaining body 
cleanliness were mentioned after the test. 
at such a level that crewmen felt obliged t 
to program management personnel. 

On a group basis, sleeplessness, depression, compulsive behavior, 
and psychosomatic problems were not characteristic of this crew. 
Individual crewmen did display occasional behavior indicative of 
depression, compulsivity, and psychosomatic problems. If the 
holding back of overt expressions of irrationality and hostility leads 
to increased frequencies of complaints, then we are  
conclusion that the degree of s 
consequence of the overall degre 

Performance measures emplo test displayed no con- 
sistent deterioration. The on measure (LRC-CC) 
employed by all four crewmen days, three times 

r e  to engage in intellectual 

Never was the annoyance 
press their annoyance 

learning curve. 
t a decreas 

ed impairments of memory and 
d significant difficulties in 
earn performance effective ting 

ated by post-te 
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The following tests avilable in  r e  

A. Hostility Tests - measures a continu asure 
hostility 

1. Inter/onboard crew 

2. Inter/outside 

3.  Toward outside personnel 

4. Toward onboard personnel 

5. Toward acoustic environments in  crew and equipment 
departments 

B. Subjective Stress  Scale - measures subjectively perceived s t ress  
on a continuum from none to incapacitating. 

1. Onboard crew 

2. Outside personnel 

C. Descriptive Sentence Test - assesses  cognitive functioning 
(reasoning). Onboard crew. 

D. Sociometry - assesses  changes in  sociometric preferences 
(group structure). Onboard crew. 

Sleep Questionnaire - assesses  quantitative aspects of sleep. 
Onboard crew. 

E. 

The following tests available post test: 

A. Isolation Symptomatology Questionnaire - assesses  effects of 
confinement on the individua Onboard crew. 

B. Group Confinement Inventory - assesses  effects of confinement on 
the individual as he relates to the group. 

Pr imary  Affect Scale - assesses  qualitative aspects of affect or  
feelings. Onboard crew. 

Onboard crew. 

C. 
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Figure 1.- Trends in personally oriented affect. 

@ A GROUP CONFINEMENT INVENTORY POS ITlVE FACTORS 
E 0 GROUP CONFINEMENT INVENTORY NEGATIVE FACTORS 
D 0 HOSTILITY SCALE - TOWARD FELLOW ONBOARD CREW MEMBERS * HOSTILITY SCALE - TOWARD OUTSIDE SUPPORT CREW 

0 SOCIOMETRIC QUESTIONNAIRE 

8 

Figure 2.- Trends in group oriented affect. 
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TEST DAY 

Figure 3. - Sleep questionnaire responses. (Smoothed curve 
based on 15-day segments.) 

TEST DAY 

Figure 4.- Reported sleep time. 
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TEST DAY 

Figure 5.- Crew time utilization (23 selected test days only). 

375 





MANNED MISSION ACTMTJI ANKGYSIS 

McDcmnell Ihuglas 

The objectives of the Mission Activity Analysis (W) experiment on the 
90-day t e s t  were t o  generate manual and computer schedules of planned crew 
activit ies f o r  the purposes of 

(1) Evaluating the planning and scheduling capabilities of the LRC Space 
Station Mission Simulation Mathematical Model (SSMM) 

(2) Comparing crew performance data with manual and computer-generated 
crew activity schedules 

The experiment objectives were succesrlfully accanplished. The MAA experi- 
ment crew event descriptions and scheduling activity acted as a forcing function 
for  the early identification of problem areas and operational constraints. 

The MAA crew activity schedule provided direct and material support t o  the 
successful operations conducted during the t e s t .  

INTRODUCTION 

The extensive manual planning effort  expended on space f l ights  has been 
most effective as evidenced by the success of missions t o  date. However, the 
increased emphasis on spacecraft utility, coupled with increased mission com- 
plexity, crew size, and the pressing requirement fo r  early selection of the 
most cost effective system t o  insure completion of' the maximum nmber of mis- 
sion objectives, has resulted i n  the design of a nuniber of planning and simula- 
t ion computer models t o  support program planners. One such model, the 
Space Station Mission Simuhtion Mathematical Model (SSMM), is an inte 
set  of 11 computer programs which provides the capability for  in-depth spac 
station program planning (fig. 1). 
ments, such as crew skslls, human factors, station capabilities, experiment 
programs, and station operations and logistics, are considered i n  the i r  proper 
perspective and the interacting effects of these variables are analyzed with 
respect t o  the i r  effectiveness on the t o t a l  mission, The 90-day manned t e s t  of 
a Regenerative Life Support  S y s t e m  with the McDonnell Douglas Space Station 
Simulator (SSS) as the space vehicle provided an excellent opportunity t o  eval- 
uate the planning and scheduling capabilities of the SSMM and t o  compare actual 
crew perfomance data with manual and computer?generated crew activity schedules. 

The many interrelated space station ele- 
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the more significant 

a better understanding 

Definition of Data Submittal lormat 

LRC designed the for  the crew skill. matrix (table I) 
and crew events matrix (table 11) t o  ensure that all essential data items were 
provided for  adequate exercise of the planning and scheduling capability of the 
SSMM. 
the inclusion of a l l  t e s t  and operatianal constraints and provide an easily 
understood and usable method of presenting the data. 

The formats were coordinated with MIIAC t o  ensure that they would allow 

i 

Collection and Formatting of Crew Events Data 

The i n i t i d ,  collection and formatting of the crew events data was accom- 
plished by MRAC by using the traditional methods required during the i n i t i a l  
planning stage of any program, by analyzing system and experiment descriptions, 
and by internewing engineers and experimenters. A t  the time of the i n i t i a l  
effort, f i na l  selection of a l l  systems an8 experiments had not been made. 
Therefore, the first i teration of the crew events matrix described only 
'jU events, some incompletely and all with conservative time estimates. 
were three major revisions t o  the matrix which reflected the inclusion of 
refined data with retention & t h e  conservative time estimates. The final 
i teration resulted in 87 events. 
data base used by both LRC and MDAC for computer and manual planning and crew 
activity scheduling. 

There 

The crew events matrix constituted a standard 

Formulation of M i  Event Profile 

In the i n i t i a l  scheduling effort, crew activit ies fo r  the entire 90 days 
were set up on a iky-by-iky basis t o  formulate the mission events profile shown 
i n  table PI. 
Routine of the SSMM (fig. 1) t o  indicate the events 
each mission day. 

which t o  evaluate the model mpability for long-term scheduling. 
nated the need t o  spend the 
mission events profile. Thi  
t o  or deleted from the crew events matrix and it was the key dmment, when sup- 
plemented by details i n  the crew events matrix, used i n  crew activity 
s cheduling . 

This profile was generated at the LRC by using the Planning Model 
h were t o  be active on 

The generation of t h i s  profile by the computer model provided a basis on 
It also ellmi- 

nsive time required t o  manuaIJy generate the 
e was updated by MDAC as events were added 
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ages of 8-1mur mission seg- 
i X C  and MDAC with the fol- 

crew events matrix, 

provide the best coverage of 
fe support) equipment. AUOW- 

ance was a l s  es i n  the.ordering 
fo r t  was t o  provide 

ormaace o the necessity f o r  

crew was a t  l iberty 
t o  deviate from these schedules for  any "non-time-eritical" event. 

The manual formulation and subsequent revisim~af schedules was a difficult  
and time-consuming task. Each of the three major updates of the crew events 
matrix contained numerous changes which necessitated 8 major update of the mis- 
sion events profile and a complete reyision of the crew activity schedule. The 
large man hour effort  required in  th i s  activity indicated the necessity ?or good 
planning and scheduling aids. 

The SSMM formulation af crew activity schedules at LRC essentially paral- 
leled the manual effort. The i n i t i a l  baseline case for computer scheduling in  
which a11 activity, system, and crew parameters were formatted for  computer 
input was the largest single step in  the Langley effort .  
produced by the model necessitated a revision of model output i s to  a more 
readily usable format and pointed up same problem areas i n  the methods for  
handling the aperational constraints involved. The problems were largely 
solved by the use of the SSMM capabilities for setting up fixed times, priority 
assignments, qammon equipment checks, and predecessor-successor event chains 
and by a program revision of plotted output. This resulted i n  a well-sequenced 
schedule i n  a farmat acceptable t o  operationally oriented personnel. 

The first schedules 

C q u t e r  schedules were periodically updatedto eYaluate the BSMM cap- 
abi l i ty  f o r  rapid generation of new schedules. 
tions were based on updated events information obtained from revisions of the 
crew events matrix. During the t e s t ,  activity changes were based on interviews 
with the Crew Commander and analysis of daily monitor lags. 
schedules f o r  days 31through 50 were provided t o  MIlAC by Langley. 
and reissue of coquter  schedules was,  on an average, more than one order of 
magnitude faster  than the sane changes made by manual methods. 

Before t e s t  s ta r t ,  these i t e r a  

Crew activlty 
Iterations 

Training 

The Mission Analysis Activity training consisted of 1 hour f o r  a l l  crew 
members during which the purpose of MAA was discussed in detail.  An additional 

r i f ied  crew constraints for  scheduling a body wash af ter  exercise, a 
r e  spent i n  review of the 90-day crew activity schedule during which 

shave before breakfast, a free time period i n  conjunction with dinners, and a 
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system was  used t o  record a picture each 3 seconds from one of five cameras 
within the simulator. 
monitor. 

lche MAA monitor was assisted by the communications 

Data Analysis and Report 

Data analysis is presently i n  prwess and therefore only preliminary 
results are presented i n  this paper. 
comparison, a detailed analysis was made of the mission analysis monitor's log 
t o  construct a graphic presentation M act- crew performance (fig. 4). 
log infarmation was supplemented by review of video time-lapse recordings, on- 
board diary entries, and noninterference performance data. 
was then loaded for conputer program manipulation t o  provide a l i s t ing  by day 
f o r  each crewman of t o t a l  scheduled time, t o t a l  free time, t o t a l  time fo r  
unscheduled engineering events, and t o t a l  t i m e  for unscheduled nonengineering 
events. 
as a function of scheduled start ing tines for each. 
fo r  days 31 and 45 (Mondays) is presented. i n  the following table: 

Far each of the 10 t e s t  days selected for  

The 

This information 

An analysis of each event performed showed the delta of starting t i m e  
A sumnary of these data 

The three basic elements of the table are defined as fsUws: 

(1) Scheduled events include baseline medical and manned systems events, 
station oiperations events, scheduled maintenance of SSS and experiment equip- 
ment, meals, sleep, experiment events, and personal hygiene (shave and body 
wash only). 



duled events 

(3) Free time in t 
tion and all unsche 

free time. The time used for unscheduled events and the increased free time 
period resulted from a reduction in scheduled event tine rather than from a 
reduction of free time as origlnally envisioned by planners. 
because the schedule event times were conservative estimates and partly because 
of the crew decision to reduce scheduled event times to allow for necessary 
unscheduled engineering tasks. For example, on day 31 approximately 48 percent 
of the time saved resulted from a reduction in use of time scheduled for meals, 
10 percent of time saved from scheduled exercise events, and the remainder of 
42 percent from all other events. On day 43, the percentages are 70 percent, 
72 percent, and 18 percent, respectively. 
from the time used for meals on each of the 2 clays. 
mated times allocated in events were, in fact, fairly accurate. 
phase of the mission, the crew by choice limited time for meals when in their 
opinion it was important to spend the time in pursuit of more productive matters. 
An event-by-event comparison to establish specific reasons for differences 
between schedules and crew performance is yet to be completed for the remaining 
8 days of the 10 selected for comparison. 

This is due partly 

Most of the differences result 
The majority of the esti- 

During this 

Figure 5 shaws a plot of the average hours per crewman in each of the pre- 
viously mentioned categories of scheduled events, free time, and unscheduled 
events. 
scheduled and actual work time are relatively small+ The free time spent on 
unscheduled engineering tasks, such as equipment repair, accounts for most of 
this difference. The detailed analysis of a U  10 days w i l l  show exactly where 
the crew time for  unscheduled maintenance was acquired. Analyses of this type 
are also extremely useful as a cross-check of selected basic engineering data. 
For example, in the 10 days Shawn i n  this figure, the available time per day 
per man utilized for unscheduled equipment maintenance was 1.5 hours. 
average includes 2 days (32 and 33) af heavy maintenance requirements, and cor- 
relation of the M.& data with engirreering data on vacuum-distillation-va2or- 
filtration boiler replacement confirmed this fact. 

It can be seen from this figure that differences between the activities 

This 

CONCLUSIOIfS 

The Mission Activity Analysis abgectives of evaluating the planning and 
scheduling capabilities of the SSMM and of pruviding scheduling support to the 
90-day manned test were successFully met. The Planning Model's mission event 



The LR(: designed data submittal format for the crew events matrix requires 
operational personnel t a  perform a par t ia l  task analysis of a l l  events i n  which 
the crew wiu particigate and further requires an early definition of mission 
constraints. It provides a requirement for operational pers'mnel t o  describe 
i n  the i r  own language the input data and operation& wwt ra in t s  necessary fo r  
crew activity scheduling by m a n u a l  methods or by use of the SSMM. 

'Phe manpayer and time allocated f o r  data collection and formatting of crew 
events data were inadequate for a development-type t e s t  i n  which change is 
required up t o  t e s t  start t o  maximize the number of t e s t  objectives that can be 
met. 

Neither the .time-lapse video tape nor the MAA monitor's log was adequate 
f o r  recording data and the use of the two together was marginally adequate for  
this experiment. 
at a time and crew event identification i s  frequent* d i f f i c a t .  
shift for  MAA monitors was too long a period of time for  the monitors t o  pro- 
vide continuous attention t o  crew activity. 
manual logs af te r  the f i f t h  hour of shift duty. 
effectively observe and log the act ivi t ies  when all four cremen were up a t  one 
time. 
permit t o t a l  coverage. 

The time-lapse system can record only one area of the chasnber 
~n 8-hour 

lYumerous errors  were noted i n  the 
Also, the monitor could not 

The diversity of act ivi t ies  i n  different areas of the simulator did not 

The I;RC designed data submittal format f o r  the crew act ivi t ies  matrix 
should be employed i n  any future manned simulation tests. Further, it Should 
be considered for  use i n  crew activity scheduling for  manned f l ights  since it 
gerves as a forcing function t o  perform a detailed analysis of crew act ivi t ies  
and provides for the early definition of missiori constraints. 

Any future manned development t e s t  should provide for a task analysis early 
i n  the program t o  insure rea l i s t ic  event time estimates, crew procedures, and, 
equally important, a means of' ident ie ing  those key factors i n  crew events which 
can be used as a measure of performance. 
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Although the schedules usedwere acceptable, on fi ture mamed missions of 
longer duration with aynamic exp?rWnt programs a more easily handled crew 
activities schedule should 
bi l i ty  f o r  ppdating 0nbba;rd. s 
necessity for prescheduling t 

ed i n  conjunction with EP capa- 
d basis to  el$nbate the 

Prior tQ future manned t should be conducted t o  define 
a more effective method far of crew activities. 

Manual and Space StationModel activtty schedules were both aperationally 
acceptable i n  event sequencing for  the 90-da.y test. 
marked advantage i n  the time required t o  generate and update actLvity schedules, 
future manned tes ts  should use, whenever possible, coquter-generated crew 
activity schedules which have been reviewed and approved. 

Since the c q u t e r  has a 

It is most hqortant that the present philosophy be maintained! that is, 
the crew activity schedule is a management tool and sh- provide as much 
flexibil i ty as possible t o  permit continuous attention t o  unscheduled require- 
ments without disruption of the remaining schedule for the day. 
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di s cus s ed. 

An examination of crew responses indicates 
quately supported the habitability needs of the fo 
instances where difficulties were apparent, recommendations a re  offered 
for design alteration in future missions, 

vir onment ade - 
ewmen. In those 

INTRODUCTION 

On an overall basis, the results of the habitability inventory (an onboard 
questionnaire res ded to by crewmen on test  days 6,  21, 35, 49, 63,  77, 
and 90) are  presented and discus sed. 
features a re  discussed. These include the onboard illum tion, acoustics, 
clothing, and thermal control. 

Following this, specific significant 

PROCEDURE 

crew cons 

ment and misce 
displays the re1 

on, an interest 

ewmen to the environment. 
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longer duration. 
crew quarters compartment acceptability and that descriptive of the hygiene 
area.  No area, while initially acceptable, showed d cceptability 
as a function of mission duration. 
shows an initial acceptability rising over time 
This curve is affected to a large extent by the downward t r  
laneous a reas  and facilities which can be more properly characterized as 
miscellaneous facilities rather than areas. 

This can be seen in the difference between the curve for 

The overall bility over time 
at  day 90. 

the miscel- 

Crewmen's individual responses to various inventory items were averaged 
over the 90 days and an i tem comparison w 
development of the habitability inventory ite 
indicated in the table, 55 fell within the fair th 
2 of 57 were r d poor. Various reasons of 
rankings will ovided, especially in signific 
as the worst item gaining a score of 3.96 out of 
for the floor receiving such a poor rating was not because of a structural 
inadequacy but because of the floor covering, which was a material spray- 
painted onto the surface of the cold-rolled steel substrate. 
material sprayed over a General Electric silicone primer displayed very poor 

The Fluorel 

d, crewmen were forced 
aterial  to reduce the 

the substrate before the test, 

personnel during the test. 
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have been co 
higher ranking 

the mission, after which urine collection was accomplished through the use 
of graduated cylinders. 
collection of urine, but provided individual data on urine outputs that would 
have otherwise been unavailable. 

This was an obviously unsatisfactory system for  the 

Throughout the section characterized as  fair, may be seen numerous 
references to the inadequacies of the audio support equipment available to the 
crew either for communication with outside personnel o r  for recreational pur- 
poses. 
attention in any future missions. 
audio fidelity and pickup and transmission of ambient noise. 

This is  a surmountable design problem which should be given increased 
The cause of these inadequacies was low 

The appearance of body hygiene facilities in this section lends support to 
the idea that body hygiene provisions were less than adequate during the test. 
Particular difficulties mentioned by crewmen after and during the test were 
the feeling of oiliness a s  a residual to the use of Basic-H detergent which was 
the qole cleansing agent. This was reported despite the use of approximately 
2 gallons of wash water per day by each man. 
hygiene cited by the crewmen was the dripping of excess water onto the floor 
area immediately in front of the onboard sink as  a consequence of washcloth 
bathing. 

The appearance of the electric! oven in this section yields the impression 
that it was relatively less desirable than the microwave oven for  food prepar- 
ation. In fact, the electr' 
Data are  available which 
the test and then only for  

Another difficulty with body 

was not used at  all for food preparation. 
e it was used no more than 
siccation of some biological 

PBI thermal-knit blankets presented difficulties in use by the crew. The 
primary reason for  these difficulties was that they tended to slide off the 
bunks. 
feature. 
prevent them from sl iding off the bunks during sleep. 
recommended the use of heavier blankets for future missions under these 
thermal conditions. 

Since they were required for thermal comfort this was an unacceptable 
Crewmembers sewed o r  pinned the blankets to Durette bedding to 

I n  addition, the crew 

Of all the storage volume all ons onboard the SSS, personal storage 
e reason for the lack of acceptability of volumes were least acceptable. 

personal storage volume provisions onboard the SSS is that they had been 
grossly underestimated and their location was inconvenient. 
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feel alone without interference by other crewmembers. 
area where additional bunk isolation curtains were recommended, privacy 
needs were felt by crewmen to have been satisfied. 

Except in the bunk 

The Langley Research Center Complex Coordinator received a rating 
within the excellent category. 
with similar missions under similar circumstances on other devices in which 
crewmen discontinued performing psychomotor tasks as  mission duration 
increased. The crew continued to perform on this device thraughout the 90 
days with performance showing marked improvement throughout. 
comments of the crew indicated they enjoyed this device, not a s  a means of 
measuring their psychomotor performance, but a s  a test of skill. 
enjoyed competing with their own times to improve their performance. 
ranking of 11 for this device versus the recreational provisions rank of 28 
indicates a mismatch in recreational provisions with the needs of the crew. 
This is corroborated by post-test crew comments as  well as  observations 
made throughout the mission. 
of personal proclivities, the crew chose not to employ the games which were 
available to them for  recreational purposes even though they had been supplied 
at  crew request. 
activities such as  reading, listening to music, creative writing, and watching 
television. 

This is gratifying when contrasted with findings 

Subjective 

They 
The 

Because of a low level of interaction and because 

Rather, for recreation they engaged in individualistic 

Crew Clothing 

Onboard crew clothing consisted of three types: Durette garments fur- 
nished by Ml1Ac, polybenzimidazole (mX) garments, and Teflon garments. The 
latter clothing types were supplied by NASA &3C, Crew Systems Division, for 
evaluation by our onboard crewmen. 
for the Durette through 8.75 oz/yd2 for 
in intermediate weights. 

Material weights ranged from 3.75 oz/yd2 
materials were supplied flon. 

All  clothing received consistently good acceptability responses from 
crewmen except the Teflon garments, which were described as too heavy, too 
warm, and somewhat l'clammyl' in our env 
types crewmen preferred the weight of the 
that it was consistent with the clo values required in our environment. 
and Teflon garments were preferred over Durette g 
of adequacy of tailoring. The primary difference b 
two types of garments was a fullness of the PBI garment and a close-tight- 
fitting configuration in the Durette garments. 

merit. Of the three clothing 
ette clothing supplied, feeling 

PBI 
ents from the viewpoint 
en the tailoring of the 
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Durette clothing materi  

remover for  PBI, but not for Durette o r  Teflon. 

Acoustic Environment 

Criteria for the acoustic environment within the SSS were provided by 
NASA. 
ment quarters and NCA 50 curve for the sleep quarters. 
the NCA plots for the octave bands from 45 through 11, 200 Hz. 
cri teria with obtained values measured onboard during the 90-day test indicates 
that the sleep quarters, with an  overall sound pressure level of 69 db, more than 
satisfied the requirements imposed by NCA 50. 
satisfied the requirements imposed by NCA 60. 
exceeded the NCA 60 requirements on 7 of 8 octave bands. 
quarters results with those of the equipment compartment would provide a 
curve more closely approximating NCA 60 requirements, 
because the equipment quarters and the crew quarters were distinctly separate 
areas.  
acoustic transmissions effected an approximate 6-db attenuation on the basis 
of overall sound pressure levels and a s  much as a 15-db attenuation in selected 
octave bands. 

They consisted of noise cri teria adjusted (NCA) curve 60 for the equip- 

Comparing the 
Figure 2 presents 

The crew quarters more than 
The equipment quarters 

Combining the crew 

This was  not done 

The introduction of a bulkhead between those two areas  to attenuate 

Adherence to these imposed criteria resulted in acceptable ambient noise 
levels but introduced the problem of random crew and equipment sounds, 
audible above background levels, as major irritants during sleep. 

Lighting 

A lighting experiment was conducted utilizing flourescent fixtures and 
rheostat controls. During the first  30 days of the test, the crew was required 
to live under lighting conditions closely approximating those expected onboard 
Skylab A. Reactions of the crew to these conditions were solicited during this 
period through use of the habitability inventory. During the middle 30 days of 
the test, the crew was encouraged to "experiment" with various light levels 
and to attempt to select the .most desirable levels for their tasks. During the 
last 30 days of the test, the crew was asked to adhere to the light level they 
had selected as most desirable during the middle 30 days. 
requirements were met including onboard weekly measurement of light values. 
Table 2 summarizes the findings of th i s  evaluation. 
reflect an  approximate fourfold to fivefold increase in light levels compared 
with Skylab values, 
tion requirements. 

Al l  procedural 

Final settings shown 

These reflect subjective preferences, not task illumina- 
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CONCLUSIONS 

All  available evidence suggests that the vast ority of habitability pro- 
visions were well within the range of acce 

Factors have been identified which may be c 
a habitat. These a re :  

A. Crew motivation 

B. Crew adaptability 

C. Duration of habitat utilization 

D. Initial acceptability of accommodations. 

Acoustics 

Crew response to noise levels indicated 
acceptable from the standpoint of ambient no 
in acceptability. 

he ’ 
Th 

Least acceptable was the equipmen 

a was the most 
a r t e r s  was next 

More irritating than background noise were noises of other crewmen and 
ble of awakening sleeping crew- 
isolation of the bunk a rea  

All tested materials display sufficient abrasion resistance to be acceptable 
for test durations of 90 days. 
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Laundering detergents must be matched not te r  recovery systems 
but also to clothing materials. 

llumina tion 

TEe crew definitely preferre 
It should be noted, however, that 
using the Skylab level 
light levels are adequ 
for those tasks with high acui 
electrical power limitations a r e  not as severe as Skylab, it would be desirable, 
to use the higher levels. 

Atmosphere Thermal Control 

Greater attention must be focused upon effective temperature - a measure 
dry and wet bulb temperatures, and humidity - and work- 

Attention to 
combining air flow, 
loads for the provision of a more habitable thermal environment. 
each of these factors on an unintegrated basis results in less  than desirable 
but adequate thermal accommodation. 

The apparent inadequacy in thermal accommodation can be accounted for 

These loads were not 
to a large extent by insufficient provision fo r  the thermal and humidity loads 
imposed by the solid amine C02 concentration system. 
predicted before the test start,  and were therefore not included in the thermal 
control design requirements. 
advanced subsystem were unavailable from the manufacturer at the time of 
its integration into the life support system. 

Thermal and humidity load factors for t h i s  
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Appendix A 

The following questions a r e  
involved in the 

sheet. 

I. CREW QUARTERS 

Make sure  to place your name and the test day at  the top of the page. 

1. 

2. 

3. 

4. 

Noise level 

serious mode rate slight no 
disturbance disturbance disturbance disturbance 

Comment: 

Vibration level 

serious mode rate slight no 
disturbance disturbance disturbance disturbance 

Comment: 

Light level 

excessive about right inadequate very inadequate 

Comment: 

Overall volume 

*too large about right too small 

Comment : 

much too small 

*Any space listed as "too large", "more than enough", etc., means that this 
space could have been better used €or some other purpose. 
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5. 

6 .  

7. 

8. 

9. 

more than 

Comment: 

enough about right 

C omme n t : 

Storage vo lume-p e r s ona 1 

more than 
enough about righ 

Comment: 

Food Preparation Area 

excessive about right 

Comments : 

Food Storage Area 

excessive about right 

Comments : 

too litt m ttle 

too little 

too little much too little 

inadequate very inadequate 

inadequate very inadequate 

10. Recreation and Dining Table (consider aspects of size, comfort, 
height, a r ea )  

excessive inadequate 

Comments: 

11. Recreation and Dining Chairs (consider aspects of size, comfort, 
height, a rea)  

excessive about right inadequate very inadequate 

Comments : 
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very useful useful 

14. Privacy in General 

more than 
enough about right too little 

Comments : 

15. Work/Rest Schedule 

excellent good fair 

Comments: (Identify split or common) 

much too little 

poor 

16. Temperature, Humidity and A i r  Circulation 

excellent good fair poor 

Comments: (Identify temperature, midity or air circulation if 
problem ) 

11. EQUIPMENT AREA 

1. Noise level 

ous moderate slight no 
disturbance disturbance disturbance disturbance 

Comments : 
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2. Vibration level 

serious modera 
disturbance disturbance disturbance 

Comments: 

3.  Light level 

excessive about right inadequate very inadequate 

C ornmen t s : 

4. Overall volume 

too large about right too small much too small  

Comments: 

5. Storage volume-general 

more than 
enough about right too little much too little 

Comments : 

6. Work space 

more than 
enough about right too little much too little 

Comments : 

7. Temperature, Humidity and A i r  Circulation 

excellent good fair poor 

Comments: (Identify temperature, humidity o r  a i r  circulation if 
problem) 

8. Work Space Layout 

excellent good fair  poor 

Comments: 



111. GENERAL HYGIENE AREA 

1. Noise level 

serious moderate slight no 
disturbance disturbance disturbance di s 

Comments : 

2. Fecal Collection Facility 

excellent good fair poor 

Comments: 

3 .  Urine Collection Facility 

e xc e llent good fair poor 

Comments : 

4. Body Hygiene Facilities: Consider water temperature, size of towels 
and wash cloths, adequacy of cleansing 
agents . 

excellent good fair 

Comments: 

5. Dryer 

exc e llent good 

Comments : 

6. Washer 
~~ 

excellent good 

fair 

fair 

poor 

poor 

poor 

Comments : 
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IV. MISCELLANEOUS AREAS AND FACILITIE 

1. Internal Public Address 

excellent good fair poor 

Comments : 

2. Intercom to Outside 

excellent good 

Comments : 

3.  Intercom to Internal 

excellent good 

Comments : 

4. Entertainment Speaker 

excellent good 

Comments : 

5. Entertainment Headsets 

excellent good 

Comments : 

5. Stepladder 

excellent 

Comments: 

good 

7. Bicycle Ergometer 

excellent good 

Comments: 

fair 

fair 

fair 

fair 

fai r 

fair 

poor 

poor 

poor 

poor 

poor 

poor 



Jacket No. 

Trousers No. 

Excellent 

Excellent Good Fa i r  Poor 

Shirt No. Excellent Good Fair  Poor  

Drawers No. Excellent Good Fair  Poor 

Socks No. Excellent Good Fair Poor 

Comments: 

r 

10. Skylab Clothing Ensemble Comfort (Fill in garment number) ** 
Jacket No. Excellent Good Fair  Poor 

Trousers No. Excellent Good Fair) Po0 r 

Shirt No. Excellent Good Fair  Poor  

Drawers No. Excellent Good Fair  Poor 

Socks No. Excellent Good Fair  Poor 

Comments : 

11. Skylab Clothing Ensemble Wear (Fill in garment number) *+ 

Poor Jacket No. Excellent Good Fair  

Trousers No. Excellent Good Fair  Poor 

Shirt No.. 

Drawers No. 

Excellent 

Excellent 

Good 

Good 

.F ai r Poor 

Fair  Poor 

Socks No. Excellent Good Fair  Poor 

Comments: 
*+Results of these items not readily quantifiable thus they have been 

omitted from analyses presented in this paper. 
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12. Dupont 4484 bed sheet*** 

excellent good 

Comments : 

13. Durette bedding 

excellent good 

Comments : 

14. 

15. 

16. 

17. 

18. 

PBI toweling*** 

excellent good 

Comments : 

Terry cloth towels 

excellent good 

Comments : 

f 

fair poor 

fair  

fair 

PBI thermal weave blankets 

excellent good fair 

Comments : 

Durette Clothing Ensemble 

excellent good fair 

Comments: 

Durette Pajamas 

excellent good 

Comments : 

fair 

poor 

poor 

poor 

poor 

poor 

***Installation in SSS not accomplished. Item omitted from analysis. 
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19. Floor covering 

exc ellsnt good 

Comments : 

20.  Personal lights 

excellent good 

Comments: 

2 1. Individual Picopro jectors *** 
e xc e llent good 

Comments : 

22. Group Picopro jeetors 

excellent good 

Comments : 

23. Microwave oven 

excellent good 

Comments : 

24. Electric oven 

excellent good 

Comments : 

2 5. Refrigerator 

excellent good 

Comments : 

fair poor 

fair poor 

fair 

fair 

fair 

fair 

fair 

poor 

poor 

poor 

poor 

poor 
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26. Eating utensils 

excellent good fair 

Comments : 

27. Tool kit 

excellent 

Comments: 

good 

28. Freezer 

excellent good 

fair 

fair 

poor 

poor 

poor 

Comments : 

29. Body hygiene provisions (haircutting, shaving, etc. ) 

excellent good fair poor 

Comments: (Identify as necessary): 

30. Langley Complex Coordinator 

exc e llent good 

Comments : 

fair 

31. RATER 

excellent good fair 

Comments: 

3 2. Human De s c ribing Function Expe riment 

excellent good fair 

poor 

poor 

poor 

Comments : 



33. 

3 4. 

35. 

3 6 .  

37. 

38. 

Onboard laboratory work-space layout 

excellent ood air poor 

C omment s : 

From an aesthetic viewpoint which compartment do you 

Crew Compartment 

Sleep quarters 

Comments : 

Equipment compartment 

Waste Management area 

If you could modify the interior color scheme of the SSS how would** 
you do so? 

If you could change'one color which one would it be and how would** 
you change i t?  

Comments on areas and facilities not covered in questionnaire: ** 

Aside from the technical problems encountered, would you recommend ** 
this general configuration as a desirable living and working area for 
long-term space missions ? Please explain. 
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Figure 1. - Habitability invent 
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A psychomot 
jects were teste 
ment and for  eff 
however, short-term relationships betwe 
performance were found to be small but 

gas levels and the 

IHTRODUCTIOH 

A psychomotor tes t  device developed at the NASA Langley Research Center 
!Phis device, commonly called the was placed aboard the go-day-test chamber. 

Langley Complex Coordinator (LCC) 
visual discrimination and psychomotor coordination of a l l  four limbs. Maranan 
(ref . 1) has given a complete description of both the tes t  device and the per- 
formance task. 

involves a serial, self-paced task including 

This description is not repeated herein. 

The mador purpose of the tes t  program was t o  examine the effects of long 
confinement on the performance of a well practiced psychomotor task. In  addi- 
t ion,  performance on this particular tes t  device has been shown t o  be affected 
by a variety of physiological agents such as hypoxia (ref, 2) and alcohol 
(ref. 1) , On the basis of these results it m s  believed that performance on 
the U C  might be sensitive t o  physiological o r  behavioral changes induced by 
the presence of agents such as gaseous contaminants. 

PR0CEIKI;RE ANI) ANALYSIS 

Each slibject was trained on the IicC before the beginning of the 9O-day 
mannedtest. Scores were approximately asymptotic before the t e s t  began. Later 
analysis has shownthat there was a 
test .  Each crewman was asked t four times per day. 
Scores were recorded as 
88 consecutive days for  

increase i n  proficiency during the 

Data on average dailylevels of CO, C 
pressures were recorded, and values of s such as tempera- 
ture and humidity are availaBlec 



e used togethe e whether or  

In  addition it can be shown that  either autocorrelation o r  cross-correlation 
coefficients can be used as estimates of population correlation coefficients if 
the individual coefficientg are members of an ensemble. The standard error of 
estimate of the population coefficient can be estimated even though the nmber 
of subjects N is  small. 

Autocorrelation coefficients were ca l  ed with time 
the first 10 dws o 
on the nth day can be calculated fromthe 
coefficients was calculated from mean dai 
four  scores per day, each daily mean score 
93ue results 

of the score 

I.- momLA!rIon c 

4 

-791 
-744 
.698 
.651 
-651 
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icient i s  an 
high values o 
coefficient 

lag of 1 t e s t  period. These data are presente 

TABU 11.- AUTOCORRE.LA!tIOII COEFFICmS CAuruLATED FROM TEST SCORES 

Cross-correlation coefficients f o r  crewman - 
G a s  

1 2 3 4 

co2 -0.138 -0 * 210 -0.126 -0.200 
co .145 197 . 251 .I414 - 1 

bg, 
t e s t s  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Aatocorrelation coefficients f o r  crewman - 
1 

1 .o 
.692 

.611 

.692 
9 635 
.654 
0635 
.712 
-539 
9673 

,808 

2 

1.0 
853 
794 

07-95 
.809 
750 
750 

0794 
* 750 
.706 
.721 

3 

1.0 
714 

0633 . 612 
653 

9 592 
551 

.510 
0469 
.612 
-633 

4 I 

It is obvious that the portion of the LCC score variance accounted f o r  
by test-retest  correlation is somewhat less when the autocorrelation coefficient 
is  computed f o r  a time lag of 1 t e s t  period. 
variance which may be presumed t o  be due t o  both random effects and some sys- 
tematic effects from other variables. 

These results indicate short time 

Cross-correlation coefficients were calculated for the relationship 
between IXIC scores and both CQ and Cog. 
scores and mean par t ia l  pressures for  CO and C02 are presented in table In. 

The correlations between the mean I C C  



DISCUSSXW 

The data presented in  table I are essentially estimates of the predictabil- 
i t y  of mean or  smoother scores a d  hence are esttmates of the long-time stab+l- 
i t y  of the psychomotor sk i l l .  It is believed that  there is  evidence t o  su1wp0z-t 
the conclusion that over a long time period the LCC score is  highlypredictable 
and hence quite stable. 
take place fo r  the duration of the test. 
that removal of most of the effects of learning by fitting a straight l ine as a 
first-order approximation of the learning curve was necessary t o  avoid the pos- 
s i b i l i t y  of spurious correlations. 

In fact ,  there is evidence that learning continued t o  
This learning was of such a degree 

The data presented in  table 111 are based on adjusted U C  scores and the 
gas par t ia l  pressures. These correlations, while small, axe believedto be 

e of behav- 
iora l  methods 

for  both gases the 
nsistent with known 

effect on perf0 

or test device was placed aboard the 90-day4 chamber. Sub- 
c ts  of confine- ested four times daily. Data were analyzed for  e 

effects 'of selected trace gases. ung-term effects Were not found; 

The analysis presented 
e m  relationships between the gas levels and the psychomotor 

performance were found t o  be small but significant. 
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herein is only a small portion of thst planned for the data gathe 
90-w ma,nned test .  

1. Maraman, Grady V.: Effects of Alcohol on Complex Behavior. ahOD. Thesis, 
Virginia Commonwealth Univ., June 1970. 

2. O'Connor, W i l l i a m  F.; and Fendergrass, Geofge E.r Task Interruption and 
Performance Decrement Following Rapid Decmpression. 
vol. 37, no. 6, June 1966, pp. 615-617. 

Aerosp. Med., 





In order t o  test various cmponents of a regenerative l i f e  support system 
and t o  obtain data on the physiological and psychological effects of long- 
duration exposure t o  confinement in  a space station atmosphere, four carerully 
screened young men were sealed i n  the McDonnell Douglas Astronautics Space 
Station Simulator for 90 days with no pass-in's allawed. 
the NASA Ames Research Center," Systems Technology, Inc., administered a 
tracking t e s t  battery during the above experiment. 
"clinical" t e s t  (Crit ical  Instabil i ty Task) related t o  the subject's dynamic 
time delay and a conventional steady tracking task during which dyna,mic 
response (describing functions) and performance measures were obtained. The 
subjects were extensively trained prior t o  confinement and generally reached 
asymptotic performance levels. 

Under contract t o  

The battery included a 

Good correlation was noted between the clinical  c r i t i ca l  instabi l i ty  scores 
and more detailed tracking parameters such as dynamic time delay and gain- 
crossover frequency. 
with professional pi lots  and astronaut candi es tested previously. The 
chamber environment caused no significant decrement on the average crewman's 
dynamic response behavior, and the subjects continued t o  jmprove slightly i n  
the i r  tracking skills during the gO-day confinement period. Sane individual 
performance variations appeared t o  coincide with morale assessments m a d e  by 
other investigators. The comprehensive data base on human operator tracking 
behavior obtained i n  th i s  study should be f'urther correlated with concurrent 
psychological, physiological, and environmental data obtained by others during 
the 90-day confinement study. 

The levels of each parameter spans the range observed 

This research was sponsored by the Man-Machine Integration Branch of the 8 

NASA Ames Research Center under Contract NM2-4405 (Modification+). 
and associated hardware used i n  this study were previuusly developed under the 
same contract. M. Sadoff and M. McFadden have been the Ames Project Technical 
Monitors throughout the program. 

The tasks 



A 90-day seale 

stated objec- 

.-. .5 To demon for in-flight mo I1 

st  in  determining the 
precise role of man in  performing in-flight experiments ... 
and.. .in validating mathematical models of [manned] space 
missions. 

7. To obtain data on physiological and psychological 
effects of long-duration exposure t o  confinement i n  the cabin 
atmosphere . . . ." 

To accomplish these objectives, four men, carefully screened for canpatibility 
with each other and w i t h  a confined environpent, were sealed i n  the MDAC Space 
Station Simulator (SSS) for three months with no pass-in's allowed; also,  only a 
limited number of pass-outs allowed for medical sampling purposes. b e  primary 
workload of the subjects included monitoring and maintenance of SSS l i f e  support 
equipment and monitoring and recording their  metabolic, medical, and mood char- 
acteristics. 
a i r  pressure of 3/4 atmospheres with normal oxygen par t ia l  pressure. 

The SSS environment was "closed-cycle" and included a subnormal 

This program also provided a unique opportunity t o  evaluate certain other 
psychomotor and cybernetic f'unctions in  a rea l i s t ic  space station environment 
(except for zero-gravity) and under operational type work-rest cycles and 
ambient stresses. Among the more important of such psychomotor tasks are the 
broad class of tracking tasks: 
purposes; telescape pointing for earth resource or reconnaisance purposes3 fine 
;tuning of apparatus for research or cmmunications purposes; and, l a s t  but not 
least, piloting tasks such as rendezvous in  orbit and reentry into the earth's 
atmosphere. 
trained as a pi lot  for such emergencies.) 

s ta r  tracking for navigation or astronmical 

( A t  least  one of the crew members i s  l ikely t o  be a pi lot  or 

I n  order t o  measure behavior appropriate t o  such tracking tasks, Systems 
Technology, Inc., under sponsorship by the NASA Ames Research Center's Man- 
Machine Integration Branch, provided a battery of tracking tasks t o  be per- 
formed during the 90-day mission. The objectives of t h i s  experiment were: 

1, To obtain a simple "clinical" measure of the crewmember's 
visual-motor dyn+amic performance on a routine basis using 

Crit ical  Instabil i ty Task (Ref. 2). 

2. To obtain comprehemive measures of the intrinsic dynamic 
response properties on a less  frequent basis by means of 
advanced cross-correlation techniques and t o  correlate 
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responsible for integrating 

CONTROL TASICS AM) EXPERIKENZAL SETUP 

Control Tasks 

The psychmotor t e s t s  used i n  t h i s  experiment are continuous, compensatory 
visual-motor tracking tasks. 
tasks and associated data measures and analysis i s  shown i n  Fig. 1 .  
description of these tasks i s  given i n  Refs. 5 
i s  required t o  control the motion of a luminous 
i s m e t r i c  (force) control s t ick  whose output controls a dynamically unstable 

X2/s( s - 12) 3. 
behavior he Will be able t o  not only s tabi l ize  the  man-machine system, but t o  
minimize CRT l i ne  motions away from the nul l  point or reference l i ne .  
variations of t h i s  unstable tracking task employed i n  the present experiment 
are described bel 

A general block diagram representation of these 

6. Basically, the subject 
izontal  CRT l i ne  with an 

A thorough 

- controlled element [first-order: Ycl = h ./( s - hl) 3 second-order : yc2 - 
If the subject provides the appropriate dynamic equalization 

Two 

1 .  Crit ical  

c t  loses control i s  termed 
al t o  the inverse of 

The control of simple first-order divergent dynamics i s  called the 
first-order c r i t i c a l  task.and requires the operator t o  ac t  as a simple 
gain (i.e., the operator's s t ick output looks l i k e  a scaled version of 
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second-order task mea 
involvement. 

The c r i t i ca l  task i s  easily administered since it o d y  requires about 
one minute per trial and a single number i s  recorded a t  the end of each 
trial. Therefore, the first- and second-order c r i t i ca l  instabi l i ty  tasks 
were selected t o  be administered routinely during the 90-day confinement 
tes t .  

2. Steady "Subcritical" Tracking Tasks 

For steady tracking tasks the instabi l i ty  level of the unst 
i s  held constant a t  a value well below the ty-pical sub 
b i l i t y  score. 
tracking loop as shown i n  Fig. 1, and the subject i s  asked t o  maintain 

An unpredictable cammand input is  introduced into the 

s tab i l i ty  margi 
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The performance measures include: 

Error coherence ( p,') , the percentage of t o t d  variance predicated 
by (correlated with) the describing function measurements. 

o the subject's 

dynamic response and noise pr  
and a large amount of on-line data collection and reduction. For th i s  
reason they were run less  frequently than c r i t i ca l  tasks during the 90-day 
tes t ,  and were employed t o  provide rea l i s t ic  tracking task data t o  corre- 
l a t e  with the c r i t i ca l  instabi l i ty  scores. 

Test Setup and Equiprnent 

The experimental layout and apparatus are shown in Fig. 2. The t e s t  admin- 
is t ra tors  conducted the experiment from the control room where the task comput- 
ers  were located. 
dy-namics for the tracking tasks, and automatically increased the instabi l i ty  
during c r i t i ca l  task runs as shown i n  Fig. 1. 
(DFA) provided the subcritical tracking task input, Fourier analyzed the tracking 
error signal, and measured various performance parameters. 

The Controlled Element Computer (CEC) provided the unstable 

The Describing Function Analyzer 

The display and control stick, connected t o  the computers through a 100-ft 
cable, were located i n  the space chamber recreation area. 
Administrator communicated with the crewmen through an intercom, and also via 
interconnected "ready" l ights located on the subject's display and the controlled 
element computer. 

The Douglas Test 

Crewmen began training on the first- and second-order c r i t i ca l  tasks four 
months prior t o  cammenci 90-day confinement period. This training con- 
sisted of approximately hour sessions spanning a five-week period. A t  
each session the crewmen track 2 three-trial  blocks of the first-order 
c r i t i ca l  task and 2 f ive- t r ia l  blocks of the second-order c r i t i ca l  task. These 
Xcl and hc2 training scores are plotted i n  Fig. 3(a). 
all crewmen reached stable levels of c r i t i ca l  instabi l i ty  within abuut 100 
trials of distributed practice, 

It is  evident that 
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enced immediately af ter  
smi l a r i t y  between the c r i t i ca l  

and subcritic training i s  assured. The crew- 

9O-DAY COI?FlXfMENT WTS 

General 

D u r i n g  the confinement period, three trials of first-order and five trials 
of second-order c r i t i ca l  instabi l i ty  task were administered routinely every 
Monday, Wednesday, and Friday, following the midday meal. These data formed 
the core of OUT experimental design, and represent a base from which other 
tracking data can be compared and extrapolated. Steady tracking sessions were 
performed twice a week, one session for each order. These sessions began with 
the critical. instabil i ty trials of the equivalent dynamics i n  order t o  provide 
a warmup and also t o  provide concurrent correlations between Xc and the more 
comprehensive measures of steady tracking behavior. 

The crewmen were sp l i t  into two shifts, with Crewmen 1 and 2 on a nminal 
day shift (0700-2300 Hk) and Crewmen 3 and 4 on a graveyard shif t  (2 lOO-l .OO e). 
Illumination wasII held cons t a t  inside the sjmilation chamber, and a l l  indications 
are that Crewmeaibers 3 and 4 quickly adJusted t o  the abnormal work shift. T e s t  
sessions were conduckd af te r  the midshift meal (nominally 1300 Hr fo r  Crewmen 1 
and 2, and 02W IIr for Crewmen 3 and 4). 
c r i t i ca l  instabil i ty trial. 

A l l  t e s t  sessions began with a warmup 

CrithJ. Instability Results 

Weekly mean c r i t i ca l  task scores (averaged across the solely XC sessions 
for each week) are plotted i n  Fig. 4. Generally, these scores were 
able (low residual variance) and shaved a consistent stratif ication 
men. Crewman 1 evinced the moat variable performance, with a defin 
in  scores during the i n i t i a l  confinement period campared with h i s  preconfinement 
baseline. This dip was followed a return t o  perfomance levels significantly 
above h i s  prekonfinement base1 There is  one very consistent dip i n  perfor- 
mance for  a l l  crewmembers 
McDonnell Douglas it was determined that a definite dip in  morale occurred in  
this period. 

Week 9. In  a discussion wlthM. V. McLean of 
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There i s  a consistent, d b e i t  s m a l l ,  improvement trend apparent over the 
90-day period in  all cases except for  Crewman 3 on the second-order task. 
Ek-perience suggests that this  reflects a residual improvement i n  the neuro- 
muscular system due t o  continuous practice beyond the i n i t i a l  training asymp- 
tote-much as in  any athletic s k i l l  involving strength. 

Analysis of variance procedures applied t o  the data showed subjects and 
weeks t o  be significant main effects. 
also s ta t i s t ica l ly  significant. 

The subjects by weeks interaction was 

Steady Tracking Results 

The steady tracking beh 
(The c r i t i ca l  instabi l i ty  d 
each subcritical tracking sess'ion, and were not included i n  Fig. 4.) 
steady tracking data are often missing because these sessions had a somewhat 
lower priority than the c r i t i ca l  task sessions and were not performed f o r  a 
vaxiety of reasons. 

The 

The dynamic response data (cut and &) and c r i t i ca l  task scores (X,) seem 
to remain fa i r ly  consistent and similar i n  level over the 90-d 

considerable variations, however. 
cantly higher than that of the other crew members. 
primarily t o  an intrinsically higher remnant level as evidenced by his  lower 
error coherence scores for both the first- and second-order tasks. 

period. The 
normalized error and error coherence performance measures (cfe/al 2 7 5  and &) show 

Crewman 4's tracking errors are signifi- 
This result s e a s  t o  be due 

Crewmen 1 and 4 were s t i l l  learning the second-order steady tracking task 
during the first half of the confinement period, as reflected in  their  nor- 
malized error scores. 
response effects as both subjects show a corresponding increasing trend i n  
crossover gain during the first half of the mission. 

This result seems t o  be primarily due t o  dynamic 

The comprehensive variety of measurements m a d e  during steady 
tracking will help in  interpreting variations in  tracking behavi 
formance. 
above parameters exists ( 
seemingly complex and a n a  

A good understanding of the theoretical relationships among the 
, 6), and th  

ariations exh 
be used t o  unravel the 

Correlation Bepmen Subcritical an8 Critical Task Results 

One of the objectives of this; experiment was t o  t i e  i n  the dynamic response 

Sane correlation of c r i t i ca l  and subcritical task data i s  shown 
measurements obtained during steady tracking tasks with the c r i t i ca l  insta- I 

b i l i t y  scores. 
i n  Fig. 6. Effectiw! dynamic time delqys (?e) were derived frm the dynamic 
response measurements obtained during subcritical tracking runs, and the inverse 
of Ze should be directly related t o  c r i t i ca l  task scores as discussed in  Refs. 2 
and 3 .  The good correlation of Ze-1 versus Xc scores obtained during each 
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Crewmen performance i n  this  experiment agrees quite favorably with that of 
experienced pi lots  am3 test subjects tested previousl;r. No serious degradations 
i n  performance were noted during the mission, and in  fact  there appeared t o  be a 
slight improvement trend throughout the gO-day period. 
performance seem t o  correlate with subjective attitude and morale data not 
shown, so correlations of tracking data with other psychological measurements 
as w e l l  as with physiological and environmental data should be pursued. 

Some dips i n  individual 

A r ich harvest of s t a t i s t i ca l  data on manual control behavior has been 
obtained i n  this experiment. 
abaut the consistency and measurability of human dynamic response properties 
over an extended period of time under confined conditions. 

Its further analysis should t e l l  us a great deal 

The control task equipne 
though the CRT display and e 
atmospheric pressure. 
t e s t  protocols, both the crewmen and t e s t  administrators quickly became profi- 
cient i n  the experiment procedures. 
required less  than 13 min. Thus the simpler equipent and tes t s  being planned 
for future orbital  use by astronauts should meet with good acceptance and a l l o w  
us t o  obtain in-depth informati 

tioned properly thruughout the mission, even 
stick were subjected t o  the simulator sub- 

In spite of the apparent camplexity of the equipent and 

Test sessions for one subject typically 

e space environment's effect on 
response properties 
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Figure 2.- Control task apparatus and experimental setup 
for the 90-day confinement study. 
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Figure 4.- Weekly mean critical instability scores during 
the 90-day confinement period. 
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By R. Mark Patton and C 
Am= Resear 

A shortiterm memo 
developed by GeneralI@namics, San Diego, 
t o  the selection of RA?DB, an extensive li 
ayailable performance tests were made. 
tests of higher order functioning whi& 
i n  a wide variety of stress situations. 
RA!JXR showed promise of providing a stable sensitive t e s t  of on 
higher order f uncticming . 

Results of' the survey 

R&i?ER is shown i n  figure 1. The larger unit contains a l l  the controls and 
indicators needed f o r  administration of the t e s t  and collection of the data. 
This unit remained ourtside the test chamber. 
uni t  was inside. The subject sat in  front of t h i s  u n i t  and viewed the screen 
of a one-plane readout. A series of spbo l s  appeared i n  a random sequence on 
the screen. Four different symbols were used: triangle, circle,  plus sign, 
and diamond. 
was associated with one of the four symbols. 
the appropriate response button each time a symbol appeared. 

Only the smaU display and response 

Four response buttons were located on the response unit, and each 
The subject's task was t o  press 

'pwo t e s t  conditions, and no delay, were used. The ao-delq condition 
required that the subject respond t o  the symbol currently being presented, and 
no shol.'t=temmemory was involved. 
respond according t o  the synbol that had been presented two stimulm events 
prior i n  the sequence. Since a l l  responses had t o  be delayed by two symbols, 
short-term memory was required throughout t h i s  t e s t  condition. 
hypothesis was that short-term memory would be impaired by the s t ress  of con- 
finement. 
but not fo r  the no-delay condition. 

Since only a small amount of RATER t e s t  data had previously been published 
(refs. 1 t o  3 ) ,  additional data were needed. To meet t h i s  need, a large group 
of male college students was tested i n  the Human Performance Laboratory at Ames 
Research Center. 
of a se t  of t e s t  conditions fo r  the %-day study. 

The delay condition required the subject t o  

The experimental 

!Ehus, performance impairment was predicted f o r  the delay condition, 

The results of this t e s t  program were used in  the selection 

Since most of the Ames laboratory subjects continued t o  show performance 
improvement over a large nmber of test sessions, aad since asymptotic perfor- 
mance was desirable prior t o  confinement, 28 training sessions were specified 
f o r  the'%-day study. 
was  selected. A two-symbol delay seemed t o  provide the desired level of d i f f i -  
culty fo r  the short-term memory testing. Results of the laboratory study were 
also used t o  determine the minimum amount of data needed from each t e s t  session 
SO that the sessions could be as brief as possible, buk st i l l  provide adequate 
data. 

A stimulus presentation rate of one symbol per second 
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ed of a l - m i n u t e  warn-up 
eriods with a 

The two t e s t  con- 

orted the score 
utes of tes t ing on each condition at a symbol presentation ra te  of 60 per minute 
allowed a maxinnrm pljssible score of 360. Warmup scores were not included in  the 
data. 

The t e s t  resul ts  are shown i n  figure 2, The set  of curyes at the left 
shows the resul ts  fo r  the training sessions pr ior  t o  the beginning of confine- 
ment. 
as follows: 
because performance of the three subjects who completed additional training 
neither jmprwed nor declined a f t e r  the f i f teenth session 

The number of training sessions coqle ted  varied among the four subjects 
13, 19, 22, and 28, Only the first 15 sessions are presented 

Performance was very stable i n  the early aa;Ys of confinement; a marked 
improvement i n  the two-delq condition occurred between ms 12,13 and 18,19, 
By the 18th and 19th days of confinementi, the subjects had achieved almost per- 
fect  pekormaazce fo r  both t e s t  conditions. At t h i s  time, the subjects seemed 
t o  be losing interest  i n  the tes t ;  thus a decision was made to increase the 
task difficulty, and thereby the challenge, by increasing the symbol presenta- 
t ion rate. With this increase i n  the nundber of stimulus presentations, the 
maximum possible score rose from 360,to 480. e change, the group 
mean f o r  the two-delay condition began t o  decline, reached a very low level  on 
the 28th and 29th days ,  and then rapidly recovered. Unfortunately, during the 
same time perioa some t e s t  sessibns were canceled for reasons unrelated t o  the 

Thus, the 

* 

After the 

other data were lo s t  because 09 RATER malkznction. 
several sessions represent data for  fewer than four subjects. 

se sessions the nmber ~f' subjects represented is  shown directlybelow 
the  session numbers i n  figure 2. 
&ans 2 subaects and 2 delays; 1sED) means 1 subJect, no dela;v.) 

(For example, 2'M means 2 subjects; 2Ssm 
On the 33rd 

as possible, it was not restored t o  satisfactory operation 

means represent data combined from two consecutive days. 
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mean fo r  the two-delay condition began at a rather low level but rose t o  ref lect  
rather good performance toward the end of the study. 

The performance decrements that  
of the individual performance of a l l  1 
decrements which strongly 
delay condition. Figure 3 
being removed. After the ra te  
f a r  the three subaects. Howeve 
diff icul t  anit the subjects‘ pe 
t o  the maximum possible score 
!l?he decrements on day 75 are due, at least i n  part, t o  the  fac t  that the values 
represent data f o r  only one slibject. 
subjects were not tested at a l l  on that  day. 

the authors of t h i s  report participated i n  a 144a.y confinement study at the 
University of Pennsylvania. For this study, six men were confined in a t e s t  
chaztiber containing nitrogen enriched air (95% N2) a% a pressure of 4 atmo- 
spheres. The study vas conducted in  support of the TERcm 11 pk.ogram, specif- 
ical ly  in support of a proposed series of saturation dives at an undersea depth 
of 100 ft. 
ronment duplicated the expected conditions of the TZKTITE program. 

Because of an oversight, the other two 

While the 9O-day confinement study was i n  progress at XcDonnell Douglas, 

The pressure and gas composition of the Philadelphia c h d e r  envi- 

Compared with the 90-day study, the Philadelphia study involved a muchmore 
acute s t ress  that had a specific physiological basis. This physiological s t ress  
was nitrogen narcosis, frequently experierrced by divers, which produces symptoms 
similar t o  those of alcoholic inebriation. Figure 4 shows the Philadelphia data 
( g r o q  m e a n s )  plotted i n  a manner directly comparable with the %-day data shown 
-In figures 2 and 3 .  
denote past exposure of one and two subjects, respectively. )’ Again, the se t  
of c w e s  at the l e f t  shows the results of prekorrfinement training. Compared 
with data from the %-day subjects, the learning is  m o r e  rapid and the curves 
are smoother and more stable. 
sonable extra9olation of the curve beyond the end of training would coincide 
with the actual confinement data; no performance decrement is present. 
extrapolation of the two-delay curve would ;piela scores higher than those 
actually achieved during the first days of confinement. 
ment lasted until at least  the f i f t h  day and indicated that the group perfor- 
mance wag adversely affected by nitrogen narcosis, other conditions of the con- 
finement, o r  some cmbinations of these factors. 

(Ln figure 4, D denotes decompression and pE1 and pE2 

For the Philadelphia no-delay condition, a rea- 

However, 

!l?his performance decre- 

On days 2 to. 14 of the study, each sribject was tested twicer Once in the 
morning (approximately 7 t o  9 a.m., denoted by a) and again in  l a t e  afternoon o r  
early evening (approximately 5 t o  8 p.m., denoted by b )  . N o m 1  diurnal varia- 
tions were expected t o  cause performance scores t o  be lower i n  the morning than 
in  the af%ernoon o r  early evening. The group means for each session were com- 
m e d  with the means of the preceding session. 
condition remained high throv&out the study, and no diurnal variation was evi- 
dent. For the two-delay conation, the test did meas.ure diurnal group perfor- 
maace change i n  the expected direction at 19 of the 26 possible comparison 

Performance on the no-delay 
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each subject indivi 
a chi square test. 
confidence . 
long-durat ion 
efther that there wer  
occur but the test ins 

decrements me 
formance variations give evidence that the short-term memory t e s t  was sensitive 
ta stress.  Since a reasonable degree of t e s t  sensit ivity has been demonstrated, 
it is probable that  fo r  tasks similar t o  ,the one described here, stresses such 
as those experienced by subjects i n  the SO-day confinement do not produce marked 
performance decrements. 

A troublesome fact,  howe-ver, is that  the performances fo r  three subjects 
in the *-day study were sinilar, ht  that of the fourth subject was substan- 
t i a l l y  different and did show a decline during confinement. m e  deviant sub- 
ject 's  performance had been quite good prior t o  the ra te  change, was reasombly 
good on the f irst  t e s t  session at the higher rate, and was followed by a precip- 
itous drop t o  an extremely low level f o r  the two-delay condition only. The 
reason is  not apparent from available records. It seem t o  have been caused 
either by a loss of motivation or, more likely, an-error i n  t e s t  procedure. 

An additional comparison of the %-day study with the Ehiladelphia study 
showed marked differences i n  tQe subjec-t;s' a t t i tude toward the test. 
9Cr-day subjects' group rating fo r  the study gave RqTER a desirabil i ty ranking 
of 40 i n  a l ist  of 57 items (1 = high, 57 = low). !IWE: radcing was judged t o  
represent a "fair" level of acceptability. 
study, subject$ r e e d  the sevenmajor eqerimentq and the performance t e s t  
received a mean rank of 2.3. 
subjects were given more t e s t  sessions and within a much shorter period of t h e .  
Two factors seem most important i n  accounting fo r  the differences i n  accepta- 
b i l i ty :  
themselves fo r  high perfomawe scores throughout the study, whereas such com- 
petit ion among the 9 0 - w  subjects was less  apparent, 
iments i n  the Philadelphia study were uninteresting f 
were also physically pa infd ,  whereas most aspects of  the %-day study were 
l e s s  unpleasant. 
ably contributed t o  the more rapid learning and more stable performance seen i n  
that study. 

The 

A t  the end of the Philadelphia 

This r4ting occurred despite the fact  tha t  these 

(1) i n  the Philadelphia t e s t ,  the subjects acti-vely competed among 

(2) most of the exper- 
s d J e c t s  and some 

The Philadelphia subJects' bet ter  acceptance of the test prob- 

The authors muld like t o  use t h i s  t e s t  again in  some future long-duration 
confinement study. However, three major changes would be made. First ,  testing 
would no% be given more often than once eachweek i n  order t o  encourage a more 
favorable subject a t t i tude toward the test. 
is given, a larger amoarit of data would be collected t o  improve the s t ab i l i t y  

Second, on those days when the t e s t  



of measurement. And third, tes t ing mala be given twice on t e s t  days,  once in  
the mrning a;nd again i n  the afternoon, so t h a t  d i u r n a l  mwiakios camparisons 
could be made. 

-= 
L French, R. 13.2 Assessment of Crew Efficiencyr The 

turized RA!I!ER, Model 3. Cowair Rlep0x-t Xo. GDC-m-M- 
l967- 

2. Parker, J, W.r The Response Analysis 'Jfester (RA!EB) and Logical Inference 
Tester (LOOfi)r I, Some Preliminary Fi~dings .  U.S. Egaval. W m l n e  
Medical Center, Groton, COM., Report Bo. &7, 2 F&xuary 1967. 

TJ36!ER (rx>c-rr)z 11, Additional Pilot  Study Data. f3JBEEEN Report 
No. 525, 17 1968. 

3. Parker, J. W . t  The Response Analysis %ester (RATER) and Logical kference 
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NON-INTERFERENCE PERFORMANCE ASSESSMENT (NIPA) 

By M.M. Okanes, Ph.D., W.R. Feeney, Ph.D., and 

ouglas Astronautics Company 

Conventional psychological t e s  
tes ts)  which attempt to obtain social 
of negative reactions on the par t  of subjects exposed to  them. 
original goals of this program was to  develop unobtrusive methods (in contrast 
to intrusive methods) of obtaining social and emotional data f rom crewmen on 
the 9O-day Space Station Simulator (SSS) tes t  by visually and aurally observing 
behavior. 
measurement and its concomitant effect on the data being gathered. 
However, unobtrusive observation means that crewmen must be completely 
unaware of observations being made. This was not possible because MDAC 
established the policy of giving as much information as possible to the crew- 
men about all aspects of the program. Thus, the title of NIPA is accurate in 
the sense that the program was conceived to be non-interfering rather than 
unobtrusive; i. e., cooperation of the subjects was not required o r  desired. 
Although they would be aware that cameras and microphones are installed in  
the SSS, crewmen would be able to c a r r y  on their programmed tasks (and 
other behavior) without interference by the NIPA staff. The crew would also 
receive a number of intrusive tests of the paper and pencil variety. Ul t i -  
mately the objective was to  develop an  observational methodology which would 
eliminate the need for intrusive testing methods where social and emotional 
data a r e  desired in operational situations. 
as a tes t  of methodology and not as a means for contributing substantively to 
theoretical constructs in individual o r  social psychology. 

information have a history 
One of the 

The object was to  avoid the resistance produced by intrusive 

Thus, MDAC views the NIPA study 

EQUIPMENT AND PROCEDURE USED 

Equipment 

An observer station for NIPA was added adjacent to the communications 
monitor position in  the SSS operations room. 
TV monitors at the communications console showing the chamber interior as 
picked up by five cameras in fixed positions onboard. 
capability was provided so that the observer could l isten to the onboard 
microphones as well as intercom conversations between the inside crew and 
outside staff. 
second floor of the space laboratory. 
audio capabilities of the initial NIPA station. 
observers at both stations were entered into a teletypewriter producing a 
punched paper tape compatible as a computer input ( see  fig. 1). 

The NIPA observer used the 

In addition, an auditory 

By day 31 a remote repeater station was constructed on the 
It essentially repeated the video and 

Recordings by the NIPA 



The audio capability for N I P  
week of the test. It became 

the crewmen were 

station to conduct observer reliability test  and training sessions. 
recorders,  TV monitors, and audio equipment made it possible to tape the 
information being presented to the NIPA station at any time. 
of crew action were recorded and established as stimulus standards for 
presentation in observer reliability test  sessions (see fig. 2). 

Video tape 

Thus, segments 

Procedure 

The NIPA observer had to recQrd three classes of information: 
(1) verbal interaction data, (2)  the physical locations of crewmen with asso- 
ciated activities, and ( 3 )  other observer judgments. 
actions as well as conversations with outside staff members were recorded. 

Intracrew verbal inter- 

The observer identified and recorded who initiated and who received each 
interaction. In addition, he made a judgment of verbal co ased on four 
categories derived from the 1 2  Bales Interaction Process* 
(see fig. 3) .  The observer 's  orientation was to a s ses s  the verbal content for 
the presence of emotional affect. 
receiver of the message treated the affect as positive (liking, approving, etc. ) 
or  negative (disliking, criticism, etc. ). If no affect was detected, the 
observer classified the statement as either asking for information or  giving 
information. 
keys (appropriately labeled for NIPA) were depressed in the order: QAW 
( see  fig. 4). 

He attempted to determine whether the 

Thus, if Te r ry  asked information of Steve three teletypewriter 

physical locations of crewmen we recorded on the teletypewriter 
eve tes  i of nine preselected areas in  the chamber. In 
add spec tions were identified to indicate crew time on 
special equipment SUC ngley Complex Coordinator or  actually 

nboard TV monitor (see fig. 5). 

*Bales, R. F. Interaction Process  Analysis, Cambridge, Mass. : 
Addis on- W esley , 19 5 1. 
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The NIPA observer was also required to record other assor ted judgments 
including a subjective assessment  of workload (labeled "task-press") on a 
seven-point scale and some psych 
table 1). 

NIPA observers  
i n  the test, monitoring wa 
the following morning. 
to reduce the monitoring t ime to 
were up (i. e., duging nonsleep p 
a pretest  decision to place p r im 
the data discussed here were  collected daily during the hours  0600 to 1400 and 
2000 to 2400. 

DATA REDUCTION 

The data reduction effort for  NIPA reduced l a r g e  amounts of raw data to  

As mentioned above, the raw data a r e  measurements of crew behavior 
permit  the testing of relationships among the psychological variables under 
study. 
made on a continuous basis by  observers  looking at closed-circuit T V  moni- 
t o r s  which display the inter ior  of the SSS. 

In general, the scheme employed two teletypes, one at the initial and 
the other at the remote observation station, to record the behavior of the 
onboard crew by audio and video links. 
produce a character  "stringI1 which is  essentially a ser ia l  record of crew 
behavior. 
in turn "reduces" the data into t ime intervals of 20 minutes, 4 hours,  and 
1 day. The computer program can also produce a protocol. 

Observers  used the teletypewriters to 

The string, recorded on paper tape, i s  read into a computer which 

The NIPA flow i s  illustrated in  fig. 6. Three  distinct phases a r e  shown: 
data collection, data reduction, and data analysis. The teletypewriter entr ies  
are coded observations of the crew which conform to the variables mentioned 
ear l ier .  
these variables. 
entr ies  represented the output of the data collection base. 
formed the raw data "string" to be reduced by the data reduction phase. 

The teletypewriter had specially labeled keys which conformed to 
Pape r  tapes containing approximately 4 hours of observer  

These paper tapes 

Data reduction was done on a t ime-sharing computer. The raw data 
paper tape was read into a remote tape reader .  
magnetic tape copy of the paper tape and a printout of the frequency mat r ices  
for  each individual tape. These frequency matrices a r e  directly related to  
each type of measure  and provided the numerical  values of the indices that 
were used in  the analyses. 

The program produced a 
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ANALYTIC TECHNIQUES 

The mos t  basic 

the NIPA data are not 
made to it. Therefore, 
However, at this 
day of the run d 
graphs showing 
emphasized tha 
point for  each day for  each applicable variable and that analysis of the data in  
t e r m s  of 20-minute summaries  is i n  progress,. 
graphs that follow should be considered unreliable because: 

The data pr ior  to day 31 in  the 

A. F r o m  day 1 through 15, no data were gathered. 

B. F r o m  day 16  through 30, the NIPA observers  and staff were learning 
the refinements necessary  for the new data collection method. 

A number of ground ru les  o r  conventions were created o r  changed 
during that period affecting how typical o r  marginal ca ses  were t o  
be recorded. 

C. 

D. Observers  were receiving their  first training with the complete 
complement of NIPA equipment. 

RESULTS 

Figures  7 and 8 deal with verbalized emotional affect expressed in  ratios. 
Verbal statements identified as containing affect were recorded as either 
positive o r  negative. 
represents  totalaffect for a given duration. The number of positive statements 
out of the total affect may be expressed as the positive affect ratio, as follows: 

The total number of positive and negative statements 

zt 
( Z  + ) + ( z  - 1 Positive Affect Ratio = 

Similarly, 

( Z + ) + ( Z - )  
Negative Affect Ratio = 
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Figure 9 is a measure of the extent t o  which the crew members were 
ate is labeled psycho- geographically separated from e 

logical distance. 
another is in  the crew quar 
distance. However, i f  the 
psychological distance betwee crewmenis  si 
door is open. Therefore, 
psychological distances between the areas shown on the floor p l  

If one crewman is st 

c ONC LUSIONS 

The three graphs selected for presentation hers  show tentatively that the 
NfPA methodology is sensitive to  changes in social and emotional states, 
especially at psychologically significant points during the test. 
that not all the paper and pencil tes ts  detected these changes. 

Of interest  is 

It i s  known that certain interpersonal proble.ms existed among the crew 
from days 60  to 70. 
this period while the negative affect ra t io  shows a rise. 
dispersion shows a rise.  
tions of interpersonal problems. 
will be presented when the data a r e  graphed for individual crewmen and when 
our correlational analysis is complete. 

The positive affect ratio generally shows a dip during 
Sixnilarly, group 

These a r e  all in the predicted direction as reflee- 
It is expected that an  even clearer picture 

The fact that the NIPA method provides data on a continuous real-time 
basis provides advantages that become apparent in dealing with graphical 
data: (1) the data a r e  sensitive to  short-term changes and (2) events a r e  
detectable that occur between intrusive test  administrations. Short-term 
change detection might be possible with paper and pencil (intrusive) testing 
i f  administrations were very frequent. 
of the following reasons: 

However, this is  not feasible because 

A. Crew reaction to being administered intrusive tes t s  daily would 
certainly be negative. 

B. Time and cost of test  administration would not be justified. 

451 



Table 1 

Bulkhead door, op 

Complains of headache 

Complains of depression 3 scale 1 p e r  shift 

Other complaints 3 scale 1 pe r  shift 

Problem- solving and creative/ 
innovative behavior 

Concurrently 

Touch equipment Concurrently 

Touch persons Concurrently 

NOTE I: Recording scale as follows 
7 Scale 3 Scale 

1 Overwhelming - cannot be done 1 Not mentioned 

2 Extremely heavy - can be done 2 Mentioned 

3 Moderately heavy - can be done 3 Severe 

4 Average 

5 Moderately light 

6 Very light 

2 Scale 

1 Open 

7 No task requirement 2 Closed 

(This judgment is made f r o m  the 
crewman's  viewpoint. ) 

NOTE 2: The requirement of one p e r  shift i s  minimal. 
recordings should be made as needed. 

Additional 
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PSYCHOLOGICAL ASSESEIMEXL! OF CONETNED CREW3 

University of 

i n  measurement i 
sion have been 
cedures. 
c rew,  however, the experiment is as much concerned with evaluating the measuring 
instrument as with evaluating crew behavior. 

In  our assessment of the psychological and social integrity of the 

Psychologists are seldom subtle i n  the i r  effor ts  t o  assess and categorize 
the i r  human subjects. 
cooperation -whether f i l l i n g  out questionnaires, free associating, o r  manip- 
ulating t e s t  equipment. But i n  a space mission, the psychologist who follows 
th i s  precedent inevitably creates operational problems. 
scheduled workload of the crewman, and thus his t e s t s  generate frustration, 
antagonism, and a decrement i n  performance on essential  operational tasks. 
"Nonintrusive'r psychological assessment (NIPA) would clearly ease the opera- 
t ional  problems f o r  any crew, whether in orbit  o r  not. 

They usually require a subject's full attention and 

He adds t o  the heavily 

Even i n  other settings, where psychological tes t ing does not interfere with 
7 

operations, the tradit ional,  intrusive types of psychological measurement have 
come under recent criticism. A t  worst, these intrusive techniques a l t e r  the 
object being measuredj the very fact  that  a subject knows he is  being evaluated 
probably changes h is  thwghts, feelings, and behaviors. Furthermore, psycholo- 
g i s t s  are beginning t o  realize that these traditional, intrusive measuring 
instruments are subject t o  a number of biases such as social  desirability, 
response sets,  and evaluation apprehension. The essence of the criticism seems 
t o  be that  the subject tries t o  create a false  instrument reading. 
answers which he thinks the psychologist wants t o  hear rather than what he him- 
self feels t o  be true. 
t e s t s  may provide the most valid instruments for  psychological assessment. 

He gives 

'fhus, besides t h e i r  operational advantages, nonintrusive 

It would have been tempting t o  use the K E A  study t o  provide a narrative, 
The events biographical account of the crew experience during the 90-day run. 

i n  the l ives  of the crewmen were certainly varied and interesting, and one i s  
loathe t o  leave them unrecorded. '$ut i f  the U.S. space program hopes t o  develop 
a scient i f ic  procedure f o r  identifying and forecasting problems i n  crew per- 
formance, we m u s t  abstract those parameters of crew behavim which are most 
predictive. 
attention on the physical location of the crewmen, physical movement, and on the 
task and affective aspects of the i r  verbal communication. 

It is for t h i s  reason that we decided t o  focus the NIPA observer's 



C 

er of require 
mended tasks completed on ea 
mission wore 
or stressful es that essentially 

variance ; they 

As  ma^ be too often the case, 
i s  chaff for  the basic researcher 
s i f ied  only as a "success," we have no index of which d q s  were merely success- 
ful and which were extremely successful. 
i n  our cri terion variable and hence no criterion variable t o  predict. The data 
collected i n  the NTPA project may well represent some of the most sensitive md 
innovative predictive variables ever devised i n  t h i s  type of study, but there 
i s  nothing t o  predict. 
strapping," We can intercorrelate the various NIPA predictive instruments with 
other predictive instruments such as pencil and paper questionnaires, medical 
interviews, and the psychomotor tests on board the simulator, We can correlate 
a l l  these variables with environmental variables such as temperature, humidity, 
and noise levels. I n  short, we shal l  never know whether our predictive instru- 
ments could have spotted serious personal o r  interpersonal diff icul t ies  before 
they created a serious problem fo r  operations because the kinds of problems we 
would l ike  t o  be able t o  predict were conspicuously absent from t h i s  90-day t e s t .  

I n  other words, we have no variance 

Thus, most of the data analyses are essentially "boot- 

THE AUTOCORFELATION TECHNIQUE 

Traditional methods of psychological analysis mpt t o  discriminate - among 
subjects, and the tradit ional form of correlation diet which crewman 
would be likes t o  performbest, which secondbest, forth. With only  
four crewmen, however, this type of analysis is i n  e. lchus, a crew of 
four  does not provide a large enough s t a t i s t i c a l b  reliable, statisti- 
ca l  judgments on crewman evaluation and wman selection. 

However, since the crew did spend g0 the simulator, we can 
en called the autocorrela- study the covariation among measures acms 

t ion technique. ions from these an levant t o  problems which 
ar ise  a f te r  the c 
fully emerge from 
personal problems which occur a f t e r  a crew has been sel 
work on the mission. We can look fo r  nonint 
tration, boredom, and psychological tension through t 

en selected. 
alyses w i l l  help us t o  detect personal and inter-  

The generalizations which w i l l  hope- 

and has started 
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of the four 
that occurre 

the UCLA observers ve 

Thus, fo r  each crewman we have 
marizing the daily 
asleep. A measure 
observations i n  which each crewman was alone i n  one of the coded physical areas 
of the simulator. 
total  distance of one c r e d  from the other three crewmen. %bere is a measure 
which reflects the average length of movement when 4 crewmn moves from one area 
of the simulator t o  another and anxher  measure of physical act ivi ty  which 
s imply  ref lects  the t o t a l  n W e r  of movements made during the observed period. 

We have a measure of physical dispersion which r e  

Each 2.5 minutes, when the observer noted the physical location of a crew- 
man, he also indicated i n  wkich of nine act ivi t ies  that  crewman was engaged. 
We can get a rough index of time spent working -- on tasks by computing the per- 
centage of all judgaents which were coded as task activity.  
t ion monitors' log and from on-line observation by mission analysis personnel, 
we have a figure representing the t o t a l  n W e r  of times a crewman was asked t o  
perfom a task during time scheduled as free time or recreation i n  the time 
line. From the same source we have a measure of the duration o r  amount of time 
spent on the tasks described above. 

- 
From the communica- 

--c --- 

!The three task variables are intercorrelated. 
correlates 9.26 with intrusions and 0.47 with duration. Btrusions correlate 
0.68 with durations. !These three task measures represent, operationally, two 
independent measurement procedures 
judged every 2.5 minutes whether or not a cr&man was engaged i n  task activity.  
Independently, down i n  the control room, the communication monitor recorded i n  
his log, or  a mission analysis observer recorded i n  his,  the nmber and duration 
of requests f o r  task act ivi ty  during scheduled recreation tjme. 
correlations among the task measures are not t r i v i a l  because the intrusions and 
durations data were collected at the control station by the communications 
monitor and mission analysis personnel, whereas time-on-task measurement repre- 
sents the c u m a t i v e  judgments of the UCLA trained L\SIPA observer at the remote 
station. These correlations serve t o  validate the re l iab i l i ty  and validity of 
both the NIPA observers and the data reduction process. 

(See fig.  3.)  Time on task 

The NIPA observer on the remote station 

Thus, these 
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TBE ;sEAIIcIz FOR A NONREACTIYE C-ON O F  CREW PEREU-CE 

fact  that they completed a l l  tasks 

they did f e e l  that 
n though th i s  varia- 
reactive measures 

of t he i r  performance 
remaining at the end of the PO-day run which might ref lect  t h i s  undetected 
variance? 
dial adjustment, or other ac t iv i ty  wkich required sbme degree of perceptual, 
mental, o r  m&or ab i l i ty  and attention t o  accomplish. 
have t o  be an act ivi ty  on which the crew did not expect t o  be evaluated. If 
our speculation is  correct, the crew was motivated to  perform at maximum on 
those variables monitored by the off-board crew. 

XdeaUy we would want t o  f ind some regularly scheduled m t e r  reading, 

kuz;herrnore, t h i s  would 

One d a i w t a s k  which could be examined is the daily computer feedout by the 
crew. %%is oxbput was monitored only for content, but variance in typographical 
qml i ty  is highly likely. The computer, however, was not programed t o  note such 
i n i t i a l  errors and only recorded the f i n a l  corrected message. 
data l ink  between the simulator and the computer appears t o  have added a certain 
amount of noise t o  the transmission, which m i g h t  be hard t o  differentiate from 
crewman error. 
ca l  errors before the data were stored. 

Furthermore, the 

Finally, the software of the computer cleaned up some typographi- 

An alternative and comparable possibil i ty would be t o  look at the quality 

Soviet 
of the entries i n  the diaries of the individual crewmen. 
intel lectual  and motor perforPlance which varies i n  amount and quality. 
space scient is ts  (ref. 1) have examined the handwriting of cosmonauts during 
space f l igh t  . German scientists (ref. 2) report deterioration of fine motor 
movements i n  handwriting as a function of noise levels. 
crewmen can be respected if we ignore what i s  said and focus on style  of expres- 
sion. Thus we might look f o r  grammatical errors, crossouts, poor penmanship, 
incomplete sentences, nunber of abbreviations, and so forth. 
training director for UCLA on the 90-day t e s t ,  devised and quantified 11 such 
variables for each of the last 60 days of the mission. 
tor analyses of these indices for  each crewman indicate that  several of these 
quantifiable writing factors vary together from 
of the test. 
index fo r  each of the four creWmen which may represent assessment of the intel-  
lectual, perceptual, and motor acuity of the crewmen. Percentage of abkeviated 
words, percentage of incompleted le t te rs ,  and percentage of incomplete sentences 
are significantly intercorrelated for each of the four  crewmen. 
It should be stressed that  these three measures represent dis t inct ly  separate 
aspects of writing. 

This is probably an 

The privacy of the 
- 

Joan Ranere, the 

Correlational and fac= 

t o  day over the last 60 days 
I n  particular, three of the variables seem t o  form a reliable 

(See fig.  4.) 

Incomplete l e t t e r s  involve only penmanship, a mo%or abil i ty;  
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abbreviations are a form of shorthand; incomplete sentences are grammatical, 

Before the 90- 
and hardware crises 

with a heavy task l o a  
I social in te  

UCLA personnel who monitored the m formed a quite different c l inical  
impression a l i t t l e  more than halfway through the run. 
that the major problem confronting the crew was boredom. 
dom, lack of novelty, and sensory deprivation which created the greatest prob- 
lems fo r  psy(rhologica1 and social  integrity among the crewmen, then we would 
expect Ae greatest decrements i n  intellectual, perceptual, and motor ab i l i t y  
on those days when the task load was  lightest. 

It was our intuition 
If it is indeed bore- 

Thus, these different intuitions about the sources of trouble for the crew 
make different predictions fo r  the relationship between task load and perfor- 
mance on our unobtrusive measure of mental and motor acuity. 
fatigue-stress model predicts a negative correlation between task load and qual- 
i t y  of diary transcriptions; the boredommodel predicts a positive correlation 
between task load and qml i ty  of diary transcriptions. 

The cr is is-  

(See f ig .  5.)  

The data suggest the boredom model. All three of' our measures of task 
pressure are positively correlated with transcription quality. It was on the 
days tha t  the crewmen were most harassed by task demands that  they used the 
fewest abbreviations, recorded the fewest incomplete le t te rs ,  and transcribed 
the fewest incomplete sentences -that is ,  were most careful and complete i n  
the i r  diary entry. 
at its best when the task load was heaviest. 

According t o  t h i s  measure of task performance, the crew was 

This interpretation i s  supported by the fact  that transcription quality 
tends t o  increase on days when the crew took long t r i p s  around the simulator. 
A l l  six correlations among our two measures of length of movement and the three 
transciption quality indices are positive and range from 0.09 t o  0.34. 
it appears tha t  crew performance was at i ts  best when they were most taxed. 

Again, 
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C A L I B R A T I O N  OF PERFORMANCE M E A S U R E M E N T  

P o t e n t i a l  R a n g e s  O b s e r v e d  R a n g e  
o f  C r e w  o f  C r e w  
B e h a v i o r  B e h a v i o r  

I E x t r e m e l y  S u c c e s s f  u I 

V e r y  S u c c e s s f u  I 

M o d e r a t e l y  S u c c e s s f u l  

A c c e p t a b l e  

P o o r  

F a i  I u r e  

C a l i b r a t i o n  o f  
P e r f o r m a n c e  
A s s e s s m e n t  

I n s t r u m e n t a t i o n  

Figure 1. 

AUTOCORRELATION 

Traditional correlation: Covariance between variables across a number of individuals 

CM 4 

CM 3 
Predictor 

CM1 
CM 2 

Behavior 

Autocorrelation: Covariance between 2 variables across a number of times 

Day 90 

I Day 2 
Predictor 1 Day 3 

Behavior 

Figure 2. 

467 



C O R R E L A T I O N S  A M O N G  T A S K  V A R I A B L E S  

1 2 

O b s e r v e r  a t  1. T i m e  on t a s  

R e m o t e  S t a t i o n  

2. Task  i n t r u s i o n s  .26 

M D A C  O b s e r v e r s  

a t  Com m u n i c a t i o n  3. D u r a t i o n  of 
M o n  i to  r S t a t  i o n  i n t r u s i o n s  . 4 7  . 6 8  

Figure 3. 

COR R E L A T  I ON S 
A M O N G  A S P E C T S  O F  D I A R Y  T R A N S C R I P T I O N S  

(1 1 A b b r e v i a t i o n  s 

( 2 )  I n c o m p l e t e  L e t t e r s  

( 3 )  I n c o m p l e t e  S e n t e n c e s  

C r e w m a n  C r e w m a n  C r e w m a n  C r e w m a n  
1 2 3 4 

. 3 4  . 1 2  . 6 7  . 3 6  

16 . 0 6  . 3 0  . 3 5  

. 2 1  . 2 3  .44 .38 

Figure 4. 
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C O R R E L A T I O N S  BETWEEN T R A N S C R l P T l O N  Q U A L I T Y  
A N D  T A S K  L O A D  

T i m e  o n  T a s k  D u r a t i o n  o f  I n t r u s i o n s  

A b b r e v i a t i o n s  -. 3 6  -. 10 

I n c o m p l e t e  L e t t e r s  -. 19 -. 0 9  

I n c o m p l e t e  S e n t e n c e s  -. 2 1  

Figure 5. 

-. 30 
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BEHAVIORAL ACOUSTICS - THE IMPACT OF SPACE 
SIMULATOR NOISE ON CREW 

By Lawrenc ng 
au 

Douglas Aircraft Company 

SUMMARY 

A multi-faceted program was used to evaluate the e cts of Space Station 
Simulator background noise on the crew members. 
define limits for the background noise in future long-duration missions. 

The main goal was to 

A 1/2-hour behavioral acoustics test  battery was given to each crew 
member weekly. 
tion in hearing acuity during the 90-day test. 
became sensitized to the quality of khe simulator background noise near the 
end of the test. N o  important changes were seen in speech comprehensiop. 

Two of the crew members showed some temporary reduc- 
One of the crew members 

Repeated habitability questionnaires, a post-test questionnaire on noise, 
The living quar- and a noise debriefing were used to obtain crew reactions. 

t e rs  noise, approximately 64 dB(A) (NCA-55), was rated reasonably satis- 
factory. The equipment a rea  noise, approximately 77 dB(A) (NCA-70 ), was 
not well accepted, although crew members spent limited time in that area,  
Intermittent noises such as pumps and talkiag were rated as the worst noise 
problem, especially when trying to sleep. 

Specific recommendations based on these findings and assessment of the 
adequacy of the acoustics test program a r e  provided. 

INTRODUCTION 

Normal background noise limits a r e  of questionable validity for long- 
duration space missions because most standards a r e  based on an 8-hour/day 
exposure and because there may be interactions between noise level and 
reduced cabin pressure. Furthermore, some temporary reduction of hearing 
acuity was noted in ear l ier  studies (ref. 1). 

Noise- reduction goals were established for the design of the simulator, 
which consisted of a living quarters area, which had a noise level of approxi- 
mately 64 dB(A), and an equipment area, at  approximately 77 dB(A). The 
basic function of the behavioral acoustics program was to provide information 
for future ambient noise specifications by asking the following questions about 
the present program: 

e Were there changes in  absolute hearing acuity (threshold) during the 
conduct of the test? 



m 

0 Did subjects habituate o e cabin noise? 

Were there changes in speech compre 

0 What were the crew' 

Cabin N o  ments 

Cabin noise was measured before the 90-day test and three times during 

The recordings were analyzed to deter-  
This work 

the test. 
a calibrated tape recording system. 
mine the frequency spectra and levels (amplitudes) of the noises. 
is discussed more fully elsewhere (ref. 2). 

In each case, the noises at  numerous locations were recorded using 

Behavioral Acoustics Test  Battery 

A three-part behavioral acoustics test battery was given twice before the 
90-day test, weekly during the test, and twice after the conclusion of the test. 
A l l  tests were presented through circumaural earphones, which attenuated the 
background noise. A pushbutton was provided for crew member responses. 

The audiometric test  consisted of presenting each of s ix  tones (500, 1,000, 
2,000, 3,000, 4,000, and 6,000 Hz) to each ea r  separately. The crew member 
pressed the response button when he could not hear the tone and released i t  
when he could hear it. This actuated a motor-driven volume control which 
adjusted the level. 
a tracing of the crew member's  hearing capability. 

The level was continually recorded on a chart, providing 

Speech interference tests consisted of a ser ies  of words mixed with 
recordings of the simulator ambient'noise. 
sheets containing sets  of s ix  rhyme words and checked the rhyme word in 
each set  which he thought he heard. 
first, 50 different rhyrne word s e t s  were used to provide a varied sample of 
speech. The second used the same rhyme word set  repeatedly to provide 
maximum reproducibility of the data. 
mixed with recorded living quarters noise and mixed with recorded equipment 
a rea  noise. In each case, preliminary tests completed before the 90-day test 
were used to set  the speech level a t  a point where approximately 50 percent of 
the words would be recognized correctly. 
the tests. 

The crew member used answer 

Two types of tests were given. In the 

Each of these tests was given twice, 

This increased the sensitivity of 

The acceptability or  annoyance tests were adaptations of the loudness and 
annoyance judgment techniques used in rating aircraft  flyover noises. 
members listened to pairs of noises presented serially. 
(random noise filtered to contain equal energy in each octave) was followed by 
recorded simulator noise. 
once if  he preferred the f i r s t  noise, twice if he preferred the second. 

Crew 
A standard sound 

The crew member presFed his response button 
After 
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presentation of each pair, the experimenter 
based on the crew member's  responses, so  
judged as acceptable as the cabin noise. Thi 
with living quarters noise and 

Assessment of C 

A habitability questionnaire was given biwe 
Crew members rated 58 environmental factors 
fair, or  poor. Three of these items relat  
thus provided absolute ratings of noise a 
crew assessment of the noise and their reaction to other factors. 
tionnaire is discussed more fully in reference 2. 

The ques- 

The day after leaving the chamber, an extensive debriefing was conducted. 
Approximately 15 minutes of this debriefing were s#ent on noise. 
approach was to ask general and nondirective questions to facilitate spontane- 
ous crew comments, 

The 

The second day after leaving the chamber, the crew members were given 
noise questionnaires. 
mation about the noise levels, behavioral effects of the noise, crew judgments 
of the adequacy of the noise levels f o r  future long-duration missions, and 
reactions to the behavioral acoustics test  battery. 

These were used to obtain detailed and specific infor- 

RESULTS 

Behavioral Test Data 

Examination of the audiometric data suggested that they be summarized in 
six categories: loss (two crew members)  versus no loss (two crew members)  
and low (500 and 1, 000 Hz), medium (2,000 and 3,000 He), and high (4, 000 and 
6, 000 Hz)  frequencies. Figure 1 shows the audiometric data grouped in these 
categories. 
ferent because one crew member in  the loss group showed hearing loss 
at  a consistently higher level than the other three crew members. 
for  loss and no-loss groups were therefore adjusted, equating pre-test levels 
to facilitate comparisons. 

Average levels for loss and no-loss groups were somewhat dif- 

The curves 

The no-loss group showed no significant hearing loss during the 90-day 
test, but did show pre-post differences. The loss group showed a nearly 
linear increase in loss over the 90 days, but their pre-post changes a r e  almost 
identical with the no-loss group. 

Figure 2 shows typical results f o r  the speech comprehension tests. N o  
trends were noted here, indicating that no degradation in ability to compre- 
hend speech occurred during the test. 
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t results w 

onment during 
his subjective evaluations. 
culties during the 90-day test, but the absolute level of difficulty in real 
communications could not be derived from the tests used. 

There were  indications of communication diffi- 

Audiometric results were difficult to interpret. Week-to-week var i -  
ability was l a r g e  enough to obscure important changes in individual data, 
requiring consolidation of the data into six summary groups. 
loss group showed the same change from pre- tes t  to post-test as the loss 
group, i t  is probable that these changes a r e  at least partly artifacts and 
that no rea l  pre-p,ost changes occurred (i. e . ,  the two subjects showing 
changes returned to normal by the first post-test). The second post-test 
showed even more loss than the first, and this strongly suggests that the 
changes result  from decreases in motivation. Of all the behavioral acous- 
tics tests administered, the audiometric tests should be used during future 
tests and missions, since they are relatively simple to implement, can be 
self-administered, and yielded the only important changes. However, 
sources of week-to-week audiometric variation should be studied in greater 
detail. 
The problem of assessing or minimizing the effects of change in motivation 
will require additional study. Many audiometric techniques, especially 
tracking methods as used in these tests, have been developed or adapted to 
minimize gross  problems such as malingering. However, with a coopera- 
tive individual such as an astronaut, the problem is a much more  subtle one 
of concentration and degree of involvement with the task. Furthermore, the 
amount of change of interest  for these studies is much smaller than when 
screening for large hearing losses. 

Since the no- 

Two possible causes are intermittent noise and earphone placement. 

Subjective Data 

Data f rom the habitability questionnaire, post-test questionnaire, and 
The debriefing were v 

crew members found the 64-dB(A) crew quarters noise quite reasonable, but 
y similar and give high confidence in the results. 
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disliked the 77-dB(A) equipment area 
time was spent in the equipment are 
equipment room ambient n 
There were complaints ab 
and off and crew activities including talking. 
mainly interfered with sleeping. 
cation difficulties evidenced by the need to  r e  
conversations among crew members and communications with the simula- 
tor control room. 8 

would be unacce 
ermittent nois e 

There were c 
Th 

Crew evaluation of the behavioral acoustics tests indicated a concern 
for the length and repetitious nature of the tests and for the distracting inter-  
mittent noises. The audiometric test was liked best and the acceptability test 
least. 
for the speech comprehension tests and believed that this might have influ- 
enced their answers somewhat. 

Subjects were aware of the week-to-week repetition of the word lists 

CON C LUSIONS 

The following conclusions were reached regarding the effects of s imu-  
lator ambient noise on the crew members: 

0 

0 

0 

e 

Two of the four crew members experienced some hearing loss. 
Recovery apparently occurred during the post-test period. 
Random variation between weeks prevented a detailed description 
of hearing patterns. 

Only one crew member showed a trend of acceptability change 
toward increased sensitization or annoyance with the simulator 
noise levels. This crew member showed even more dislike for 
the cabin noise during post-tests and reported the most subjective 
dissatisfaction with the cabin noise. 
selection of crew members for long-duration missions should 
consider this factor. 

This resu l t  suggests that 

The speech comprehension tes ts  showed no consistent significant 
effects, 

The attained levels of NCA 55 and 70  {64 and 77 dB(A)] ware 
close to  minimum-desired and maximum-tolerable noise levels. 
The difference between NCA 55 and 30 represents a clear and 
i mp o r t ant change i n a c c e pt a b i lit y . 
Intermittent noises were a meaningful source of dissatisfaction, 
especially when trying to sleep. 
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0 Future acoustic tests could be limited to audiometry without 

0 The NCA 55 and 70 attained levels appear to be reasonable for  
future minimum standards . 
Additional reduction of the equipment area noise by a t  least 5 dB 
o r  reduction of time required in the equipment area would be 
desirable but probably not critical. 

0 

0 An effort should be made to reduce intermittent noises, such as 
pump noise, door noise, and talking, especially in the sleeping 
quarters, or to eliminate their intrusion upon sleeping crew 
members . 
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INDIVIDUAL LOW AMBIENT ACCEPTABILITY DATA 
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EEG MONITOR.ING/SL 

By R. I). Joseph, W. B. 

The 90-day test progra sis 
EEG and EOG recordings 
subjects . Approximately e d. 

en two 
of 

Equipment required for  , monitoring, and ding of the EEG 
and EOG was selected. Al l  items to be maintained within 
Simulator (SSS) were screened for  toxicity, flammability, and electric shock 
hazard i n  compliance with the NASA safety program. 

A data collection and monitoring station consisting of telemetry receivers, 
tape recorder, and chart recorder was installed in  the vicinity of the simulator. 
The station was located to minimize interference with operation of the support 
facilities. 
the recording station was established. 

A reliable physiological telemetry link between the test crew and 

An automatic scoring system was designed for each of the two subjects 
participating i n  the sleep studies. Six classifications are provided: awake, 
rapid eye movement (REM), and stages 1 through 4, as defined by the Association 
f o r  the Psychophysiological Study of Sleep (APSS).l In  addition, movements and 
ar t i facts  were also detected. 

The crewmen were indoctrinated in  the role of the EEG and EOG 
recordings and trained in the methodology of preparing themselves fo r  the 
EEG and EOG recordings. The importance of proper electrode attachment 
technique and correct electrode placement was stressed, since the quality of 
the EEG data is dependent upon proper homologous positioning and achieve- 
ment of minimum resistance from the scalp to scalp positions. An electrode 
resistance tester was included for this function. 
trained in  the use of the telemetry and the scheduling of the cording se s sions . The crewmen were also 

Recording during the 90-day manned test was in accordance with the 
protocol established in  the data collection plan. A trained technician initiated 
and monitored the recording sequence, maintained a data collection log, and 
noted unusual circumstances. He also monitored (from outside the SSS) the 
crew's preparation efforts and noted the effectiveness of electrode application. 
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C. Plots of energy within specific bandwidths (e. g., delta, 
sigma) as a function of time. 

INSTRUMENTATION 

Two biotelemetry nsmitters were placed in  th e r .  They 
provide a pulse width-fr imately 88 MHz 
containing four multiplexed channels of data. smitter was used; 
the other was kept i n  reserve. ource in  the chamber provided an 
82-microvolt, 5-Hz square wave for  c ration. The calibrator box contains 
a circuit which measures  the resistance of each pair of electrodes after 
application. 

ency modulated signal at a 
Only o 

A sign 

)were recorded on 
ree  of the recorded 
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A log book was maintained for recording data pertinent to the sleep 
recordings, particularly regarding 
cerning 
and othe 

S 

discussed inc 

of telemetry, electrode application, and electrode evaluation. Each crewman had 
an opportunity t o  apply electrodes t o  the other, t o  learn the placement of elec- 
trodes, operate and calibrate th6 telemetry, and observe the resulting EEG 
during various conditions such as eyes open, eyes closed, alertness, and 
resting. Al l  participants showed significant interest  in  this study and were 
able to obtain a good, clean recording. 

Two crewmen were selected on the basis of EEG data recorded during t h i s  
session, the criterion being a relatively high level of alpha activity. 
certified neurologist (Dr.  Barbara Jensen, Newport Beach, California) 
compared this remotely obtained EEG with the clinical EEG done in  her  
laboratory and concurred with the selection. 

A board- 

BASELINE RECORDING SESSION 

For  the purpose of obtaining baseline sleep information from the selected 
Participants, the two selected crewmen were instrumented for recording on 
June 7 and 8 between 2300 and 0630.  
(adjustable) placed in  a room a t  Astropower Laboratory. 
trodes to the other (under supervision) and tested performance of the equip- 
ment; this was done in  a separate room, removed f rom their sleeping quarters. 

Both crewmen slept i n  hospital beds 
Each applied elec- 

The Pat tern Recognition Group personnel monitored and documented the 
recording sessions. Two out e consultants (specializing in  sleep research) 
(Drs .  L. Johnson a n d P .  N a i  San Diego College) participated in  the f i r s t  
night's recording, made final decisions on electrode placement, evaluated the 
first hour of recording, and the next day participated in  initial sleep scoring 
(using the manual-visual method). 



scheduled slee 

and communi- 

Availability and cost of chart  paper made it  possible to record only the 

For the res t  of the sessions the paper was run just fast enough t o  
f i r s t  two sessions f rom each subject a t  a speed which permits manual scoring 
of sleep. 
check the quality of recording and read the time code for l a t e r  elimination of 
ar t i facts  and interference from the computer-aided analysis. 

Problems encountered included some unavoidable interference from 
various electrical appliances around the chamber and occasional loss  of signal 
due to a sleeper either rolling on top of the telemetry or  knocking off an  
electrode. 
collected was usable for  the subsequent data analysis. 

It has been determined that better than 90 percent of the data 

DATA ANALYSIS 

The analysis of the recorded data involves several  processing operations. 
The basic analysis is the automatic scoring of each 30-sec epo 
recorded EEG/EOG data into a sleep stage (or  a movement o r  
gorization). 
ure. A functional block of the processing and analysis is shown in  fig. 1. 
The analog EEG data are sampled at 68.5 Hz and quantized t o  10 b i t s .  The 
resulting d ig i ta l  data are then processed by an F n 2  algorithm t o  extract the 
frequency information f rom 0 to 34 Hz i n  1-332 increments for each 30 sec. 
These 34 parameters,  representing the amplitude squared values (pv2/Hs) of 
th-e frequency constituents i n  the EEG, provide the input to the pattern 
recognition system for  subsequent classification- 

This is accomplished using a pattern recognition design proced- 

482 



The design of the classif 
learning algorithm3 which classif ies  each 30- 
stage categories { st 
fig. 1, four separate classifica 
data a s  the training sample, to 
node (labeled 1 through 4 in  fig. 
At node 1 the dichotomization i 
others. Node 2 
cation of the aw 

In additio 

tate and node 

processed in  a 
e movements, gross  body movements, and contaminating noise and 

the total power in  the opposed waves in  the EOG and the sharpness of these 
opposed waves to detect rapid eye movement. 
artifact detection is based on a double thresholding of the power contained in  
the higher frequencies. 
high frequencies to exceed the upper threshold, o r  sufficient energy in  the 
ratio of the upper frequencies to the total energy to exceed the lower thresh- 
hold, then an artifact indication is noted. If the energy is  concentrated in  
very low frequencies (0  to 1 Hz) and is of large magnitude, then a body move- 
ment indication is provided. 

artifacts. The REM detector uses the total. power in  the EEG trace, 

The body movement and 

If the 30-sec interval contains sufficient energy in  the 

The corresponding output f rom this REM detection and logic operation is 
used to supplement or  override the classification of the decision tree. 
movement detection will override all classifications other than stages 3 and 4. 
A REM detection will override the stage 1 classification, and a stage 2 classi- 
fication if that epoch is preceded by a movement; and finally the artifact 
detection will override all decision tree classifications and cause the last 
epoch classification to be carr ied through until the artifact is over. Fig. 2 is 
an example of the computer printout illustrating the operation of the automatic 
scoring system. 

A 

The output f rom the scoring system is then processed by a computer 
program f rom which the sleep print  is generated. 
classification outputs a r e  averaged and a sleep stage noted for that 2-minute 
interval. Each 2-minute interval is plotted to provide a ready display of the 
subject's sleep over the entire sleep period. In addition, the quantities used 
to evaluate the quality of the subject's sleep are also computed. 
45 parameters include length of time in  each stage, total sleep time, total 
awake time, number of movements, number of sleep stage transitions, etc. 
(see fig. 3). 

Four adjacent 30-sec 

These 

Finally a statistical swnmary of each of 43 parameters is computed for 
all of the sleep periods i n  the cabin for each crewman. 
i n  both tabular and graphical form to display trends and inconsistencies in  

These are provided 
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an assessmen coring systems, a 
extensive to be 

the scored data as well as sleep prints and plots of the delta activity i n  evaluat- 
ing sleep. Fo r  the most  part, these parameters  deal with the rhythmic nature 
of the sleep and the relative and absolute quantities of the various sleep 
activities, Most parameters are not related to the very fine structure of 
sleep. 

In the course of extracting these parameters,  the f i r s t  s k p  is to oQtain 
those which do use fine structure-namely, those dea?.f,,g with movement o r  
arousal episodes. 
scoring epochs. 
is near the boundary between sleep stages. 
jectively in  the hand scoring of sleep records. 
directly f rom these 2-minute data, and they form the basis for the great 
majority of the sleep parameters.  

Then the 30-sec data a r e  combined to provide 2-minute 
This tends to minimize chatter i n  the scoring as the sleeper 

Such smoothing is provided sub- 
The sleep prints axe plotted 

The computer provides a listing of the parameters extracted for each 
The first 43 items (fig.  3) are the primary output. sleep period. Histo- 

grams of the duration of various types of sleep episodes (i tem 44, Fig. 3) are 
given, as i s  a table of the REM-to-REM intervals (item 45, fig. 3). This 
listing is  immediately followed by a graphic representation of the sleep stages, 
the sleep print. 

The sleep print of fig, 4 is not taken from one of the crewmen. 
it is descriptive of EEG changes observable during a typical night. 
the regular transition through the stages, reaching stage 4 within an hour, 
stage 4 episode lasts for perhaps half an hour and leads to the first REM period. 
A second stage 4 episode may or  may not occur; but if it did, it would be in  the 
second slow wave episode near the 2-hour mark. The plot of the delta activity 
above the sleep print provides a ready reference for slow wave sleep. 
remainder of the night is spent in a regular REM-stage 2 cycle, with perhaps 
a minor amount of stage 3. 

Rather, 
There is 

The 

The 

Notice the relatively few stage changes. 

Fig. 5 represents perhaps the closest approach, i n  the nights monitored, 

Indeed this is one of the more  striking features of chamber sleep-that 
to the prototype above. 
expect. 
there are 2 to 4 times as many stage changes as normally encountered. 
also the limited amount of slow wave sleep. 

There are many more  stage changes than one would 

Note 
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With these sleep prints, relative levels of delta activity a r e  also plotted. 
The rigid criteria defined for  stages 2, 
of what appears to be a somewhat conti 
frequency activity (0.5 to 2 He). 
activity, a time history of activity in  
2-minute epochs. 
of the sleep patterns which may hav 
cations. These also show the rhyth 
REM and stage 1 

To highli 

These plots tend to 

and building up t 

The sleep parameters are tabulate 
participating crewmen (figs. 6 and 7). 
types. 
Next is a breakdown by sleep classes and combinations of sleep classes. 
time to onset of each stage is followed by the average duration of certain 
episodes. Then most of these a r e  converted to  percentages. 
nmber of episodes of various types and the nmber of stage changes are 
given. 
as well as the average value for each parameter. 

F i r s t  comes the grossest-total bed time, sleep time, and wake time. 
The 

Finally, the 

Results fo r  a l l  nights of the sleep study are shown on these charts 

Probably the most  striking i tem on tbese charts i s  the lack of s l o w  wave 
sleep. 
bined and the other averaged only 5 minutes per  night. This result  is not out 
of keeping with results of other confinement studies, for example Jay Shurley's 
analysis o'f the South Polar  Expedition. 

One crewman averaged 30 minutes per night for stages 3 and 4 com- 

To facilitate the search for trends, bar  charts a r e  produced for each of 
the parameters.  Fig. 8 shows total waking time. A downward trend is 
exhibited during the f i r s t  5 days showing an adaptation to the new environment. 
There is then a rising trend, showing up most dramatically during the las t  
5-day recording period as the anticipation of the end of the 90-day run mounted. 

CONCL USIONS 

Using the biotelemetry system and with a minimum of training of the 
crewmen, i t  has been demonstrated that consistent and reliable monitoring of 
the physiology of subjects in  confinement can be performed. 
discomfort was noted although some consideration should be given to easing 
the electrode application task. A skull cap or  other head covering with pre-  
prepared electrodes (such as that developed by Dr. J. Frost ,  Baylor University 
for NASA MSC) should be considered for subsequent experiments. 

Little crew 

A methodology has  been developed which provides for the rapid process- 
ing of the EEG and related physiologic parameters.  
recognition sleep scoring system has demonstrated sleep stage classification 
results consistent with those of a human scorer,  without the inconsistencies of 
the subjective scoring and eliminating the tedium of manual scoring. 
s t a t i s t i c a l  summ~try of sleep parameters i s  readily computed, and trends i n  
sleep act ivi t ies  are displayed for crew evaluation . 

The automatic pattern 

A 
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The analyzed data onstrate a 

These f i n d i q s  

Utes per night for the other. 

days 60 and 70 (see paper.no. 29 by J. S. Seeman and M. V. McLean and paper 
no. 35 by M. M. Okanes, W. R. Feeney, and J. S .  Seeman). It would have been 
impossible t o  forecast th i s ,  and it is  unfortunate that  the limited scope of 
the sleep monitoring did not include t h i s  time period. 

The most interesting psychological changes i n  the crewmen occurred between 

We wish to express our deep appreciation of the outstanding job 
accomplished by the two participating crewmen. With less than 2 hours of 
training, they were able to provide B virtually flawless performance i n  the 
exacting task of electrode application. 
can be largely attributed to their cooperative attitude throughout. 

"he success of t h i s  experiment 

1. Rechtschaffen, Allan; and Kales, Anthony, eds.: Manual of Standardized 
Terminology, Techniques and Scoring System f o r s l e e p  Stages of Hu,man Sub- 
jectl;. 
glindness, 1968. 

Ribl. 204 (Contract D3EW FjH-43-66-59), N a t .  Inst. Neurol. D i s .  

2, Oooley, James W,; and m y ,  John W.: 
t ion of Complex Fourier Series. 

An Algorithm for  the Machine Calcula- 
Math. Comput., vol. 19, no. 90, Apr. 1965, 

PP. 297-301. 

3 .  Viglione, S. S.: Applicaitions of Pattern Recognition Technology. 
Chapter IT, 
Academic Pr 

, Fu and Mendel (eds.), 
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COMPUTER PR I NTOUT 9- AUTOMATIC SLEEP SCOR ING 

Figure 2 
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MEDICAL PROGRAM 

By J. R. Wamsley, M.D., and D. J. Myers 
McDonnell Douglas Astronautics Company 

SUMMARY 

Medical procedures w e r e  planned t o  provide maximum data on crew medical 
s ta tus  throughout the  t e s t  within the constraints of limited pass-outs and 
onboard crew capabili t ies.  
investigators were accomplished without significant problems. 
the resu l t s  confirm tha t  the SSS environment was benign medically. 

These procedures and associated studies by outside 
Evaluation of 

INTRODUCTION 

The 90-day manned t e s t  medical program w a s  devised primarily t o  provide 
near-real-time medical-status information f o r  the crew. Secondary goals 
involved evaluations of specific s t resses  encountered during the t e s t ,  e.g., 
confinement, a l tered day-night cycles, low-level C02 exposure. 
cedures were constrained by l imitations on sample pass-out and by crew capa- 
b i l i t i e s  for onboard t e s t s ,  During the t e s t ,  the  medical director maintained 
daily records of medical procedure resul ts ,  which allowed, on several occasions, 
improvisation of additional t z s t s  and, once, directions f o r  medical treatment 
of a potent ia l ly  dangerous bac ter ia l  finding. 
ingly smooth with contract physicians on duty f o r  the duration of the t e s t .  
medical emergencies were encountered. 

Laboratory pro- 

Medical operations were grat i fy-  
No 

MZDICAL FBOCEDUEIES 

The medical procedures planned f o r  the operational 9O-d.a~ manned t e s t  of 
a regenerative l i f e  support system were as follows: 

Blood biochemistry 
Venous electrolytes ( N A ~  K, CA, CL, H C O ~ ,  ~ 4 )  
Venous Pco , pH, erythrocyte e lectrolytes  (SMRL) 

Uric acid, bi l i rubin,  t o t a l  protein, A/G, SGOT 
Lipids (NMRI) 
~erol-ogy ( I;RC) 
Vitamin D assay (Massachusetts General Hospital and Holmquest, MSC) 

2 

Hematology 
CBC , d.if f erent i a l  
Hematocrit 
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Body f lu ids  and lean body m a s s  
Total body water ( t r i t ium) 
Plasma volume (RISA) 
Skin folds 

General medical status checks (daily) 
Private medical interview 
V i t a l  signs (temperature, pulse, blood 
Body weight 
EKG weekly 

Exercise program 0 
Pretest  and postt  e s t  evaluation (Balke/Ast rand-Rhyning ) 
Daily ergometer/Cardiotach. evaluation 
Weekly ergometer oxygen consumption (Webb, MRM) 

Pulmonary studies (LRC) 
Forced vi ta l  capacity flow volume loop (weekly) 
Alveolar a i r  samples pretest ,  midrun and post tes t  
Sleep respiratory r a t e s  

Blind spot mapping (NASA Ames) 

Urinalysis 
Toxicology sample 
Routine urinalysis 
Total urine output 
Urine electrolytes and acidi ty  weekly (biweekly last 30 days) 

Urinalysis 
Toxicology sample 
Routine urinalysis 
Total urine output 
Urine electrolytes and acidi ty  weekly (biweekly last 30 days) 

Microbiology program 
Potable water onboard monitoring 
Wash water onboard monitoring 
Cabin a i r  and surfaces sampling 
Nasal and gharyngeal samples 
Pharyngeal wash ( v i r a l )  
Skin s i t e s  
Potable water microbial monitor (Wilkins, LRC) 

There were several changes before t e s t  start largely because of a change i n  
medical direction a f t e r  the 5-day run and pa r t i a l ly  as a resu l t  of Operational 
Readiness Inspection Committee ( O R I C )  considerations. The l a t e  addition of 
urine chemistry prevented acquisition of pretest  baseline, complicating post- 
t e s t  analysis of the data. 
studying C 0 2  exposure e f fec ts  and had l i t t l e  impact on evaluations of crew 
health and safety. 
principal investigators, 

These chemistries were primarily directed at  

Several of the procedures w i l l  be reported elsewhere by the 
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medical monitor f o r  recording 
the medical console i n  the eo 
e i ther  pulse r a t e  o r  blood pressure. 
i l l u s t r a t e s  t h e i r  adjustment 
would appear t ha t  t h i s  adjustment was  not complete i n  respect t o  o ra l  tempera- 
tu re  f o r  at l ea s t  2 weeks, perhaps longer. Body weight changes are i l l u s t r a t ed  
i n  figure l ( b )  and are adjusted f o r  individual uniform weights. 
fluctuations probably represent a l terat ions i n  s t a t e  of body hydration. Taking 
these fluctuations in to  account it i s  l i ke ly  tha t  the only significant weight 
changes occurred i n  crewmen 2 and 4. Further changes occurred i n  the 21 days 
posttest  result ing i n  a net gain i n  crewman 2 of 4.73 lb  and a net loss  i n  
crewman 4 of 1.23 lb .  In  sp i te  of these f i n a l  changes, the net f o r  the crew 
remained +2.25 lb.  This probably represents a r e a l  weight gain i n  crewman 2 
and a net l o s s  i n  the remaining crew members. These weight changes are reflected 
i n  skin-fold thickness trends ( f ig .  2). 
significant trends. 
medical significance but had been undetected before the t e s t .  
revealed tha t  crewman 2 had noticed t h i s  rhythm variant at l ea s t  a year before. 

rature which wa 

Oral 

Short-term 

Weekly electrocardiography revealed no 
An arrhythmia was  discovered i n  crewman 2 which was without 

Questioning 

Exercise Program 

The crew exercise program was  directed primarily at  evaluation of bicycle 
ergometry i n  maintaining cardiovascular f i tness .  Exercise, however, was  not 
res t r ic ted  t o  ergometry and crewmen pursued personal programs of varying inten- 
s i t y .  
a predetermined submaximal workload. 
exercise, during 13 minutes of exercise, and f o r  10 minutes of recovery were 
recorded. 
rate responses of 150 t o  160 beats per minute. 
adequate f o r  crewmen 1 and 4; inadequate t o  prevent excessive pedal speeds i n  
crewman 3 .  The workload f o r  crewman 3 w a s ,  therefore, increased. Crewman 2 
devised h i s  own program; f o r  30 days he re l ied  on ergometry alone, f o r  the next 
30 days he increased h i s  ergometer workload and performed an increasingly stren- 
uous extra exercise program, and during the last 30 days he continued at  the 
f i n a l  ergometer workload with minimal additional exercise. 
crewmen 1, 3 ,  and 4 varied from minimal f o r  CreWlllitn 1 t o  strenuous and s t  
f o r  crewman 4, strenuous and l e s s  steady f o r  crewman 3 .  Cardiovascular f 
was evaluated pretest  and post tes t  by means of the Balke Optimal Work Capacity 
Test ( table  I). 
during the run. 
mean 2 suggests a deconditioning trend. When the responses are  corrected for  

The basic regime consisted of dai ly  ( 5  days/week) ergometer exercise at 
Resting heart ra tes  f o r  5 minutes before 

The workloads were or iginal ly  established t o  produce peak heart 
These preset workloads were 

E x t r a  exercise by 

Figure 3(a) i l l u s t r a t e s  heart rate responses t o  ergometry 
The curyes f o r  individuals are  inconclusive, but the  group 



changing workload (H/W = rate/Workload) , however, an o 
is suggested. This impro i s  supported by the trends t 

A c l in i ca l  blood biochemistry battery (SMA-12) and a complete hematologic 
Figures 4 t o  9 i l l u s t r a t e  selected param- evaluation were performed biweekly. 

e t e r s  from these tests. 

Figure 4 i l l u s t r a t e s  blood urea nitrogen (BUN) and alkaline phosphatase. 
Each individual serves as h is  own control with limits determined by the  pretest  
mean & "t" standard deviations; the "t" value based on the  number of pretest  
samples. There were no significant changes i n  serum alkaline phosphatase. All 
BUN'S are  within laboratory limits of normal, but significant elevations are  
seen i n  crewmen 3 and 4 i n  respect t o  t h e i r  own control limits. The elevations 
in  crewman 3 are  f a i r l y  constant and are s t i l l  being evaluated; the elevations 
i n  creman 4 are  l e s s  constant. It should be noted, however, that the time of 
sampling i n  crewmen 3 and 4 i s  late afternoon i n  t h e i r  day-night cycle as 
opposed t o  a fast ing morning sample pretest  and i n  crewmen 1 and 2. 
able makes evaluation of chemical changes most d i f f i cu l t .  
the BUN changes are probably of no c l in i ca l  significance. 

This vari- 
It i s  concluded tha t  

Serum albumin and albumin-globulin (A-G) r a t i o s  a re  i l l u s t r a t ed  i n  f ig-  
ure 5.  me outside 
control crewman showed the same drop, however, and the "change" i s  without 
significance . 

All crewmen show a depression i n  A-G r a t i o  on day 39. 

Serum glutamic oxalacetic transaminase (SGOT) and l a c t i c  dehydrogenase 
(DH) are  i l l u s t r a t ed  i n  figure 6. 
changes. The i n i t i a l  elevations i n  crewman 2 are not only s t a t i s t i c a l l y  sig- 
nificant but a lso reach values ordinarily considered pathologic and were con- 
firmed by another laboratory. These enzymes are used as indicators of ce l lu la r  
damage but we have no other evidence f o r  such damage. 
enced considerable work stress during the  first week of the t e s t  and we are  
hypothesizing a relationship with that stress, coupled w i t h  physical fatigue. 

Crewmen 2, 3 ,  and 4 demonstrate significant 

Crewman 2 had experi- 

Serum calcium and inorganic phosphorus trends are  illustrated i n  figure 7. 
Coxplete analysis of these data are  incomplete, but they s 
changes i n  calcium-phosphorus metabolism. The trend sugge an i n i t i a l  depres- 
sion i n  serum calcium, followed by a r i s e  t o  a peak on day 39 and a subsequent 
downward trend. Serum phosphorus r e f l ec t s  the calcium changes. A relationship 
t o  C02 exposure is  possible and is  being investigated by fur ther  analysis. 

e s t  significant 



Hematological changes ( f ig .  8) i n  crewmen 1 and 2 are  unremarhble. Crew- 
man 3 ,  however, demonstrated a disconcert 
and hemoglobin on day 25 followed by consistent 
man 4 shows some of these changes also.  
variation or t o  the preceding exercise. 
c lear ly  suggest a hemolytic cause. 
BUN, and m i l d  stomach symptoms i n  crewman 3 suggested the poss ib i l i ty  of gastro- 
i n t e s t ina l  bleeding. 
previous concern fo r  the poss ib i l i ty  of t ha t  disease i n  himself. A s too l  speci- 
men obtained on day 32 was  negative for blood, but the specimen was small. 
t h i s  writing we are continuing our evaluation but the whole syndrome may only 
represent a diurnal phenomenon. 

Aga 

The c 

He also reports a family his tory of peptic ulcer  and a 

A t  

Urine Chemistry 

Twenty-four hour urine collections were made weekly u n t i l  day 53, then 
biweekly. 
pass-out. Part of the sample was  separated a f t e r  pass-out and saved f o r  toxi-  
cological contingencies. The remainder was  subjected to routine urinalysis 
and biochemical analysis f o r  sodium, potassium, chloride, calcium, inorganic" 
phosphorus, t o t a l  t i t r a t a b l e  acidity,  ammonia , and pH. Ti t ra table  acidi ty  and 
pH reveal no discernible trends as neither do calcium, phosphorus o r  Ca-P r a t i o s  
( f igs .  9(a) and (b) ) .  
of variance fo r  possible relevance t o  C02 exposure. 
these figures o r  i n  s ca t t e r  plots  developed during the t e s t .  
t r a t e s  sodium/potassium excretion rat ios .  
duction and changes may be related both t o  diurnal cycle changes and t o  s t ress .  
We are evaluating these relationships, but have only preliminary impressions at  
t h i s  writing. Sodium excretion re la t ive  to potassium appears to be consistently 
lower i n  crewmen 3 and 4 for nearly the first two th i rds  of the t e s t .  
depression of the mean f o r  the two crewmen i s  primarily a ref lect ion of the Na/K 
i n  crewman 3 who may have recycled biochemically much more slowly than was  
apparent subjectively o r  i n  h i s  basal signs. A peak is clear  i n  a l l  crew mem- 
bers at day 74. This point i n  the t e s t  follows a period of subjective crew 
s t ress  which reached i t s  culmination i n  a "sensi t ivi ty  session'' on day 69. 
Sodium/potassium r a t i o  as an indicator of s t r e s s  as w e l l  as an indicator of 
aldosterone production, per se,  i s  s t i l l  under study. 

A 10 percent aliquot of each voiding was  collected and frozen for 

A l l  these data, however, will be subjected t o  analysis 
There is  none apparent i n  

Na/K i s  related t o  aldosterone pro- 
Figure 9(c)  i l l u s -  

This 

CONCLUDING lBMARKS 

Medical procedures described here, as supplemented by other investigations 
reported elsewhere, were quite adequate f o r  monitoring crew health and safety. 
The changes observed are  interest ing and under fur ther  analysis but seem t o  be 
irrelevant to the overall  t e s t  conditions, t ha t  is, the SSS environment was 
medically benign. Because of the essent ia l ly  benign environment, it appears 
t ha t  90 days is  probably t o o  short a period f o r  complete evaluation of reac- 
t ions to intermittent s t r e s s  o r  to low-level environmental variables, f o r  
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MTCROBIOLUGY KESULTS - DERMCU; AM> ENVIROIWE#TAL W U N G  

SUMMARY 

The 9-w SSS 
microbiological dat 
pling protocol uti 
were swabbed wee 
significant quantitative alterations were found and there were no observable 
sh i f t s  i n  predominant isolates. Reynier air samples and surface swab samples 
were used t o  obtain microbial counts and identification of predominant types. 
The predominant organisms i n  both of these types of environmental samples 
remained those carried by the crew members. An increase i n  number of types but 
not i n  number of viable particles i n  atmospheric samples coincided with cata- 
ly t ic  burner shutdown and may be coincidental and unrelated t o  that occurrence. 
Post-test sampling of hardware and surfaces was accomplished but results are 
not yet available. 

IXCRODUCTIOI? 

enh 
There were four unique characteristics of the 90-Day SSS t e s t  which 

aced the microbiological data obtained from the experhen,. A t ruly m .cm- 
biologically closed system was maintained by operating- the autoclave in- the 
pass-through port for  30 minutes a f te r  each weekly passout. 
t e s t  quarantine period f o r  the crew, so that  any potential exchange of micro- 
f lora  could be followed from the outset of the t e s t .  Also, t h i s  provided the 
opportunity f o r  the inclusion of "off-the-street" microorganisms into the ecol- 
ogy of the simulator. 
samples with a maximum lag period of l h o u r  between collection and primary 
incubation f o r  nasopharyngeal cultures and 1.9 hours f o r  the dermal anaerobic 
plates. 

There was no pre- 

Another important feature was the rapid processing of 

Figure 1 i l lus t ra tes  the sampling protocol uti l ized f o r  the microbiology 
program. 
no. 35 of t h i s  compilation. 

Nasophaqmgealmaterials, methods, and results are discussed i n  paper 

!l?hree dermal s i t e s  were chosen for  study, the axilla, perineum, and the 
first interdigi ta l  space of the right foot. 
the test 23 s t e r i l e  technique and proper sampling procedures. 
technique was stressed. 

The crewmen were trained prior t o  
Consistency i n  

SalLne-moistened cotton-tipped swabs were used t o  



obtain specimens immediat 
h e n s  were swabbed t o  blo 

the isolates were de 

Surface areas 4 inches square (16 square inches) i n  the food management and 
hygiene compartments were swabbed with Try-pticase Soy Broth (TB) moistened 
swabs, and the specimens were passed out and plated t o  blood agar, MscConkey's 
Agar, Staphylococcus #I10 Medium, TSA, and Sabouraud Dextrose Agar. 

Post-test swabs of selected hardware and equipment surfaces were plated t o  
the appropriate media t o  recover aerobic and anaerobic bacteria andbfungi. 
ponents of l i f e  support smsystems (such as charcoal and particulate f i l t e r s )  
were inoculated t o  lCSB and &ewer's Thioglycollate Broth f o r  i n i t i a l  incubation 
and then plated t o  the different ia l  and selective media. 

Com- 

The following determinations constituted the dermal and envfronmental 
microbiological objectives of the 90-day tes t :  

Gross quantitative shifts in  aerobic and anaerobic dermal flora of the 
skin sites 

Qualitative alterations i n  the composition of the microbial f lo ra  of 
individual skin s i t e s  

Exchange of f lora  between crewmen or between dermal s i t e s  

Counts and types of environmental microbiological contamination 

msms 

No significant quantitative alterations were found in  dermal aerobic o r  
anaerobic bacterial  f lo ra  or i n  the fungal f lora .  
on the primary isolation media were obtained throughout the 90-day tes t .  

Very consistent growth scores 



There were no observable shifts i n  the predominant dermal isolates through- 
out the run. epidermidis was 
crewman on 

Two dermal regions, the 
unique t o  each crew member. 

bic floral composition. 
obligate anaerobes from the skin si tes .  

These findings are also i l lus tmted  in  the recovery of 

!Lbble I indicates the number of obligate anaerobes recovered from each sam- 
pltng period and dermal s i t e .  
tent ly  yielded anaerobes, preliminarily identified as "anaerobic diphtheroids" 
However, the toe  web of each crewman remained conspicuously absent of obligate 
anaerobes. 
anaerobic diphtheroids, large numbers of Bacteroides melanogenicus. 

'fshe axilla and perineum of a l l  crewmen consis- 

The perinem of crewman 4 consistently yielded, i n  addition t o  

Staphylococcus aureus has been the subgect of many epidemiological studies, 
including those conducted on Apollo astronauts. 
microorganism is carr iedby a large percentage of the population, primarily i n  
the nasal region. It has been recently revealed that the skin, especially the 
perineal region, also harbors S. m e u s ,  
sporadic presence of this orgzism on a l l  skin si tes .  - S. aureus isolated from Tellurite Glycine Agar at MDAC's laboratory are indi- 
cated by a +. Mmnitol positive, coagulase positive or negative S. aureus 
identified as such from isolates sent t o  Langley Research Center ;re indicated 
by 0. 
throughout the tes t ,  crewman 4 yielded th i s  organism from skin sites-mst 
frequently. 

This potentially pathogenic 

Table 11 shows data indicating the 
Coagulase positive 

Although crewman 2 remained the predominant nasal carrier of S. aureus 

Microorganisms shed from the skin of in2aabitaslts of closed environment are 
an important source of atmospheric and surface contanination. 
is not surprising that  the predominant member of the crewmen's skin flora, 
Staphylococcus epidermidis, was also the predominant isolate from the simulator 
air and surfaces. 
contamination by t h i s  organism was also followed i n  the air and on The surfaces. 
Table I11 indicates the dates of recovery f r m e a c h  sampling s i t e .  
not the source of thgs Contamination was generated by the crewmen's dermal 
S. aureus or those residing i n  the i r  nasopharynx remains open t o  speculation, 
since phage and antibiotic-resistance typing proyed unsuccessful. 

Therefore, it 

To complete the epidemiological study ut i l iz ing S. aureus, 

Whether or  

- -  
Figure 2 illustrates the microbial counzGs obtained from Reynier air sam- 

ples. 
throughout the tes t .  
0.2 microorganisms/ft3 of air)  indicating that the crewmen were the sole source 
of atmosphertc contamination. 
remained inoperative, atmospheric counts rose s l ight ly  i n  the forward section 

Atmospheric counts remained low (less than 3 microorganisms/ft3 of a i r )  
Precounts and postcounts were extremely low (less than 

During the period that the catalytic toxin burner 



before the 10th week of the tes t .  
types represents a natural buildup 
inoperation of the catalytic burner remains open fo r  further investigation. 
The l a t t e r  seems unlikely. 

Figure 4 i l lus t ra tes  bacterial  surface counts from the food management and 
Bars which extend t o  30 organisms/in2 of surface area represent 

Significant build- 
hygiene areas. 
plate scores which were too  numerous for  accurate counting. 
ups of contamination occurred on six occasions i n  the crew hygiene area. Fungal 
counts were also high i n  the lzygiene area i n  comparison with the food management 
area, 
the t e s t ,  and the count remained low u n t i l  t e s t  completion. 

No fungi were isolated i n  the food management area u n t i l  midway through 

Listed i n  decreasing order of occurrence in  table IV are the predo'minant 
bacteria contaminating the surfaces, Stapbylococcus epidermidis was recovered 
on every sampling date, excepting one, from both the food marragement and the 
hygiene areas. Species of Bacillus were the next most common isolate followed 
by the gram positive Sarcina and Micrococcus. 
pletely restricted t o  the hygiene area except on 14 July'when a l l  three types, 

G r a m  negative bacteria were com- 

Aerobacter, Alcaligenes, and Pseudomonas were found in  the food management area. 
mis gram negative contaminatibn coincides with the only significant contamina- 
t ion buildup i n  the food management area which also occurred on 14 July. 

Figure 5 shows the areas investigated during the post-test microbiology 
study. 
isolates are being identified and analysis of the results will begin as soon 
as identifications are completed. 

Organisms in  a l l  three categories were recovered. A t  t h i s  writing, 
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NASOEKARXNGEAI 1 STUDZES E 

By Judd R. Wilkins 
NASA Langley Research Center 

Before and a f t e r  the tes t  and weekly during the t e s t ,  nose and throat swabs 
from each crewman were cultured for  Staphylococcus aureus, beta-hemolytic 
streptococci, Neisseria meningitidis, Diplococcus pneumoniae and IIemophilus 
influenzae. Pretest  studies indicated tha t  crewman 2 was  a permanent nose and 
throat car r ie r  of S. aureus. On the fourth day of the test  S. aureus was 
recovered from the-nasopharynx of the other three crewmembers and w a s  retained 
by them during the t e s t  and i n  post tes t  samples. Failure t o  obtain a phage type 
o r  ant ibiot ic  sens i t iv i ty  "marker" f o r  these s t ra ins  precluded identifying the 
sowce of spread of S. aureus within the simulator. Beta-hemolytic streptococci 
were isolated from txe throat of crewman 1 only on the fourth, 60th, and 67th 
days of the t e s t .  
w a s  not recovered during the remainder of the t e s t  or from post tes t  samples, No 
interpersonal t ransfer  of t h i s  organism occurred. Neisseria meningitidis was  
recovered from the throat of crewman 3 during pretest  sampling, throughout the 
90-day t e s t ,  and from post tes t  s a p l e s .  l%is organism was  a lso recovered from 
the throat of crewman 1 on the 25th and 32d days of the test ,  but failure t o  
ascertain i t s  specific serological type precluded determining i f  it had been 
acquired from crewman 3 .  N, meningitidis w a s  not recovered fromthe throat of 
the other two crewmen. 
pneumoniae, and it was  consistently isolated from the throat during the 90-day 
t e s t .  All attempts t o  recover Hemophilus influenzae fai led,  and no ef for t  w a s  
made t o  culture t h i s  organism a f t e r  the 53d day of the test .  I n  the 90-day t e s t  
there w a s  no c l in i ca l  i l l nes s  related t o  the carriage o r  t ransfer  of potentially 
pathogenic bacteria. It is  recommended tha t  i n  future simulator t e s t s  a ser ies  
of experiments be performed on the transmission of microbial agents and the 
effect  of the environment on immunoglobulins and other defense responses. 

Prophylactic erythromycin was  administered, and the organism 

A 2 . i  four  crewmen w e r e  healthy carr iers  of Diplococcus 

INTRODUCTION 

A nmber of studies of volunteers i n  t e s t  chambers which simulate certain 
aspects of spaceflight have been made and the resul ts  of these t e s t s  have been 
reviewed i n  the National Academy of Sciences report "Infectious Disease In  
Manned Spaceflight. " 
have varied from t e s t  t o  t e s t ,  it does not appear t ha t  the closed environments 
of these simulators significantly affect  e i ther  the human microflora or the  
host-parasite relationship. I n  order t o  determine, i n  par t ,  i f  t h i s  pattern 
would be followed i n  the 90-day test, the following bacteria of the nasopharynx 
were selected and cultured on a weekly basis: 

(See ref. 1. ) men though the microbiological resu l t s  

Staphylococcus aureus, 



beta-hemolytic streptococci, Neisseria meningitidis, Diplococcus pneumoniae, 
and Hemophilus influenzae. 
of prime consideration i n  selecting 
opportunity w a s  a lso presented f o r  s 
sonal transfer of pathogens. 

Because the health and welfare of the crewmen w a s  

ng the epidemiology of the interper- 
potentially pathogenic bacteria,  the 

MATE- AND METHODS 

Pr ior  t o  the 90-day manned test ,  the crewmembers were trained i n  s t e r i l e  
The techniques and the proper procedures f o r  taking nose and throat samples. 

fou r  crewmen were divided into two teams; each m e m b e r  of a team was  responsible 
f o r  obtaining swab samples from the other member of the team. 
were obtained by inserting a s t e r i l e ,  saline-moistened swab about 1/2 inch in to  
e i ther  the right or l e f t  anter ior  n o s t r i l  and swabbing the inner surface three 
t o  four times i n  a c i rcu lar  pattern. 

Nasal samples 

A separate swab was  used f o r  each nos t r i l .  

Throat swabs were taken with the crewman seated, h i s  tongue depressed, and 
the throat well exposed and illuminated. 
back of the throat,  both tons i l s  or t ons i l l a r  fossae, and any areas of inflamma- 
t i on  or exudation. Care was taken t o  avoid touching the tongue, l i p s ,  or cheek 
with the swab. 

The swab was  rubbed firmly over the 

The nasal swabs were streaked onto commercial blood agar and plates of 
Staphylococcal Medium 110 and incubated f o r  24 hours at 37O C ,  Colonies which 
morphologically resembled Staphylococcus aureus were transferred t o  Trypticase 
Soy Broth, incubated f o r  2b hours at 370 C, and tes ted  f o r  coagulase by mixing 
equal volumes of broth culture and c i t r a t ed  rabbit  plasma diluted l:?. 
tubes were incubated at 370 C f o r  24 hours and inspected at 4 and 24 hours f o r  
clott ing.  
phage typing. 

me 

A l l  coagulase positive cultures were sent t o  Dr. Harry Dalton* f o r  

The throat swabs were streaked onto Field's  Enrichment Agar f o r  Hemophilus 
influenzae, Thayer-Martin plates  (prewarmed t o  370 C )  f o r  Neisseria meningitidis 
End blood agar for  beta-hemolytic streptococci and Diplococcus pheumoniae. 
Field's medium and the blood agar plates  were incubated f o r  24 hours at 370 C; 
the Thayer-Martin plates  were incubated i n  5 t o  10 percent C02. The Field 
plates  were observed f o r  the typ ica l  growth of H. influenzae, and the number of 
colonies and brief colonial description were r e c o r m e n i n g i t  id i s  was  
identified by Gram s ta in ,  colony morphology, the  ox idase t e s t  , sugar fermenta- 
t ions,  and serological typing. Optochin disks were used to different ia te  between 
alpha streptococci and D. pneumoniae, andbaci t racin disks were used t o  desig- 
nate the beta-hemolyticstreptococci as probably belonging to Group A. 
elapsed time between taking the swab samples and plating on primary isolat ion 
media was  less than 1 hour. 

The 

%epartrnent of Cl inical  Pathology, Medical College of Virginia, Richmond, 
Virginia . 
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RESULTS 

During pretest base1 
the nose and throat of cre 
Previous microbiological s 
simulator strongly indicate 
aureus. The first swab s 
the simulator, indicated 
men 1 and 3 and from both the zose and throat of crewman 4. 
During the 9O-h.y t e s t ,  S. aureus was recovered only four times from throat 
of crewman 1, consistentiy from the nose and throat of crewman 2, twice from the 
nose of crewman 3 and consistently from his  throat, and sporadically from the 
throat of crewman 4 and rather consistently from his  nose. It could not be 
determined i f  the strains of S. aureus recovered from crewmen 1, 2, end 3 
originated from crewman 2 because a l l  attempts t o  phage-type these isolates 
were unsuccessful. Ln addition, antibiotic sensit ivity t e s t s  fa i led t o  show 
any unusual patterns, as a l l  isolates were sensitive t o  the major antibiotics. 
Thus, failure t o  obtain a phage or  antibiotic "marker" f o r  these strains pre- 
cluded identifying the source of the spread of s. aureus within the simulator. 
A t  t h i s  time, therefore, it can only be speculaTed that crewman 2 was the pos- 
sible source of this organism. 

(See table I) 

Beta-Hemolytic Streptococci 

On the fourth day of the t e s t  beta-hemolytic streptococci were isolated 
This organism was not from the throat of crewman 1 only. 

recovered during the next 7 weeks from th i s  crewman but w a s  cultured again on 
the 60th and 67th days of the tes t .  
as a prophylaxis, and the organism was not recovered during the remainder of 
the 90-day t e s t  o r  from the posttest samples. 
crewman 1 was also carrying S. aureus i n  his  throat at the time erythamlycin was  
administered, and even thougii th i s  organism disappeared during antibiotic t rea t -  
ment, it did reappear at the end of the t e s t  and in  the posttest samples. 

(See table 11.) 

A t  that time erythroqycin was administered 

It is interesting t o  note that 

"Neisseria meningitidis" 

Pretest samples from the crewmen indicated that  one crewman ( 3 )  was  a 
healthy throat carrier of N. meningitidis. (See table 111.) This crewman 
carried th i s  organism i n  hys throat throughout the 90-day t e s t ,  and it was also 
recovered from posttest samples. 
the throat of crewman 1 on the 25th and 32d d a p  of the t e s t .  However, as type 
specific typing was  not performed, it is  diff icul t  t o  determine i f  a transfer 
of N. meningitidis took place between these two crewmen. This organism was  not 
iso'lated from the other crewmen. 

Neisseira meningitidis was  also recovered from 
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the t e s t ,  there were 
i n  plates from 
e r  of colonies 

e of the 90-day t e s t ,  D. 

s not recovered. The 

olated from a l l  posttest 

of a l l  crewmen, althoGh 

cases involving negative cultures were followed by isolation of the organism 
fromthe next weekly samples. 
sag1731es 28 days a f t e r  terminatizn of the t e s t .  

D. pneumoniae was 

"Hemophilus influenzae" 

All attempts t o  recover H. influenzae from the throat of crewmen failed, 
and no effort  was made t o  dul7ure t h i s  organism af te r  the 33d day of the t e s t .  

I 

DISCUSSION 

There were a nmiber of factors associated with t e s t  which made 
it unique so far as the microbiological studies were . O f  partmount 
importance was the fact  that  a r ea l i s t i c  closed enviro 
there was no penetration of the chamber during the t e s t  
out of biomedical samples through a presterilized 
t e s t s  of spa ta t ion simulators, various deg on of the simu- 
l a to r s  occur in  order to pass in  equipment, s, food, and so forth. 
Prior t o  the 
quarantine period t o  permit acute disease t o  express i t s e l f  o r  t o  exchange f lora;  

s obtained, as 
only a weekly pass- 

n a l l  previous 

day m n e d  t e s t  the crewmen did no i so l a t ion  o r  

e r re  cove re  d 

mal personal hygiene f a c i l i t i e s  consisting primarily of body wipes, and an 
atmosphere of 10 psia (3.1 psia oxygen and 6.9 psia nitrogen). A l l  these factors 
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and others, e i ther  alone or i n  combinat 
the t o t a l  microb 

the results are 
"Infectious Dise 
ture search, the f o l  
t an t  as they relate t o  

t o r y  (viral?) disease i n  submarine crews 

crowdedness .'I 

"Although few exceptions occurred which are d i f f icu l t  t o  evaluate, most 
of the results reviewed here suggest tha t  the conditions of spaceflight, as 
simulated by these studies, and f o r  the time intervals tested, w i l l  not signifi-  
cantly affect either the microorganisms of the human erivironment or the i r  hosts 
t o  came a sh i f t  i n  the normal host-parasite equilibrium." 

As will be pointed out i n  the following discussion, the results of the %-day 
manned t e s t  ,are in  agreement w i t h  these two conclusions. 

Although it was  not possible t o  "tag" the s t ra in  of S. aureus recovered 
from crewman 2, it is  reasonable t o  assume that the spreax of t h i s  organism 
originated from that  crewmember. If t h i s  is the case, then the subsequent 
spread, which did not result i n  c l inical  disease, i s  i n  agreement with the 
findings of other closed-environment studies (refs . 1 and 2). 
streptococci were isolated sporadically from crewman 1, and prophylactic 
erythromycin was administered on the 67th day of the t e s t .  
dence of interpersonal transfer of t h i s  organism o r  the development of c l inical  
disease . , 

Beta-hemolytic 

There was no evi- 

The findings of Neisseria meningitidis are of interest  because th i s  organ- 
i s m  has not been reported from other closed-environment studies. Although one 
study reported that  Neisseria were recovered from four men i n  a,elosed system, 
the species w a s  not identified. (See ref. 3 . )  
entered the chmber carrying type C N. meni 
throughout the t e s t  (type B was recove 
i n  pos%test samples. 
the organisn or the development of c l inical  disease. 
healthy carriers of - D. pnewnoniae, and cl inical  disease did not develop. 

In the %-day t e s t ,  crewman 3 
, maintained it i n  his  throat 
t e r  stages of the t e s t ) ,  and 

Again there was  no evidence of interpersonal transfer of 
A l l  four crewmen were 

It has been speculated that the close confinement of man in  space-station 
simulators f o r  prolonged periods of time could represent a serious threat t o  
the i r  health. 
f i l t r a t ion  and contamination by sneezing, coughing, o r  touch, since it is well 
established tha t  transmission of a number of infections i s  by direct contact 

Some factors influencing these speculations include inadequate 
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aerobic bacteria with minor emphasis on the anaerobes, Nycoplasma, and viruses. 
Future simulator t e s t s  should emphasize these orgapisms i n  order t o  satisfy the 
requirement that a spacecraft environment w i l l  not cause any adverse effects 
fo r  - a l l  groups of microorganisms. Finally, there are s t i l l  a number of unknown 
fac tors  associated w i t h  actual spaceflight which could markedly a l t e r  the normal 
host-parasite relationship. 
gravity on (1) the deposition of particles i n  the respiratory t rac t  and (2) the 
interpersonal transfer of microorganisms. 
be needed t o  provide answers t o  these and other questions. 

One of the more important factors i s  the lack of 

A continuing research program w i l l  

CONCLUDING REMARKS 

Before and af te r  the t e s t  and weekly during the t e s t ,  nose and throat swabs 
from each crewman were cultured for  Staphylococcus aureus, beta-hemolytic 
streptococci, Neisseria meningitidis, Diplococcus pneumoniae, and Zemophilus 

throat carrier of S. aureus. On the fourth day of the t e s t  S. aureus was 
recovered from the-nasopharynx of the other three crewmen anz was  recained 
by them during 
or antibiotic s i t i v i t y  "marker" fo r  these strains precluded identifying the 
source of spread of S. aureus within the simulator.  
were isolated from tge throat of crewMan 1 only on the fourth, 60th, and 67th 
days o f  the t e s t .  Prophylactic e omycin was  administered, and the organism 
was  not recovered during the rema 

. Pretest studies indicated that  ere- 2 was a permanent nose and 

t e s t  and i n  posttest samples. Failure t o  obtain a phage type 

Beta-hemolytic streptococci 

of the t e s t  o r  f r o m  posttest samples. No 
s fe r  of t h i s  organism occurred. Neisseria meningitidis was  

crewman 3 during pretest sampling, throughout the 
is organism was also recovered from 
days of the t e s t ,  but failure t o  

precJuded determining if it had been 
was not recovered from the throat of 

ed from the throat during the 90-day 
influenzae failed, and no effort  was 
d day of the t e s t .  

our crewmen were healthy carriers of Diplococcus 

made t o  culture t h i s  organism I n  the 90-day t e s t  
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there was  no c l in i ca l  i l l nes s  re la ted t o  the carr 
pathogenic bacteria. It is  rec tests a ser ies  
of experiments be performed on 
effect  of the environment on immunoglobulins and other defense responses. 

of potentially 

n t s  and the 

1. Space Science Board: Infectious Disease i n  Manned Spaceflight - 
t ies and Countermeasures. N a t .  Acad. Sei.-Nat. R e s .  Counc. 

2. Moyer, James E.; and Lewis, Y. Z.: Microbiologic Studies of the 'IWo-Man 
Space Cabin Simulator: 
SAM-TDR-64-3, U.S. A i r  Force, Mar. 1964. 

Interchange of Oral and In tes t ina l  Bacteria. 
(Available from DDC as 

AD 439 097.) 

3. Riely, Phyllis  E.; Geib, Donna; and Shorenstein, Diane: Determination of 
the Indigenous Microflora of Men i n  ContPolled Environments. 
~~~z-rn-66-33, U.S. Air Force, Apr. 1966. (Available from DDC as 
AD 636 946.) 
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- NOT RECOVERED 
+ RECOVERED 

TABLE l l  

FROM THE THROAT OF CREWMEN 
RECOVERY OF BETA-HEMOLYTIC STREPTOCOCCI 

- NOT RECOVERED 
+ RECOVERED 
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TABLE 1 1 1  
RECOVERY OF NEISSERIA MENlNGlTlDtS 

FROM T ~ E  THROAT OF CREWMEN 

TEST DAY 

- NOT RECOVERED DEGREE OF GROWTH 

100t0300 ++ 
300 to TNTC +++ 
CONFLUENT tf+c 

+ RECOVERED 10 to 100 + 

T A ~ L E  IV 
RECOVERY OF DIPLOCOCCUS PNEUMONIAE 

FROM THE THROAT OF CREWMEN 

- NOT RECOVERED 
+ RECOVERED 
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I 
By JUaa R. Wifkins 

STJMMARY I 
Tke purpose of the chemiluminescent bacterial  sensor experiment during the 

90-day t e s t  was t o  determine (1) if the sensor could rapidly detect gross con- 
tamination of recovered water and (2) the correlation between sensor response 
and viable counts. The results showed good 
correlation between a strong sensor response and viable counts on eight occa- 
sions. 
counts were ei ther  negative o r  below the level of sensor sensit ivity o r  were not 
performed. 
suggest that the recovered water may have contained (1) dead bacterial  cells ,  
(2) porphyrins leached from cel ls ,  or ( 3 )  substances unrelated t o  bacteria which 
triggered a positive response. With one exception, the correlation between a 
negative sensor response and plate counts was  good on 16 occasions. 
quenching of the chemiluminescent reaction occurred. I n  general, the sensor 
was  able t o  detect gross contamination rapidly, required minimum crew participa- 
tion, and was easy t o  operate. However, further research i s  needed t o  determine 
the nature of those substances in  the water which trigger a positive sensor 
response i n  the presence of negative o r  l o w  viable counts; research is  also 
needed t o  determine the nature of the quenching phenomenon. 

The sensor was tested 106 times. 

In 60 t e s t s  the sensor response was strongly positive, and the plate 

Because the sensor responds t o  living o r  dead cells,  these results 

In  15 t es t s ,  

During the 9O-da;r t e s t ,  the chemiluminescent method for rapidly detecting 
gross contamination of the potable and wash water recovery subsystems was eval- 
uated. 
2,3-dihydro-l,b-phthalazinedione) with the cytochrome C portion of bacteria i n  
which l ight i s  emitted. lche amount of l ight emitted i s  a func- 
t ion of the number of bacterial  cel ls  i n  the test sample with a sensor sensitiv- 
i t y  on the order of 103 ce l l s  per mi l l i l i t e r .  The purpose of the chemilumines- 
cent experiment during the 90-day t e s t  was t o  determine (1) if  the sensor could 
detect gross contamination (greater than I d  bacteria per mil l i l i t e r )  i n  the 
recovered water and (2) the degree of correlation between sensor response and 
viable bacterial  counts. 

The chemiluminescent reaction i s  that  of alkaline luminol (5-amino- 

(See ref. 1.) 

Located inside the space-station simulator was  a t e s t  chamber attached t o  
a photomultiplier tube which was  connected by means of bulkhead connectors t o  a 
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the chemilminesc 

ng nutrient b 

DISCUSSION OF FU3SaTS 

During the 90-day t e s t ,  14 locations i n  the potable and wash water recovery 
subsystems were sampled f o r  a t o t a l  of 106 t e s t s  of the chemiluminescent detec- 
tor. 
obtained with the onboard Nillipore f i e ld  k i t s  are presented i n  table I. 
ease of handling, these data were divided into two partsr 
positive sensor response greater than five units on the photometer and those i n  
which the readings were less  than five, specifically, a negative response. 
Based on previous laboratory experience with th i s  reaction and equipment, the 
photometer had t o  register a reading of f ive o r  more before it was considered 
positive. 
one case of failure t o  calibrate the photometer properly are not included in  
the following data arnalysis, 

A comparison of the chemiluminescent results with the 48-hour viable counts 
For 

those which gave a 

In  14 t e s t s  quenching of the reaction occurred. mese results plus 

Of the 68 onboard t e s t s  with a response equal t o  o r  greater than five, the 
correlation between the chemiluminescent detector and t ate  counts was good 
on only eight occasions. did not permit a 
q m t i t a t i v e  expression of the number of bacterial  cel ls  i n  these eight cases 
of contamination, the co were recorded as too numerous t o  count; therefore, 
the water sanrples were i n  ed t o  be gross ontaminated. A t  the level of 
contaminat ion which co qmessed Sn ce per mi l l i l i t e r ,  there were LO 
cases in which the counts averaged 'jO/ml, and the sensor response was  strongly 

As the onboard field-kit  proce 

an average reading of 35.7 on the photometer. 
gative and the sensor response 
e counts were not performed an 
I n  reviewing the positive de response was strongly positive. 

only a few preliminary statements can be made at th i s  times 
was  theye good correlation between the plate count results and the detector 
response. 
that the w a t e r  samples were grossly contaminated. 
responses, there does not appear t o  be any co 

In only eight cases 

As these plate counts were too numerous t o  count, it can be assumed 
In 43 of 68 positive detector 

lation between the detector and 



plate c(yuzI1s, i n  10 cases number of bact 
the sensitivi 

detector and plate 

ence that the 

entering a storage t 
ki l led by the heat ( 

would produce a positive detector res 

likely, h o m e r ,  that  dead bacterial  ceUs o r  soluble porpbyr5ns derived fram 
these cel ls  were involved in  these responses, and studies performed on water 
samples obtained after the gO+ t e s t  tend t o  support t h i s  concept.* Nine 
samples of water from different sources were analyzed fo r  viable counts, t o t a l  
counts (living md dead cel ls) ,  and soluble porphyrins. ' Tn seven cases it was 
impossible t o  differentiate between living and dead counts as quantitative counts 
were not performed. 

and 4.9 x lO4/ml, respectively. Soltible porphyrin studies were performed on 
eight samples, and the signals were on the average 26 times greater than the 
d is t i l l ed  water control. There i s  also the possibil i ty that  these "false posi- 
tive" responses could be caused by substances i n  the recovered water which were 
unrelated t o  bacterial  ce l l s  but capable of triggering a response i n  the detec- 
to r .  In either case more research is needed t o  resolve the nature of' these false 
positive signals and the observed quenching phenomenon. 

In two cases the viable counts were negative, i n  a -third 
case the count was  26 cells/ml, and the t o t a l  counts were 1.0 X 10 4 , 2.4 x 105, 

I n  the 23 t e s t s  with negative detector responses, there was,  i n  general, 
good agreement between the detector and the plate counts. 
plate counts were too numerous t o  count, whereas the detector response was  less 
than five. 
time. 
counts and the detector, and i n  the three cases i n  which plate counts were not 
done, it i s  assumed that water samples did not contain living or  dead bacterial  
ce l l s  e 

In  one case, the 

The reasons fo r  t h i s  discrepancy are not readily apparent at t h i s  
There appears t o  be good agreement between the low and negative plate 

!The purpose of the chemiluminescent bacterial  sensor experiment during the 
90-day t e s t  was t o  determine (1) if the sensor could rapidly detect gross con- 
tamination of recovered water and (2) the correlation between sensor response 
and viable counts. The resul ts  showed good 
correlation between a strong sensor response and viable counts on eight occa- 
sions. 

The sensor was tested 106 times. 

In 60 t e s t s  the sensor response was strongly positive, and the plate 

9ersonal  communication from F. H. Seubold, Aerojet-General Corp., October, 
1970 
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1. Oleniacz, Walter S.; Pismo, Michael A,;  Rosenfeld, Martin 3.; and Elgart, 
Robert L.: 
Environ. Sci. Technol., vol. 2, no. 11, Nov. 1968, pp. 1030-1033. 

Chemiluminescent Method for Detecting Microorganisms in Water. 
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TABLE I 
COMPARISON OF CHEMILUMINESCENT BACTERIAL SENSOR READING 

WITH FIELD KIT PLAT€ COUNTS DURING THE SO-DAY TEST 

I SENSOR READING POSITIVE (25) SENSOR READING NEGATIVE (<5) 1 68 OF 9 1  TESTS (75%) 11 23 OF 9 1  TESTS (25%) 

*AFTER 48 HOURS lNCUBATiOM AT 37'C. 
**TOO NUMEROUS TO COUNT 
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RADIATION SAFETY REPORT 
ON THE USE OF 238pUo2 AS A HEAT SOURCE 

By A. A. Kelton, Ph. D. 

McDonnell Douglas Astronautics C 

SUMMARY 

Heat f rom five capsules containing 238Pu02 i n  the form of microspheres  
was used to  pbwer a water recovery subsystem in the 90-day manned test of a 
regenerative life support system in  a Space Station Simulator (SSS). 
76 manipulations of capsules at a whole-body dose ra te  of 25 m r e m / h r  and the 

Despite 

existent-e of a radiation area in a regularly t raversed area of the SSS, the 
average integral  exposure for 90 days of confinement was only about 100 mrem, 
less than 10 percent of the normally allowed dose. Simple, manageable 
handling tools and straightforward procedures prevented any thermal injuries 
and deter’red excessive exposure of the extremities to  ionizing radiation. 
discernible damage was sustained by any of the capsules,and no release of 
radioactive contamination could be detected. 
and procedures f o r  the radiological safety of radioisotope power applications 
in  manned spacecraft  were identified as  a direct  resul t  of studies in  the SSS. 
These studies indicate that current  tendencies toward excessive protective 
measures  may be unnecessarily impeding application of thermal  power f rom 
plutonium-238 to such space systems as Skylab and Space Station. 

No 

Several improvements in  devices 

INTRODUCTION 

One of the record events accomplished during the 90-day tes t  of an SSS 
was the use of radioisotope heat to  power a water recovery subsystem for 
four crewmen within a sealed environment. 
support sys tem consisted of a vacuum distillation-vapor filtration (VD-VF) 
unit heated b y  340 watts f rom five encapsulated radioisotope heat sources. 
These were  fueled by about 10,000 cur ies  of 238Pu02 in the fo rm of 
microspheres.  

This par t  of the regenerative life 

A major  obstacle to general  acceptance of radioisotope power as a 
simple and dependable source of thermal  energy within manned spacecraft has  
been uncertainty about onboard radiological safety problems, such as shielding, 
placement of capsules, and radiation exposure of the crew during handling of 
the capsules and continuous work within a radiation environment. 
mal energy can constitute over one half of the basic power requirements of a 
manned spacecraft (e. g. , Skylab) the use of radioisotope heat could signifi- 
cantly decrease electrical  power requirements and/or  increase  mission 
capability. The 90-day manned test provided a unique opportunity to safely 
evaluate radiological hazards  under simulated conditions. 

Since ther-  



distinct hazards. 

r d s  

The external hazard posed by the radioisotope heat source capsules 
consisted of neutrons and gamma radiations. Neutrons, the most  prevalent 
and hazardous radiation, emanated f r o m  spontaneous fission of 238Pu and 
(a, n) reactions within the 238Pu02. Gamma radiations resulted f r o m  the 
radioactive decay of daughter products and impurit ies and constituted about 
10 percent of the dose, 
greater than 5 m r e m / h r  at 1 meter and about 25 m r e m / h r  to the eyes and 
whole bod at convenient handling distances. Such dose rates necessitated 
shielding x he VD-VF unit, consideration of the location of the VD-VF unit a'nd 
storage container (chil l  box) within the S S S ,  and thorough analysis of handling 
ope rations. 

A 73-watt capsule produced a dose ra te  slightly 

The inter ior  layout of the S S S  with respect  to  the radiation a r e a s  is 
shown in fig. 1. As indicated, the VD-VF unit was located i n  the equipment 
and storage rgom. When the V D - V F  unit was not in  operation, the capsules 
were stored in  water contained in  a chill box located ac ross  the aisle f rom the 
VD-VF unit. 'The water was used to  cool and shield the capsules. 

A movable, U-shaped tank containing water was constructed to shadow- 
shield the VD-'VF unit. 
unit were a l so  a par t  of the shadow shield. 
ment is shown in fig. 2. Calculations indicated that at least a 10-in. thickness 
of water i n  the shield would be required for uncontrolled access  to the area 
(8-hour working day). 
thermal  insulation, the mass and dimensions of such a shield would have been 
incompatible with easy access  to the VD-VF unit, space available in  the 
equipment and storage room, the actual time spent by the c rew in  the vicinity 
of the unit, and the general objectives of the program. 
shielding guidelines were established to  prevent exposure of any major  portion 
of the body to  a d 
and normal traffi ithin the equipment. and storage room. Shielding was such 
that during normal operations of the VD-VF unit no a r e a  was accessible t o  
personnel that would resul t  in  exposure of a ma jo r  portion of the body to a 
dose rate in  excess of 100 mrem/hr .  When the layout of the equipment and 
storage room and the schedule of crew activities were examined, the usual 
activities and traffic were at distances grea te r  than 1 meter f rom the outer 

Stationary water tanks above, below, and behind the 
A sketch of the shielding arrange-  

Due to the volume occupied by the VD-VF unit and its 

As a compromise, 

rate in  excess of 5 m r e m / h r  for the majori ty  of 
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surface of the shield. 
thickness of water plus the water always present i n  the 
shield to a dose rate of about 25 m r e m / h r  at the surfac 
2 .8  m r e m / h r  at 1 meter f r o m  the su  

Calculations for  this condition indicated that a 4-in. 

Before the shield 
analyzed to a s s u  
dose that would 
(table 1). 

The dose rates  were calculated for various locations within the Space 
Station Simulator. 
was tabulated as shown in  table 2 according to the schedule of crew activities 
and the maximum dose ra te  fo r  the location of that activity in  the SSS. F r o m  
table  2, the integral  dose f o r  90 days was  expected t o  be l e s s  than the gen- 
e ra l ly  allowed dose 1.23 rem and w e l l  within the 3 rem tha t  could be permitted 
for  3 months of radiation work. 
neutron and gamma survey meters before the beginning of the 90-day t e s t .  
These dose rates are indicated in  figures 2 and 3 and essent ia l ly  agreed w i t h  
the calculated dose rates. 

Using these data, the maximum integral  dose t o  a crewman 

The actual  dose ra tes  were measured w i t h  

Personnel dosimetry during the 5-day checkout and the 90-day test 
consisted of film badges and pocket dosimeters.  
legal record of the radiation exposure of the crewmen. 
two film badges and two pocket dosimeters.  
neutron and gamma-sensitive films. During the 90-day test, a supply of film 
packets was stored in  the cabinet in the living quar te rs  most  distant f r o m  the 
radiation area.  
sent  the exposed packets, plus a control packet, out of the SSS via the weekly 
pass-out of samples. The other film badge contained only a gamma-sensitive 
film and was retained for the full 90 days. The film packets were specially 
supplied, developed, and evaluated for the recorded dose by  the Office of 
Environmental Health at the University of California at Los Angeles. Each 
crewman was also issued a set of direct-reading pocket dosimeters,  one 
sensitive to  gamma and the other sensitive to neutron and gamma radiation. 
The total accumulated dose indicated on each dosimeter was recorded daily. 
The pocket dosimeters  were only used to indicate any excessive daily exposure. 
At low doses ( < 2  divisions/200 scale  divisions), these dosimeters  were prone 
to artifact and la rge  inaccuracies in  use and interpretation. 

The film badges were the 

One film badge contained both 
Each crewman wore 

Each week, the crew changed film packets i n  these badges and 

The film badge resu l t s  are shown in  table 3. Three of the four crewmen 
received total doses lower than permitted for the general  population. 
fourth crewman received only 25 percent of the maximum expected dose, 
14 percent of the generally allowed dose, and about 6 percent of the maximum 
permissible dose for  13 weeks. 
detectable on either the weekly o r  90-day film packets. The pocket dosimeter 
readings were considered to be unreliable due mostly to  l a rge  e r r o r s  in  
interpreting the readings and lack of agreement between the neutron and gamma 
dosimeters  of each set. 

The 

The low levels of gamma radiation were  not 

In general, both the film badge resul ts  and the pocket dosimeters  
indicated that handling of the capsules constituted the greatest  source of 
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is shown in table 4 
d the chill box on 

Problems of control of radioactive contamination were not anticipated. 
First, the capsules were designed and tested to prevent re lease  of any 
radioactive mater ia ls  for all credible accidents during shipment of the 
capsules o r  testing of the VD-VF unit. 
equipment were used to  prevent credible accidents. 
physical fo rm of the 238Pu02 microspheres  minimized the danger to  health 
and property f rom contamination in  the unlikely event of capsule leakage o r  
rupture. 
event of accidental re lease of radioactive material f rom the capsules. The 
program emphasized the detection and containment of radioactivity and emer- 
gency procedures to minimize any contamination of personnel o r  property. 

Second, special procedures and 
Third, the chemical and 

Nevertheless, a rigorous program of control was conducted in  the 

A preliminary accident analysis gave the following results. The total 
mass of plutonium-238 was less than 10 percent of the minimum cri t ical  mass 
reflected. 
lessened the potential for  criticality, which was clear ly  impossible. 
worst  credible accident would have occurred i f  the double encapsulation of a 
heat source were ruptured and the contents spilled onto the f loor  of the 
closed SSS. 
given within 30 sec, the SSQW could probably have escaped f 
without overexposure t o  Pu. The regulations which limi 
to  238Pu02 a r e  shown in  table 5. The critical organ was co 
lung and only the limits for  the insoluble f o r m  are relevant. 
adopted to prevent such an  accident or ,  indeed, any damage to the capsules. 

leakage of radioactivity 
cal damage o r  manufac- 
ted by helium b 

Further ,  the storage and utilization of the capsules i n  water 
The 

Approximations indicated that i f  a n  air monitor warning were 

Procedures  were 

A m o r e  credible accident would have bee 
f rom a capsule resulting f r o m  mechanical o r  c 
turing defect. The leakage would have been a 

and might have bee a slow seepage o r  a rapid le  
h the microsphere f 
the consequences of are available for  a re1 

Using several  approximations, a slow leak was not expected to  yield a maxi- 
mum permissible concentration (MPC) of 10" 
exposure of the lung. 
of 238Pu02 in  air that would exceed acce 
l o 2  to lo3 .  
burden (MPLB) for  a crewman within 1 t o  10 hours. 

pCi/cm3 for  continuous 

le limits by factors  as l a rge  as 
However, a puff re lease might produce a contentration 

in  a maximum permissible lung Such concentrations could r 
Another credible, but 
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unlikely, accident could 

However, in  view of 
could have resulted i 

in the vicinity of the capsules was continuously monitored for  a-emitting 
contamination by  a n  air monitor equipped with an  addible and visual alarm. 
During every  handling operation, the ent i re  surface of each capsule was wiped 
with a d ry  cloth. 
a n  a-survey me te r  and occasionally checked with an  isotope analysis unit. 
Handling devices, personnel, clothing, and any surfaces coming in  contact 
with the capsules were surveyed for  a-emitting contamination. 
human consumption, samples of reclaimed water f r o m  the VD-VF unit were 
monitored f o r  radioactive contamination by survey of the dried samples and 
analysis i n  the isotope analysis unit. 

All smears were checked for  a-emitting contamination with 

P r i o r  to 

The air monitor filter was changed daily,and the air monitor was checked 
for performance and calibrated with a 239Pu a-standard. 
a l so  used to calibrate the a-survey me te r  before use and the isotope analysis 
unit. 
instituted whenever predetermined levels of radioactivity could be detected in  
the air o r  water o r  by a smear  test. 

The a-standard was 

Emergency and contingency procedures were adopted and were to be  

The resul ts  of continuous air monitoring are shown in  figures 5 and 6. 
The daily reading of the air monitor ratemeter decreased rapidly during the 
first few days corresponding to the rapid decay of radon after the S S S  was 
closed. 
sampling rate and counting efficiency for  the air monitor, contingency 
conditions were  established for  an  alarm at 300 cpm. 
were required to prevent inhalation of an MPLB when a time of l e s s  than 
5 minutes elapsed between a n  alarm at 300 cpm and a n  alarm at 1,000 cpm. 
The air monitor failed on several  occasions. Two false air monitor alarms 
occurred, once during the 5-day trial and once during the 90-day test. In both 
cases the c rew established within 0. 5 to 1 minute that the alarm did not result  
f r o m  radioactivity but instrument malfunction. A short  circuit in  the 
ratemeter caused the first alarm, while a noisy photomultiplier tube caused 
the second alarm. 
twice during the 90-day test. Finally, the constant-flow air pump failed on 
the 88th day and was replaced with an  air pump normally used for  bacteriolog- 
ical sampling. Measurement for  any radioactivity on the daily air filters was 
a l so  performed with the isotope analysis unit. F r o m  fig. 6, the ear ly  resul ts  
were unusually variable considering the stability of the instrument. Further ,  
the value of a particular measurement was found to decrease as the time after 
removal of the f i l ter  increased. Pre l iminary  tests by the crew suggested that 

Based upon the MPC of 238Pu in  air for continuous exposure and the 

Emergency procedures 

Batteries in  the scintillation probe had to  be replaced 



Measurements of water samples and some smear samples with the 
isotope analysis unit are  shown in  fig. 7. 
significantly different than background measurements.  
for  gross  P Y  activity were  a rate of 1 1 0  div/hr  for  a smear  sample and 
25 div/hr  for a dried 20-ml  water sample. 
water would have given a deflection rate of about 300 div/hr  for  a dr ied 20-ml 
sample. 
divisions in  l e s s  than 6 minutes f o r  a smear sample and less than 20 sec  for  
a water sample contaminated with 238Pu. 

None of these measurements  were 
The contingency levels 

A MPC of 238Pu in  the drinking 

An emergency level corresponded to a deflection of 20 scale 

DISCUSSION 

The 90-day manned tes t  of a Space Station Simulator has  resulted in  data 
and assessments  that will be  useful i n  the realist ic evaluation of radiological 
safety problems ar is ing f r o m  the potential use of plutonium\- 238 heat sources 
in  future life support systems of manned spacecraft. 
questions of difficulties and hazards  in  handling of the heat source capsules and 
the dose resulting f rom crew activities in  the p r e  
a r e a  can now be addressed with the perspective o 

In particular,  the 

open radiation 
e. 

Some of the resul ts  suggest definite ans  
the heat source c 

f 

t raversed section of the S 
than 10 percent of the nor 

Such observations should c 
complicate, and overprice 
advantages of radioisotope power. 



Perhaps  the m o  
methodology to more  
Space Station as a re  

distance and time associa 

Simulator. T 

the location of radioisotope sources  i n  relation to expected crew activities. 

The 90-day test a lso indicated that a definite spacecraft requirement 

Although extremely remote, the possibility of a 
exists for  the development of instruments, devices, and procedures to detect 
and contain radioactivity. 
radioactive contamination hazard mus t  be neutralized in  the closed environ- 
ment of a manned spacecraft. Approximate calculations indicated that damage 
resulting in  leakage f rom one o r  more  of the capsules or overheating with 
capsule rupture could re lease  airborne radioactivity that would rapidly exceed 
the maximum permissible  concentration in  air and result  in  a maximum 
permissible lung burden within minutes. However, the magnitude and 
character is t ics  of any re lease  of radioactivity would need to be experimentally 
determined to  realist ically design for  the hazard.  Nevertheless, design 
requirements,  such as the inclusion of a small, lightweight containment 
vessel  with air monitoring, o r  a heat pipe to  remove excessive heat, could be 
adopted that would greatly reduce the significance and hazards  of these remote 
possibilities and provide the opportunity for  remedial  action. In particular,  
the 90-day tes t  revealed the need for  severa l  improvements in  radioactivity 
monitoring instruments.  Some of the features that should be included in  the 
design of the air monitor and survey me te r  a r e  

A. An electronic means of discriminating between an  alarm caused by 
instrument malfunction and one resulting f rom radioactivity. 

B. Warning indicators of radioactivity level, radioactivity release rate 
(air monit*>r) ,  and instrument failure. 

C. Built-in radioactive calibration sources,  electronic calibration, and 
elective indications of cr i t ical  voltages. 

D. Interchangeable ratemeters, detector assemblies, and some 
electronic components. 

Although the development and test of such equipment and methods are an 
essential  adjunct to  use of radioisotope power, they involve existing capability 
and technology and should require only a minor effort. and expense. Most of 
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simulated credible accidents. 
to  establish confidence and perspective not attainable by speculation, 

In conclusion, the use of 238Pu02 fueled heat sources in a 90-day manned test  
of a life support system in the Space Station Simulator represented a significant 
advancement in the acceptability of radioisotope power sources for use within 
manned space stations. 

The experience gained by such testing is certain 

1. Abrahamon, S .  G; Carfango, D. G.; and KoKenge, €3. R.; compilers: 
~lu~;onium-238 Isotopic Fuel Form Data Sheets. 
Corp., 1968. 

MU4 1564, Monsanto Research 

2. Anon.: Report of Committee I1 on Permissible Dose f o r  Internal Radiation. 
ICRP Publ. 2, Pergamon Press, Inc., 1959. 
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TABLE 1.- FEDERAL RADIATION COUNCIL RADIATION PROTECTION GUIDE" 

TYPE OF EXPOSURE 

(C)  HANDS AND FOREARMS, FEET AND ANKLE5 

(D) BONE 

(El OTHER ORGANS 

POPULATION: 
(A) INDIVIDUAL 
(B) AVERAGE 

*FRaM FEDERAL REGISTER, 18 MAY 1960 

CONDITION 

ACCUMULATED DOSE 

13 WEEKS 
Y 
13 WEEKS 
YEAR 
13 WEEKS 
BODY BURDEN 

YEAR 
13 WEEKS 

YEAR 
30 YEAR 

DOSE (REMI 

75 
25 
0.1 M I C R ~ R A M  OF 
RADIUM-226 OR ITS 
BIOLOGICAL EQUIVALENT 
15 
5 

0.5 (WHOLE BODM 
5 (GONADS) 

TABLE 2.- MAXIMUM INTEGRAL DOSE FOR THE 90-DAY TEST 

MAXIMUM INTEGRAL MAXIMUM INTEGRAL 
CRMIMAN'S ACTIVITY DOSE (MREM) * I CREWMAN'S ACTIVITY DOSE UVIREM)" 

LRC TESTER 
EATING , 
SLEEPING ' 
EXERCISE 
RECREATION 
BODY HYGIENE 
WASTE MANAGEMENT 
C ~ M U N I C A T I ~ S  
PHOTOGRAPHY 
MEDICAL DATA 
SAMPLE COLLECTION 
MICROBIAL CULTURE 
DATA MANAGEMENT 
MEDICAL INTERVIEW 

9.4 
24.0 
72.0 
57.0 

178.0 
90.0 
45.0 
55.0 
8.9 
4.4 
16.0 
8.7 

18.0 
16.5 

MAINTENANCE 
LAUNDRY 
CABIN CLEANING 
LSS MONITORING 
PASS-OUT 
QUESTIONNAIRE 
M ICROPIOLOGJCAL 
WASTE WATER FILTER 

PSY CHlATRlC INTERVIEW 
SERUM SAMPLE 
PHARYNGEAL 
UNSCHEDULED ACTIV IT1 ES 
VD-VF CHANGEOVER 

CHANGE 

26.5 
3.8 
8.0 
2.2 
2.0 
0.8 
1.5 

1.5 
0.2 
0.6 
0.3 

34.0 
120.0 

I TOTAL 804.3 
INTEGRAL DOSE FOR ALL ACTIVITIES DURING THE %-DAY TEST I S  APPROXIMATELY 

*CALCULATED FROM PRELIMINARY ONBOARD TIME DEMANDS WITH THE ASSUMPTION 

800 MREM 

OF A FOUR-INCH SHIELD OF WATER AROUND THE VD-VF UNIT. 
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ACCESS TO FOUR PoSITloN 
RADIOISOTOPE \,, \j 
HEAT-SOURCE 
CAPSULES C 

Figure 2.- Radiation survey near VD-VF 
unit with retracted shield. 
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(OUTSIDE SPACE STATION 
SIMULATOR 2.4 MREMlHRn 
1.0 MREMlHRy) 

2.5MREMlHRn 
0.5 MREMlHRy 

Figure 3.- Radiation survey near isotope storage 
container in SSS (chill box). 
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BODY FLUID AND BODY COMPOSITION MEASUREMENTS 

By A. A. Kelton, Ph. D. 

McDonnell Douglas Astronautics Company 

Measurements of plasma v 
with radiopharmaceuticals, and 
natural 40K did not reveal any 1 
or lean body mass for the test  
test in  the Space Station Simul 
lean body mass were of marginal significance, the combined results are 
believed to reflect differences in  the physical activity among the subjects. 
valid, the results suggest that a rigorous physical conditioning program is 
necessary to maintain body composition in  such a confined space. 
further indicated that improved methods for measuring body fluids and body 
composition must  be developed and tested in a Space Station Simulator if 
potentially hazardous changes in  body fluid compartments a re  to be adequately 
monitored for the zero-g environment of long-duration space flight. 

If 

This study 

INTRODUCTION 

Measurementls of whole-body fluid compartments and lean body mass have 
become high priority requirements because of evidence of major problems in  
adaptation to zero gravity. 
for Skylab and Space Station studies, but may endanger the health and safety 
of astronauts for long-duration space flight. 
and lean body mass may also result f rom the inactivity associated with con- 
finement, any changes that occur in a simulated environment a t  earth gravity 
must be documented to establish a baseline for interpretation of changes a t  
zero gravity. In addition, measurements of body fluids and lean body mass 
a r e  required for a more  accurate interpretation of medical measurements 
used to monitor the health of the crew and determine any biological effects of 
the environment in  the Space Station Simulator. 

A s  a consequence, total body water, plasma volume, blood volume, and 
40K content of the whole body were measured as a par t  of the medical monitor- 
ing program for  the crew of the Space Station Simulator during the 90-day test  
of a regenerative life support system. 

These problems a r e  not only of scientific interest  

Since alterations in  fluid volumes 



olumes, total body 
healthy, young 

volume determinations were made by 
edical specialist in  radioisotope 
rocedures plasma volume was 

n of 10 yCi of 12gI-RISA for each determina- 
interval for equilibrium, a blood sample was 

taken by venapuncture. Plasma volume ( P V )  was determined by 

cPm,/ml of standard solution) (dilution factor) (ml injected) 
cpmlml  of pos tinjection sample P V  = 

Total blood volume (TBV) was determined from the hematocrit (Hct) as 
follows: 

Plasma Volume 
1 - (Hct xtb. 91) TBV = 

se and standard wa 

from each subject at 3 and 5 hours. 
protein, etc., which interfere with counting, by freeze-vacuum distillation. 

Water was separated 



One ml of the distillate was added to 
and samples counted in  a liquid sci 

Calculation: TBW (L) 

reclamation of 

egress  when th 
exposure. The maximum counting e r r o r  for the sample was 2 percent. 

Potassium-40 Measurement 

The natural content of potassium-40 was measured in  the same six 
subjects 3 days before the 90-day tes t  and on the afternoon of egress. 

Measurements were performed in  the total-body counter a t  the University of 
California at Los Angeles under the supervision of' N. S. MacDonald,, Ph. D. The 
total-body counter was calibrated in  terms of total potassium before the 
measurements. 
ratio in biological materials. 

Natural potassium-40 and total potassium exist i n  a fixed 

RESULTS 

Plasma Volume and Blood Volume 

The results of plasma and blood volume measurements are shown in 
table 1. 
of variation of l e s s  than 1 to 2 percent. 
plasma volumes were observed in  three of the four test subjects. 
volume determinations were less  accurate, but differences may have been 
measured in  two of the test  subjects and both control subjects. 
of the changes can be regarded as significant since they lie within the range 
of normal human variation. Nevertheless, since the subjects acted a s  their 
own controls, such changes may be considered indicative. 

The precision of the measurement of plasma volume has a coefficient 
Significant differences (increases) i n  

Blood 

However, none 
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Total Body Water 

a r e  unknown. 

Po t as s ium- 4 0 

Potassium-40 was measured in the UCLA total-body counter p r e -  and 
post-test in order  to determine whole-body potassium. 
shown in trable 3. 
mass. 
ment of pota 
that test subjects 
whole -body potas 
average changes test subjects and se in the control subjects. 

These results are 
Total potassium is considered to be an index of lean body 

The normal coefficient of variation for the precision of the measure- 
It was the ium is 2 to 4 percent. ion of Dr. MacDonald 

2 and control, subject 6 s d a significant loss of 
There was no si icant difference between the 

Absorbed Dose from Radiopharmaceutical Determinations 

The calculated radiation exposure from lZ51-RISA was 6-mrad whole 
body radiation for each of the two determinations {ref. 1) as calculated by 
Dr.  Cohen. 

tions gave a total 
ns combined 

). These calcu- 

Although the changes in  body fluids and lean body mass  were, a t  best, 
marginal, the trend of the combined results may reflect the effects of 
differences in  physical conditioning of the subjects. 
program will generally increase blood volume and plasma volume. 
increase i n  plasma volume and blood volume in  crewman 3 may be the result 
of his intensive and prolonged exercise program after entering the SSS. 

A prolonged exercise 
Thus, the 



Crewman 4 appeared to be the best physically conditioned of the crewmen 
before the test  and his onboard exercise would no 
affect his plasma volume an 
program in the mid-30 days 
higher ergometer workload. This may have incr 
volumes. The control subjects had sedentary job 
account for their apparent losses in plasma and b In general, the 
same tendencies were reflected by the measure tassium-40. Those 
subjects showing ive of losses in lean 
body mass also e while those subj 
pursuing a prolonged and ri ous exercise pro d a tendency to 
maintain o r  gain lean body mass. If the forego ions a re  valid, the 
results suggest that a rigorous physical conditioning program is neces 
maintain body composition in a confined space. 

re ,  be expected to 
eased his exercise 
tly maintained a 

s plasma and blood 
the test  which may 

creases  in total-body pot 
cised the least  during th 

The results of the total-body water measurements were particularly 
The spurious data obscured any meaningful interpretation. disappointing. 

Nevertheless, some credibility should be given to the relative intercomparison 
of data and the measurements which followed egress  from the Space Station 
Simulator. 
of total body water that would be predicted from body weight. Further,  the 
crew showed a greater increase in total body water than the control subjects. 
However, such results a r e  not in  general agreement with the measurements 
of plasma and blood volumes and total body potassium o r  the differences 
in physical conditioning of the crew. It would seem that any increase in 
total body water should be accounted for by some environmental factor that 
was common to the entire crew other than exercise. 

These results indicate that the test  subjects had a greater amount 

One obvious result of this study was that current methods of measuring 
body composition and fluid compartments would be inconvenient, traumatic, 
and subject to uncertainty i f  the measurements had to be regularly performed 
in the actual environment of a Skylab o r  Space Station by inexperienced per- 
sonnel with onboard equipment and materials. 
astronautrs may be endangered by changes in body fluid compartments in a 
zero-gravity environment, methods of measurement mus't be developed for use 
in spacecraft which a re  accurate, reliable and noninvasive. Recent innova- 
tions which measure trace amounts of deuterium oxide in saliva samples by 
infrared spectrophotometry o r  gas chromatography should be evaluated. 
trical measurements such as whole-body impedance and high sensitivity 
nuclear magnetic resonance a r e  promising techniques for determination of 
total body water, extracellular fluid, and intracellular fluid. Prototype mea- 
suring sys tems should be evolved and medically evaluated during future, longer 
duration, manned, one -g simulations. 

Since the health and safety of 

Elec- 

1. Haqer, P. V.; and Lipscomb, C.: J. Nucl. Med.', 5:308, 1964. 
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SONE BIOCHE ERMINATIONS ON S CR 

PARTICIPATIN 

and Terry L. S a l l e e  (E 
and David E. Uddin (C 

Naval Medic 
National Naval Medi land 

SUMMARY 

Numerous a l t e r a t i o n s  i n  the  biochemical assays of serum were observed i n  
t h e  crewmen of t h e  Space S ta t ion  Simulator during and a f t e r  t he  90-day 
These a l t e r a t i o n s  a r e  evaluated i n  r e l a t i o n  t o  the  mean pre- tes t  values with 
each man serving as h i s  own cont ro l .  
t o t a l l y  benign by t h e  medical s t a f f ,  t h e  biochemical a l t e r a t i o n s  a r e  t e n t a -  
t i v e l y  a t t r i b u t e d  t o  e i t h e r  t h e  exercise program o r  the  psychological o r  o ther  
stress fac to r s .  F ina l  i n t e r p r e t a t i o n  must await evaluat ion of these data  with 
t h e  da ta  obtained by o ther  research groups involved i n  t h i s  study. 

Although t h e  test was judged t o  be 

INTRODUCTION 

A bas i c  premise f o r  t h e  success of an opera t iona l  o r b i t i n g  laboratory i s  
t h a t  man w i l l  be ab le  t o  survive long periods of  t i m e  under po ten t i a l ly  
s t r e s s f u l  conditions.  
components, and can be divided most conveniently i n t o  the  following: 
grav i ty ,  2.  prolonged exposure a t  pressures  less than 1 atm, 3. t r a c e  compo- 
nent t o x i c  e f f e c t s ,  and 4. minimum contact with t h e  "outside world" and 
r e s u l t i n g  forced small group in t e rac t ion .  The recent  study c a r r i e d  out f o r  
NASA a t  McDonnell Douglas Astronautics was b a s i c a l l y  a n  engineering exercise 
a t  1 g designed t o  test t h e  regenerat ive l i f e  support system and the feas i -  
b i l i t y  of prolonged human hab i t a t ion  under these conditions.  
a l s o  allowed two types of biomedical ana lys i s  t o  be ca r r i ed  out.  
quot of blood was drawn on board and subjected t o  rou t ine  c l i n i c a l  ana lys i s  
under the  d i r e c t i o n  of Dr. J. Wamsley (MDAC). The reported values were t o  
serve as immediate c l i n i c a l  i nd ica to r s  t o  spot  changes t h a t  might impair o r  
abort  t he  mission, o r  t o  determine i f  t he re  were se r ious  physiological changes 
t h a t  could prove in ju r ious  t o  t h e  hea l th  of t h e  subjec ts .  
samples was drawn f o r  ana lys i s  of serum l i p i d s ,  enzymes, and o the r  minor bio- 
chemical cons t i tuents .  
the  extent  and nature  of sub t l e  biochemical changes which might be useful  a s  
i nd ica to r s  of stress. Changes i n  minor phospholipids have been reported t o  
occur a f t e r  acce lera t ion  stress, combat stress, and i n  schizophrenia (Pol is  -- et a l . ) ( l ) .  Data from thee laborator ieshave ind ica ted  t h a t  severe p 
log ica l  stress may be r e f l e c t e d  i n  serum l i p i d s  and it i s  w e l l  known 

These comprise both physiological and psychological 
1. Zero 

This tes t  
A small a l i -  

A second set of 

These analyses were intended t o  provide information on 
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Fas t ing  blood samples were obta 

t o  our labor  y s i s  was begun . Commercial was used a s  a con- 
t r o l  f o r  serum enzyme ana lys is .  
used f o r  haptoglobin ana lys i s .  Chemical standards were cont ro ls  f o r  glucose, 
l a c t a t e ,  chol  e r o l ,  and f r e e  f a t t y  a c  s a t i s f a c t o r y  cont ro ls  ex i s t ed  
f o r  t h e  o ther  terminations.  Neutral pholipid d i s t r i b u t i o n s  were 
determined by standard procedures developed i n  t h i s  laboratory ( 2 , 3 ) ,  Lipo- 
proteins  were determined by a modification of Noble's procedure with quant i -  
t a t i o n  being accomplished by densitometry (4). 

Pooled frozen serum, genet ic  type 2-1, w a s  

Enzyme determinations: Total  l a c t i c  dehydrogenase (LDH) was determined 
by the  method of Babson and P h i l l i p s  (5). 

The electrophore was ca r r i ed  out i n  0.05 M b 
f o r  25 min a t  150 vo l t s .  Alkaline and ac id  phosphatase were d e  
Boehringer Mannheim k i t s .  Creat ine phosphokinase (CPK) was de t  
Calbiochem k i t .  

LDH isozymes were detected a f t e r  
is i n  0.9% agarose microscope s l i d e s  and quant i ta ted  by 

Amylase was determined by a modif 
i s  method supplied a s  a k i t  from Harleco. 

u r  glucose by t h e  

(6). Cholesterol  was ana- 
s determined by a 

Non-esterified f a t t y  

SULTS 

t h a t  were performed on t h  

. The serum exizymes showed some 
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regular f luctuat ions,  but few clearcut  changes r e l a t i v e  t o  the test could be 
ascertained. Lactic dehydrogenase, aci 
s ignif icant  change throughout the  test 
u re  1) was s igni f icant ly  eleva 
Crewman #4 had high CPK l eve l s  
increased during the run. Thes 
exercise phenomena and adaptive 
increased over the pre-test mean i 
ing the most s ign i f icant  e leva t io  
the only noteworthy phospholipid change was i n  sphingomyelin (Figure 3). 
s ignif icant  elevation of sphingomyelin was observed f o r  crewmen #l and #Z on 
day 18. 
values fo r  crewman #3 ran below the pre-test mean. 
cholesterol (Figure 4) showed a steady decrease during the run. 
values pe r s i s t ed  throughout the post-test  period. 

A 

Crewman 94 had an elevated value throughout t he  run while most of the 
In  the  neutral  l i p ids ,  

The low 

DISCUSSION 

In general the biochemical values tha t  were determined over the course 
of t h i s  study indicate  no marked a l t e r a t ion  tha t  could be interpreted a s  
hazardous t o  these men. 

One subject ,  crewman #2, had three elevations i n  c rea t ine  phosphokinase 
a f t e r  entry i n t o  the chamber, each elevation being lower than the  previous 
rise. 
exercise. 
f ican t  enzyme changes resu l t ing  from an unchanged exercise regimen; t h i s  
phenomenon, a type of adaptation, could possibly account for  the pat tern ob- 
served i n  t h i s  subject.  

Such an increase i n  CPK may accompany ske le ta l  muscle injury or severe 
A prolonged exercise routine can lead t o  progressively less s igni -  

Serum amylase was elevated i n  a l l  subjects during the run. The or ig in  of 
t h i s  enzyme (parotid o r  pancreatic) was not determined and no explanation f o r  
the rise can be offered a t  t h i s  t i m e .  

I n  a l l  of the subjects there  was no detectable change i n  the minor phos- 
pholipids measured a s  the  = o f  phosphatidyl glycerol,  cardiol ipin and phos- 
phatidic acid. I f  Pol is  (1) is correct  that  elevation of phosphatidyl gly- 
cerol. is  an indicator  of "stress", no evidence of stress such a s  found i n  
acceleration, combat aviation, and schizophrenia was apparent i n  the  chamber 
crew. The ana ly t ica l  techniques used by Pol is ,  however, were d i f fe ren t  than 
those applied here, and d i r ec t  comparisons a re  not possible. 

In  a l l  of the subjects the  values f o r  cholesterol f e l l  during the test 
and remained low a f t e r  t he  test. 
exercise but, without d ie ta ry  analysis,  t h i s  concept i s  only speculative. 
There have been reports of both a rise and a decline i n  cholesterol Levels 
associated with exerc ise . 

This could be due i n  par t  t o  d i e t  and 

575 



Glucose and lactate showed no changes of any s igni f icance  i n  t h i s  hypo- 
b a r i c  environment. 

When i t  w a s  noted t h a t  one sub jec t  had an apparent ahaptoglobinemia 
p r i o r  t o  the  test ,  the  a u t h o r i t i e s  on the  test  si te were immediately no t i f i ed .  
Examination of the  sub jec t ,  however, d id  not reveal  any abnormalit ies.  Sinbe 
haptoglobins are t h e  normal mechanism f o r  binding of f r e e  hemoglobin, a sudden 
decrease could ind ica t e  a hemolytic episode. 
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TABLE I 

a lyses  Perfo 
ce Simulator 

Neutral Lipids: Monoglyceride, f r e e  f a t t y  ac ids ,  choles te ro l ,  d iglycer ide,  
t r i g lyce r ide ,  cho le s t e ro l  esters. 

Phospholipids: Lysophosphatidyl chol ine,  sphingo l i n ,  phosphatid 
chol ine (inc.  phosphatidyl s e r ine  and i n o s i t o l )  and 
phospholipids. 

Lipoprotein Distr ibut ion:  a, pre B ,  B 

Serum Enzymes: Acid phosphatase, a lka l ine  phosphatase, amylase, c r ea t ine  
phosphokinase, l a c t i c  dehydrogenase 

Other Const i tuents :  Cholesterol  (chemical), f r e e  f a t t y  ac ids  (chemical), 
glucose, l a c t a t e ,  haptoglobin. 
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UTILIZATION OF TKE V-e SPIROMEiTER MOP TEC!H!JIQLE 

FOR IIESPIR83cORY MONITORING 

By 0. F. Trout, Jr., a d  IC. 0. Wilson 
NASA Langley Research Center 

SUMMARY 

The V-t spirometer loop technique was successf'ully used i n  the 90-day 
manned t e s t  fo r  respiratory monitoring. 
i n  the respiratory systems of the t e s t  subjects during the t e s t  period. 
the technique is  easy t o  use, requires very l i t t l e  time, and detects minor 
changes, it is  recommended as a means of monitoring the subjects i n  subsequent 
reduced-pressure-atmosphere closed-chasnber t e s t s  and space f l ights .  

Only temporary s m a l l  changes occurred 
Because 

INTRODUCTION 

Pulmonary function measurements are useful i n  evaluating the condition of 
an individual's respiratory system and f o r  detecting changes from disease, 
modified atmospheric conditions, and environmental contaminants. The volume- 
volumetric-flow-rate loop technique is  a quick convenient method f o r  obtaining 
simultaneously several parameters of respiratory physiological data i n  a compact 
form. 
t o  s tore .  
research has gone into its development. 

In t h i s  form the data are easy t o  compare on a time basis and convenient 
Although the technique is  not i n  general c l inical  use, considerable 

(See refs. 1 t o  9.) 

SYMBOLS 

v 
V 
.- volume 

volumetric flow rate 

DISCUSSION 

Figure 1 shows a typical V-* loop from a respiratory t e s t .  m e  curves 
indicate respiratory volume as a function of volumetric flow rate  f o r  both 
inspiration and expiration. 
volumetric flow rate, and the olrter curve represents the maximm volume and 
flow rate which the subject can achieve. 
can move in  and out of h i s  lungs is his v i t a l  capacity. 
ence between the inner normal t i d a l  loop a d  the outer loop on expiration is  his  
expiratory reserve, end the difference on inspiration is  his  inspiratory reserve. 

The inner loop represents normal tidal volume and 

The maximum volume which the subject 
The volumetric differ- 
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Maximum volumetric f low rates are a measure of the e las t ic i ty  and resiliency 
of a subject's lungs. 

Figure 2 presents a diagram of the manned t e s t .  
During a respiratorytest ,  the s 
either a mouthpiece or a face 
displacement-type device with a l ight  
than 1 m m  of water i s  required t o  move 
a minimal pressure loading on the t e s t  
taneous electr ical  outputs fo r  volume and flow rate. 
transducer are amplified and fed into a storage os 
tory t e s t ,  the necessary information t o  complete t 
of the oscilloscope. 
graphed on a 3- -inch by L- inch film with an oscilloscope camera. 

irometer be l  

The dc signals from the 
respira- 

the screen 
If the data loop i s  properly completed, the trace is photo- 

1 1 
4 4 

Figure 3 shows the spirometer installed i n  the t e s t  chamber during the 
During this  t e s t  the V-$ loop technique was applied t o  90-day manned t e s t .  

detect possible changes in  the subjects from contaminants, confinement, infec- 
t i on ,  and the reduced-pressure mixed-gas atmosphere. 

Figure 4 shows oscilloscope traces of a person with no detectable pulmonary 
This figure is  used system dysfunction and of a person with marked dysfunction. 

f o r  i l lust rat ion and i s  not of the subjects i n  the *-day manned tes t .  

Figures 5 and 6 show oscilloscope traces of t e s t  subjects 1 and 3 i n  the 
90-day manned t e s t .  
subject 3 had a greater than normal v i t a l  capacity. 
individualistic characteristics. 
jects  before the 90-day manned t e s t ,  once each week during the t e s t ,  and at one 
and f o u r  days a f te r  the t e s t .  

S a j e c t  1 had a smaller than normal v i t a l  capacity, whereas 
These loops show highly 

Respiratory t e s t s  were performed on the sub- 

No major changes or infection were noted i n  the respiratory system of any 
of the t e s t  subjects. 
of each of the t e s t  subjects decreased 5 t o  10 percent while the maximum inspira- 
tory and expiratory volumetric flow rates increased from 5 t o  20 percent. b e -  
diately a f t e r  the W-day manned t e s t ,  both tidal volume and volumetric f l o w  rate 
returned t o  a value between the pretest and t e s t  levels. 
the involuntary breathing ,pattern in  the reduced-pressure atmosphere caused 
these minor changes; however, further research is  needed t o  confirm th i s  effect. 

I n  the reduced-pressure atmosphere, the v i t a l  capacity 

Possibly changes i n  

Small oscillations i n  the outer curve indicated very mild congestion for 
subject 3 before, during, and af te r  the 9O-day manned t e s t .  This may be a worthy 
subject for further investigation, 

CONCLUDING REMARKS 

The volume-volumetric-flow-rate loop technique appears t o  have been a 
useful method of pulmonary monitoring during the %-day manned t e s t .  
tory changes observed during the test were relatively minor. 

Respira- 
The spirometry 
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equipment operated sat isfactor i ly  during the test and required 
future reduced-pressure-atmosphere closed-chambe 
compact spirometry equipment sh 
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INSPIRATORY RESERVE 

NORMAL TIDAL VOLUME EXPIRATORY RESERVE 
VITAL CAPACITY 

EXPIRATORY VOLUME 
- 

INSPIRATORY VOLUME 

Figure 1.- V-e loop method. 

DC AMPLIFIER TRANSDUCER 

TRANSDUCER 
POWER SUPPLY DC AMPLIFIER STORAGE 

OSCILLOSCOPE 

Figure 2.- Diagram of apparatus for obtaining pulmonary loops. 
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BIDOD CARBOXYHEMOGLOBIN SATURATION OF PERSONNEL 

U. S. Naval Med a1 Research Ins t i t u t e  
National Naval Medic 

Bethesda, Maryland 

Hemoglobin solutions prepared from blood c lo ts  have been used t o  meas- 
ure the COHb saturation of crew members during a ninety-day test of a Simu- 
la ted Space Station (SSS) l i f e  support system. 
was effective i n  removal of CO from t h e  system as rapidly as i t  was produced 
by the crew. During a period of 313 hours when the toxin burner w a s  not 
operated, a total  of 739 ml of CO accumulated i n  the gas and blood. 
average rate of endogenous CO production over t h i s  period of 0.59 m l  per 
man hour w a s  calculated. 

The Hopcalite toxin burner 

An 

INTRODUCTION 

Control of the gaseous environment quality t o  suitably serve as the  
respiratory gas is critical when men are confined i n  a rest r ic ted space for  
long periods of t i m e .  
whether these compounds are produced by metabolic reactions of t h e  crew o r  by 
chemical reactions related to  operation of the equipment used. 
removal of carbon dioxide, produced i n  large quantity by the crew, and pro- 
vision for  maintenance of appropriate oxygen levels are prerequisite t o  any 
such closed system. 

One such metabolic toxic material, carbon monoxide, is considered i n  
th i s  report. Although CO is released i n  re la t ively small amounts by off- 
gassing of many chamber materials (1,2), the contribution of the total  CO 
production from th i s  source i n  a satisfactory manned system is insignificant. 
Major sources of CO production, as from f i r e  and overheating of organic 
materials, are t o  be scrupulously avoided, 
t ion of CO by the crew members ( 3 , 4 )  is unavoidable and provision must be 

Adequate removal of toxic materials is essent ia l  

Adequate 

The endogenous metabolic produc- 

'Supported i n  part  by the Bureau of Medicine and Surgery, Nav Depart- 

2The opinions or  assertions contained herein are those of the authors 

gnant, Research Task H4306.02-403OB~~9, 

and are not t o  be'construed as o f f i c i a l  o r  reflecting the views of the Navg 
Department o r  the naval service at large. 



made t o  prevent e gas composition 
w i l l  r e s u l t  i n  a sa tura t ion  of t he  
crew predictable 
removed from the 
production by t h  
i n  the blood of the c 
the rate of endo 

Blood c l o t s  remaining a f t e r  serum removal fo r  other biochemical analyses 
w e r e  the  materials used f o r  COHb sa tura t ion  measurement. The c l o t s  w e r e  air 
shipped i n  ice, received i n  the  laboratory i n  the  or ig ina l  stoppered and la- 
belled tubes, and were refr igerated at 4°C without opening u n t i l  t he  day of 
analysis , 

Hemoglobin solut ions were prepared from the  c l o t s  f o r  analysis  as follows, 

The c l o t  was expressed through the syringe o r i f i c e  
The tube containing the  c l o t  w a s  opened and the c l o t  t ransferred t o  a 20 m l  
p l a s t i c  disposable syringe. 
(no needle) back i n t o  the  or ig ina l  tube. A volume of 2% Sterox SE i n  water 
was  then added t o  the tube such tha t  the volume of Sterox added w a s  approxi- 
mately equal t o  the or ig ina l  volume of the clot .  
placed on a mechanical ro tor  at room temperature f o r  15 t o  30 minutes t o  permit 
the  Sterox t o  permeate the f ine ly  divided c l o t  and hemolyze the  red cells. 
The tubes containing the  extracted c l o t s  w e r e  centrifuged t o  obtain a clear 
supernatant solution. 
t o  a small v i a l  o r  test tube fo r  analysis of carbon monoxide content and t o t a l  
hemoglobin, 

The tubes were stoppered and 

A f rac t ion  of t h i s  hemoglobin solut ion w a s  t ransferred 

Total  hemoglobin w a s  determined as cyanmethemoglobin at 540 nm by use of 
a PaM absorpt ivi ty  of 11.0 (5 ,6 ) .  
least 2 hours before absorbance measurements were made because of the  slow 
conversion of COHb t o  cyanmethemoglobin (7). 
used: 

The reaction w a s  allowed t o  proceed f o r  a t  

Usually a d i lu t ion  of 1:301 w a s  
15 a1 of reagent plus 0.050 m l  of hemoglobin solution. 

Carbon monoxide content w a s  measured by gas chromatography ( 8 ) .  Condi- 
t ions were used which prevented appreciable CO formation during the  reaction 
i n  the  presence of oxygen (9). AT1 r e s u l t s  are expressed i n  terms of COSb X 
saturat ion calculated as 100 times the  CO content of the sample divided by the  
t o t a l  hemoglobin content of the  sample expressed i n  terms of CO binding 
capacity. 

RESULTS 

Samples were obtained from crew members and back-up personnel over a per- 
iod of about 6 months before, during, and a f t e r  the  actual manned chamber 
test. These r e su l t s  i n  Table I show the values obtained, together with the  

592 



man and stand 
trolled atmosphere of 

Blood COHb saturation of crew personnel for the 
ninety-day test while outside the SSS 

Date 
1970 

3/24 
4/ 7 
4/14 
4/21 
4/28 
5/5 
5/26 
6/2 
6/9 
6/13 
4/16 
6/23 
6/30 
7/7 
7/14 
7/21 
7/28 
8/4 
8/11 
8/18 
8/25 
9/1 
9/8 
9/11 
9/15 
9/29 
10/6 

Humbar 
Mean 
S-D- 

Donlon Dennis eaaaker Dunn 
coxb COHb 

x x x x x 
1.29 2-74 
0.97 5-02 
1.04 4.98 
1,70 4.06 
0.92 3.92 
1.34 3.18 
1.02 2.88 

0.52 0.95 
Minety-day test 

1-09 2.07 

1.19 
0.84 
0-88 
1.27 
1.21 
1.33 
0.88 
1.31 
0.48 

begins 

1.35 
0-95 
1.05 
1.42 
1.18 
1.04 
1.08 
1-49 
0.85 

Ninety-day test ends 
1-27 1.39 1 1.28 
1.51 7 1 1.25 
0.97 1 0.90 0.95 

12 12 12 
1-14 3.16 1.06 1-16 

+ 0-31 2 1-34 + 0.26 + 0.20 - - - 

2.53 
2.75 

3.50 
2.77 
2.87 
2.68 
4.65 
2-31 

0.41 

2.06 
2.18 

- 

UII 

y_ - 
2.50 

3.14 
2.97 

- 
3.09 
1.96 
1.67 
4.07 
2.66 
3.15 
2.43 

21 
2.68 - + 0.86 

1.45 
0.98 
1.19 
1.02 
1.22 
1.07 
0.93 
1.14 
0.87 

- 
0.60 - 

5.14 
6-25 
7.71 
8.75 
6-98 
6.05 

- - 
.LII 

111-.... - 

- - 
1.16 u)II. 

1.13 UII - 4.94 
0-91 - 7-56 
2.11 6.68 
0.80 6.67 

17 11 
1.07 6.89 - + 1.32 - + 0.34 
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Date 
1970 

6/23 
6/30 
717 
7/14 
7/21 
7/28 
814 
8/11 
8/18 
8/19 
8/25 
9/1 
911 
918 
9/11 
9/11 

Mission 

1 
4 
11 
18 
25 
32 
39 
46 
53 
60 
67 

1.76 1.75 
1.77 L69 
1.81 1.81 

1.72 1.64 
1.87 1'87 

la66 1.67 
1.54 la37 
la32 1.29 

1.65 
1.70 
1.40 
1.20 

Hall Meall 
mHb mHb 

x x 

1.66 1.67 

1.44 1.44 
1.35 1.29 

la50 1-63 

68 Toxin burner turned off 
la94 la88 1.93 1.90 
2a42 2a34 2.32 2.33 

81 
a0 2.01 1.90 la93 1.93 

1.75 1.71 1.81 1.80 

n burner turned on after 911 samples 

leave chamber 

313 hours unti l  after blood was dram on 9/1. A significant increase of 
COB from about 1.3% to over 2.3% was noted during th i s  period, 

Std. 
Dev. 

0 
0.05 
0.08 
0.10 
0 002 
0 801 
0.03 
0.09 
0.07 
0.06 

0 
0 

0.05 
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An approximate rate of endogenous CO production can be obtained from the in- 
crease i n  the amount of CO i n  the g 
over t h i s  period, For t h i s  
f t3 ,  was c ated to be 6 

as w a s  (63.0 
i n  blood CO during t h i s  

d of the  crew 

t o t a l  hemoglobin t o  be 1Q.l gmlKg 
were Donlon = 7.66, Dennis = 9.59, 
increase of CO i n  the blood of 40.0 ml, al endogenous pro- 
duction of 739.3 m l  of CO i n  1,256 man f CO per man hour. 
This resul t  is i n  quite acceptable agreemnt with the average value of normal 
endogenous CO production, 0.42 ml/man hour, reported by Coburn, et al. (4). 

gen and CO i n  blood The Haldane l a w  for  equilibrium distribution of 
i n  man may be applied -- i n  vivo i n  the following form: 

( C O W  (PBar -4 7) f 102-40 
K - 218 = X 

0.97(100-COHb) (PgarD47)fIco 

in  which COHb is the X saturation of hemoglobin with CO, (p~~~--47)f1oz-40 is 
the equilibrium oxygen tension, and (pB&7)fI60 is the equilibrium carbon 
monoxide tension. 
approximately 150 nnu Hg, 
same rate as it is produced, the  actual inspired CO tension mast be less 
than the equilibrium CO tension by about 2 x loo3 mat Hg, 
gas data from the SSS together with the expected 60 c o n t d n a t i o n  of the 

yzed oxygen content of the chamber gas. 
was observed a f t e r  recalibration of the  11 instrllaaent before the 7/7 ss91ples, 
but usually the I R  value reported from the chamber analysis exceeded the 
expected value by 3 t o  7 parts per million. No adequate explanation for 
t h i s  discrepancy is apparent as i n  many cases the reported IB value actually 
exceeded the equilibrium value, a s i tua t ion  which certainly did not exist at 
any time i n  the 9O-day test as evidenced. by the fa i lure  of the COHb of the 
crew and the CO content of the gas phase t o  increase as rapidly as would be 
required with the  measured rate of endogenous CO production, 

This equation is valid when the inspired oxygen tension is 
In the s-teady state where CO is excreted a t  the 

Table 111 contains 

calculated from the average COHb level  of the crew and the anal- 
Identity between these two values 

C O ~ C L ~ ~ ~ G  REMARKS 

These resu l t s  demonstrate that  hemglobin solutions prepared from blood 

These data, together with the oxygen-content of the inspired air  may 
c lo ts  may be .used to accurately determine the fractional 60 saturation of 
blood. 
be used t o  estimate the air CO contamination, 
endogenous CO production is exactly balanced by CO excretion, the equilibrium 
pC0 of the blood exceeds the pCO of the inspired air by approximately 
2 x log3 nm Rg, 
ables iacluding alveolar ventilation rate, lung diffusion capacity, rate of 
endogenous CO production, and alveolar oxygen teasion, 

In the  steady state where 

This value i s  determined by a number of physiological vari- 
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Date 
19 70 

6/13 
6/16 
6/23 
6/ 30 
7/7 
7/14 
7/ 2 1  
7/28 
8/4 
8/11 
8/18 
8/19 
8/25 
9/1 
9/1 
9/8 
9/11 
9/ 11 

1 
4 507.5 0,3153 le00 5,20 6.8 11 

11 516 0 0.2984 1.55 7.70 11.9 26 
18 509.0 0.3045 1.73 8.68 14.1 24** 
25 509 .o 0.3045 1,64 8.22 13,1 13 
32 513.0 0.3021 1.80 9.03 14.7 8 
39 505.8 0.3045 1.86 9,30 15.5 12 
28 511.1 0.2994 1.67 8.24 13.1 1 2  
53 508.0 0.3011 1.63 7.98 12.7 18 
60 504.6 0.3092 1.44 7.35 11.3 20 
67 506.4 0.3060 1.29 6.41 9.4 16 
60 Toxin burner turned off 
74 507.1 0.3060 1.90 9.58 16 .O 22 
81 511.5 0,3126 2.33 11.78 20.5 27 
81 
88 499 . 4 0,3120 1.93 9,71 16.7 15 
91 503.7 0.3081 1.80 8.96 15.0 18 
91 Men leave chamber 

Toxin burner turned on a f t e r  911 samples 

**Error i n  calibration of I R  instrument discovered. 

The toxin burner used i n  the SSS was effective i n  removing CO suffi-  
ciently rapidly to  prevent accumulatfon of CO. 
t o  form about 0.59 m l  of CO per man hour o r  approximately 396 ml of CO by 
the 4 men per week. In the  absence of CO removal, toxin burner not opera- 
ting, the endogenous CO production from the crew can be estimated from the 
change i n  the t o t a l  CO content of the  gas phase and the  blood of the men. 

The crew members were shown 

The data preaented indicate clearly that  the instaneous range of COHb 
i n  a l l  members of the crew w a s  extrenvely small, These comparisons were made 
without regard t o  exercise o r  sleep patterns and substantiate the Haldane 
expression which indicates that  the -$or factor  affecting the level of COHb 
is xhe r a t i o  of p02 to  pC0 in the alveolar gas. 
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J. K. Jackson 
McDonnell D o u g l a s  Astronaut 

and 

Albin 0. Pearson 
NASA Langley Research 

The 9O-day manned t e s t  of a regenerative l i fe  support system has been cm- 

The data obtained are Impor- 
pleted with the accomplishment of the seven major objectives that were form- 
lated during the ini t ia l  planning of the program. 
tan t  t o  the scient i f ic  and engineering communities i n  undertaking the nation's 
future apace effort. These data have been summasized i n  the preceding papers. 
Examination of these data is st i l l  underway, and useful conclusions w i l l  con- 
tinue t o  be made fo r  some time t o  come. 
recommendations m y  be made from the evaluations that have been undertaken t o  
date: 

However, the folluwing conclusions and 

Attainment of program objectives: 

The 90-day t e s t  was completed without resupply of expendables or 
equipment; hence the biological and chemical. isolation of the space 
station s i m u t o r  ( SSS) was maintained. 

The regenerative l i f e  support systems operated effectively i n  pro- 
ducing potable water, removing atmospheric contaminants, and recovering 
oxygen from carbon dioxide. 

Provisioning of spares, tools, and expendables permitted mission 
completion 

Data were obtained that  defined system and subsystem mass and thermal 
balance and pmer requirement$. 

AU. maintenance and repair of the onboard equipment were conducted by 
the test crew. 

Data on planning and procedures and corresponding crew performance 
were obtained and can be used t o  determine the capability of man i n  
perfoming in-flight experiments during space missions. 

Data were obtained on physiological and psychological effects of con- 
finement on the test crew, including group dynamics and the effective- 
ness of planned work and res t  cycles. 

Evaluation of advanced subsystems: 

(1) Data were obtained on the performance of the vacuum dis t i l l a t ion  and 
vapor f i l t r a t i o n  u n i t ,  the solid amine (2% concentrator, the water 
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electrolysis units, t 
atmosphere sensor. 

Further development 
operational re l iab i l i ty  r e  

Incidents occurred during which several units were subjected ta tran- 
sient output demands which exceeded the i r  capacity. This result  
emphasized the requirement for subsystem designers t o  provide for  
adequate margin t o  allow recovery from high loads, and fo r  systems 
integrators t o  specify design parameters that minimize transient 
demands. 

gas controls, and a mass spectrometer 

sis i s  necessary t o  meet f l igh t  

Subsystem performance: 

(1) "he relative importance of various unit performance characteristics 
was emphasized by integrated system testing but frequently was not 
pointed out by subsystem design studies or t e s t  experience. 

(2) The resul ts  of the material selection program and performance of the 
trace contanrinant removal equipment were such that  the atmospheric 
contaminants were, i n  most cases, lower than those found i n  normal 
ambient atmosphere. 

Food management : 

(1) Freeze dried diet  could be acceptable for long missions. 

(2) Frozen food and selected snacks can be uti l ized i n  order to improve 
crew morale. 

(3) Microwave wen was important fo r  acceptability of food. 

(4) A method for reusing dishes and reprocessing food waste water i s  
required. 

( 3 )  Glycerol drink was accepted by crew and no adverse effects were noted. 

Waste management : 

The commode was acceptable t o  the crew. 

An improved urine collection, measurement, and sampling equipment are 
required for zero gravity use. 

An improved means of handling waste and garbage is required. 

Equipmen% operation, maintenance, and repair: 

(1) Crew performance i n  operation, maintenance, and repair of equipment 
was effective and frequently ingenious. 
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( 2 )  Automatic collection and display of data require irnpr 
uJBrly inside the space station simulator, 
capability. 

ional 

Habitability : 

(1) me crew was able t o  adapt 

(2) Crew recommended p 

(3) Crew would have appreciated shower bath faci l i ty .  

(4) Microwave wen and food freezer were important habitability features. 

paneling) on future missi 

Crew selection and training: 

(1) Crew selection c r i t e r i a  were established and provided effective 
qualitative guidance during the selection process because they were 

(a) Dkveloped early i n  program 

(b) Provided effective guidance during selection process 

(c) Established an adequate local pool f o r  subject selection 

( 2 )  Crew training was adequate for support of mission objectives with the 
following exceptions: 

(a) More time, ear l ie r  i n  training program, would have improved 
crewmen's effectiveness during early t e s t  period 

(b) Availability of l i fe  support equipment ear l ie r  i n  training pro- 
gram was desirable 

Manned mission actiVity analysis: 

(1) Langley space station mission module computer program i s  capable of 
providing operationally acceptable activity schedules and faci l i ta ted 
incorporation of l a s t  minute changes. 

(2) Computerized activity scheduling i s  recommended for  use i n  planning 

( 3 )  Ear ly  start i n  task analysis and definition of constraints are 

future manned t e s t s  i n  preference over manual scheduling. 

important. 

Behav5oral studies: 

(1) Results indicate general luw level of s t ress  during t es t .  



occurred. 

imprmement was shown. 

Noninterference performance asses 

(3) Crew quarters noise level was acceptable (Acceptance level  

(4) Equipent area noise leyel  w & ~ i  marginal (Acceptance level  = MCA 70). 

NCA 55). 

Electroencephalograph (EEG) - sleep studies: 

(1) Methodology was developed f o r  obtaining and autcanatically scoring of 

(2) Sleep records shm l i t t l e  deviation from nom. 

BE sleep records. 

(3) EEG/sleep analysis would provide valuable assistance i n  assessing crew 
w d  changes. 

Medical program: 

(1) There were nu detectable adverse medical effects resulting from the 
9O-day test. 

(2) %rum calcium and urine calcium were inversely related t o  C O ~  par t i a l  
pressure. 

Hcrobiology : 

(I) There was no cl inical  imess related ta  carriage or transmission of 
potentially pathogenic microorganisms. 

(2) The microbiological findings support the grawing body of evidence that 
ground-based clused chamber tests do not markedly affect  the micro- 
organisms or  the sensit ivity of the hust t o  them. 

Radioisotope uti l ization: 

(1) Handling and storage of radioisotope heat ces in a closed environ- 
ment does not present a hazard t o  personnel. 
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(2) Better operational methods of measuring c a g e s  i n  bcrity f lu id  volhnes 
are necessary f o r  space f l igh t  use. 

Recamended areas for improvement: 

(1) Zero G phase separators need t o  be imgroved, 

(2) Data collection and display should be autamated. 

(3) Better design of cold-water dispenser is required for microbial control. 

(4) Cldsed-end crew taskrs should be scheduled. 

( 5 )  Methods of illshwashing and repwcessing food waste water need ta  be 
developed 

(6) Onboard laboratory should be expanded t o  reduce sample pass-aut 

(7) The standards fo r  potable water and atmosphere contaminants should be 

requirements 

reassessed. 

(8) The c r i t e r i a  for wash water should be defined. 

(9 )  Crew habitability i n  the areas of lighting, privacy, shower fac i l i t i es ,  
and color  scheme should be improved. 

NASA-Langley, 1971 - 5 
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