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Preface

This report is prepared on an annual basis for the purposes of highlighting the fiscal
year research and technology (R&T) activities. lts intent is to better inform the R&T
Program Managers of significant accomplishments that promise practical and
beneficial program application. The report is not inclusive of all R&T activities.
This document will be updated in November of each year.

The JSC Annual R&T Report is compiled by the Technical Planning Office, Office of
the Center Director. The personnel listed below have coordinated the technical in-
puts for their respective sections of the report. Detailed questions may be directed
to them or to the technical monitors listed in the significant Task indices.
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Office of Space
Flight

Advanced Programs

The foremost1980’s goal of theJohnson
Space Center in support of the Office
of Space Flight is toc compiete the tran-
smon of the Space Transportation
System (STS) from the test phase into
routine user-oriented operation. This
activity includes the development and
integration of systems necessary to
support the Shuttie, its companion up-
per stage vehicles, and any ancillary
devices required to enhance orbital
utility of the STS.
As shown in figure 1,
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Figure 1.— OSF long-range goals.

Summary

sion to be added to the STS system by
the end of the decade. JSC has re-
cently established a program office to
work with NASA headquarters toward
eariy initiation and development of the
Space Station.

Virtually all of OSF-funded in-

_____ ungeg and i
house research activities at JSC con-
tinue to be directed toward the in-
creased Shuttle utilization and/or the
manned orbital Space Station.

2

Space Shuttie Utilization

e first operationai flight of the Space
Shude in November, 1982 opens the
new era of routine in-situ satellite ap-

plications. For the first time space
systems may be serviced, repaired, or
returned to Earth as the need arises.
JSC continues a major activity in the
investigation of procedures and
systems that will enhance and
upgrade the utility of the STS for the
performance of these tasks.

Reported in this document are
research projects related to the Prox-
imity Operations Vehicle (POV) and
the Laser Advanced Rendezvous and
Docking System. These projects have
recently been proposed for an STS ser-
vicing demonstration. Operating
together, the flight would demonstrate
the capability of the POV while
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calibrating and functionally evaluating
the laser docking system. Figure 2 pre-
sents a collage of potential uses for the
POV.

Another utility demonstration, which
has been extensively studied in-
house, involves the demonstration of
refueling of satellite propulsion
systems. The need for this capability
was identified in the Satellite Services
System Analysis Study (reported last
year). The proposed demonstration in-
volves the transfer of hydrazine pro-
pellant from a servicing system into
flight type propulsion module. Both the
propulsion module and servicing
system would be carried to orbit and
back in the Space Shuttle payload bay.
Onorbit operations would include ex-
travehicular activities to connect
transfer lines, transfer of propellants,
and line disconnects. The purpose of
the flight test would be to demonstrate
the capability to service propulsion
systems of the class used on Landsat
D. Figure 3 depicts an operational ser-
vicing mission.

Also reported this year is an activity
aimed at increasing the utility of the
astronaut through introduction of a
spacesuit that will decrease the re-
quirement for prolonged denitrogena-
tion before extravehicular activities
(EVA). The 4-psia EVA system in use
today requires 3 hours of oxygen
prebreathe to avoid the nitrogen-in-
duced "bends”. The zero-prebreathe
system will operate at higher pressures
and thus obviate the necessity for the
extended denitrogenation process.

Another area of study to increase
capability of the flight personnel is the
Onboard Remote Terminal. This area
promises to reduce training time for
ground and flight crews and increase
flexibility when new opportunities or
changes in flight plans occur during
the STS mission.

Space Station

JSC continues to vigorously support
the development of a permanently
manned low-Earth-orbit facility as the
agency focus for the 1980'’s. JSC also
supports the concurrent development
of a space-based orbital transfer vehi-
cle as a necessary companion element
of the Space Transportation System.
The Space Station is intended to pro-
vide a permanent orbital facility for
servicing of satellites, space basing of
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Figure 2.— Potential uses for the POV.

Figure 3.— Fluid transfer.




reusable upper stages, assembly of
large payloads and stages, and for
conducting long-duration manned
science and application endeavors.

A Space Station Program Office was
recently formed to focus JSC man-
agerial, technical, and budgetary
efforts related to Space Station and to
develop the plans and documentation
necessary to support early agency in-
itiation.

The current Space Station related
activity at JSC involves a contingent of
approximately 100 program office and
directorate specialists. The Space Sta-
tion is currently targeted as a new in-
itiative in 1986 with initial operationai
capability in 1990. Figures 4 and 5
depict potential interim and growth
configurations of a Space Station as
previously defined by in-house
studies.

The evolutionary buildup of the
Space Station will dictate flexibility of
design not previously attempted for
space systems. Hardware and soft-
ware for the avionics systems threaten
to be very costly unless this evolution
can be understood and accommo-
dated in the initial design. Activities
are currently underway to design and
activate an avionics system test bed to
gain early insight into this problem.
Alsc underway is a project by which
the Space Shuttle Remote Manipulator
System can be used as a test article to
investigate the feasibility of onorbit
flexible control for large systems such
as the Space Station. A third project
aimed at understanding Space Sta-
tion-related activities is the Space
Construction Experiment Definition
Study. The goal of this activity is to
define a Space Shuttle-based flight
experiment to derive fundamenta! data
relative to large space structures and
their construction in space.

Regenerable concepts that recover
oxygen and water from metabolic
wastes are being developed for ex-
tended-duration Orbiter and Space
Station applications. The Advanced
Life Support Laboratory has been es-
tablished at JSC for evaluation of the
regenerable concepts. The test pro-
gram plan includes both unmanned
laboratory testing and long-duration
manned chamber evaluation testing of
regenerative environmental control
and life support subsystems.

Testing of a process that recovers
potable water from urine, using a vapor

compression and distillation tech-
nique, has been completed. A com-
petitive system using a hollow fiber
mempbrane is also under evaluation for
water recovery. Electrochemical and
catalytic processes that accomplish
the removal of carbon dioxide and
makeup of oxygen in a cabin at-
mosphere are now undergoing in-
dividual tests, then grouping of proc-
esses will be evaluated for system-

Figure 4. — Space Station interim configuration.

Figure 5.— Space Station growth configuration.

level effects.

A 20-foot-diameter vacuum cham-
ber has been modified to accommo-
date the installation of the regenera-
tive life support subsystems. A system
configuration for air and water recovery
that includes many of the processes
baselined for the Space Station will be
built and subjected to extensive un-
manned and manned testing.
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Orbital Debris Studies

In the past, spacecraft designers have
been concerned with shielding their
systems against a relatively low level
of natural meteoroids. The meteoroid
flux has been well-understood, and in
most cases offered little design
penalty. However, the next generation
of space hardware may utilize light-
weight materials such as graphite
resins and metal matrix composites
which could be more susceptible to
collision damage. Further complicating
the design issue is the steadily in-
creasing flux of man-made objects in
Earth orbit. The source of small man-
made objects is the breaking of large
satellites either by explosion or colli-
sion. These breakups account for most
of the objects cataloged by North
American Air Defense Command
(NORAD), and for an even larger num-
ber of uncataloged objects.

To address the problem of orbital
debris, JSC conducted a 3-day
workshop, July 27-29, 1982. The
workshop addressed the three major
areas of Environment Definition,
Spacecraft Hazards, and Space Object
Management. The workshop con-
cluded that the debris population is
only accurately measured by NORAD

Figure 6.- Orbital debris detection experiment.

for satellites larger than 1-meter in
diameter. Below this size, the NORAD
radar and optical systems begin to
miss objects. Below 4-cm in diameter,
the environment is totally unmeasured.
The workshop put the highest priority
on obtaining new data to define the
environment of smaller sizes. Ground-
based and satellite instruments are
feasible approaches to collecting
these data. Additional data could
come from ground simulations of
satellite fragmentation by the explo-
sion and hypervelocity collisions. It
was recommended that low-cost tech-
niques to control the environment be
encouraged and continued. Also,
NASA should continue as lead agency
in conducting future research.

JSC is planning to expand its Or-
bital Debris Program to include ground
experiments and an in situ experiment
concept to improve knowledge of the
current, small particle environment.
Figure 6 portrays a potential orbital
detection system utilizing the
multimission spacecraft. The Center
has built a small, light gas gun to study
the effects of hypervelocity impacts
into composite material. Additional
resources will concentrate on some of
the unique problems of geo-
synchronous orbit.

Research Spinoff to Ongoing
Programs

During the past year two important
steps have occurred toward increasing
the STS satellite servicing capability.

1. The Shuttle Program has initi-
ated development of the Manipulator
Foot Restraint (MFR) which is the in-
itial portion of an Open Cherry Picker.
The MFR is a piece of generic equip-
ment which will facilitate positioning
of an astronaut to accomplish servicing
and inspection activities within the
reach envelope of the remote
manipulator system (RMS). In addition,
being able to provide optimum posi-
tioning of the astronaut for accomplish-
ment of required tasks, the MFR will
simplify training and reduce require-
ments for unique equipment develop-
ment.

2. The Manned Maneuvering Unit
has been scheduled for use in servic-
ing and repair of the Solar Maximum
Mission spacecraft. The Manned
Maneuvering Unit will be used to at-
tach a remote manipulator grappling
fixture to the spacecraft (see fig. 7) to
allow the vehicle to be maneuvered
onto a holding fixture for the EVA repair
activities.



Figure 7.— The MMU being used in preparation for solar maximum mission satellite retrieval.
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Proximity Operations Vehicle

TM: Ronald H. Gerlach/EN5
Reference OSF 1

The Space Shuttle and Space Station
will require vehicles to ferry objects,
perform remote inspections, transport
cargoes, and perform remote experi-
ments. Another need will be that of
close-in (proximity) support for object
retrieval and satellite services assist-
ance with a free-flying vehicle. These
activities will require a remotely
piloted vehicle which has the
capabilities for control from the Shuttle
or Space Station and has automatic
systems for remote stationkeeping,
automatic rendezvous, and automatic

docking. The Proximity Operations
Vehicle (POV) is under concept
development at JSC to develop the
systems procedures, and methods to

accomplish these tasks.

Several ongoing studies at JSC have
been exploring the subsystem require-
ments for a free-fiier, the software and
procedures requirements for auto-
mated rendezvous, docking, and sta-
tionkeeping, and the sensing systems
for proximity operations. Under the
Maneuverable Television (MTV) study,
the electronic, propulsion, and
mechanical system of the vehicle
were fabricated and are being
analyzed. Additionally, the flight con-
trol system (FCS) has been modeled
in a computer program which also
models the Shuttle Orbiter and a
remote satellite for targets. The soft
ware and procedures for control of a
remote vehicle are being investigated
in another study, and the developed
items will be utilized with the FCS pro-
gram to analyze fuel usage and con-
trolability. A Laser Docking System
(LDS) engineering model has been
fabricated to investigate the sensor re-
guirements and demonstrate perform-
ance.

Figure 1.- POV/LDS rendezvous and docking demonstration with Orbiter.

A full scale engineering model of a
MTV has been fabricated and has
been “flying’ on the JSC precision air
bearing table. This model incorporates
representative subsystem for perform-
ance evaluations. The model has
demonstrated numerous successful
dockings using only manual flight con-
trol with visual feedback from the
planned TV links. The FCS computer
program has demonstrated that the
planned manual systems are capable
of controlling the vehicle within fuel
constraints and has identified signifi-
cant flight control characteristics. The
software analysis has identified auto-
matic control techniques and pro-
cedures. The Laser Docking System
model -has demonstrated the
capability to locate, track, and analyze
a target for proper automatic control.
Figure 1 is an outline of a demon-
stration experiment from the automatic
docking concept. During 1983, these
various mechanical, electronic, and
software systems will be integrated

H ' e AA_t~
and analyzed to continue the end-to-

end performance assessment.

ADAPTER
BEAM

DOCKING TARGET
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FLIGHT SUPPORT STATION (FSS)
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Advanced Rendezvous and
Docking Sensor

TM: Harry O. Erwin/EE6
Reference OSF 2

An automatic rendezvous and docking
system has been established as a re-
quirement for future space operations.
A docking capability has existed in the
previous manned spacecraft programs,
but the capability was limited to im-
pact docking (hard docking) under
manual control using visual (out-the-
window) cues. Sensor technology,
together with microprocessor tech-
nology, is now sufficiently advanced to
permit the development of a compact,
lightweight system that can effect au-
tomatic terminal rendezvous and soft
docking. ‘Soft' docking refers to the
condition in which relative transla-
tional and rotational velocity residuals
and alignment errors are essentially
zero. This project pursues the tech-
nological development of such a
system.

The approach taken was to first estab-
lish a set of preliminary performance
requirements for rendezvous, sta-
tionkeeping, and soft docking. A
variety of sensor systems and tech-
niques were surveyed and analyzed to
determine their potential to satisfy the
necessary performance (accuracy) re-
quirements. Systems analyzed in-
cluded radio frequency, conventional
microwave radars, and laser radars.
Conceptual designs of the most prom-
ising candidates were developed and
subjected to further detailed analysis
including an assessment of the tech-
nological readiness of the various
system elements. The most promising
system will be developed into a
laboratory breadboard for test and
evaluation. Additionally, there is an on-
going planning activity to configure a
brassboard system for a flight demon-
stration program on a future Space
Shuttle flight. This would in effect
complete the predevelopment activ-
ity and demonstrate the system cap-
ability in arealistic space environment.

Figure 1.- Laser stationkeeping and docking sensor.
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The initial design analysis phase of
the program has been completed. The
selected approach utilizes a con-
tinuous wave laser and tone ranging to
three small retroreflectors. A modular
design approach will permit the
system to be configured to support
rendezvous with minimum overall size
and weight. Typical parameters which
appear achievable are (1) 1-percent
range accuracy with 0.01 m/sec range
rate from 2 meters to several
kilometers separation, (2) angle ac-
curacy of 10 mrad with 0.1 mrad/sec
angle rate, and (3) vehicle relative at-
titude accuracies of 30 mrad with 0.1
mrad/sec attitude rate.

A laboratory system has been as-
sembled using readily available com-
mercial components. The activity has
been supported in part by the JSC
Director's Discretionary Program. This
system is being used for laboratory in-
vestigations and techniques develop-
ment until a breadboard of the
developmental system is available
from the next phase of the program.

A laser sensor has also been pro-
posed as a part of the Proximity
Operations Vehicle (POV) demon-
stration experiment (see fig. 1). This
Shuttle demonstration includes the
activities that will reflect the opera-
tional aspects of orbital proximity
operations. The experimental data
acquiredthroughthe laboratory bread-
board and Shuttle demonstration will
be utilized to design and develop ren-
dezvous and docking systems for the
Space Station. The Orbiter demon-
stration and Space Station task areas
will be completed during FY 1985-86.
The key element of the Space Station
and docking system will be the auto-
matic acquisition, stationkeeping, and
docking capability.




Zero Prebreathe Extravehicular
Mobility Unit

TM: Joseph J. Kosmo/EC
Reference OSF 3

The current baseline in support of
operational Shuttle extravehicular ac-
tivities (EVA) requires that EVA be
conducted at 4.1 psia from a 14.7-psia
cabin. Space Transportation System
crewmembers are required to
prebreathe pure oxygen for 3 hours to
denitrogenate prior to an EVA. This is
necessary to preclude the “bends”, a
painful and potentially dangerous
physiological condition resulting from
bubble formation when dissolved

nitrogen in body tissues is driven out of
solution by exposure to reduced am-
bient pressure.

The prebreathe operations require
crewman encumbering equipment,
significant onboard vehicle expenda-
ble support, and extensive crew over-
head activities.

As an outgrowth of an initial study on a
zero prebreathe system, it was recog-
nized that if higher extravehicular
mobility unit (EMU) operational pres-
sures were required to eliminate
prebreathe operations, significant im-
provements would be required for
space suit mobility. Contracted efforts,
therefore were undertaken to investi-
gate core technology concepts for
higher operating pressure suit mobility
systems.

This current effort is being based on
proven advanced space suit mobility
technology encompassing rolling con-
volute, multibearing, and toroidal joint
systems.

Contracts have been established
for the design, development, and
fabrication of four different, in-
terchangeable shoulder joint con-
figurations; three different lower torso
assemblies (LTA); two different
arm/elbow joint configurations; and
three different pair of extravehicular
(EV) glove configurations. Also, a cur-
rent Shuttle space-suit hard upper tor-
so assembly will be modified for use
with the zero prebreathe suit system.

The overall result will be a zero
prebreathe demonstrator space suit
mobility model incorporating the
various interchangeable component
subassemblies previously identified
and shown in figure 1. In addition, in-
vestigations will include the following.

1. Application of magnetic pulse-
forming technology to improve the in-
tegrity of fabric-to-metal space-suit
hardware attachments.

2. Utilization of woven, single-
piece fabric toroidal joint assemblies
based on heat-shrinking an
elastomeric-coated laminate blad-
der/restraint layup on a master-shap-
ing mandrel to eliminate the reliance
on costly-sewn construction tech-
niques.

The zero prebreathe demonstrator
space-suit model hardware compo-
nents are scheduled for delivery by
December 31, 1982. The ''next
generation”” EMU is planned for sup-
port of advanced activities such as
Shuttle satellite servicing and Space
Station operations.

Figure 1.- Zero prebreathe extravehicular mobility unit (demonstrator model).
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Onboard Remote Terminal

TM: Robert H. Brown/FM
Reference OSF 4

As the Space Transportation System
program moves more into the opera-
tional phase, there is a progressive
need to reduce ground support and in-
crease onboard capability. One way of
achieving this goal is to provide the
flight crew with the capability to
directly access the ground computers.
JSC has recently completed a study to
identify those activities which could be
performed onboard a spacecraft utiliz-
ing computer support provided to the
crew via a remote terminal link to a
ground-based computer facility. The
basic premise is that continuous com-
munication, TDRSS or equivalent is
available. See figure 1.

Figure 1.- Remote technical concept.

The approach used was in two phases.
The first phase selected the candidate
activities for remote terminal use. The
second phase analyzed the compara-
tive advantage of an onboard remote
terminal and developed a proposed
implementation plan. The remote ter-
minal concept applies to the Space
Shuttle and to Space Station utilization
as well. Potential benefits from the
remote terminal concept include the
following major items:

1. Reduction in software develop-
ment costs. Both critical and noncriti-
cal data could be processed on the
ground and results displayed onboard.
In this manner, cost could be reduced,
and software checkout in an opera-
tional environment would be
enhanced.

2. Reduction of ground crew train-
ing time. In long-duration missions
such as the Spacelab or Space Station,
the remote terminal would provide a
mechanism for training a crewman for

Airborne remote terminal
@ to ground computer

S-band

e PSK forward link (32 or 72 kbps)

e PSK return link (96 or 192 kbps)

Ku-band

e PM uplink (72 kbps + 144 kbps)

o PM downlink (<2 Mbps + <50 Mbps
+192 kbps)

e FM downlink (<2 Mbps + <4.5 MHz
+ 192 kbps)

TDRSS SPace-ground link

Ground based
computer facility

TDRSS ground
station
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a special activity or retraining necessi-
tated by either failure modes or as the
result of earlier data assessment.

3. Mission and/or crew flexibility
would be a key advantage. NASA has
frequently had flight plan changes dur-
ing past space flights which were ver-
bally transmitted up to the flight crew.
The onboard terminal could access the
ground crew activity planning system
to obtain updates automatically. The
planning of Space Shuttle activities
could be done on a week-by-week (or
less) basis rather than trying to plan
activities by the month or longer. This
would allow the flight crew, in con-
junction with the ground, to set
priorities and optimize the schedule.

4. Consumables management.
Most flights to date have relied on
ground support to manage their con-
sumables because onboard systems
are not as accurate due to limited com-
puter capability. A remote terminal to
the larger ground computers would
enable the flight crew to obtain more
accurate system data. This type of link
would be especially valuable to mili-
tary operations.

A planned follow-on to this study in-
cludes an experiment to further vali-
date the onboard remote terminal con-
cept. The first part of the experiment
would utilize a simulator (perhaps at
Rockwell or Edwards) with a remote
terminal to communicate with ground
computers at JSC via satellite relay.
The second phase would include an
STS flight with a light crew workload to
perform an actual space-to-ground
computer communication. This would
not only be valuable for STS-missions,
but could continue to be used as a test
bed for Space Shuttle software
development and Space Station
definition.




Space Station Avionics System

TM: William L. Swingle/EH
Reference OSF 5

The Space Station program has
several attendant requirements which

dictate that the awonlcb system éden-
tify and develop new ways of doing
business. The on-orbit buildup of major
functional modules, along with the sta-
tion's long-term evolutionary objec-
tives, suggests that avionic system in-
terfaces and functional responsibilities
shall display a high level of auton-
omous operations. Specific emphasis
on moduiai deveiopment and Iower
program operations cost has resulted
in the need to develop new methods to
support a more cost-effective ap-
proach to the design, development,
and verification of the Space Station
Avionics System. The significant cost
incurred on past programs for hardware
and software changes were, in part,
due to the design and development of
both hardware and software compo-

o hof + =
nents before their evaluation in an in

tegrated environment. This type of cost
must be minimized on the Space Sta-
tion through methods that provide a
weli-defined integrated avionics
system design and development ac-
tivity. The methods must also provide
more efficient user interfaces for data
handling, electrical power distribution
and control, and avionics systems
operations management and main-
tainability.

The generic concept for addressing
these requirements and objectives i
the recommended baseline of dis-
tributed systems architecture. The
concept emphasizes that the avionics
functional systems should be iden-
tified and organized such that their
hardware/software design, develop-
ment, test, and operation can be ac-
complished in parallel as standalone
entities, but are compatible with an in-
tegrated avionics system test-bed ap-
proach. The design and development
of an avionics test bed and a high-
voltage, high-frequency dc/ac test bed
have been initiated. The initial ele-
ment of the avionics test bed will be
design of the data management
systems interfacing element. A bus in-
terface concept which makes inter-
system data transmission and com-
munications transparent to the system
software designer is proposed. The

hardware necessary to accomplish this
is being referred to as a standard Bus
Interface Unit (BIU). The BIU, with iis
network operation system software
and fiber optics links, will accomplish
data communication transactions con-
sisting of (1) addressing and routing,
(2) bus transmission, and (3) error
handling. Coupling the BIU with sub-
ject-oriented data handling and dis-
tributed data bases provides a user ac-
cess flexibility required for evaluation
and cost-effective operations.

The approach for the design and
development of the high-voitage
high-freguency dc/ac test bed is o in-
vestigate several key areas of tech-

nology and demonstrate the feasibility
of proposed approaches for power dis-
tribution. This would be followed by

construction of a system test bed,
representative of a space station
power distribution system, for perform-
ance and egration analysis and
evaluation.

Initial efforts of data man

system design have concentrated on
the analysis of program level require-
ments and their relationship to network
topologies, network protocols, and BiU
functional requirements and interface
levels. A multinode Apollo computer
system has been selected for in-house
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Figure 1.- Avionics system test bed concept.
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Remote Manipulator System
Control Technology

TM: Henry J. G. Kaupp, Jr./EN2
Reference OSF 6

Large space systems control tech-
nology will require advancements in
methods of accurately modeling flexi-
ble structures, practical application of
systems identification techniques, and
development of closed-loop active
control laws. The Orbiter/remote
manipulator system/payload system is
a flexible structure that can be con-
figured to study control problems such
as space station deployment and as-
sembly operations. It, therefore, con-
stitutes an appropriate test article with
which to investigate the feasibility of
on-orbit flexible energy control (fig.1).

Two phases of on-orbit experiments,
using the remote manipulator system
(RMS) and instrumented payloads, are
being designed to investigate poten-
tial control problems associated with
space station development, construc-
tion, and operation. The first phase of
experiments requires minimal integra-
tion with existing Shuttle hardware

and software, and will support an
evaluation of current modeling tech-
nigues and an assessment of the prac-
tical applicability of system identifica-
tion algorithms. Since it is not possible
to implement closed-loop active con-
trol without hardware and software ad-
ditions to the Orbiter/RMS/payload
system, the near-term experiments
will serve primarily to augment the
development of system identification
algorithms and control laws for subse-
quent closed-loop experiments.

The initial experiment in the sec-
ond phase will utilize the system iden-
tification algorithm and control law
developed in phase one to demon-
strate active vibration damping of the
RMS and a payload. Succeeding ex-
periments will investigate active con-
trol of the RMS and flexible payloads
such as solar panels, appendages,
containers, and elements of on-orbit
construction that may be relevant to
space station development. These ex-
periments may necessitate additions
or changes to the current Shuttle
systems to facilitate implementation of
closed-loop active control.

Modal frequency and damping
characteristics of the unloaded and
loaded RMS models have been iden-
tified from Fourier transform and auto
regression analyses of flight data from
Space Transportation System (STS)
missions 2, 3, and 4. Based upon
these results, an open-loop control ex-
periment using the RMS and Shuttle
Pallet Satellite (SPAS-01) payload has
been designed for STS-7. Postflight
analysis of data from RMS actuators
and SPAS-01 sensors will augment
development of real-time systems
identification algorithms and control
laws will, in turn, directly support the
first closed-loop experiment using
payload sensors, and RMS-general
purpose computer identification and
control algorithm, and RMS actuators.




Space Construction Experiment
Definition Study

TM: Lyle M. Jenkins/ET4
Reference OSF 7

Future space program plans include
large space systems such as antennas
and platforms of a size and weight that
exceed the single launch capability of
the Space Shuttle. Implementation of
any of these programs will require the
capability to assemble or construct
large systems in space. Aithough such
construction will eventually be done
from a Space Station, the initial proj-
ects may require assembly from the
Orbiter. Until the ability to construct or
assemble large space systems has
been demonstrated, the user com-
munity will be reluctant to commit to
large space structure concepts.

An appropriate experiment can pro-
vide significant data relative to the
technology of space construction.
Several complex and ambitious dem-
onstration projects have previously
been studied. Generaily, these dem-
onstration projects were of grandiose
scale and did not integrate the desired
objectives into a single fiight experi-
ment of a practical size and cost

The goa!l of the Space Construction
Experiment Definition Study is to
define an Orbiter-based flight experi-
ment which provides a cost effective
approach to deriving fundamental data
relative to large space structures and
to their construction from the Orbiter.
The experiment objectives address
the principal issues of dynamic
characteristics of a deployable struc-
ture, structure/control interactions, and
construction operations. The experi-
ment is focused on a typical deploya-
ble structure that represents the
dynamics and control issues of a low-
frequency structure such as a large an-
tenna or space platform (fig. 1). Con-
struction operations would evaluate
and demonstrate fundamental Shuttie
capabilities involving the Remote
Manipulator System and extravehicu-
far activity. The Remote Manipulator
System and extravehicular activity are
used to aid in the deployment and to
attach equipment modules. The ability
of the Orbiter digital auto pilot to safely
operate with such large attached
structures would be confirmed.

Figure 1.- Experimental beam deployment.

Two parts of the contracted study have
been completed. The selected
graphite/epoxy composite diamond
truss configuration was designed to
deploy from a cargo bay support struc-
ture to a length of 100 meters. The first
mode frequency is 0.08 Hz which will
interact with the digital auto pilot by
increasing vernier reaction control
system thruster cycling only if dead
bands are tightened. Incremental
deployment and the slow buildup of
deflections will add to the safety of the
experiment. A preliminary hazard
analysis was performed to identify
safety requirements. In a third part of

the study, technology objectives are
being examined in detail by an inter-
center group. Refined technical objec-
tives and an evolutionary program are

the expected output.




Carbon Dioxide Reduction

TM: Robert J. Cusick/EC3
Reference OSF 8

Future extended-mission manned
spacecraft such as a space station will
require regenerative systems to
reduce the amount of expendables re-
quired for resupply. Reclamation of ox-
ygen from carbon dioxide is a key re-
quirement. The present Shuttle pro-
gram uses expendable lithium hydrox-
ide (LiOH) cartridges to remove the
carbon dioxide from the spacecraft at-
mosphere. Conversion of metabolic
carbon dioxide to water via a chemical
reaction will result in substantial
weight savings over present methods.
The quantity of water recovered from
chemically-reduced carbon dioxide
with a regenerative system would be
about 2100 pounds for an eight-man
180-day mission. Conversely, if this
amount of water were initially
launched in storage tanks, the total
launch weight of tankage and water
would be over 2300 pounds.

Figure 1.- Sabatier reactor cross section.

At the present time, the most reliable
concept to convert carbon dioxide into
water is the Sabatier reaction. The
reactor (fig. 1) employs hydrogen and
carbon dioxide in an exothermic reac-
tion across a noble metal ruthenium
catalyst to produce water and
methane. Coupled with this process is
a water electrolysis system to provide
crew metabolic oxygen needs and
recover hydrogen consumed by the
Sabatier reaction. An intermediate
step in the overall oxygen reclamation
scheme employs the hydrogen in a
nonconsuming fashion to electro-
chemically remove the carbon dioxide
from the spacecraft atmosphere. The
by-product methane is vented over-
board to the vacuum of space. The
Sabatier reaction process requires a
heater to initially warm the catalyst to
a temperature of 300° F. The reaction
then ignites and proceeds on a con-
tinuous basis, to complete the conver-
sion of carbon dioxide plus hydrogen
to methane and water vapor. High
temperatures at the inlet of the reactor,
typically 1000° F, are required to ob-
tain a high degree of conversion. Low
temperatures near the reactor outlet,
typically 200° F, yield reaction com-
pletion. The heater is not required after
the reaction is started. Condensation
of the water is accomplished with li-
quid or air-cooling of a porous plate
water separator. The water is collected
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in a spring-loaded piston, diaphragm
accumulator, which is periodically
emptied by a pump to a water collec-
tion system.

A preprototype subsystem weighing
110 pounds has been developed to
achieve the Sabatier reaction process.
Over 800 hours of subsystem opera-
tiocn have demonstrated the maturity of
the process for space station applica-
tion. The control portion of the sub-
system uses an advanced
microprocessor-based controller and
display that provides automatic con-
trol, 24-hour monitoring of subsystem
water output, automatic shutdown,
subsystem performance and flow
monitoring, and provisions for mainte-
nance servicing and checkout. A
multicolored cathode ray tube (CRT)
provides a continuous readout of
system mode, subsystem anomalies
system status and operations and in-
structions. The display provides max-
imum essential information at a glance
and requires minimum interpretation
and training for monitoring and sub-
system control. Control of the sub-
system is accomplished by keyboard
commands designated on the CRT
display. The microprocessor controller
provides automatic sequencing,
dynamic control, failure detection and
isolation, instrumentation signal proc-
essing, water production rate calcula-
tion, and ground test instrumentation
interfaces.



Vapor Compression Distiliation
Urine Water Recovery

TM: Donald F. Price/EC3
Reference OSF Q9

As manned mission requirements in-
crease (i.e., larger crew size, longer
on-orbit stay time, higher power
usage), the need for inflight water
recovery will become acute. This will
be particularly true if solar power
replaces fue! cells as the primary vehi-
cle power source, as is planned for the
Space Station. Water for drinking and
evaporative cooling previously pro-
duced by the fuel cells must then be
supplied either from stored water
resuppiied by Shutlle or from waler
recovered from crew urine, humidity
condensate, and wash water. Tradeoff
studies indicate that water recovery
can be justified for Space Snhuttie mis-
sions longer than 50 man-days and is
the only practical option for missions
aimed at providing a permanent man-
ned presence in space such as the
Space Station.

A phase-change process, Vapor Com-
pression Distillation, has been demon-
strated to be the most efficient and
technically mature process for recover-
ing potable water from urine and flush
water. The basic Vapor Compression
Distillation process involves the
reduced-pressure evaporation of water
from a feed-stock of treated urine,
followed by compression and conden-
sation of the water vapor. Evaporation
and condensation occur on opposite
surfaces of a rotating cylinder, aliowing
the transfer of the latent heat of con-
densation back to the evaporator, thus
making the process highly energy effi-
cient. No heat input is required by the
system other than that provided by
friction and the mechanical work done
by the compressor in transporting the
water vapor. The cylinder is rotated to
provide an artificial gravity field. The
process has been automated and
adapted for Space Station application
and has progressed through several
developmental stages (fig. 1).

Center while processing 2600 pounds
of urine. The test program has demon-
strated a water recovery efficiency of
86 percent. A total of 429 hours were
accumulated without a component
failure during which time the sub-
system logged 287 consecutive hours.
During this preprototype system
test, an Automatic Urine Collection
and Pre-Treatment Unit was placed
into operation and has consistently
provided stabilized urine to the Vapor
addition, a Post-Treatment System
was evaluated and proved that the cur-
rent water specifications can be met
using microbial check valves, carbon,
and ion exchange purification beds.
Investigation is in progress {o further
reduce organics using an ultraviolet
oxidization device and continuous
recirculation through the beds.

Figure 1.- Vapor compression distillation system.

This subsystem is currently being
upgraded to support a parametri

program and to evalu
reliability improvements.
the subsystem will support th
ned advanced environment
system (ECS) test in JS

t
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Thermoelectric Integrated
Membrane Evaporation Water
Recovery System

TM: H. Eugene Winkler/EC3
Reference OSF 10

Long-duration manned space opera-
tions, such as that of an orbiting Space
Station, will require vast quantities of
water supplies for crew consumption,
hygiene, and extravehicular activity.
Transporting this water to orbit on a
regular basis would be very costly. An
estimated 43,000 pounds of launch
weight could be saved each 90 days
by recycling water for the Space Sta-
tion having an eight-man crew.

Figure 1.- TIMES water recovery system.

In January 1978, an effort was initiated
for developing a urine water-recovery
process that would be an alternate to
the baselined, vapor compression dis-
tillation process. This process, ther-
moelectrically integrated membrane
evaporation urine water recovery
system (TIMES), utilizes a hollow fiber
membrane evaporator and a porous
plate condenser to recover potable
water from urine and other sources by
distillation. See figure 1.

Initially, the waste water is treated
with a chemical agent to prevent car-
ryover of volatile contaminants. The
waste water is then heated to 150° F,
passed through the hollow fiber
membrane evaporator where the water
vapor diffuses through the membrane
walls to a reduced pressure steam
plenum. The steam is then condensed
on a porous plate condenser. Ther-
moelectric heat pumps are used to
transfer heat from the condenser to the
waste water, thus saving latent heat of
condensation and reducing the system
power penalty. The distilled product
water is further treated by activated
carbon, ion-exchange resins, and is
disinfected by the addition of a
biocide. The water, now of potable
quality, is stored in tanks for use on de-
mand.

Pretreat Section

Waste
Water

Thermoelectric

The TIMES has been fabricated and
tested at the contractor's facility. The
system weighs 300 pounds, occupies
21 cubic feet, requires 108 Whr/lb of
water, and produces water at a rate of
2 Ib/hr. The system is microprocessor-
controlled with a multicolored graphics
data display. It has undergone over
2000 hours of testing with urine and
wash water. Certain system compo-
nents have been improved to enhance
reliability, performance and product
water quality. These improvements in-
clude a more durable hollow fiber
membrane material, a more efficient
temperature control technique, im-
proved urine pretreatment, and a bet-
ter post-treatment unit. Contractor
testing and improvements will con-
tinue until the scheduled delivery to
JSC in late 1982. At JSC, extended
tests will be performed to evaluate
overall spacecraft applicability and
identify design weaknesses.

Overall, the TIMES water recovery
process offers promise for satisfying a
critical water supply need for extended
manned space operations. Additional
developments will improve perform-
ance and reliability and should qualify
the water for spacecraft use.
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Orbital Debris

TM: Donald J. Kessler/SN3
Reference OSF 11

The hazards from grain-sized
meteoroids have been considered by
engineers in determining a
spacecraft's design and reliability.
These natural particles cross the
Earth's orbit at very high velocities.
Should a particle larger than a few
millimeters hit the Earth’s atmosphere,
it is observed as a meteor. If a similar
particle were to strike a vulnerable
spacecraft system, significant damage
could result. As shown in figuie 1, a
hypervelocity impact causes signifi-
cant ejecta from an aluminum sample
even though velocity was not sufficient
for complete penetration. However, for
most spacecraft flown to date, their
skins are sufficiently thick and the flux
of meteoroids is sufficiently low that
only a few spacecraft have required
extra shielding for protection against
meteoroids.

However, two changes are currently
taking place: (1) New, lighter
spacecraft designs make them more
susceptible to more numerous smaller
particles and (2) The flux of man-
made objects of comparable size and
velocity in certain regions of Earth orbit
may soon be larger than the flux of
meteoroids. The source of these grain-
size, man-made objects is from the
breakup of larger artificial satellites
either by explosion, or collision. To
protect against impacts by small
debris, extra shielding on vuinerable
spacecraft systems is required.

However, the extra weight of shielding
will also increase launch cost
Therefore, the spacecraft designer
must consider the trade-off between
reliability and weight. Since reliability
depends on the frequency of collisions
with these smaller particles, the en-
vironment must be defined before
such a trade-off is possible.

Progress at JSC in defining the
debris environment was made in the
two areas of modeling and concept
definition of an experiment capable of
detecting orbiting debris as small as 1
mm in diameter. The JSC math model!
nas been expanded to include the
identification of the source of all
cataloged objects. The model is also
capable of predicting an untracked
population by comparing the results of
ground explosions with the distribution
of sizes and orbits of the larger frag-
ments cataloged by NORAD. The
results predict an untracked popula-
tion which is more numerous than the
cataloged population.

Because the ground-based sensors
cannot detect sufficiently small parti-
cles, a space-based experiment will
be required in order to quantify these
models. JSC has recently concluded a
contract to evaluate various instrument
concepts. The study concluded that
any of three instruments could detect,
obtain a measure of the particie size,
and determine the orbit of particles as
small as 1-mm diameter. The three
concepts were a passive optical
device (using reflected sunlight), ac-
tive optical system (lidar), and a radar
based instrument. All three concepts

sample the environment by detecting
objects passing within a few
kilometers of the experiment. The
passive optical appears {0 be the
preferred instrument — it is lightest in
weight uses the least power, and has
the highest expected data rate. For the
range and velocity to be measured, a
particle must pass through the fieid of
view of two of the three telescopes
shown.

JSC is planning to expand its Crbital
Debris Program to include ground ex-
periments and an in situ experiment
concept to improve knowledge of the
current, small particle environment. A
small, light gas gun is being activated
to study the effects of hypervelocity
impacts upon composite materials.
Additional resources will concentrate
on some of the unique problems of
geosynchronous orbit.

Figure 1.- Hypervelocity test into an aluminum piate.
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Aeronautics and Space Technology



Office of
Aeronautics and
Space
Technology

The Johnson Space Center (JSC)
plays a major supporting role to the Of-
fice of Aeronautics and Space Tech-
nology (OAST) for those disciplines
where JSC has a development or
operational responsibility. In particular,
for the technology areas of Space
Transportation and Space Platforms
(as shown in table 1), JSC supports
the majority of the space research and
techinology (R&T) disciplines. Current
areas of systems emphasis include the
following:

1. Transportation System R&T. For
the Orbiter Experiments (OEX) Pro-
gram, which uses the Space Shuttle as
an experimental research vehicle, JSC
performs the overall integration as well
as providing several of the individual
experiments.

2. Space Energy Conversion R&T.
Continuing areas of energy conversion
research include integrated orbital
energy systems and the accompany-
ing thermal control systems required
for large space platforms such as the
Space Station or the multi-hundred
Kilowatt orbital platform.

3. Computer Science and
Electronics. JSC maintains a continu-
ing program in synthetic aperture
radar. In addition, several new projects
in the avionics area are aimed prin-
cipally at the upcoming manned
Space Station initiative.

4. Chemical Propuision. The ad-
vanced manned vehicle onboard pro-
pulsion technology studies are aimed
at developing less hazardous pro-
pellants for onorbit propulsion
systems.

5. Materials and Structures R&T.
Recent studies have shown the
feasibility of utilizing lunar materials
for a variety of applications, both on
the lunar surface and in Earth-Moon
space. A manned facility on the sur-

Summary

face of the Moon represents a logical
extension of the space program in the
early 21st century. JSC scientists are
investigating ways of achieving eco-
nomic mineral extraction and con-

centration of known lunar resources.

JSC has additionally provided
wide-ranging in-house support to the
OAST technology working groups. JSC

chairs three of the Space Station tech-
nology working groups; Data Manage-
ment, Crew and Life Support, and
Thermal Systems.

Transportation Systems R&T

The OEX program utilizes the Space
Shuttle Orbiter as a flight research
vehicle for acquisition of information to

Table 1.- Space R&T Program
Matrix Management Relationships

Disciplines/systems Technology thrusts
Generic | Transportation | Piatform | Spacecraft

Fiuid and Thermal Physics R&T
Materials and Structures R&T Jsc JsScC JSC
Computer Science and Electronics JSC JSC JsSC JSC
R&T
Controls and Human Factors JSC JSC
R&T '
Space Energy Conversion R&T JsSC
Chemical Propulsion R&T JSC
Multidisciplinary Research
Transportation Systems R&T JSC
Spacecraft Systems R&T
Platform Systems R&T JSC
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verify and authenticate a wide variety
of aerospace vehicle design
parameters. A series of experiments
have been perfected and others are
continually being developed to exploit
this unique research capability. Four
Orbiter flights have been ac-
complished to date providing the Of-
fice of Aeronautics and Space Tech-
nology with a wealth of empirical data
with which to verify and modify design
specifications.

The final Space Shuttle test mission
of the Columbia (STS-4) flew with five
OEX experiments aboard plus the sixth
external experiment installed on a
C-141 aircraft for Orbiter Underflight.
The OEX instrumentation was com-
prised of the Support System for OEX;
the Aerodynamic Coefficient |den-
tification Package (ACIP); the
Dynamic, Acoustic, and Thermal En-
vironment (DATE) experiment; the Tile
Gap Heating Effects experiment; the
Catalytic Surface Effects Experiment;
and the Infrared Imagery of the Shuttle
(IRIS) installed on the C-141.

Figure 1 pictorially depicts the
DATE experiment sponsored by God-
dard Space Flight Center as a part of
the OEX program. The object of this
experiment is to obtain Shuttle cargo
bay inflight measurements that will
provide the basis for accurate esti-
mates of environments for the most
realistic design and testing of
payloads. All flights of this experiment
thus far are considered highly suc-
cessful. Mission reports for the flights

have been published and widely dis-
tributed to all users and many potential
users of the Shuttle services. The over-
pressure loads exhibited on STS-1 and
the subsequent reductions on STS-2
through STS-4 were readily observed
and analyzed. Acoustic and dynamic
loads on STS-2, STS-3, and STS-4
were found to be consistent. Acoustic
levels were slightly higher than pre-
dicted for low frequencies and lower
than predicted for the middle and
higher frequencies. This is particularly
so in the high-frequency region.
Measured data will allow more accur-
ate predictions for future flights. Ex-
perimental data has resulted in the
proposed downward revision of
acoustic design and test criteria for all
major Space Shuttle users.

The ACIP project, which is under JSC
sponsorship, has aided in confirming
Space Shuttle operational parameters
as well as providing data for future
vehicle design. Its primary objectives
are the following:

1. To collect aerodynamic data in
the hypersonic, supersonic, and tran-
sonic flight regions in which there has
been little opportunity for gathering
and accumulating practical data.

2. To establish an extensive aero-
dynamic data base for verification and
correlation with ground-based test
data, including assessments of uncer-
tainties in such data.

3. To provide flight dynamic state

Figure 1.- Dynamic, acoustic, and thermal environment (DATE) experiment.
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variable data in support of other tech-
nology areas, such as aerothermal and
structural dynamics.

The ACIP incorporates three triads
of instruments: one of dual-range
linear accelerometers, one of angular
accelerometers, and one of rate gyros.
Also included are the power condi-
tioner for the gyros, the power control
system, and the housekeeping compo-
nents for the instruments. The ACIP is
aligned to the Orbiter axes to a very
high order of accuracy.

The ACIP operates through the
launch period and subsequently
through the entry and descent phases
of Orbiter flight. The internal instru-
ments continuously sense the dynamic
X, Y, and Z attitudes and performance
characteristics of the Orbiter through
these critical flight phases. In addition,
the ACIP receives the indications of
position of the control surfaces and
converts there indications into higher
orders of precision before recording
them with the attitude data. The pri-
mary signals used for lateral-direc-
tional data extraction are roll rate, yaw
rate, roll angular acceleration, yaw
angular acceleration, and axial ac-
celeration in the Y-direction. The sig-
nals proved to be highly useful on
STS-4, meeting all requirements from
a user standpoint. Noise identified on
ACIP signals corresponds to reaction
control system (RCS) jet firings, back-
ing up the assumption that such noise
is structural vibration.




Space Energy Conversion R&T

The Integrated Orbital Energy System
research provides a central focus for
several areas of JSC technology
development. The solid polymer
electrolysis (SPE) fuel cell promises to
be a feasible and practical device for
the multi-kilowatt manned Space Sta-
tion, as well as for other large platforms
in orbit. The SPE system can be com-
bined with solar cells to provide power
and water during “night side” opera-
tions, then reversing the action to
electrolyze the water using the solar-
array produced power on the light side
of the orbit. A companion research ac-
tivity (reported last year) involves the
deveiopment of iarge-area soiar cells
for space use. These large-area cells
promise to dramatically reduce the
cost of large solar arrays such as that
required for the Space Station. The
third area of investigation for an inte-
grated energy system is that of thermal
management. Both pump-augmented
and completely passive heat pipe
thermal management systems are
being investigated as candidates for a
space constructable radiator system.
Figure 2 shows the interrelationship
between these JSC technology ac-
tivities. Figure 3 is an artist's concept
of the space constructable radiator that
might be used for the Space Station
Thermal management system.

Computer Science and
Electronics R&T

Mass memory systems for today's
flight hardware are typified by the
electromechanical magnetic tape
system employed on the Space Shut-
tle. These systems are highly restric-
tive in operations and applications.
Bubble memory systems promise to be
at a development state to satisfy future
vehicle needs of greater life cycle
reliability, large storage capability, and
faster access time. JSC and Langley
Research Center have initiated a joint
program to develop such a bubble
memory system for compatibility with
a second generation Space Shuttie
avionics update and the upcoming
Space Station initiative.

Another area of electronics tech-
nology under current investigations is
the Multifunction Synthetic Aperture
Radar. The goal is a two-fold increase
in the capability of the current single
frequency systems. This activity will
allow frequency variation,

muitipolarization, and extremely high
resolution for a wide range of multimis-
sion resource mapping activities.

Chemical Propulsion R&T

The onorbit propellant system for the
Space Shuttle utilizes a propellant
combination of nitrogen tetroxide and
monomethy! hydrazine. These pro-
pellants are extremely hazardous, re-
quiring the strictest of safety precau-

Figure 2 - integrated orbital energy system.
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tions during their transfer or servicing.
JSC continues to conduct studies to
identify viable aiternatives to these hy-
perbolic propeliant combinations.
Research has shown that liguid ox-
ygen/hydrocarbon propellant can pro-
vide the required performance at a po-
tentially lower cost, while greatly
reducing the servicing hazards. A
baseline system has been established
for future design utilizing this nontoxic,
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noncorrosive system. The design is ap-
plicable to the Space Shuttle and to all
new orbital systems requiring pro-
pellant for attitude control or orbital
transfer.

Materials and Structures R&T

Future space activities may involve the
construction of very large structures in
space. Because significantly less
energy is required to launch materials
from the Moon than from Earth, these
large-scale activities will benefit from
the development of manufacturing fac-
tories in space that obtain their raw
materials from the Moon. Over 90 per-
cent of the mass for such a project

Figure 4.- Lunar mining and processing facility.
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could be supplied by known lunar
resources if proper concentrations
could be achieved for economical
processing. JSC has developed a
mineral separation laboratory to
develop equipment and techniques for
dry electrostatic separation and con-
centration of lunar soil analogs. Ex-
cellent results have been obtained for
size ranges of 150 to 250 um. A lunar
processing and launching facility with
which a solar-powered lunar mass
driver could eject 4-kilogram packages
of lunar materials into space for collec-
tion and chemical processing is shown
in figure 4.
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Aeronautics Research Programs

JSC performs a continuing research
activity in support of aircraft fire safety.
This includes the test of materials for
fire resistance and low-smoke charac-
teristics, as well as the toxicity testing
of candidate aircraft materials.
Materials developed through the pro-
gram continue to find numerous ap-
plications in commercial aircraft. The
NASA developed polyimide foams re-
ported last year have been used by the
Navy as shipboard insulation. The non-
flame propagating material has also
been used extensively in the Space
Shuttle in widely varied uses such as
insulation for the first refrigera-
tor/freezer flown in space and as
stowage cushioning for the onboard
tool kit. Figure 5 shows the Boeing 737
fuselage located at JSC in which flam-
mability tests are conducted.

Energy Programs

An item of high national priority is the
search for sites for disposal of nuclear
wastes. The leading candidate is deep
burial in geologically-stable areas. As
a spinoff from the planetary program,
JSC has developed a test system for
understanding the potential ground
water flow that would control spread of
these wastes in the event of leakage
during thousands of years of planned
storage. This technique should prove
to be an invaluable tool in certifying
potential repository sites.




Aeronautics and Space Technology
Significant Tasks



5 e

|
|

Aeronautics and Space Technology
Significant Tasks







Aeronautics and Space Technology
Significant Tasks




Aerodynamic Coefficient
identification Package

TM: Joe T. Rutherford/EN3
Reference OAST 1

The Space Shuttle Program has pre-
sented the first opportunity to obtain
fullscale flight environment data for
winged reentry vehicles throughout the
aerodynamic flight regime. To capital-
ize on this opportunity, the Aero-
dynamic Coefficient ldentification
Package (ACIP) was designed under
the sponsorship of the Orbiter Experi-
ments Program. The objectives of ACIP
are to collect data in the hypersonic,
supersonic, and transonic flight

; ' Anr tn netahlich an Aavian
egimes, in ofGer o €SiaciisSn an exen-

sive aerodynamic data base for
verification and correlation of ground-
based test data and to provide flight
dynamics data to support other tech-
nology experiments. The quality of
data produced by the ACIP during the
Space Shuttle flight test program has
provided valuable information con-
cerning relative uncertainties associ-
ated with the extrapolation of wind
tunnel tests to full-scale flight tests.

This experiment consists of an instru-
ment package, which utilizes Orbiter-
provided power, time, and environ-
mental support. It is mounted on the
wing box carry-through structure on the
center line of the Orbiter, as shown in
figure 1. Data are recorded on the Or-
biter Experiments (OEX) tape recorder.

The ACIP hardware, designed,
fabricated, and gualified by JSC, in-
corporates three triads of instruments
— one of dual-range linear ac-
celerometers, one of angular ac-
celerometers, and one of rate gyros.
The power control system and house-
keeping components for the instru-
ments are all self-contained in the

ACID
I\ L i

The ACIP operates through the
launch and ascent phases of the flight
and subseguently through entry inter-
face, descent, and landing. The inter-
nal instruments continuously sense the
dynamic X, Y, and Z attitudes and per-
formance characteristics of the Orbiter
through these critical flight phases.
The ACIP also receives the indications
of position of the control surfaces and
converts these indications into higher
orders of precision before recording
them with the attitude data.

An ACIP has been installed on each
Orbiter, has fiown on four flights, and
will fly on all flights thru STS-20. The
data gained were of the highest quality
and met all expectations of the experi-
ment designers and technologists. The
acceleration and rate data depicted in
detail reentry, the event of major in-
terest. Utilization of this information
and that gathered from subsequent
flights will further enhance the aero-
dynamic data base of reentry tech-
nology.

The JSC has added a High Resolu-
tion Accelerometer Package (HiRAP)
to the existing ACIP to add to the
knowledge of reentry dynamics. This
supplement provides accurate aeter-
mination of microgravity aerodynamic
coefficients at near orbital aititudes
(up to 700,000 ft) heretofore unob-
tainable. The installation of the
package has.been accomplished and
it will be flown on STS-5.

Figure 1.- ACIP with high resolution accelerometer package.
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Power Generation and Energy
Storage Utilizing Regenerative
Fuel Cells

TM: Dale Denais/EP5
Reference OAST 2

The placement of a manned space
station in low Earth orbit is presently
being pursued by NASA as ‘“‘the next
logical step in manned space flight."”
This concept will require multikilo-
watts of electrical power to perform
routine orbital operations and such
specialized functions as satellite ser-
vicing, space construction, and
materials manufacturing.

In the past, all U.S. manned space
programs except Mercury and Skylab
have utilized fuel cells because of their
superior flexibility, weight, and cost
factors. Fuel cells are today the most
viable power system candidates for 1-
to 2-week missions. However, the
Space station concept requires
multiyear-continuous power in an
alternating ‘‘daylight”/"'nighttime” en-
vironment. Solar panels are an obvious
solution to the “‘daytime” power re-
quirements; and in the past, batteries
were the power source for “'nighttime.”

An alternate means of providing power
and storing energy for ‘nighttime” low

Earth orbit operation is being pursued.
This approach is to use a fuel cell that
produces power and water during the
dark side of the orbit and an
electrolysis system that produces hy-
drogen and oxygen from the product
water using solar-array-produced
power on the light side of the orbit.
These stored reactants are then used
by the fuel cell. This concept is called
a regenerative fuel cell system and is
shown pictorially in figure 1.

The results of an 8-month study per-
formed during the last year indicate
that the approach of using regenera-
tive fuel cells as an energy storage
system is not only feasible but also
practical and advantageous in many
areas. Conclusions from this study in-
clude the following:

(1) High energy storage efficiency
should be an important objective in
selection and design of spacecraft
power systems. This minimizes solar
array size and cost, and reduces resup-
ply for orbit makeup from solar array
drag. Regenerative fuel cell systems
can be designed with energy storage
efficiency that is equal to or higher
than present nickel hydrogen bat-
teries.

Figure 1.- Regenerative fuel cell power generation and energy storage system.
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(2) The regenerative fuel cell
system has the best potential in a
variety of areas. The advantages it
offers include high efficiency, low
weight, potential for long life, good
emergency capability, potential for
weight-saving by integration with
other subsystems, the ability to take
advantage of reactant residuals from
the Shuttle, and the ability to service
customer payloads at temporary, high
power levels.

A joint effort between Lewis
Research Center and JSC is presently
underway to develop the technology of
both the solid polymer electrolyte,
solid polymer electrolyte (SPE)
(acidic), and the capillary matrix
(alkaline) for use in a regenerative fuel
cell. These two technologies will be
evaluated and compared by perform-
ing breadboard tests at JSC starting at
the end of 1982 with a SPE system.
This system is shown in figure 2. In
early 1984, the testing of an alkaline
breadboard system will be initiated.
Development work will then be con-
tinued by producing an engineering
model test article that will then bring
the regenerative fuel cell technology to
maturity by 1986.

Figure 2.- Solid polymer electrolyte test
station.




Thermal Management for Onorbit
Energy Systems

TM: J. Gary Rankin/EC2
Reference OAST 3

For the next generation of space mis-
sions, long-lived space platforms are
planned which may produce power
levels of several hundred kilowatts.
Efficient thermal management is man-
and storage of the electrical energy
needed for these applications will
result in the dissipation of huge quan-
tities of waste heat. A low cost, reliable
orbital thermal management system
does not currently exist capable of pro-
viding this level of heat rejection. Such
a system would need to overcome
limitations inherent in current system
designs. Ways to increase energy
capacity, reject waste heat, and pro-
vide power for a broad range of space
applications will require an entirely
new technical effort in thermal man-
agement.

The key to the thermal management
concept lies in the creation of a ther-
mal “utility’” system, analogous to mu-
nicipal public utilities, where basic
“trunk’’ lines are provided and into
which individual customers can be in-
tegrated. The system must be
designed so changes in location or
load of individual customers have
minimal effect on the utility's
capability to serve loads of the remain-
ing customers. Such a centralized
system would allow reduced opera-
tional and payload integration costs, as
well as reduced cost for all payload
users, by having common instrument
thermal designs. Keys to reduction in
thermal management system costs are
system modularity; subsystems in-
tegration; stepwise growth capability
to very large satellites; volume and
weight reduction; extended life by
maintenance/replacement; and ex-
pansion of the thermal management
technology base to provide simpler,
more reliable systems.

To accomplish these goals, the
system under study will consist of a
central two-phase heat transport foop
that is thermally connected to a variety
of heat sources and sinks. The sources
can be individual pieces of equipment
or smaller versions of the central
system, each transporting heat to its
own variety of interfacing hardware. In

keeping with the “utility”” concept, not
all of the potential interface locations
would necessarily be filled during a
particular mission phase. The location
of the heat sources in relation to each
other in the loop would not be critical
(as it is in current pumped-fiuid
systems) since ail the heat transfer is
taking place at a fairly constant tem-
perature via evaporation or condensa-
tion of the working fluid.

Development of the space constructa-
ble radiator portion of the system has
progressed through the fabrication and
laboratory testing of a full-size (50-ft
long) dual passage, high performance
heat pipe as shown in figure 1. Heat
pipe performance demonstiated 10
date is approximately 600,000 watt-
inches, which represents a factor of 5
to 6 improvement over the state-of-
the-art of high capacity heat pipes at

Figure 1.- Prototype heat pipe radiator.

the beginning of this program. The
design, fabrication, and checkout of a
prototype test article comprising a
representative portion of a complete
system will follow, with thermal
vacuum testing to be completed by
July 1983.

A preliminary study of concepts for
the centralized thermal bus, com-
pleted in March of 1982, indicated that
a pump-augmented heat pipe was
probably the most viable near-term
candidate concept, with a completely
passive capillary-pumped concept
showing promise for long-term ap-
plication. As a result of a competitive
procurement, a contract is to be
awarded in FY 1983 for a 3-year pro-
gram to deveiop a thermai bus system
concept from the initial design phase
through hardware fabrication to ther-
mal vacuum testing.
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Bubble Memory System
Development

Pl: Edgar A. Dalke/EH4
Reference OAST 4

Today's technology in flight hardware
mass memory is electromechanical
magnetic tape systems, as repre-
sented by the Space Shuttle. These
systems, however, have highly restric-
tive operations and applications, low
life cycle reliability, and consequent
high operational support costs. Bubble
memory systems offer a potential solu-
tion to these problems for both the
Space Shuttle and other spacecraft re-
quiring large memory capacity. Solid
state bubble memory technology ap-
pears to be at a point where a flight
system can meet the necessary
performance requirements with signifi-
cantly higher reliability at lower costs.

The Johnson Space Center has current
in-house activities investigating bub-
ble technology and have proposed a
joint effort with the Langley Research
Center (LaRC) leading to the develop-
ment of a space-qualified mass
memory.

The basic approach is to target the
existing Space Shuttle Orbiter mass
memory unit (MMU) for replacement
by a magnetic bubble system. The re-
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quirement is a one-for-one replace-
ment which is totally transparent to the
Orbiter software system as well as the
electrical and mechanical interfaces.
This requires three specific areas of
activity (1) the development of a
space flight memory module with as-
sociated controller and interface
devices, (2) development of an in-
telligent system controller which
translates Orbiter mass memory opera-
tions and interfaces with the memory
module controller, and (3) develop-
ment of a system package for greater
than 108 bits within the confines of the
existing MMU physical dimensions.
Development responsibility will be
shared by JSC and the LaRC. JSC
efforts will concentrate on the system
controller resulting in a performance
specification to be implemented by a
selected system contractor. LaRC
efforts will involve working with the
system supplier and JSC to assure that
the memory module satisfies require-
ments for performance, is compatible
with technology evolution to higher
density memories, supports the objec-
tives for multifunction storage/retrieval
applications, and satisfies critical
space environment requirements.

Figure 1.- Mass memory breadboard tests in SAIL.

f SHUTTLE
MMU

The JSC in-house efforts consist of two
phases each identifying a specific
breadboard system. The purpose of
Breadboard phase 1 is to demonstrate
that bubble memory systems can
substitute for the present Shuttle mass
memory. It consists of one megabyte
of currently available commercial bub-
ble memories attached to an existing
laboratory computer with a Space
Shuttle serial bus interface. Software
has been written to provide a one-for-
one simulation of the present device.
Breadboard phase 1 is currently being
demonstrated by running the actual
Shuttle Orbiter mass memory tests in
the Shuttle Avionics Integration
Laboratory (SAIL). See figure 1. The
second phase of the in-house efforts
(Breadboard phase 2) will involve the
design and fabrication of a new
system controller using the same bub-
ble memory devices. Its purpose will
be to specify the controller charac-
teristics that are required to provide
the one-for-one simulation of the pres-
ent mass memory without affecting ex-
isting flight software. It will further for-
mulate the new commands that will
provide disk-type operation for future
software programs.
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Multifunction Synthetic Aperture

Radar Technology
TM: Kumar Krishen/EE4
Reference OAST 5
ithetic Aperture Radar (SAR
tems have the potential for provid-
ing Gay/nignt surveys in nearly all
weather conditions to a resolution not

avazzao!e with other syskems. Current
technology er mploying a;us e-frequen
cy SAR can produce mapping swaths
“f up to 100 kilometers. The functional
requirements for precision geological
and agricultural surveys include
swaths in excess of 200 kilometers

coupled with variable frequency,
multipolarization, and high resolution.

0 accomplish these objectives, NASA
has developed a Multifunction Syn-

etic Aperture Radar program to
develop technology for the fabrication
of multimode, multimission SAR
systems. The goal is to be capable of
operating at selectable frequencies,
polar zdt ons, bandwidth, incidence
angles, and wide swath with improved
spatial resolution, reliability, and
calibration. This technology will allow
the fabrication of multifunction SAR’s
which will satisfy multimission objec-
tives for a wide range of geology,
agriculture and forestry, water
resource, ocean, and polar ice applica-
tions in the same mission. The pro-
gram element objectives are as
fo!!oww

1. Conduct studies, develop the
de&gn approaches, and demonstrate
antenna system technology for
multifrequency, multipolarization, dis-
tributed array, wide bandwidth, wide-
swath SAR's.

2. Conduct studies, identify ap-
proaches, develop the necessary sub-
systems, and demonstrate calibration
for Earth observation SAR systems.

3. Develop the design, fabricate,
and conduct performance tests for an
advanced distributed array SAR for
Earth resources applications.

4. Develop technology to fabricate
wide-band, wide-swath SAR sub-
systems.

Fiscal year 1982 accomplishments on
the multifunction SAR technology pro-
gram include (1) a plan for calibration
subsystem testing based on com-
pleted analysis of SAR acquired data;
(2) identification of design ap-

proach(es) for multifrequency,
crostrip, siotted

multipolarization
wWave g Uuia '4
waveguide array:
\m'xulanon smcq

dweNM fens n"m"Pa configurations
for muttifunction spacecraft SAR’s; and
(4) identification of a design approach
for aircraft verification of the dis-
tributed array SAR. Plans for FY 1983
inciude fabrication of antenna panels
and SAR subsystems using FY 1982-
identified design approaches (fig. 1).

Anticipated missions for the Syn-
thetic Aperture Radar in the 1980's in-

clude Shuttle Advanced Microwave
Expnnment Free-flying Imaging Radar
EApee iment, Aircraft {"\G\dn g Radar Ex-

periment, Venus Orbiting Imaging
Radar, and the U.S./Canadian SAR
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Memorandum of Understanding
MOU) has also been signed by NASA
and Air Force Systems Command
(AFSC) to initiate joint SAR calibration
program. The calibration system is
shown schematically in figure 2. Other
joint NASA/AFSC task areas have aiso
been identified and plans for FY 1984
start have been made. These joint ac-
tivities will result in major cost savings
for both the AF and NASA.

Figure 1.- Dual frequency/dual polarization stacked antenna.

Figure 2.- Calibration System
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Advanced Manned Vehicle
Onboard Propulsion Technology

TM: William C. Boyd/EP2
Reference OAST 6

As space operations progress toward
the goal of routine aircraft-type opera-
tion, there is an increasing need for
less hazardous propellants which will
allow rapid and cost-efficient vehicle
reservicing. The current propellant
combination used in the Space Shuttle
on-orbit propulsion systems is nitrogen
textroxide and monomethyl hydrazine.
These propellants are hypergolic, tox-
ic, carcinogenic, corrosive, and expen-
sive. Full protective clothing must be
used when handling these propellants;
the system must be decontaminated
before components can be replaced;
and other ongoing vehicle-servicing
activities are normally terminated or
severely impacted when these pro-
pellants are being transferred. For the
propulsion systems of future highly
reusable manned spacecraft, such as a
second-generation Space Shuttle and
manned orbital transportation vehicles,
the hypergolic propellant combination
will probably be phased out in favor of
a noncorrosive, nontoxic, and less
costly propellant combination.

Propulsion systems design and critical
component design studies have been
conducted to identify viable alterna-
tives to the current Earth storable hy-
pergolic propellant combinations. The
Shuttle on-orbit propulsion systems
were utilized as the focus for this effort;
however, the results also have ap-
plicability to orbit transfer and space
station propulsion systems. The
LOX/hydrocarbon family of propellants
have been identified as the most ap-
plicable propellants. The LOX/
hydrocarbon propellants exhibit the re-
quired performance and bulk density
in addition to being low cost and non-
toxic.

A broad matrix of hydrocarbon fuel and
system design options were evaluated.
Options included methane, propane,
and ethanol as representative fuels
coupled with pressure fed, pump fed,
integrated system propellant storage,
and feed options. Preliminary designs
were established for critical compo-
nents such as engines, pumps, and
heat exchangers. Subscale injector
and propellant cooling tests were con-
ducted to verify critical engine design
parameters.

As a result of the combined analyti-
cal and experimental efforts, a

Figure 1.- Baseline LOX/hydrocarbon system.

baseline system has been established
which meets the design goals of a
highly reliable system with flexible
duty cycle capabilities as a potential
replacement for the Earth storable hy-
pergolic systems. The baseline system
is indicated in figure 1. Basic features
of this system include:

1. Nontoxic fuel and oxidizer
minimizes ground handling hazards

2. Noncorrosive propellants im-
prove component life potential

3. Ambient pressure feed to the
reaction control system (RCS) maxi-
mizes duty cycle flexibility

4. Passive LOX gasification for
simplicity and reliability

5. Electric pump to RCS accumula-
tors for simplicity and reliability

6. Turbopump regeneratively
cooled orbital maneuvering system
(OMS) engine for performance

7. Ethanol fuel for low carbon com-
bustion products and heat content for
passive LOX gasification

8. Common OMS and RCS pro-
pellant storage for maximum storage
mass, maximum duty cycle flexibility,
and minimum weight

9. Potential 2000-Ib payload gain
over the current Space Shuttle auxiliary
propulsion system
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Lunar Resources

Pl: Richard J. Williams/SN7
Reference OAST 7

NASA long-range plans call for an
eventual return to manned lunar ac-
tivities. Recent studies have shown the
feasibility of utilizing lunar resources
for a variety of applications both on the
iunar surface and in Earth-Moon space.

Lunar soil contains minerals rich in
aluminum, iron, magnesium, titanium,
and chromium. Abundant oxygen for
fuel and atmosphere would be
released in exiracting these metals.
The lunar surface is also a rich source
of silicon, ceramics, and glass, as well
as iron-nickel particles.

Over 90% of the mass and fuel for a
lunar base or large orbital operation
center could be derived from lunar
material. A payload launched from the
Moon requires less than 5% of the
energy needed to launch the same

mass from Earth. Raw material for large
space structures are therefore more

Spav TS caiT

energy-accessibie from the Moon.

To achieve economy of extraction,
concentration of minerals must be
enhanced. JSC has directed activities
toward developing equipment and
techniques for dry electrostatic sepa-
ration of mineral components in simple
lunar soil analogs. A mineral separa-
tion laboratory has been established in
which two generations of electrostatic
generators have been designed and
tested based on commercial models.
Electrostatic mineral separation data
have been developed on mixtures of
anorthite, ilmenite, olivine, and pyrox-

Figure 1.- Schematic of mineral separator.

ene in size ranges from 45 to 50 ym.
Anorthite and ilmenite are prominent
components in many funar soil sam-
ples. They are potential sources of
aluminum and titanium, respectively.
Olivine and pyroxene are the common
diluents of these soils.

Electrostatic separators offer signifi-
cant advantages in space application
because they are relatively lightweight
and operate efficiently in vacuum over
a very wide temperature range with
low power consumption. The most
successful separations have been ob-
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(fig. 1). It employs an S-shaped
grounded slide that imparts a horizon-
tal component of velocity to the failing
mineral feed and thus deflects the
grains into the electric field estab-
lished by an elliptical high voltage
electrode a few centimeters from the
slide surface. The deflected grains fall
into nonconductor, middling, and con-
ductor bins set at the foot of the slide.
Conductive materials preferentially
move toward the high voltage
electrode regardless of electrode
polarity. Nonconductors are either un-
deflected by the field or move toward
the electrode opposite in polarity to
their contact potential.

Using this apparatus, ilmenite con-
centrations in olivine mixtures have
been increased from 10 to 95% after
one pass. Similarly, anorthite in pyrox-
ene mixtures show 46° gains (50 to
96°5), olivine in anorthite mixtures 84°%
gain (10 to 94°), and pyroxene in
olivine mixtures 54% (50 to 95%).
These data were obtained at 1-at-
mosphere and 200° C for mixtures in

the size range 150 to 250 um. Figure 2
shows the mineral separates obtained
from a 1.9 ratio ilmenite/olivine mixture
after one pass. The dark fraction in the
right-hand bin is 95% iimenite. Sepa-
rations for smaller size ranges have not
been as successful, but the data so far
obtained suggest that vacuum opera-
tion will greatly enhance the separa-
tion of the finer fractions. Contact
charging of nonconductor and induc-
tion charging of semiconductor
mineral species in the 150-to 250-um
range have been estimated from

Alamir~nctnt
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separator and are in good agreement
with more direct measurements made
by other researchers.

Future activities include a series of
separation runs for obtaining: (1) max-
imum mineral recoveries obtained by
repassing binary mixtures in the siide
separator, (2) the effects of various
field strengths on mineral recoveries
and purities, (3) the effects of mixed
size fractions on separation perform-
ance, (4) separations of mixtures of
more than two components, and (5)
separation behavior in vacuum. Also
planned are direct charge measure-
ments on individual terrestrial and
lunar soil mineral grains of the test
species to measure electrostatic
forces due to grain charging. Electrom-
eter measurements of bulk charge on
fractions collected will be compared
with the other methods of estimating
mineral grain charges. These data will
be used for the design of a separator
specific to lunar soil minerals.

Figure 2.- Mineral separates of electrostatic separation test device.
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Aircraft Fire Safety and Testing

TM: Daniel E. Supkis/ES5
Reference OAST 8

The general objectives of the program,
known as the Firemen Program, are to
develop and apply fire resistant
materials technology to ramp and sur-
vivable crash fires in commercial
aircraft and to conduct systems testing
of new and modified fire resistant
materials in configurations such as
aircraft wall and floor panels, seats,
fuselage sections, galley structures,
and the overall cabin area. The
detailed objectives of the program are
the following:

1. To demonstrate that the in-
troduction of fire barrier materials in
the exterior wall of the aircraft will pre-
vent an external fuel fire from entering
closed and intact habitable areas for
the minimum 5-minute period needed
for passenger evacuation.

2. To demonstrate that a closed
and intact cabin will not reach a tem-
perature of 400° F (a lethal tem-
perature for human beings) and will
not generate smoke or toxic gases at
this temperature as a result of external
fire.

3. To demonstrate that a fire in the
area of a cabin opening will not prop-
agate throughout the cabin area during
the minimum 5-minute evacuation
period.

The aircraft fuselage burnthrough test
program on Boeing 727 sidewall con-
figurations was completed. The last
three items of the scheduled program
consisted of panels containing
polyimide foam, fiberfrax, and
asbestos foam/glass mat insulations.
These fire-retardant materials formed
effective fire barriers, but as soon as
the Z-bars (to which the Kapton
ceramic fiber-reinforced insulation
bags were fastened) melted, the in-
sulations fell into the fire. As of this
date, no effective insulation retention
system is available to hold the insula-
tion in place against the wall board.

Two supplementary 727 fuselage
panels were tested to obtain two addi-
tional data points. The first burned
through within 3 seconds of the
baseline. The second burned through
in 9 seconds longer time than the
baseline.

A lightweight, high strength floor
panel has been developed jointly by
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JSC and Boeing. The panel, composed
of a Ciba-Geigy honeycomb core and
unidirectional carbon fiber/phenolic
face sheets, was fabricated with ap-
proximately 30 mils L-4805 Fluorel
elastomer on the bottom side. The
Fluorel enhances the acoustic attenua-
tion, improves the burnthrough proper-
ties, and prevents the corrosion of the
aluminum structure by the carbon fiber
face sheet. One of the panels, without
Fluorel, has been installed in the
United Airlines surveillance booth in
the Sea-Tac airport and two with
Fluorel in the high traffic area of a Pan
American 747 airplane. The Fluorel
laminated floor panels are lighter in
weight than the polyimide foam-filled
honeycomb baseline panels. The im-
proved acoustical properties of the
Fluorel elastomer further saves weight
by permitting the heavy lead/vinyl
acoustical liner to be removed.

The final report of the polyimide
resilient foam test program was
published in 1982. International Har-
vester started production of the foam
and mounted an advertising campaign
resulting in the receipt of approx-
imately 4000 inquiries. Quantities of
the foam have been supplied to the
U.S. Navy for use as insulation and
liners in lockers onboard ship. It has
flown on the Space Shuttle as stowage
cushioning in the medical and tool kits
in the Orbiter mid-deck. A significant
application of polyimide foam on the
fourth Space Shuttle mission was used
as thermal insulation in the refrigera-

tor/freezer. This was the first time a
refrigerator/freezer had been flown
(see fig. 1).

The two floor panels, containing
polyimide foam, that were installed in
two United Airlines 747's are still func-
tioning well after 1-1/2 years and 11
months, respectively. International
Harvester has formulated a foam with
improved fatigue properties, and sam-
ples are being evaluated.

A program has been initiated at Chem-
tronic, Inc., to develop a rigid closed-
cell polyimide foam and a production
capability to make it commercially
available. This foam is to be used in
the fabrication of cargo bay floor
panels and galley structures at Boeing
Commercial Airplane Company and
Weber Aircraft Company, respectively.
Both of these companies are cooperat-
ing with Chem-tronics on the program.

The modified fluorcarbon
elastomer, Fluorel L-4805, was
developed by 3M and quantities for-
warded to General Veneer for the
fabrication into lightweight wall
panels. Flat panels, 4 ft by 4 ft, were
made wherein the Fluorel was sand-
wiched between phenolic glass face
sheets. Panels were sent to the aircraft
companies for their evaluation. The
panel received at JSC weighed 0.281
Ib/ft2. A sample showed no
burnthrough when tested on the Len-
nox burner. General Veneer will fabri-
cate a flight panel at Lockheed-Bur-
bank, and it will be installed in a
L-1011 for flight evaluation.

Figure 1.- Polyimide foam used in the refrigerator/freezer flown on STS-4.




In Situ Instrumentation for
Nuclear Waste Repositories

Pi: JamesE. Keith/SN3
Reference OAST S

The Nation faces a serious problem of
how to deal with increasing guantities
of radioactive wastes. Although space-
related concepts such as disposal to
the Sun or the Moon have been
studied, the leading candidate soiution
is deep burial on Earth. Although
geologically stable areas can be
found, it is still necessary to establish
that any site chesen will contain
wastes that may leak from primary
containers over time periods extending
to thousands of years. Very sensitive
devices must be used that can
measure the movement of artificial
tracers in goundwater that simulate the
migration of dangerous, radioactive
elements. These measurements need
to be made without modifying the
character of the natural groundwater
flow.

A device that was first proposed for
planetary exploration is being
developed for use as a sensitive tracer
of elemental migration. The significant
radioactive elements, such as uranium
and plutonium, are simulated in this
technique by nonradioactive rare Earth
elements called lanthanides. These
lanthanide elements can be measured
by a technigue called pulsed neutron
activation analyses, in which short
bursts of 14 MeV neutrons are pro-
duced by a pulsable source. The in-
teractions of the neutrons as they mi-
grate through the rock are sensed with
gamma (Nal and Ge) and neutron
(He3) detectors. Because the neutrons
travel several tens of centimeters in
rocks, tests can be devised that do not
affect the primary fluid flow fields.
Since many cycles of neutron produc-
tion and detection must occur to build
up the spectra such as those shown in
figure 1, the experiment must be
computer-controlled. The develop-
ment of this technigue involves the ex-
traction of guantitative information
from such spectra.

Figure 1.- Neutron-induced gamma spectra from basalt.
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During 1982, a device has been as-
sembled and inlegrated with a com-
puter which controls the system and
accumulates spectra. A test bed has
been established that provides a sim-
ple yet realistic analog of a natural
geologic situation. Experimentation in
the coming year will focus on under-
standing the operational charac-
teristics of the system and the data
analysis procedures to extract data
from the spectra.
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Lunar and Planetary Science is carried
out through a combination of flight
missions, ground-based (or Earth-or-
bital) cobservations of planets,
laboratory research on samples of solar
system bodies, experimental duplica-
tion or simulation of planetary proc-
esses, and synthesis of the data from
all of these sources. The wealith of data
and samples returned by the Apollo
lunar missions are still being studied
and evaluated by scientists at the
Johnson Space Center (JSC), proving
that scientific progress can continue
long after the operational phase of a
mission has ended. However, new
sources of data are also important in
providing new or otherwise unobtaina-
ble insights.

Research at JSC continues to con-
centrate on the inner planets and small
bodies of the solar system, whose sur-
faces are accessible to remote obser-
vation from Earth or by spacecraft, and
to collection of samples for analysis in
terrestrial {aboratories. The study of
these bodies in the solar system is
being tied to an understanding of the
geology of the Earth in an interactive
manner, improving our understanding
both of Earth and the other planets. in
an initiative begun this year, the JSC
has begun the process of defining the
future scientific exploration and utiliza-
tion of the Moon, which is anticipated
to be a major NASA program in about
20 years.

Some highlights of JSC research
are described in this summary and a
selection of research reports are in-
cluded in the significant tasks section.

Lunar Science

A major emphasis is being placed on
understanding the early crust of the
Moon. New rock types have been
identified among small fragments in

Summary

composite rocks called breccias, cre-
ated over 4 billion years ago by intense
meteoroid bombardment and mixing of
the lunar surface. Ferroan anorthosite
is an early rock type that is found at
several lunar locations and is difficuit
to derive from the norite, which is also
a major ciustal rock type. Models are
being constructed to determine the
relationship of these rock types to the
undifferentiated original lunar matter,
which will then aliow better charac-
terization of the composition and
chronology of the lunar crust. A key
element in this research is the experi-
mental determination of the distribu-
tion of trace elements of the rare earth
element series between common
lunar minerals and melted rock.
Laboratory simulations duplicating
conditions in the deep lunar crust pro-
vide another means of evaluating the
relationships between rocks, the en-
vironment of formation, and the
chronology necessary to make a
coherent picture of lunar deveiopment.

Another active area of lunar
research involves analysis of the
mineralogy, composition, and se-
guence of deposition of the fragmental
regolith that constitutes the upper few
meters of the Moon. This layer records
a sequence of erosion and deposition
by impact processes. More impor-
tantly, the lunar soil grains contain evi-
dence of the solar radiation received
while the grains resided near the sur-
face. The content of noble gases (e.g.,
neon, argon, krypton) in lunar core
samples as a function of depth has
been a continuing tool to characterize
the irradiation history of the cores.

Origin of the Solar System

Meteorites and cosmic dust represent
samples of material that has not been
extensively altered since the solar
system formed 4.5 billion years ago.
JSC has collected stratospheric dust
since 1981 on WB57 and U2 aircraft
(fig. 1) using inertial wing-mounted
coliectors. The JSC cosmic dust col-

Figure 1.- WB57 aircraft with wing-mounted dust coliectors.
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Remote Sensing

Some of the planets can only be
studied by remote sensing. However,
the interpretation of mineralogical and
chemical composition of planetary sur-
f complicated issues in
and data interpretation.
apoa(er’ﬂ\ simple cases are not
.'mw derstood in terms of the physics
fli gr. sca'ter‘ g. In new work at JSC,
uoema Munk scattering theory has
been applied to planetary remote
sensing data to gain new insights into
spectra for Mars and the Moon. Experi-
mental synthesis of possible martian
surface minerals continues in conjunc-
tion with laboratory investigation of
reflectance spectra.

Technology

he forefront of
::C\*’V tech-
, JSC ac-
tively seeks n, o‘e‘/e p mstrumems
and technigues that support its
research programs and open future op-
portunities. Highiights of this tech-
nigue development during fiscal year
1982 include: establishing the new
cosmic dust-clean laboratory and sam-
ple handling procedures; development
of technique for analyzing tiny fluid in-
clusions; continuation of the develop-
ment of an isoctope dilution-mass
spectrometer for use on automated
spacecraft; and the addition of a new
vertical hypervelocity impact facility
for simulating collisions with icy
satellites of Jupiter and Saturn. Other
technology development that may po-
tentially be utilized for planetary ex-
ploration is described in the Office of
Aeronautics and Space Technology
section of this report.

Lunar Exploration

The completion of the flight test phase
of the Space Shuttie and the imminent
first operational mission has
heightened interest and excitement
about the future of space activities.
The Shuttle is but the first step in a
process that can be viewed as an ex-
pansion of human activity into space
— first, near Earth, fater farther out into
the solar system and eventually
beyond. However, to systematically
exploit these expansionary activities,
near and intermediate goals and ob-
jectives need to be established to
focus development activities. Looking

toward the turn of the next century, a
manned research base on the Moon is
ble goals that must be

ASA and the United

lay the basis for that

JSC has begun to

ationale for a Moon Lab

y which such a program
would be carried out. The goal is to es-
tablish the !unar research base by
2007, the 50th anniversary of the first
artificial satellite, launched in 1957.
This proposed work has not yet been
funded by NASA
A base of operations on the Moon is
gualitatively different than the space
stations that will be developed in the
"Dx‘ two decades, because the Moon
has substance, firm footings for ex-
tendea Stry

r
-
o]

car

0 &

and elements

m which materi
V atef

eV}

energy radiat
compounds fr

Q

o =
J T o O
]

2
-

=

plications componer ,zs A better
derstdnd ng of the formation and his‘o—
ry of the Moon, the E rth, and other
planetary bodies will be a prime objec-
tive of the initial station. The buildup of
scientific capabilities will allow the
Moon to be used as a research base for
astronomy, high energy physics, life
sciences, and other research. Also im-
portant will be research on how to use
the lunar environment and materials to
the benefit of humankind. Figure 3 pic-
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Figure 3.- Conceptual lunar research facility.

tures this research facility as defined
in earlier JSC studies.

A lunar base would be a m
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that shown in figure 4. Th _
Shuttle or a heavy-lift launch vehi
provides for delivery of personne! and
components to a transfer station in
Earth orbit. A reusable Earth-Moon
delivery system, either 3 high thrust
system as is being investigated for or-
bital transfer vehicles (OTV) or a low
thrust, slower-trip time system couid
be used to convey payload to a lunar
orbital station. A descent vehicle is re-
guired that performs like the Apolio
lunar tander to deliver Pargo to the sur-
face. That vehicle should probably be
reusable, but whether it would be the
main means of transporting material
from the Moon to lunar- or Earth-orbit is
guestionable. One curr
unanswered question of lunar scienc
is whether volatile substances usabl
as rocket fuels are available. Although
lunar samples are almost devoid of
volatiles, there Is speculation that
caches of volatiles have been cold-
trapped at the lunar poles. If that is not
the case, an alternative means of
transportation from the lunar surface is
required perhaps electromagnetic in-
duction powered by solar energy. Such
a “mass driver’ facility, capable of
launching several kilograms into orbit,
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is pictured in figure 5. This infrastruc-
ture also would serve many other pur-
poses, and provides an avenue for
future growth of space capability.

The Moon is the “high ground” of
near-Earth space. To go to the nearest
planet is significantly harder. However,
the Moon may also be a stepping
stone to the planets, particularly if
useful resources can be located there.
The initial definition done this year is
only the start of a very long process of
study, technology development, and
scientific exploration that will be car-
ried out in the next 20 to 30 years. The
program can be modest in cost,
although it will certainly include un-
manned precursor missions, such as
an advanced Lunar Mapping Satellite,
which could be launched around 1990,
and automated surface laboratories for
the 1995 to 2000 time period.

Figure 5.- Lunar mass driver facility.
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Experimental Trace Eilement
Geochemistry

Pi: Gordon A. McKay/SN7
Reference OSSA 1

Igneous processes involving the pro-
duction, migration, and crystallization
of silicate melts are known to have
been important in the formation of
planetary crusts on Earth, the Moon,
Mars, and some meteorite parent
planets. They probabiy were important
on Mercury and Venus as well. Such
processes leave distinctive signatures
on the chemical and isotopic composi-
tions of the rocks they produce. One of
the goals of planetary geochemists is
to try to reconstruct the history of these
processes by deciphering the chemi-
cal signatures found in rocks from
planetary crusts. Some particularly
useful signatures are carried in the
abundances of elements that are pres-
ent in most rocks in concentrations of a
few hundred parts per million or less.
The abundances of these ‘trace” ele-

“partitioning’’ between silicate melts
and rock-forming minerals in contact
with these melts. Some trace elements
may be preferentially incorporated into
one mineral, others into another
mineral, and still others strongly ex-
cluded from all minerals and instead
partitioned into the melts. Hence, a
record of the history of melt-mineral in-
teractions will be retained in the trace
element abundances of resuiting
rocks.

One approach to using trace element
abundances to unravel the history of
these melt-mineral interactions is
through mathematical modeiing. In
this approach, a plausible history of
meilt-mineral interactions leading to a
particular sample is postulated. The
effects of this history on trace eiement
abundances are then modeled, and
the resulting calculated abundances
are compared with observed abun-
dances for that sample. This approach
often allows certain postulated histo-
ries to be ruled out as incapable of pro-
ducing samples with observed trace
element abundances, and focuses at-
tention on other postulated histories
which result in good matches with ob-
served abundances.

Recently, a program of distribution
coefficient studies was started in the
JSC experimental petrology laboratory.
The experimental approach consists of
equilibrating pertinent synthetic rock
compositions at various near-liquidus
temperatures and pressures, guench-
ing the egquilibrated charges to room
temperature, and measuring the con-
centrations of the elements of interest
In the resulting crystals and surround-
ing glass. These measurements are
made by using special electron
microprobe techniques with sen-
sitivities of approximately 10 parts per
million.

Figure 1.- Mineral/melt coefficient for rare earth elements.
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Work has focused on the partitioning
of rare Earth elements (REE) between
olivine, pyroxene, plagioclase
feldspar, and lunar mare and high-
lands basaltic melts. Partition coeffi-
cient, Dy (weight ratio of the con-
centration in the mineral to its con-
centration in the adjacent melt), ap-
pears lower for the REE on all the new
study cases (see fig. 1). It is believed
that these differences result from a
combination of more precise analytical
techniques and from large differences
in the compositions of the melts.
Model calculations were performed
to investigate the implications of the
new or revised olivine, plagioclase,
and pigeonile REE distribution coeffi-
cients for the petrogenesis of iunar
anorthosites, a major constituent of the
original lunar crust. Results suggest
that formation of anorthosites via a
process approximating simple crystal
accumulation from relatively
unfractionated liquids does not violate
constraints imposed by REE
systematics. Similar calculations using
the earlier coefficients, violated these
constraints. Considerable uncertainty
still remains in the absolute and rela-
tive values for Eu and the trivalent REE
for application to anorthosite
petrogenesis. It is important to con-
tinue investigating distribution coeffi-
cients for application to this problem.
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Regolith Dynamics from Lunar
Cores

Pl: David S. McKay/SN6
Reference OSSA 2

Although the last cores collected by
astronauts on the Moon were returned
to Houston 10 years ago, detailed
studies of lunar cores are revealing
some new clues to the history and
dynamics of the lunar regolith.
Detailed studies during the past year of
an Apollo 15 core (15007/8) shows
that the lunar regolith is more complex
than previously supposed. This core
was collected from the slopes of the
Apennine Front in an area of complex
local geology on the flanks of St.
George Crater. This is the only high-
land area core to be opened and
studied from the Apollo 15 site.

Detailed petrologic, ferromagnetic
resonance (FMR), and rare gas studies
show that the core consists of four
stratigraphic zones. The uppermost
zone from O to 18 centimeters shows a
range of FMR and agglutinate values.
Relatively high 131xe/126xXe ratios in-
dicate that the soil in this zone was
originally irradiated at greater depth,
probably greater than 50 centimeters.
This zone is interpreted as ejecta
deposits from a 5-meter crater directly
adjacent to the core site. Unlike the
top layers of many lunar cores, it con-
tains no obvious sign of a reworking
profile. This means that the regolith
represented by the core did not remain
relatively static on a time scale long
enough for micrometeorites to garden
it in a systematic way and create a
detectable profile in the maturity as
measured by FMR.

The entire core lacks a reworking
profile. See figure 1. The regolith
represented by this core is therefore
appropriately called a dynamic
regolith rather than a static regolith of
the type sampled by many other lunar
cores.

The other sampled cores apparently
have not been grossly disturbed for
perhaps 100 or 200 million years. It
seems very likely that the difference
between the dynamic regolith repre-
sented by core 15007/8 and the other
static cores is related to the local
geologic setting and, more
specifically, to the slope of the surface
in the vicinity of the core site. This

50 OSSA

slope causes a net downslope move-
ment of material which tends to mix
and homogenize the regolith and pre-
vents the development of maturity
profiles. While the presence of
downslope movement in the lunar
regolith has been a reasonable idea for
a long time and has been inferred from
photographs, these cores are furnish-
ing the first real data on the effects of
this process on lunar stratigraphy,
maturity, and exposure relationships.

The zone from 49 to 55 centimeters
is somewhat chaotic, is relatively low
in maturity, and contains surprising
large amounts of green glass, about 25
percent. This green glass is identical
to the green glass droplets found
earlier in clods and breccias from near
Spur Crater. The presence of this
green glass in abundance in the bot-
tom of core 15007/8 shows that green
glass is common constituent of the
regolith all along the Apennine Front.
This green glass is interpreted as the
remnants of a volcanic pyroclastic ash
layer that once blanketed the lunar
surface in this vicinity and apparently
was erupted at about the same time as
the Apollo 15 mare basalts.

From 18 to 49 centimeters, the core
consists of relatively well mixed

regolith of intermediate maturity and
shows very little structure. This zone is
interpreted as a zone of mixing caused
by downslope movement related to the
Apennine Front slope. The lowermost
zone, from 55 to 57 centimeters, con-
tains the most highland-like soil yet
identified at the Apollo 15 site. It con-
tains only about 9 percent FeO. It is
relatively low in maturity.

Detailed studies of this core have
revealed a wealth of data directly re-
lated to lunar regolith dynamics. A
comparison of dynamic cores with
static cores may set limits on the
effects of such lunar surface processes
as downslope movement, crater ejec-
tion, crater filling, lateral movement,
and other dynamic processes. Rare
gas studies conducted in conjunction
with other studies can add the addi-
tional parameter of time to our under-
standing of these complex processes.
The complexity of these cores makes
exact interpretation difficult, but
detailed studies may lead to a better
understanding of lunar regolith
dynamics and, by analogy regolith
dynamics on asteroids and on other
satellites.

Figure 1.- Apollo 15 core 15007/8 sample analysis.
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Cosmic Dust Program

Pi: UelS. Cilanton and James L.
Gooding/SN3
Reference OSSA 3

It has long been known that in-
terplanetary space is populated by
dust particles of unknown origin.
Various suggestions for sources of dust
included residual material from the for-
mation of the solar system, material
ejected from planetary or asteroidal
surfaces by energetic impacts, or ex-
otic material from interstellar space.
However, the most widely discussed
possibility for the origin of cosmic dust
is disaggregation of comets. Laborato-
ry analysis of cosmic dust particles
should help answer guestions regard-
ing their origins and possibly provide
the eventua! identification of a come-
tary particle.

The high speeds of cosmic dust
particles in space (10 to 70 km/sec)
preclude particle collection by
spacecraft. Hypervelocity impacts
destroy the particles and produce
microcraters in the surfaces which are
struck. Fortunately, Earth’'s
stratosphere has proven to be fertile
territory for the collection of cosmic
dust. Although incoming space parti-
cles experience atmospheric frictional
heating, a significant proportion of the
smaller particles (<100 um size)
neither melt nor vaporize during entry
but survive intact and are slowed by at-
mospheric drag to gravitational free-
fall speed. At 20-km altitude, 10 um
cosmic dust particles are concentrated
about 1 per 1000 m? and fall at speeds
of only 0.5 to 1 cm/sec. Given those
conditions, airborne devices can be
used to collect sufficient quantities of
cosmic dust to support meaningful
laboratory studies. See figure 1.

In addition to cosmic dust, particles
collected from the stratosphere in-
clude sulfate aerosols formed in the
stratosphere, solid-fuel rocket exhaust
products, reentering spacecraft debris,
and ash produced by large, explosive
volcanic eruptions (fig. 2). Fortunately,
optical microscopy, scanning electron
microscopy, and elemental analysis by
X-ray energy-dispersive spectrometry
can be used to distinguish cosmic from
noncosmic particles on the basis of
particle morphology and compaosition.
Cosmic dust particles can thereby be
identified for further detailed study

although noncosmic particies also re-
main available for other types of
studies. Since May 1981, JSC has col-
lected stratospheric dust by using iner-
tial-impaction collectors mounted
under the wings of research aircraft
On WB-57F aircraft, four collectors are
mounted in each of two pylons; on U-2
aircraft, current configurations set a
limit of two collectors in a single pylon.
At an altitude of 17 to 20 km, each col-
lector is extended into the laminar
airstream with the collection surface
normal to the air flow. Particles are
captured on impact by a thin coating of
silicone oil (kinematic viscosity of
600 000 centistokes) applied to each
collector. At tropospheric altitudes, or
VVIIC’II ULhCIWIob uCt 3”- ’hn :ar‘h\/a ng'
pling mode, each collector is retracted
into a sealed canister to prevent con-
tamination. All pre- and post-flight
handling of collectors is performed in a
Class 100 clean room at JSC using
techniques specially designed to
minimize contamination.

Particles are retrieved from collec-
tion surfaces, washed with hexane to
remove residual silicone oil, and then
characterized by nondestructive tech-
niques. Those preliminary data are
published in catalogs which are dis-
tributed to interested members of the
world's scientific community. Scien-
tists submit formal requests for
specific particles (in some cases, for
entire collection surfaces) for detailed
research in their laboratories. The par-
ticle collection is preserved at JSC and
used to supply documented samples

Figure 1.- 13-um cosmic dust fragment.
Detailed analysis shows this to be a
unique category of extraterrestrial
material.

in support of requests which have
been approved by an cutside scientific
review committee.

aircraft. Two Cor“pfe*c catalogs an
two newsietters, describing a tuta
about 300 particles, have been sent '{O
more than 260 requesters in 24 coun-
tries. Approved sampie requests have
generated the allocation of five wholie
collection surfaces and about 170 in-
dividual particles (including un-
cataloged particles) to eight scientific
research groups. Large-area collectors
currently being designed should even-
tually provide an adequate supply of
large (+ 50 xm) particles which are of
special interest to many researchers.

Contributions have aiso been made
to studies other than that of cosmic
dust. It has been shown that the JSC
stratospheric dust collection contains
numerous rocket-exhaust particles and
pmbabie spacecraft fragments, which
should contribute to understanding the
Earth-orbital “‘space debris" problems.
In addition, particle coliections made
in May and July of 1982, captured ash
injected into the stratosphere by the
April 1982 explosive eruption of the El
Chichon, Mexico, voicano. The unigue
JSC results are being used to supple-
ment other data in an effort to under-
stand the possible effects of volcanic
eruption clouds on weather and cli-
mate.

Figure 2.- 6-um sphere of man-made alloy
"Space debris” from explosion or reentry
of spacecraft.
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Meteorites from Mars

Pl: Laurence Nyquist/SN5
Reference OSSA 4

Recent studies of several rare
meteorites have produced some
fascinating results. Briefly stated,
everything which has been learned
about the meteorites is consistent with
their origin on the planet Mars. There
are, of course, significant areas of ig-
norance concerning the characteristics
of Martian rocks. Nevertheless, enough
is known about the planet, primarily as
a result of the Viking missions, that
lunar rocks and most meteorites would
not be mistakenly identified as of
possible Martian origin.

The possibility that the rare
meteorites may have originated on
Mars is receiving increasingly serious
scientific attention. The major objec-
tion to a Martian origin is the apparent
lack of a mechanism to launch rocks
from the Martian surface with
velocities in excess of the Martian
escape velocity, about 5 km/s. Citing
experimental studies of hypervelocity
impacts of projectiles incident at

Figure 1.- Butterfly crater on Martian surface.
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shallow angles to horizontal surfaces,
it is suggested that such impacts may
provide the required launch mecha-
nism. The experimental studies show
that at grazing incidence a ricochet
phenomenon occurs. The projectile
and some entrained surface material
ricochets at velocities approaching
that of the incident projectile. On a
planetary scale, the target surface
could be the planet Mars and the pro-
jectiles a population of Mars-crossing
asteroids. A typical asteroid might be
of the order of 1 km or larger in
diameter and strike Mars at a velocity
of about 10 km/s. A small percentage
(about 5%) of the impacts will occur at
shallow angles so that ricochet is ex-
pected to occur. These shallow-angle
impacts leave characteristic ‘'but-
terfly” craters. The craters themselves
are elongated along the path of the
projectile, whereas, the visible ejecta
are concentrated to either side of the
projectile path.

Figure 1 shows a butterfly crater on
the Martian surface. The crater is lo-
cated on a young basalt flow as would
be appropriate for the meteorites in

question. The existence of such craters
and the experimental studies of ob-
lique impact are supportive of the hy-
pothesis that Martian rocks could be
launched from the Martian surface to
become meteorites.

An accepted explanation of the physi-
cal means by which rocks might be
accelerated to escape velocity is pres-
ently lacking. However, preliminary
calculations suggest that the fluid
dynamic drag exerted by a vaporized
projectile might provide a com-
paratively gentle acceleration so that
solid rocks are preserved and not
shock melted in the impact. This sug-
gestion is currently being discussed in
the scientific literature.



Fluid Inclusions In Meteorites

Pl: Everett K. Gibson and Lewis D.
Ashwal/SN7
Reference OSSA 5

Fluid inclusions, both primary and sec-
ondary, have been discovered and
studied in chondritic and achondritic
meteorites. Fluid inclusions are impor-
tant probes of the petrogenesis of
natural rock systems because they
yield direct ..furmation about the
chemical nature of the fluid present in
the system at some stage in its history,
and place constraints on the rock’s P-T
history between formation and collec-
tion. Such data would be especially
smpor ant m t’ne study of meteoritns
for meteorites hampers inference
about their history.

At least seven meteorites (both falls
and finds) are known to contain fluid
inclusions: chondrites-Faith H5, Jilin
H5, Bjurbole L4, Holbrook L6, Peetz L6,
St. Severin LL6, and diogenite ALHA
77256. Surprisingly, fluids in
chondrites have the same properties
as those in the diogenite achondrite.
The include: (1) shapes, sizes, and oc-
currences: equant, rounded, varieties,
up to 20-30 um, commonly along
healed fractures and larger isolated ir-
regular ones, up to 100 um; (2) pre-
sence of both two-phase (liquid +
vapor) and three-phase [liquid +
vapor + glass (?)] inclusions; (3) a
broad range in temperatures of
homogenization (Ty) of liquid + vapor
to liquid from 30° to >220° C with no

preferred te*mpcr“' rre; (4) apparent
difficulty in observing freezmg
"»ho"'\mpﬂ“ CO
servable “rysf"’ ine phase at low
(-180° C) temperatures; (5) increas
of vapor phase v“ me (V) on heatin
from -180° C; and (6) Ramdﬂ vibrati

bands at 3200 to 3600 cm™'. Pr ope
ties (3) and (6) are characteri sn of an
aqueous fluid, but the fluid cannot be
pure HoO because of (4) and (5). If ob-
servations of change in vapor bubble
morphology from deformed to spheri-
cal at -20° to -25° C are inferred to
represent final melting, this would in-
dicate large quantities of dissolved
components, possibly salts. Laser
Raman spectroscopy on many inclu-
sions show no vibration bands charac-
09, CHy , Hp ,No, Oo, of S-
bearing species. Recent Raman
spectroscopic work resulted in pre-
cipitation of a dark solid phase, with
vibration bands resembling graphite.
This was observed for both ALHA
77256 and Jilin. See figure 1. In one

J
D@ D

D

C

inclusion in Jilin, a broad Raman signal
between 2850 and 3000 cm™ ! was ob-
tained which is characteristic of
aliphatic C-H stretching. This observa-
tion "Aust be confirm mc by further

In the chondrites,
hHva"e both inside chondrules and

inclusions occur in

~Ai

c"‘sions are omy present in
orthopyroxene. Occurrence of fluid in-
clusions within chondrules represents
another factor which must be ac-
counted for in any mode! of chondrule
origin. Clearly, inferences about the
origin of the fluids must await further
characterization of their chemical
composition. Morphologic, microther-
mometric, Raman spectroscopic
studies, along with direct analysis of
trapped qusds using the laser
microprobe/gas analysis technigue,
are presently underway and the latest
findings will be reported.

Figure 1.- Fluid inclusions in ALPHA 77256 achondrite. Scale bar is 10 microns.
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Laser Microprobe-Gas
Chromatograph

Pl: Everett K. Gibson and R. K.
Kotra/SN7
Reference OSSA 6

Direct chemical analysis of trapped
vapors and fluids in terrestrial and ex-
traterrestrial materials is one of the
most difficult analytical challenges
confronting geoscientists. A newly
developed laser microprobe-gas
analysis system has the capabilities of
direct chemical analysis of gases,
volatiles, and fluids in meteorites,
lunar samples, terrestrial basalts, and
cosmic dust samples. This technique
permits the direct chemical analysis of
volatiles in either individual inclusions
or the complete samples. Samples
may be either "“thick’’ thin sections or
individual particles. The laser
microprobe is used either to “open”
the fluid inclusion or “heat” the sam-
ple under controlled conditions.
Released volatiles are directly
analyzed through gas chromatographic
techniques employing the ultrasensi-
tive helium ionization detector
developed by Andrawes and Gibson. A
schematic of the laser and sample
holder is shown in figure 1.

For the direct chemical analysis of
fluid inclusions, 60 to 100-micrometer
thick sections are used which have
been prepared for thermometric
analysis. The section is placed in the
sealed sample chamber which is at-
tached to the inlet of the gas
chromatograph. The chamber for
analysis of small particles has an inter-
nal volume of 1.53 cm3 a 1-cm
diameter quartz and/or sapphire win-
dow, while the chamber used for
polished circular thin sections has a
larger volume. Both chambers have an
entry and exit port for ultrapure helium
carrier gas. The chamber is mounted
on the stage of an optical microscope
that permits movement in the x-y-z
direction for sample location and
focusing. The optical window permits
the Nd-glass laser beam to pass. The
sample is located and, using a
defocused beam, the surface of the
sample can be ‘“cleaned.” The sample
chamber can be heated externally to
150° C to remove absorbed gases.
After calibration with the standard
gases, the laser is pulsed to drill a 5 to
10-micrometer diameter pit a few
micrometers deep. Gases within the
sample chamber are swept into the
gas chromatograph for analyses after
each pulse. Repeated pulsing will ex-
cavate to the depth of the vapor or fluid
inclusion. When the inclusion is

Figure 1.- Schematic of laser microprobe and sample holder assembly.
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opened, its contents are released,
vaporized, and swept into the
chromatograph column with the carrier
gas. Because carrier gas flows at a rate
of 10 to 15cc/sec, the sample chamber
is flushed rapidly and the evolved
vapors may be analyzed after each
laser pulse. Laser pulses can be
spaced 15 seconds apart if rapidity is
desired.

The sample serves as its own cruci-
ble, and the operational blanks are at
the nanogram concentration levels as
measured by repeated analysis of tek-
tite glass. Laser pulse duration can be
as short as 1 microsecond. With the 1-
microsecond pulse, propagation of a
thermal pulse into the surrounding host
material is minimized. The short pulse
duration can explosively volatilize a 10
to 20-micron pit before the thermal
pulse propagates into the surrounding
host and improves the quantitative
recovery of the volatile.

The gas analysis system incorpo-
rates an ultrasensitive helium ioniza-
tion detector-equipped gas chromat-
ograph. This method demonstrated the
capability of analyzing both inorganic
and organic gases at the subnanogram
concentration levels. Water can be
analyzed both directly and indirectly
after reaction of water with calcium
carbide to produce acetylene. Deter-
mination of acetylene is a routine task,
whereas water, a polar compound,
commonly passes through the
chromatograph column too slowly for
easy analysis.

Cosmic dust particles can be analyzed
by assuming that the dust particle con-
tains the average Cl carbon abun-
dance of 4 to 5 percent C. The carbon
“signal’’ from complete conversion of
the particle would be about 20 times
the background if everything was con-
verted to either CO or CO». In reality,
the vapor products produced after laser
pyrolysis of the cosmic dust grain
would be a mixture of both oxidized
and reduced species (e.g., CHy, CO,
CO» , hydrocarbons, etc.).

With the capability of changing the
laser's power output, and selectively
filtering the beam, stepwise heating of
individual samples can also be ac-
complished. This feature provides ad-
ditional flexibility to the laser
microprobe capabilities.




The Earth’s Early Crust and
Mantle

Pi: William C. Phinney/SN6
Reference OSSA 7

Eann scrustandm
unknown. The Jer,r rare olol

rocks from the first 1.
(b.y.) of Earth history

e_eiy !;mv&c
the evidence for such processes.
However, some of the more common
younger rocks can preserve evidence
that bears on older processes. Many
volcanic or other igneous crustal rocks
form by partial melting within the man-
tle. As the meits then rise into or onto
the crust and form additions to the
crust, they leave anomalous residual
compositions in the affected volumes
of mantle at various times throughout
Earth's history. When one of these
volumes of mantle undergoes further
melting or fractionation at an even later
time, the resulting crustal rocks of the
later event may inherit clues about the
earlier fractionations of crust and man-
tle in the form of anomalous isotopic
ratios, trace element distributions,
and/or mineral assemblages. The
study of ancient rocks can provide evi-
dence on the nature and location of
even earlier events for which no crustal
rocks are preserved. The resulting data
can help us to understand the more
basic questions of why and how these
very early events took place.

Recent geochemical investigations of
2.6- to 2.8 billion year-rocks from Mon-
tana, southern Minnesota, northern
Minnesota, northern Michigan, and

indicate that by
he Earth's mantle
extensive

and three wi dazy aepmaled arﬁa
northwestern Ontaric, these ratios are
anomalously high for Nd and low for Sr.
The results imply that an earlier frac-
tionation of crust from mantle had
depleted certain components in the
exiensive voiume of mantie that now
resides under northern Minnesota and
northwestern Ontario, while other por-
tions of the mantie to the east, south,
nd west had not undergone the same
f ac*tﬁatson and depletion. By 2.8 b.y
there were al least two distinct gypes
of mantle reservoirs supplying new ig-
neous material to the crust in the Mon-
tana, Minnesota, and Ontario areas.
Figure 1 illustrates these event
ditferences. The piotted variable of
€Nd, is_ a measure of the departure of
the 143Nd/144Nd ratio from an ideally
nonfractionated mantie reservoir; the
more positive the e value, the more
depleted the mantle reservoir. The
northern Minnesota and northwestern
Ontario samples show various degrees

Figure 1.- Nd isotopic data for 2.6- to
2.8-billion year rocks from Montana,
Minnesota, and Ontario.

O Montana B N. Minnesota

¥V S. Minnesota A NW Ontario

B

cf depletion for their mantle reservoirs;
whpreas the Mon*ana tamp! s show

o

the positive
n, does sh
..m,n probably re
contamination of the Nd isoto
previously existing cru

*L £X )
=

p ©
T W

The precise area! exten
depleted reservoir remains to be de
mined through studies of rocks from
further to the east in Ontario and to the
west into Manitoba. In addition, the
time of the depletion event remains o
be determined fhrough studies of
rocks older than 2.8 b.y.

Previous studies of iunar sampies
have revealed that similar depleted
reservoirs in the lunar mantle resulted
from a crust-mantle fractionation at
about 4.4 b.y. Then a later fractionation
produced the younger 3.0 to 3.7 b.y.-
old mare volcanic rocks in which
anomalies are preserved from the 4.4
b.y. fractionation. Because of
differences in gravity, size, and volatile
contents, the specific composition of
the depleted components is a bit
different on the Moon from that on the
Earth. Thus, some of the large-scale
planetary processes that were learned
about in some detail from lunar sam-
ples appear to have similar terrestrial
counterparts that are somewhat
modified by the more complex
geologic history of Earth. However,
without the benefit of the simpler case
provided by the Moon, it would have
been more difficult to recognize the
validity of the approach for terrestrial
ptocesses.




Effect of Aluminum Substitution
on the Reflectance Spectrum of
Hematite

Pl: Richard V. Morris/SN7
Reference OSSA 8

lemote sensing makes extensive use
of multispectral imagery; geologic
units or terrains frequently are found to
be delineated in false-color represen-
tations or band-ratio images.
Generally, ground truth is required to
identify dominant mineral and rock
types in a particular unit. In some
cases, regional rock types are known,
and spectral units can be correlated
with known spectra from laboratory ex-
periments.

Ferric oxides and oxyhydroxides are
a class of minerals important in remote
sensing applications of Mars and the
Earth. Despite their importance, little is
known about the extent impurity-ion
substitution in these minerals affects
their spectal properties. This is poten-
tially an important consideration since,
in natural environments on the Earth,
aluminum substitution for ferric iron is
known to occur.

One of the spectrally-important ferric
oxides is the mineral hematite (a-
Feo03). The selected study approach
was to conduct parallel syntheses of
hematite and aluminous hematite
under nominally identical conditions
so that aluminum content was the only
variant in the starting materials and
procedures. The diffuse reflectance
spectra of the synthetic powders were
recorded on a spectrophotometer con-
figured with a 9-inch integrating
sphere. In most cases, aluminum
substitution for ferric iron could be
verified by shifts in the locations of X-
ray diffraction lines.

Figure 1.- Diffuse reflectance spectra of hematite (Al/Fe = 0) and aluminous hematite

(Al/Fe = 0.25).
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The diffuse reflectance spectra of
powders having Al/Fe 0.0 and 0.25 are
shown in figure 1 over the spectral
region 0.35 to 1.20 um. This region
encompasses the visible region (0.4 to
0.7 wm). The two powders are very
different in their spectral properties.
Visually, the aluminous hematite is tan
and the aluminum-free hematite is
dark red. Relative to the aluminum-free
hematite, the near-IR band minimum
for the aluminous hematite is shifted
longward by about 0.02 um, and it is
considerably more reflective shortward
of about 0.55um. This is important
because the visible slope and the red
shoulder are often used in the con-
struction of false color and band-ratio
images.

The results show that aluminum
substitution has a strong effect on the
spectral properties of hematite and
may as well for other ferric oxides and
oxyhydroxides.

Consequently, there is the potential
to use the spectral data for Mars to
constrain the aluminum content of the
spectrally active phases. Similarly, it
may be possible to use multispectral
imagery of the Earth to construct repre-
sentations which discriminate accord-
ing to the aluminum content of the
target area.




Vertical Impact Facility

Pl: Friedrich Horz/SN7
Reference OSSA 9

The phenomena associated with colli-
sions between bodies of various sizes
comprise the single most pervasive
class of historical geclogic process ac-
tive throughout the Solar System.
These collisions range in scale from
submicroscopic impacts into in-
dividual mineral grains to events that
can devastate tens of millions of
square kilometers of the surface of a
planet. Evidence for such occurrences
are manifest in the mitlions of craters
seen on virtually every solid-surface
object observed by spacecraft, and
there are indications that even more
violent collisions have transpired in the
past. It is now generally accepted that
a large fraction of the present asteroid
population is the direct result of
destructive collisions between former
members of the minor planet family.

The first-order effects of impact
phenomena are reasonably well-
known. The shock generated by an im-
pact is responsible for (1) providing an
energy source for the thermal
metamorphism of target and projectile
material, (2) deforming and fracturing
the target rock, and (3) setting a
volume of the target into motion.
Release of the affected target volume
from the high-pressure state induced
by the shock could cause ejection of
material from the crater cavity, excava-
tion of the final crater, and, very possi-
bly, the formation of various interior
features of large craters, such as
central peaks. The imprints ieft on
various rock types by shock effects are
also documented to a large extent. It is
very important to recognize, however,
that much knowledge of hypervelocity
impact mechanics is of a descriptive,
qualitative nature.

A means of obtaining quantitative
information is to perform actual impact
experiments under carefully controlled
conditions. In this way, the individual
variables can be monitored and con-
Strained, experiments can be dupli-
cated, and comprehensive documen-
tation of the results can be performed.
In addition, proper scaling of physical
parameters can permit extrapolation to
events much larger than those attaina-
ble under laboratory conditions.

A facility dedicated to the analysis of
planetary ‘mpabt phenomena is cur-
rently in the “‘'shakedown" stage at the
Johnson Space Center. This system
features an electronically fired, vertical
powder gun, which can accelerate
projectiles to impact velocities ap-
proaching 2 km/s. Projectile diameters
can range from 1.6 mm (the smallest
that can be detected by the velocity
measuring system) to 20 mm, which is
the bore of the largest available barrel.
The results of any given impact experi-
ment are recoverable for subseguent
analysis, and a high-speed framing
camera system (up to approximately
400 frames per second) provides slow-
motion movies for guantitative study of
various dynamic processes as well as
for the investigators’ viewing. A high-
speed motion-picture camera was
used to make the sequence of photo-
graphs shown in figure 1. Such photo-
graphs, when combined with timing
data, can be used to determine ejec-
tion and spallation velocities, efficien-
cies of momentum transfer, and data
on other highly dynamic phenomena.

Perhaps the most exciting feature of
the facility is the impact chamber,
which can be refrigerated to tem-
peratures well below the freezing point
of water. This capability greatly facili-

tates investigation of impact
phenomena in icy materials, which are
of extreme interest in the study of ice-
rich outer planet satellites, ring parti-
cies, and comet nucler. A walk-in
freezer with sufficient space for target
fabrication, storage, and post-shot
analysis is located in the gun area to
support the low-temperature impact

+
experiments.

The first investigations to which the
new facility will be applied include
analyses of the mechanisms of impact
into HyO ice, and the role of target size
in determining the resuits of impact
events (e.g., crater size versus degree
of target disruption). These studies
should shed considerable light on the
geologies of the outer planet satellites
and should yield information directly
applicable to astercid and meteorite

G ang meleorite
analyses.

Figure 1.- A 1-gram stainless steel projectile impact into a 7.6-cm sintered aluminum oxide

sphere at 670 m/s.
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During fiscal year 1982, the Space
Shuttle test flights STS-2, STS-3, and
S1S-4 were completed. Life Sciences
activities during this initial Shuttle test
nhase focused on operations as well
as research. JSC has conducted a
broad range of medical research and
operations activities in support of the
foliowing Life Sciences Program goals:

1. To ensure the long-term health,
well-being, and performance of
humans in space; to characterize the
medical constraints of space flight;
and to enable participation by a broad
segment of the population.

2. Touse the space environment as
a way to increase fundamental
knowledge in medicine and biology.

3. To conduct the research and
technology development necessary for
maintaining life in space on a self-sus-
taining basis for long periods of time.

To accomplish these goals, JSC ac-
tivities are funded by the Office of
Space Sciences. In 1982 the major
research activities were directed to the
goal of long-term health, well-being,
and performance of humans during
space flight missions.

An in-house medical sciences
space station working group has been
established to begin the consideration
of medical operations and life
sciences activities that would be con-
ducted on a space station. This in-
cludes health maintenance facilities,
habitability factors, personnel selec-
tion and motivation, and research in
the medical sciences as well as in
biology. The effort will be supportive to
the overall space station planning con-
ducted by NASA headqguarters.

In-house efforts have helped iden-
tify changes in physiology occurring
after a human no longer is under the
effect of gravity. Important among
these effects are the following
changes:

Summary

1. Otolith organ sends out
uncharacteristic signals to which the
central nervous system must adapt.

2. Procrioceptive input is greatly
diminished.

3. Muscles of locomotion and
posture begin to respond to underuse.

4. Portions of the skeleton needed
for ambulation and standing begin to
lose bone mineral.

5. The increased availability of the
constituents of bone and muscle re-
quires renal, gastrointestinal, and
hematologic adjustment.

6. Labile portion of extracellular
fluid is removed as it is no longer
needed.

7. Fluid adjustment tends to unioad
the heart decreasing its end diastolic
volume causing cardiac muscle
changes.

1982 Physiological
Investigations

Since the onset of manned space
flight, NASA has been a ieader in the
biomedical community for motion sick-
ness research. it has been theorized
that understanding the neural adapta-
tion to change in the direction of the
gravitational environment will lead to a
better understanding of motion sick-
ness both on Earth and in orbital flight.
In cooperation with the University of
Michigan, the JSC neurophysiology
laboratory has under development a
motion sickness measurement system
which will allow quantification of
neural responses needed to maintain
balance. The test system will quantify
the responses of the complex postural
control system which maintains our
balance. A postural platform under
computer control will provide unex-
pected movements while electronic
instrumentation monitors the test sub-
ject muscle activity and body position.

Space flight causes a slowly
progressive loss of calcium from the

skeleton, which could eventually lead
to osteoporosis, a weakening of bones
due to mineral loss. The neutron
iaboratory located at the Methodist
Hospital in Houston was equipped
through NASA and Department of
Energy grants. It contains equipment
which is designed to quantify the
amount of skeletal calcium in test
animals and record changes in those
animals without sacrificing or hurting
the test subjects. The studies in this
laboratory should provide valuable in-
sight into both terrestrial human
mineral deficiency states and the
space-related calcium loss.

In addition to the abovementioned
calcium loss, a number of physiologi-
cal changes have been evident in
bone, muscle, and blood after
weightlessness or prolonged im-
mobilization. Recent developments in
nuclear magnetic resonancy (NMR)
have made it possible to obtain superb
tomographic cross-sectional images of
entire organs and their relationship to
one another. Tests conducted for
NASA at Baylor College of Medicine
are exploring NMR imaging as a poten-
tial noninvasive technique to study
these mechanisms in vivo and aid in
development of effective counter-
measures.

During space flight, the fluid and
electrolyte metabolism of the human
body appears to undergo stable home-
ostatic adjustments appropriate to the
environment of weightiessness which
include: (1) loss of water, sodium and
potassium inflight with subsequent re-
tention postflight; (2) decreased leg
volume inflight; (3) decreased plasma
volume on first day after landing; and
(4) increased excretion of aldosterone.
A series of studies has been planned
to study possible renal involvement in
these adjustments. One study utilizing
bedrest to simulate weightlessness is
documented in this report. It utilized
six females and eight male subjects in
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a 60-hour bedrest and 56-hour am-
bulatory period in which urine and
blood samples were collected. In-
creases in renal flow were noted early
in the test with the increase disap-
pearing by 48 hours into the test.
Medical evaluation after spaceflight
has demonstrated reduced orthostatic
tolerance in all crewmembers tested.
Although usually mild, this diminished
ability of the cardiovascular system to
function effectively against gravita-
tional stress causes pronounced in-
creases in heart rate and reduced
pulse. The Lower Body Negative Pres-
sure Apparatus was designed for
Skylab to help diminish this process
by decreasing pooling of body fluids in
the head and upper torso during
weightlessness. A new ambulatory
device has been designed for use in
prolonged Space Shuttle missions (fig.
1). Several important modifications
have been incorporated to make this a
useful tool in combating orthostatic de-
conditioning. The device also shows
promise as a help to patients with dis-
ease-induced postural hypotension.

Figure 1.— New lightweight, stowable am-
bulatory lower body negative pressure ap-
paratus with vacuum controller.
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Space Biological Instrumentation

The Space Shuttle is the first U.S.
spacecraft designed for multiple
manned missions over a lifetime of
several years. The potential for at-
mospheric contaminants is increased
as system lifetime increases. Potential
sources of contamination include
plastics, lubricants, foods, products
from human metabolism, and outgas-
sing from spacecraft materials and
carry-on experiments. JSC has
developed a solid sorbent air sampling
system which will give a history of
organic contaminants present in the
cabin and identify any event that might
precipitate their increase in the Space
Shuttle cabin atmosphere.

A similar piece of instrumentation
has been devised to measure
microbial contamination of the Space
Shuttle. A hand-held centrifugal air

sampler tests the cabin immediately
prior to each launch and upon landing.
The system has a series of wells con-
taining microbial culture media which
are incubated at the appropriate tem-
perature after sampling.

In the area of clinical medicine, JSC
has adapted a device commonly used
in high-energy physics measurements
into a promising clinical application of
dynamic cardiac imaging. The Multi-
wire Proportional Counter Gamma
Camera combines high resolution and
low radiation and has obtained motion
pictures of the moving myocardium or
blood pool within individual heart
chambers. JSC has received FDA ap-
proval for experimental human testing.
Long-term testing of the device will be
conducted at Duke University and the
Houston Medical Center. Figure 2
shows a typical camera study.

Figure 2.— Dynamic radionuclide angiocardiography data obtained from a 40-kg animal sub-
ject injected with Ta-178 radionuclide. The histograms map radionuclide intensity variations
through a 15-second study in 8 regions of interest. These regions are defined on selected im-
ages (around the border of the picture) in radiating colors. The variations in histogram level can
be related to multicardiac volume in the structure residing with the given region.
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Motion Sickness Test
Instrumentation

TM: Jerry L. Homick/SD3
Reference OSSA 10

NASA has both intramural and ex-
tramural research programs in all
aspects of space motion sickness and
has been a leader of the biomedical
community in motion sickness
research. The basis for motion sick-
ness susceptibility testing has been
undergoing transition from a catalog of
subjective experience to an objective
science over the few years that
manned space vehicles have been
operational. Alithough advances have
been considerable, current activities

A~
and projected missions demand better

prediction and countermeasures. Our
further understanding of motion sick-
ness can only be advanced by
vigorous quantitative experimentation
on the physiological systems and sub-
systems which are known to be in-
volved in motion sickness. Among
these systems are the vestibular
system of the inner ear which senses
head acceleration, the ocular motor
system controlling eye position and

the proprioceptive system which

senses body position. The postural

control system is the major system

which integrates the above sub-

systems and controls normal standing
d walking.

The keys to a successful research pro-
gram lie In a combination of well

thought out theories, sound experi-

mental design to test hypothesis and

measurement techniques equal to the
unique challenges of biomedical
research. An example of the measure-
ment aspects of this triad can be il-
lustrated by one of the projects being
carried out at the University of
Michigan under a contract with JSC's

NEUTOPH ySioiogy Laboratory.

The objective of this project is the
development of a measurement
system which quantifies the response
of the complex control system which
maintains our balance (the postural
control system) o unexpected move-
ments of the base of support. A plat-
form, illustrated in figure 1, moves in
various patterns under computer con-
trol while electronic instrumentation

monitors muscle activity and body
position as a function of the platform
motion. Technologies borrowed from
severa! fields combine into a data col-
lection system which enters the results
of each test into a computer data base
for analysis and comparison with data
from other subjects and test condi-
tions. The methods of analysis in use
on the posturai control system are
simiiar to the engineering methods in
use for the analysis of other systems
such as aircraft and space vehicle
dynamics. The motivation for the
development of such a measurement

12y
Q\’Qt‘:‘m comes from the observation

that individuals returning from ex-
tended periods of weightiessness per-
form well in static tests of postural
equilibrium but may be less capable of
performing dynamic tasks such as nor-
mal walking. It has been theorized tha
the understanding of adaptation to
change in gravitational environment
will lead to added knowledge about
motion sickness because it is known
that motion sickness most often strikes
in the period when adaptation to a new
motion environment is occurring.

Figure 1.— Postural control system test platform.
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Neutron Activation Laboratory

TM: Philip C. Johnson/SD3
Reference OSSA11

The Neutron Activation Laboratory, lo-
cated in the Methodist Hospital in
Houston, is used by Baylor College of
Medicine and Johnson Space Center
scientists to study changes in total
body mineral content. In vivo neutron
activation is a technique by which a
very small number of atoms of the
naturally occurring elements within a
live animal are made radioactive by
bombardment with neutrons. Quan-
titating the resultant radioactivity gives
a direct measure of total concentration.
For example, total body activation
analysis is an ideal way to follow and
quantitate calcium balance in animals
since the technigue does not require
blood, urine, or fecal specimens, yet is
very accurate (£2 percent). Because
the animal is not sacrificed the study
duration is optimized and each animal
can act as its own control, thus permit-
ting multiple measurements which in-
crease the confidence level of the
animal. In addition, the procedure
takes 30 minutes and is quite cost
effective.
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This laboratory was equipped through
NASA and Department of Energy
(DOE) grants. It consists of two rooms:
a shielded irradiation facility and an
adjoining room for the equipment
needed to determine the amount of
radioactivity induced in the animal.
Within the irradiation facility are con-
tained the storage shield and irradiator
(fig. 1). The neutron source is a 3 mgm
sealed capsule of Californium-252 on
loan from the DOE. It is housed in a
1/2-inch diameter steel tube which is
moved by remote control from the
storage shield to the irradiator. Follow-
ing activation of an animal, the source
is retracted within the storage shield
and the animal moved to the counting
laboratory (fig. 2) where the activation
products are quantitated. For this pur-
pose, two opposing 12-inch diameter
by 4-inch thick Nal crystals are
employed. The aperture between the
two detectors is variable to optimize for
different geometries.

Figure 1.— Storage shield and irradiator.

The results of a few recently com-
pleted investigations will be briefly de-
scribed. Space flight causes a slowly
progressive loss of calcium from the
skeleton. This could eventually lead to
osteoporosis which is a weakening of
the bones due to loss of the mineral
structure. Using aged ovariectomized
rats as a model of human osteoporosis,
clomiphene, a mixed estrogen
agonist-antagonist was shown to pro-
tect ovariectomized rats from changes
in body calcium and degradation of the
femur. In another study, rats treated for
a period of 3 months with the
furosemide (Lasix) showed significant
increases in urinary calcium as is
found in humans during prolonged
space flight, but did not produce a total
body calcium deficit. Another study in-
vestigated the effect of exercise on
total body calcium balance. It was
shown that exercising rats gained
calcium at a significantly greater rate
than nonexercising animals; however,
the advantage is rapidly lost following
cessation of exercise since the pre-
viously exercised animals now had a
calcium gain significantly less than the
animals who were not exercised.

Figure 2.— Counting laboratory.




in Vivo Nuclear Magnetic
Resonance

TM: Philip C. Johnson, Jr./SD3
Reference OSSA12

cnts an prov:ue q_;an nanve infor-
mation concerning chemical structure
and dynamic events. Nuclei having
odd numbers of protons or odd mass
numbers behave Iike tiny magnets,
and wHen piaced ina static magnetic
of \he fxetd. Lske a spmnmg top, the
nuclei precess around the axis of the
applied magnetic field. The frequency
of this precession is specific for

given nuclear type. For example, hy-
drogen will have a different frequency
than phosphorus; therefore, it can be
separately identified. In order to detect

the atomic nuclel, they are induced t
emit signals. This 's do"e by applyin
i

another mag field, perpendicular
to the fi alternating at a fre-
quency to the processing fre-
quer us being investi-
gated. The nuclei perturbed from an
equilibrium state induces an electrical
voltage in a surrounding coi‘ This is
the NMR signal. The strength of the

signal is proportional to the mmoer

excited atomic nuclei while the rate
each returns to equilibrium is a func-
tion of the physiochemical environ-
ment. Thus, structural and chemical in-
formation can be obtained from
measurements of time and frequency.

Recent developments have made it
possible to obtain tomographic cross
sectional NMR images o* entire organs
and their relationships to each other. In
addition to providing superb anatomi-
cal images, NMR provides additional
physiological information. This is

Figure 1.—Baylor College of Medicine NMR
tomographic imaging instrument.

under intense mvcstrgauon a a num-
ber of medical research centers.

devehp'nani ef effective cour
meaaurea is hampered because most

t the guantitative techniques avaiia-
bie prior to NMR are invasive and not
suitable for human use. It is believed
that NMR imaging will provide a nonin-
vasive, safe technigue for study-
ing/monitoring these changes in
crewmembers. The objectives of the
work, conducted at Baylor College of
Medicine (figs. 1 and 2), are to deter-
mine the feasibility of gquantifying
these changes with in vivo NMR imag-
ing using animal models which simul-
ate weightiessness and follow this
with studies in humans.

Figure 2.— Cross sectional NMR image of a
human brain.
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Renal and Endocrine Studies
During the Early Phase of Anti-
orthostatic Hypokinesia

TM: C.S. Leach/SD4
Reference OSSA13

During space flight, the fluid and
electrolyte metabolism of the human
body appears to undergo stable home-
static adjustments appropriate to the
environment of weightlessness which
include: (1) loss of water, sodium and
potassium inflight with subsequent re-
tention postflight; (2) decreased leg
volume inflight; (3) decreased plasma
volume on first day after landing; and
(4) increased excretion of aldosterone.
A series of studies has been planned
to study possible renal involvement in
these adjustments.

A number of studies have shown
the utility of the antiorthostatic posture
during bedrest as an approximate
analog to weightlessness in investiga-
tions focusing on fluid and electrolyte
metabolism. Changes demonstrated in
human subjects of such studies
parallel the physiological responses
measured in (or inferred from) the first
day or two of actual space flight.
Therefore, antiorthostatic bedrest was
used to simulate weightlessness in the
experiment to be described.

This study consisted of a 3-day am-
bulatory control period, a 60-hour
bedrest period, and a 3-day ambulato-
ry recovery period. The subjects (six
females and eight males) were main-
tained on a controlled diet. Urine and
blood samples were collected
throughout the experiment. Measure-
ments made during the control period
were used to establish baseline values
for all experimental parameters; later
findings were compared with baseline
data so that each subject served as his
own control. The typical bedside pro-
cedure for blood collection is shown in
figure 1.

Nonradioactive tracers were used
for estimating glomerular filtration
rates as well as renal plasma flow;
[-125 human serum albumin was used
for measuring plasma volumes. Blood
and urine samples were analyzed for
biochemical content. Total body water
was estimated by means of the
ethanol dilution technique, using ex-
pired breath samples and a sensitive
gas chromatograph (fig. 2) brought to
the subject’s bedside.
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A relative diuresis was measured
during the first 48 hours of bedrest,
with a return to normal by the end of
the bedrest period. Body weights
showed significant decreases after the
first day in bed. By the end of the first
24 hours of bedrest, indicators of
sodium balance had decreased rela-
tive to values seen during the 24 hours
prior to bedrest. Sodium status
returned toward normal by 40 hours
into the bedrest period and then
decreased briefly upon resumption of
upright posture. Upon administration of
a sodium load (in the form of a meal),
sodium and water excretion increased
earlier (by about 2 hours) in head-
down bedrest in comparable circum-
stances in the control period. The renal

function tests initiated 6 hours after in-
ception of the head-down period show
an increase of about 100 mi/min in the
first measurement of the effective
renal plasma flow. Within 48 hours (54
hours of bedrest), this increase was no
longer apparent. Hormone concentra-
tions were indicative of responses to
conditions rather then to initiating fac-
tors, and the changes in renal and fluid
flow parameters apparently preceded
hormone change.

Further work will be undertaken to
continue delineation of the earliest
changes in antiorthostatic bedrest
which are thought to be the same as
those during space flight.

Figure 1.— Typical bedside procedure for blood collection.

Figure 2.— Sensitive gas chromatograph.
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Physiologic Testing of the
Ambulatory Lower Body
Negative Pressure Apparatus

TM: M. W.Bungo/SD3
Reference OSSA14

Lower body negative pressure (LBNP)
refers to devices which apply
decreased pressure (referenced to
ambient atmospheric pressure) to the
abdomen, pelvic region, and lower ex-
tremities. Medical evaluation after
Gemini and Apolio flights demon-
strated reduced orthostatic tolerance
in virtually all crewmen tested. In-
terested in LBNP began in the eariy
1970's and a stationary LBNP was
flown in Skylab. This reduced
orthostatic tolerance, or capability to
counter the stress of standing in gra-
vity, is caused by prolonged exposure
to weightlessness. The causal
mechanism is body fluids pooling in
the torso and head. During reentry,
when gravitational forces increase and

Figure 1.— Lightweight, coliapsibie,
canister-type LBNP device to be used to
redistribute body fluids in flight for the pur-
pose of preventing the deprecatory effects
of microgravity.

exceed normal gravity and following
return to Earth, this pooling trend
reverses. The result is a tendency for
body fluids to pool in the lower or gra-
vity-dependent portions of the body,
namely the lower extremities and ab-
domen. In this situation, individuals
have exhibited decreased pulse pres-
sure, increased heart rate, and frank
syncope. These tendencies have been
demonstrated in returning space crews
for periods up to 48 hours after flight.

Since Shuttle crews must be capable
of functioning during the reentry and
landing phases of the mission after
being deconditioned in space, it is
necessary to maintain orthostatic
tolerance during the sojourn in the
weightlessness environment. One
means of maintaining orthostatic
tolerance is to cause redistribution of
blood from the head and torso during
weightlessness to the lower abdomen
and extremities by artificial or
mechanical means. This is readily
achieved by applying reduced pres-
sure (referenced to ambient) to the
lower abdomen and extremities for a
period of time prior to reentry and
return to Earth with a lower body nega-
tive pressure device.

The ambulatory LBNP is intended to
be used to enclose the lower abdomen

and lower extremities of the human
body in a reduced pressure environ-
ment during periods of extended
weightlessness with the minimal im-
pact on subject mobility. Its use is pri-
marily intended to maintain orthostatic
tolerance in Shuttie crewmembers
during space flight.

With the advent of the Shuttle era, a
new ambulatory LBNP (figs. 1 and 2)
was designed to maintain the
orthostatic tolerance of the crewmen.
The ambulatory LBNP device was con-
structed to (1) be of minimal weight,
(2) be adjustable in fit for the entire
crew population, (3) have an adjusta-
ble operational pressure in the range of
0 to 52 millimeters of Mercury differen-
tial, (4) provide crewmen with means
to continuously monitor internal pres-
sure while LBNP is worn, (5) allow
donning and doffing without assist-
ance, (6) have minimal gas leakage,
(7) be suitable for continuous wear for
up to 6 hours, (9) be of minimal
stowage volume, and (10) provide
over-vacuum safety protection.

Thorough testing of the new prototype
in the Physiological Performance
Laboratory disciosed several items
that, with modifications, will allow the
ambulatory LBNP to be a useful aid in
combatting orthostatic deconditioning.

Figure 2. — Prototype LBNP vacuum controller that allows a selection of vacuum exposures for

the LBBP profile on astronauts during space flight.

Kessier Eihs
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Shuttle Solid Sorbent Air
Sampler

TM: Howard C. Schneider/ES22
Reference OSSA15

The quality of the breathing at-
mosphere in a spacecraft is one of the
factors affecting the physiological and
psychological performance of the as-
tronauts. Atmospheric contaminants
evolving from various sources within
the cabin must be trapped by the at-
mospheric purification system to keep
the concentration of contaminants
within the tolerance level.

Potential sources for organic sub-
stances contributing to the contamina-
tion of the spacecraft cabin at-
mosphere are plastics, lubricants, out-
gassing products from the spacecraft
material, foods, and products from the
human metabolism. To optimize the
design of the purification equipment,
especially for long-term space mis-
sions, detailed information is needed
on the chemical nature of contami-
nants, on their concentrations, and
their appearance in the cabin at-
mosphere during different periods of
the mission. Appropriate analytical
techniques are required which are
either suitable for inflight measure-
ment or for inflight sampling and
postflight analysis.
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An economical and technically ap-
propriate adsorption system was
designed which was particularly suita-
ble for inflight sampling at different
periods of the mission (fig. 1).
Postflight analysis was used to analyze
the volatile organic components in
Shuttle atmosphere.

The sampling system is compact
and rugged, requiring little attention by
the crew. It allows complete collection
of the substance in the considered
range of volatility as well as efficient
concentration of volatiles from a large
air sample with no interference from
moisture. Quantitative desorption of
the trapped material for analysis is also
possible with this system.

In these analyses, only volatile
organics are considered; that is, all the
compounds which have sufficient
vapor pressure at temperatures up to
approximately 200° C to be analyzed
with gas phase techniques such as
gas chromatography (GC) and mass
spectrometry (MS). Although this
definition does include gases and
other substances of low molecular
weight, only compounds less volatile
than acetone are determined quan-
titatively due to limitations of the sam-
pling procedure.

Figure 1.— Shuttle air sampler assembly.
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The sampling system consists of a
cylindrical aluminum device contain-
ing fourteen stainless steel tubes.
Each stainless steel tube contains a
porous polymer of 2,6-diphenyl-p-
phenylene oxide (Tenax GC) which
has high temperature stability and is
ideal for adsorption and subsequent
desorption of volatile organic com-
pounds. Sampling is conducted con-
tinuously; however, at 24-hour inter-
vals, the device is repositioned or in-
dexed to an unused sample position.
There are two sample tubes at each
sample position. The device will allow
up to seven days of continuous sam-
pling with “fresh’ sample tubes being
introduced every 24 hours.

This type of sampling will give a histo-
ry on postflight analysis of the organic
contaminants present, their potential
buildup and of any event that might in-
troduce organic compounds into the
cabin atmosphere.

It has detected over 300 com-
pounds and provided positive iden-
tification of 84 compounds with a
molecular weight range of 58 to 592 in
ground tests. It is planned to fly this
device on the Shuttie in the near
future.

AR R .

SAMPLE TUBE

SHUTTLE AIR SAMPLER ASSEMBLY
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Microbiological Contamination
Control and the Centrifugal
Microbiological Analyzer

TM: Duane L. Pierson/SD4
Reference OSSA16

A new era for spacecraft began with
the Space Transportation System and
its concept of reusable vehicles. This
type of spacecraft raised guestions
concerning the control of microbial
contamination during missions. Since
microbes remain airborne much longer
in zero gravity than on Earth, this could
present an increased health hazard if
there was a continual buildup of these
microorganisms.

To avoid this possibiiity, microbiai
buildup on interior surfaces of the Or-
biter is carefully monitored from flight
to flight. An important aspect of con-
tamination control is monitoring of air-

B

orne microorganisms. This microbial
ntent of the cabin air of the Orbiter
determined by using a small, com-
tely portable, centrifugal air
mpler. The battery ¢
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free sanr*mo and requires minimum
maintenance. It consists of a metal
tube with an open drum on one end, a
power pack attached to the side of the
tube, and a screw cap for access o the
batteries. The entire instrument is less
than 35 centimeters long and weighs
about one kilogram. A removable ten-
blade impeller is housed in the drum
assembly. For cleaning and steriliza-
tion purposes the entire drum assem-
bly can be removed.

Prior to sampie coiiection, a fiexibie
strip consisting of a series of wells
containing microbial culture medium
is inserted into a groove on the inside
of the drum. See figure 1. Air is drawn

]

Figure 1.— Shuttle microbiological analyzer.
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nm the drum by the impelier blade as-
mbly, and the microorganisms pre-
in the air impinge upon the sur-
ace of the agar medium in *"‘v
The operating speed of the air sa
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is 4092 mm and draws 40 liters ¢
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stri
mpl
of ai
per minute. Sampling mtewmsra ging
from 30 seconds (20 liters of air) 0 8
minutes (320 liters of air) Lan be
smected Upcn completion of the

......... interval, the
agar stnp is removed from the drum
assembly and incubated at the ap-
propriate temperature.

The quantitation of airborne
microorganisms in the Orbiter’s cabin
air is conducted immediately prior to
faunch and upon ianding. Measure-
ments of this type allow assessment of
the extent of microbial buildup during
the mission.



Multiwire Proportional Counter
Gamma Camera (MPCGC)

TM: J. L. Lacy/SD3
Reference OSSA17

A new technology for radiation imag-
ing has been developed at the
Johnson Space Center (JSC) based on
the multiwire proportional counter — a
device widely used in high energy
physics radiation measurements.
Unigue electronic imaging techniques
have been developed which provide a
system for radiation image acquisition
that is both simple and highly effective
for high-speed high-resolution image

acquisition.
The imaging system offers a signifi-
cant advance in the ciinical area of

nuclear medicine imaging where the
system has been shown to be superior
to any currently available commerical
instrumentation in the areas of spatial
resolution image collection rate, image
uniformity, and resistance to image
distortion at high collection rates. The
system is also highly compact, porta-
ble, and lightweight.

Unfortunately, the most widely used

Figure 1.— Multiwire proportional counter gamma cameraincluding

nuclear tracer (Tc 99m) is not compati-
bie with the MPCGC. This presents the
largest hurdie for widespread clinical
application of the device. However, a
number of standard clinical tracers are
compatible including T1-201, Xe-133,
[-123. Also, a new isotope (Ta-178)
under development shows promise of
being compatible with the MPCGC
and also offering significant advan-
tages over existing radiopharmaceuti-
cals. The short half-life of this ra-
dionuclide reduces radiation dose by
more than a factor of 20 over Tc 99m.
This reduces each study radiation ex-
posure to levels typically less than that
of a standard chest X-ray.

A particularly pronising ciinicai area of
application is dynamic cardiac imag-
ing. In these studies motion pictures of
the moving myocardiam or blood pool
within the individual heart chambers
are obtained. The very low radiation
exposure of Ta-178 combined with the
high-rate, high-resolution imaging
capability of the MPCGC could make
possible such applications as
widespread screening for coronary

portable imaging head, electronics rack, and control terminal. study.
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heart disease and diagnosis of con-
genital heart disorders in newborn and
young chiidren. Such applications are
currently not feasible either due to lack
of image quality or high radiation ex-
posure.

The high image acquisition rates
and image quality obtained for stand-
ard X-ray energies (10-100 keV) may
open applications in the area of digital
radiography. The MPCGC can produce
high quality digital radiographs in
relatively short acquisition times and is
far more sensitive than many detection
technigues (e.g., film, fluoroscope,
etc.).

Construction of two prototype MPCGC
devices has recently been compieted
at JSC, and FDA approval for experi-
mental human testing of the Ta-178
radionuclide has been granted. Human
testing of the MPCGC Ta-178 com-
bination will begin at JSC in the near
future. Long-term human testing will
be performed at Duke University and
the medical center in Houston. The
device and ancillary equipment are
pictured in figures 1 and 2.

Figure 2.— Closeup of imaging head as positioned for a cardiac




Space
Applications

AgRISTARS Program

The Agriculture and Resources Inven-
tory Surveys Through Aerospace
Remote Sensing (AgRISTARS) isa 7-
year program of research, develop-

ment, evaluation, and application of
aerospace remote sensing for
agricultural resources. It began in fiscal
year 1980 and is a cooperative effort of
the U.S. Department of Agriculture
(USDA), NASA, and the U.S. Depart-
ment of Commerce, the U.S. Depart-
ment of Interior, and the Agency for In-
ternational Development.

The goal of the AgRISTARS program
is to determine the usefulness, cost,
and extent to which aerospace
remote-sensing data can be integrated
into existing or future USDA systems to
improve the objectivity, reliability,
timeliness, and adequacy of informa-
tion required to carry out USDA mis-
sions. The overall approach is com-
prised of a balanced program of
remote-sensing research, develop-
ment, and testing that addresses
domestic resource management as
well as commodity production informa-
tion needs.

The program specifically addresses
the information requirements iden-
tified in the USDA Secretary’'s Initia-
tive.’

1. Early warning of change affect-
ing production and quality of com-
modities and renewable resources.

2. Commodity production forecasts

3. Land use classification and
measurement

4. Land productivity estimates

5. Conservation practices assess-
ment

6. Pollution detection and impact
evaluation.

‘Joint Program of Research and
Development of Uses of Aerospace
Technology for Agricultural Programs,
dated February 1978.

Summary

While all six are important to the
USDA, the first two — early warning
and commodity production forecasting
— have been given emphasis because
of the immediate need for better and
more timely information on crop condi-
tions and expected production.

The technical program is structured
into eight major projects as follows.

1. Early Warning/Crop Condition
Assessment

2. Inventory Technology Develop-
ment

3. Yield Model Development

4. Supporting Research

5. Soil Moisture

6. Domestic Crops and Land Cover

7. Conservation and Pollution

8. Renewable Resources

These elements (fig. 1) are interre-
lated through research, exploratory ex-
periments, pilot experiments, and
USDA user evaluations.

The Earth Resources Supporting
Research focuses on advancing
machine processing technology to
map important vegetation types, their
condition and maturity stage on a
global scale using Landsat and other
data types. In 1982 major advances in

Figure 1.- Component projects of AQRISTARS.

the technology were realized. For ex-
ample, a completely automated tech-
nique for accurately classifying corn
and soybean crops near harvest over
large areas was successfully tested
over key growing regions in the U.S.
Corn Belt and the Mississippi Delta for
three crop years. Underlying the suc-
cess of this technology was a temporal
profile technigue, developed by JSC
personnel. The technique permits raw
multidate Landsat spectral data to be
modeled in vegetative growth
parameters which can relate to
vegetation type such as date of
emergence, peak greenness, length of
growing season, and maturity stage.
An important FY 1982 accomplish-
ment of the Data Systems support
effort is the development of an inte-
grated system to receive and analyze
telemetry data. This system provides
the capability to image the data (fig. 2)
and perform many sophisticated pat-
tern recognition and image analysis
functions. The Data Systems effort pro-
vides Landsat, agricultural, and
meteorological data vital to research
as well as rapid, easy access to these
data by providing a comprehensive
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data base management system. In ad-
dition, the system provides an exten-
sive interactive computational environ-
ment not only to other AGRISTARS pro-
jects within USDA and NASA but also
networks these capabilities to the
university community. This data
system support permits the user com-
munity to have efficient access to a
comprehensive set of research data
and to share analysis capability.

The Early Warning/Crop Condition
Assessment effort is focused on pro-
viding the technology required for
worldwide identification of environ-
mental conditions that affect
agricultural production and sur-
veillance of resulting crop conditions
through remote sensing and environ-
mental monitoring. A wide variety of
tasks must be performed to provide
that technology: basic research on
crop response (both physiologically
and spectrally) to the environment;
field observations to support that
research; extensions to or modification
of the results of past research efforts
and ongoing efforts both in and out of
AgRISTARS; testing; and modeling the
results into a system that can operate
in a timely manner on available data
and can be easily adapted to specific
operational needs.

Early Warning/Crop Condition
Assessment is colocated at the
Johnson Space Center (JSC) with the
U.S. Department of Agriculture Foreign
Agricultural Service, Foreign Crop

Condition Assessment Division, and
responds to the research needs
defined by that operational group.
Much of the research is performed by
researchers at Agricultural Research
Service sites or by university groups.
The molding of the research findings
into the quasi-operational procedures
is performed by the Early Warn-
ing/Crop Condition Assessment group
in Houston on the same computer
system used by the Foreign
Agricultural Service in making their
operational estimates of foreign pro-
duction.

The Inventory Technology Develop-
ment project addresses research and
development of advanced technology
related to satellite-aided production
forecasts for crops and region com-
binations in the U.S. and foreign coun-
tries (U.S.S.R., Argentina, Brazil,
Canada, and Australia) for small
grains, summer crops, corn, and soy-
beans without requiring ground obser-
vations. This project will develop
affordable procedures for using aero-
space remote-sensing technology to
provide more objective, timely, and
reliable crop area and if possible, pro-
duction forecasts several times during
the growing season and improved
preharvest estimates for the crops and
regions of interest. The Inventory
Technology Development activity
builds upon the existing remote-sens-
ing technology base and advances this
technology as well as extending addi-
tional crops and regions. This tech-

Figure 2.- Spatially registered Landsat 4 thematic mapper and multispectral scanner images
acquired on August 22, 1982 over a 5- by 6-nautical mile agricultural area in Mississippi Coun-
ty, Arkansas. Region is predominately a soybean and rice-growing area. Irrigation ditches with-
in fields are visible in the TM images. Images and registration produced by Data Systems

Branch of the Earth Resources Research Division.
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AREA: 5x6 NAUTICAL MILES
IMAGE SIZE: 117 LINES x 196 PIXELS
PIXEL SIZE: 57 x 79 METERS
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AREA  5x6 NAUTICAL MILES
IMAGE SIZE 351 LINES x 392 PIXELS
PIXEL SIZE 2812 x 26 1/3 METERS

nology is being evaluated by the USDA
Foreign Agricultural Services for in-
tegration into its information systems.

In addition, information is derived
which is useful in defining the charac-
teristics of future satellite data acquisi-
tion systems.

Four organizations, the University of
Kansas, Texas A&M University, Jet
Propulsion Laboratory, and JSC, have
been using ground scatterometers to
verify the precision and accuracy of
airborne and spaceborne microwave
sensors to collect Earth resources data,
and to provide ground truth data. To in-
sure that the growing data base ob-
tained from these ground scat-
terometers is mutually compatible,
JSC coordinated the ground scat-
terometer cross-calibration experiment
conducted at the University of Kansas
during August 1982.

Each of the participating systems
measured the extended scene radar
cross-section per unit area for the
same targets at the same frequencies,
the same look angles, and the same
polarizations on the same days. Data
from the different systems can be
compared and cross calibrated.

For the JSC system, each data set
was gathered at 1.6, 4.75, and 9.5
gigahertz, using horizontal, vertical
and cross polarizations. Six look
angles were used, from 10 to 60
degrees. The common extended
scene targets included cornfields, soy-
bean fields, smooth short grass,
rough/bare fields, and water (bait fish
ponds). Also, point calibration targets
were used, including a 4-ft diameter
metal sphere, flat plate, corner reflec-
tor, and Luneberg lenses. Figure 3
shows the JSC grass field calibration
system.

This cross-calibration effort was the
first of its kind to be undertaken and is
intended to be a baseline for any future
similar efforts.

Texas Application System
Verification and Transfer

The JSC is participating with the State
of Texas in a joint Application System
Verification and Transfer Project to
develop, evaluate, and transfer tech-
niques for applying Landsat and other
data to the needs of Texas natural
resources management agencies. The
major objectives of the project are (1)

*



to update and integrate state-of-the art
remote-sensing technology with other
sources available to the
State to form a functional Texas Natural
Resources !fweﬂto ; and Monitoring
System, and (2) to test and evaluate
the utility and co&—effectsveness of
natural resource information derived
from Landsat data and other sources
when applied in a total system context
to selected State agency management
activities. The Texas Applications Proj-
ect began in June 1978 and will con-
tinue for 5 years.

The remote-sensing component, in-
cluding technical assistance in tech-
nigues development of the system, is
NASA’s major responsibility. A pro-
totype of the system is now operational
on Texas facilities. The system is
being tested and evaluated in support
of application categories in the areas
of coastal zone management, forestry,
water resources, mineral resources,
and wildlife management.

information
intormat

Shuttie Imaging Radar Antenna

| ) , was

ied aboard Space Shuttle Columbi
part of the first wmd f scientific in-
struments assembled by NASA's Of-
fice of Space and Terrestrial Applica-
tions (OSTA-1). JSC was responsible
for the development and integration of
the antenna system for the highly suc-
cessful SIR-A payload. A number of
components have been salvaged and
will be used in the manufacture of the
SIR-B antenna to be flown on STS-17.

Figure 3.- JSC grass field calibration system.
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AgRISTARS Early Warning/Crop
Condition Assessment Project

PM: Victor S. Whitehead/SH3
Reference OSSA 18

The Early Warning/Crop Condition
Assessment Project of AgRISTARS is
dedicated to development of a tech-
nology that will permit a timely
response to factors that affect the
quality and production of economicaiiy
important crops. This involves the
ability to identify the growing factors
that influence crop conditions and to
determine the amount and condition of
ihe crops invoived. Resources from the
U.S. Department of Agriculture
(USDA), NASA. and the National
Oceanic and Atmospheric Administra-
tion (NOAA) are integrated to provide a
comprehensive and efficient approach
to this multifaceted problem. Project
personnel are colocated with a using
unit of USDA, the Foreign Agricultural
Service (FAS), to better insure rele-
vance of the resulting products.

Products provided by Early Warn-
ing/Crop Condition Assessment repre-
sent improvements over existing tech-
nology: improved accuracy, more
timely performance, and extension to
other areas and crops. Initial emphasis
was placed upon the upgrading of pro-
cedures such as those used to objec-
tively assess crop losses due to hot dry
winds and poor harvest conditions
(both major sources of reduction in
U.S.S.R. small grains production).
Another set of procedures addressed
were alarm models that automatically
track environmental conditions (these
include soil moisture, budgets, and
crop calendars) to permit the analyst to
concentrate on the areas needing
more attention. This activity has pro-
vided the Foreign Agricultural Service
(FAS) with alarm models for small
grains, corn, sorghum, and sugar
beets. Development continues on
models for sunflowers, soybeans, and
cotton.

The maize stress indicator model
was tested against meteorological and
agronomic data for 27 stations in
Missouri for 1979 and 1980, two highly
contrasting years in terms of crop
yield. The phenology algorithm has a
mean error of 3.5 and 4.7-days error at
silk-tassel and maturity, respectively.
The number, timing, and designation

of stress alert were consistent with
ground truth information. The mode! is
currently being compared to real-time
stress data being collected in nine
counties in South Dakota and it will be
evaluated as a component of a larger
integrated crop condition assessment
plan now being initiated. Operational
testing of the model has been started
by USDA.

Additional pianned inputs include
evapotranspiration and spectral infor-
mation. A yield reduction mode! based
on the interaction of evapotranspira-
tion and temperature as modified by

+ A
stress uuxaucn grm\u"h cfann and soil

moisture has been devetoped The
algorithm reacts to hot dry wind condi-
tions and is being tested against grid-
ded data for United States Great Plains
and Soviet Union wheat areas with in-
itial favorable results. Stress is iden-
tified by the model and percentage
yield loss is assessed; a base yield is
not required.

USDA scientists have collected
growth data on selected wheat fields
for 3 years in several locations. The
data received have been keyed into
data files for future analysis. The data
from Montana, North Dakota, and
Texas includes 48 field-years of ex-
perience. Instrumented data were also
collected in the fields on precipitation,
temperature, wind, radiation, and soil
moisture, and are being used to im-
prove upon the current models for
wheat along with Landsat spectral
data.

Figure

1- A comparnson of normalized

Several tasks nearing completion
rely heavily on satellite-based obser-
vations. Flood damage assessment,
range condition assessment, and na-
tive vegetation as a crop stress indica-
tor are specific examples of applica-
tion of spectral data.

Because many of the user require-
ments p!aced on the Early Warn-

f\
HIU/UIO’J Conditicn Assessment hrm-

ect are of a broad-scale nature\
emphasis was placed upon regional
conditions instead of specific point
conditions. This project has served as
a pioneer in the application of environ-
mental satellite data (NOAA-6) and -7
and GOES) as an agricultural sur-
veillance tool. On a broad scaie, esti-
mates of vegetative indices based on
data from these satellites can be used
to bridge the spatial and temporal
gaps in Landsat data. These estimates
can be made daily with a pixel size of
4 kilometers on a side routinely availa-
ble worldwide, 1 kilometer on a side
available on prior request. Tracking of
the progress of the seasons and sur-
veillance of agricultural vigor are ob-
vious applications. Figure 1 shows a
comparison of normalized vegetation
index temporal profiles between 1981
and 1982 for two grid cells in the
EW/CCA research data base. During
the past year, NOAA has begun to pro-
vide weekly worldwide depiction of a
vegetative index based on the tech-
nology developed in this project.

vegetation index tempora

profiles between 1381 and 1382 for two grid cells
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AgRISTARS: Inventory
Technology Development

PM: Jon Erickson/SH
Reference OSSA 19

The Inventory Technology Develop-
ment project has been established
within the AgRISTARS program to con-
duct research and development of ad-
vanced technology in remote sensing
for crop inventory applications.

Four categories of factors have
been adopted that reflect key tech-
nological research guides. These are
timeliness, affordability, general ap-
plicability, and accuracy. Timeliness
emphasizes the quick extraction of in-
formation. Affordability reflects effi-
ciency and low expense. General ap-
plicability refers to techniques that are
applicable to crop regions, and remain
objective and improvable procedures.
Accuracy reflects the degree of bias
and variance over time and the
responsiveness to factors affecting
departures from the average.

Research has focused on estimat-
ing crop area. Area estimates for
regions are derived by processing
statistical samples (segments) of
satellite digital image data (Landsat
MSS). The crop area should be esti-
mated periodically throughout the
season, from the time of planting
through harvest.

While the overall objective of this
research is to develop technology for
extracting agricultural information of
various kinds, the current emphasis is
on improved non-U.S. production
forecast technology which will be
evaluated for possible integration into
the USDA information systems. The
objective is to develop procedures for
using aerospace remote sensing and
related technology to provide objective
and reliable crop area forecasts
several times during the growing
season with improved pre-harvest esti-
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mates for selected countries and
crops.

Since ground data will not be

readily available, the non-U.S. crop
forecasting goal is to develop a system
which relies solely on Space systems.
The technology development has
been based on use of extensive
ground observations obtained in the
United States where the reliability of

the observations

is understood.

Regions in the United States that are
similar to foreign crop regions of in-
terest have been selected as study
areas. To handle dissimilarities, incre-
mental testing over domains of greater
variability of independent data sets is
required. Such testing serves to estab-
lish levels of performance, isolate the
technology deficiencies, and suggest
required avenues of resolution.

An experiment was conducted to

evaluate three highly automated
Spring grain estimating technologies.
The Landsat data used for this small
grains experiment consisted of sample
segments collected over a 4-year
period (1976-1979) covering the U.S.
Northern Great Plains (North Dakota,
South Dakota, Montana, and Min-
nesota) and Saskatchewan, Canada.
Ideally, the data set for this experiment
would be completely representative of
non-U.S. crop regions. This is the most
extensive data set ever used in testing,
including about 9,000 square miles of
ground observations spread through
four states and one province over 4
crop-years.

This first-time evaluation of highly

automated spring small grains area-
estimation technologies was very en-
couraging. There was definite im-
provement in near-harvest estimation
efficiency.Although there was a loss in
accuracy as compared to the best pre-
vious analyst-intensive approaches.
The automation through modeling
reduced analyst time from 4 to 6 hours
to 15 minutes per segment, and com-
puter time was reduced from 1 to 3
hours to 15 to 30 minutes. Even with no
editing, it was somewhat encouraging
that the mean absolute error in mosf
cases was less than 10 percent. The
results, when compared to the more
labor-intensive historical procedures
were generally comparable with lowe
bias and somewhat larger variance
(fig. 1). The timeliness in the growing
season is about 30 days before har-
vest. The Landsat 18-day overpass fre-
quency provided sufficient cloud-free
acquisitions for 50 to 65 percent of
sample segments to be processed.

The significance of the present results
is threefold: (1) The technique
modeled the subjective human analyst
with an objective process and
achieved reasonable accuracies. (2) It
was thereby possible to develop an in-
formation extraction technology which
was not prohibitively costly in manual
effort or computational resources. It is
affordable within a reasonable stand-
ard. (3) If the results reported here
could be achieved for foreign regions,
substantial improvements in global
crop information would result.

Figure 1.- Accuracy comparisons of spring small grains techniques.
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Rangeland Biomass Estimate

TM: Kenneth J. Hancock/SH2
Reference OSSA 20

Experiments conducted in the past
have demonstrated the capability of
determining green biomass using
Landsat spectral data. In 1974 Texas
A&M University (TAMU), under con-
tract to NASA, utilized Landsat to
develop technigues for the guantita-
tive estimation of green biomass over
broad regions. A band-ratio parameter
(TVI-6) was shown to be highly corre-
lated with green biomass and the
moisture content of vegetation. In later
experiments (1979) band-ratioing
techniques were extended into semi-
arid, low biomass sites. Utilizing these
previously-acquired data, test products
were generated as gray maps of
biomass in increments of pounds per
acre (fig. 1) that provided area infor-
mation on green biomass. These prod-
ucts were distributed to ranchers to
determine their usefuiness in ranch
management situations. After evalua-
tion, the ranchers’ comments were
quite positive, indicating that Landsat
could be used to obtain vegetational
information that could potentially im-

Figure 1.- Individual ranch product example.

rove the management efficiency of
the cattle industry.

The final phase of these experi-
ments (1981) was designed to further
develop and refine techniques and
procedures formulated at TAMU for
generating rangeland green biomass
estimates and organizing them into
product formats that could be easily
distributed to and utilized by the
ranching community. 70 achieve this,
a comprehensive data acquisition of
simultaneous radiometer readings,
vegetation clipping, and Landsat im-
agery was accomplished over the
Texas Experimental Ranch {fig. 2). The
ranch is staffed by Texas Agriculture
Experiment Station employees and
serves as a test bed for new and in-
novative ranching practices and as a
field laboratory for basic research. It
has been used previously for remote
sensing research. The darker areas in-
dicate heavy vegetation growth, with
lighter areas indicating less biomass.

For identification of individual
fields, an overlay of field boundaries
and roads was superimposed on the
spacecraft image.

.

The key tc Landsat/ground data
calibration is to have a range of
biomass values, inciuding both max-
imum and minimum values for an area,
in the sample set. Maximum biomass
production in the test area occurs dur-
ing May and June. By sampling during
this period, the widest range of
biomass conditions could be found
within the test area. Ancillary National
Cceanic and Atmgespheric Administra-
tion (NOAA) rainfall data were used to
strengthen the biomass determina-
tions.

A very significant finding of this
research was that the slope of the
calibration line produced from 1981
data 1s not significantly different from
that developed 8 years earlier. Addi-
tional experimentation is needed to
confirm this finding. Through this
research, techniques were developed
for the production of fast turnaround
range-related products using Landsat
spectral data. The key to a fast and
efficient product generation is a
sophisticated computing system and
the availability of near-real-time
satellite data.

Figure 2.- Location of the Texas experimental ranch (TEXR).
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AgRISTARS: Supporting
Research

PM: Forrest G. Hall/SG3
Reference OSSA 21

The Supporting Research Project of
AgRISTARS focuses on advancing
machine processing technology to
map important vegetation types, their
condition and maturity stage on a
global scale using Landsat and other
data types. Major advances in the
technology were realized in 1982. For
example, a completely automated
technique for accurately classifying
corn and soybean crops near harvest
was successfully tested over all key
growing regions in the United States
Corn Belt and the Mississippi Delta for
three crop years. The results of this test
in which proportion estimates for 56
segments showed no significant bias
(with a relative mean error of <3 per-
cent and a relative standard error of
< *2.9 percent), are shown in figure
1. This procedure achieved signifi-

cantly higher accuracy for crop iden-
tification and proportion estimation
than ever achieved, especially over
manual techniques which require
hours of analyst time. Further, it is
believed that this procedure can be
cost-effectively implemented. Un-
derlying the success of this technology
was a temporal profile technique,
which permits raw multidate Landsat
spectral data to be modeled in terms of
vegetative growth parameters relating
to vegetation type such as date of
emergence, peak greenness, length of
growing season, and maturity stage.
The relationship between these
parameters and crop type is unique
within the United States to corn and
soybeans and stable over years and
regions. One important thrust in FY
1983 will be to test this procedure on
Argentina corn and soybeans ground
truth segments. Preliminary indications
are that the successful U.S. technique
will, with only minor modifications, ex-
tend to the Argentina area. Another

Figure 1.- Accuracy assessment results of evaluation of completely automatic corn/soybeans
at harvest classifier. Ground truth proportion versus error in the proportion estimate at a seg-

ment level.
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key effort is to extend this technique to
early season while maintaining the
high accuracies achieved near har-
vest. A third important area is to apply
the Temporal Profile Technology to the
identification/estimation of small
grains. These research tasks are sup-
ported by a state-of-the-art intelligent
interactive image analysis capability
which affords on-line testing and ad-
justment of algorithms with permanent
retention, including high quality film
recording of analysis results.

In addition to the crop identification
problem, an equally important area of
research is the estimation of crop
stage and condition. Temporal Profile
Technology has made possible a major
breakthrough to a long-standing prob-
lem, the accurate estimation of crop
emergence date, critically needed to
start agromet stage of maturity models.
Research results indicate that the
Temporal Profile Models can poten-
tially be used to accurately estimate
other key development stages such as
floral initiation, heading, and senes-
cence. Research to refine these tech-
niques will continue in FY 1983. Im-
portant results were achieved in FY
1982 in the use of spectral data to
assess crop condition. In FY 1983
these results will be extended to
develop techniques for estimating two
of the most important determining fac-
tors in crop condition, Leaf Area Index
and Solar Radiation Interception.

The improvements of Registration
Technology, essential to all Supporting
Research efforts, will continue. In the
longer term research, the investigation
of the microwave regions of the
spectrum to help map the type, stage,
and condition of crops and other
vegetation will be pursued.

In other areas, the Supporting
Research will concentrate on the use
of current and future sensors to im-
prove the reliability, accuracy, and effi-
ciency of mapping vegetation type,
condition and stage of maturity, focus-
ing on the use of optical and thermal
data to estimate two of the most impor-
tant determinants of vegetation condi-
tion, leaf area index, and solar radia-
tion interception.




Texas Natural Resources
Inventory and Monitoring System

PM: LeoF. Childs/SK
Reference OSSA 22

The Texas Natural Resources inventory
and Monitoring System project is a
joint effort of JSC and consortium of 13
Texas agencies known as the Texas
Natural Resources information System.
The project started in June 1978 and is
expected to span 5 years. The project
will develop, test, and evaluate a
Texas Natural Resources Inventory and
Monitoring System based in part on in-
formation derived from remote sens-
ing. The system will consist of three
components: a remote-sensing infor-
mation subsysiem, a geographic infor-
mation subsystem, and a natural
resources analysis subsystem. Figure 1
illustrates a type of output product as-
sociated with each subsystem.

The major responsibility of NASA is
to assist Texas in upgrading its exist-
ing experimental remote-sensing data
analysis capability and to interface this
capability with other sources of natural
resources information available to the
state. The software capability is being
developed in two parts. The first part

Figure 1.-False color composite produced by the Earth Resources

Observation Satellite (EROS) Data Center.

was completed by NASA in early fiscal
year 1980. the major responsibility of
Texas includes deveioping the remain-
ing remote-sensing software; expan-
sion of the existing geographic infor-
mation subsystem; development of the
natural-resources analysis subsystem;
and preparation, testing, and evalua-
tion of output products.

To carry out the responsibilities of

both parties, a Memorandum of Under-

standing was instituted. Responsibility
for management of the project is
shared by a Texas Project Manager
and a JSC Deputy Project Manager.
This technology developed for this
project will be documented for transfer
to the public domain through NASA's
Regionai Technoiogy Transfer Centers
and the Computer Software Manage-
ment and Information Center (COS-
MIC). Texas will also furnish a final re-
port on the utility of the system and a
cost and accuracy analysis study.

A major objective of the Texas Ap-
plication System Verification and
Transfer (ASVT) project is to demon-
strate the capability of using Landsat
data to map the forest lands of East
Texas by their predominant classes,

descriminating between pines and
hardwoods or mixtures of the two. The
end goal is to register this information
on standard topographic gquadrangle
sheets along with other information as
may be specified.

The two scenes (figs. 1 and 2) are
false color composites (FCC) of the
Center-SE. 7.5-mile guadrangle lo-
ly forested area of east
Texas. The image shown in figure 1 is
the standard false color composite pro-
duced by Earth Resources Observation
Satellite (EROS) Data Center while the
images in figure 2 were produced by
Texas Natural Resources Information
System (TNRIS) for the East Texas
ASVT Project. On a TNRIS coior image,
pine forest (dark blue) is easily dis-
tinguishable from hardwood forest
(red), while on an EROS image this is
not the case. The distinction between
pine and hardwood on the TNRIS im-
age also makes possible identification
of the mixed pine and hardwood areas.
This is an example of being able to
custom-make or enhance the false
color composite using the electronic
image processing system established
in Austin under the ASVT.

cated in a heavi
wal oo e lv

Figure 2.-False color composite produced by the Texas Natural
Resources Information System (TNRIS).
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SIR-A Antenna Mission and
Deintegration

TM: Harold A. Nitsche/EE6
Reference OSSA 23

The Shuttle Imaging Radar (SIR-A) —
developed to evaluate the potential of
spaceborne imaging radar as a tcol for
geologic exploration and, in general,
for mineral exploration, petroleurn ex-
ploration, and structural mapping — is
part of the Office of Space and Ter-
restrial Applications (OSTA)-1 payload
flown on the Space Transportation
System (STS) second mission in
November 1981. The SIR-A antenna
was developed by JSC to be used with
the SIR-A electronics developed the
Jet Propulsion Laboratory.

The SIR-A antenna (fig. 1) consists of
seven microstrip array panels mounted
on a triangular support structure. The
antenna is attached to the OSTA-1
pallet by an aluminum truss structure.
The nondeployable 9.44- by 2.1-meter
antenna is mounted in the payload bay
in a fixed position at 47°. Thermal pro-
tection is provided by the multilayer
aluminized mylar covering the support
structure and by the Beta cloth cover-
ing the total system.

The image of cropland in New South
Wales, Australia, is the first processed
data acquired by JPL's Shuttle Imaging
Radar-A (SIR-A) experiment aboard
NASA's Space Shuttle Columbia dur-
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ing the Shuttle’s second flight, Novem-
ber 12-14,1981. (fig. 2) As an imaging
radar, SIR-A acquired images despite
darkness or cloud cover. The Lachlan
River is on the top left and the Lach-
land Range extends south from the
river with Lake Brewster to the right of
the range. Cropland in the image is
primarily small grains and pasture. The
image covers a 50- by 100-kilometer

(31 by 62 miles) area, shows features
as small as 60 meters (200 ft), and
was acquired by SIR-A in 15 seconds.
This successful SIR-A experiment,
designed to determine the potential of
using spaceborne imaging radars as
tools, acquired images covering 10
million square kilometers (3,861,000
square miles) in regions all over the
world.

Figure 1.- SIR-A antenna mounted in Shuttle Orbiter.
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Proximity Operations Vehicle
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Technical Monitor: Ronald H. Geriach/ENS
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Onboard Remote Terminal

Funded by: Advanced Development (UPN-306)

Technical Monitor: Robert H. Brown/FM

Task Performed by- Science Applications, Inc., Contract NAS 8-16165
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Space Construction Experiment Definition Study

Funded by: Major System Studies (UPN-906)

Technical Monitor: Lyle M. Jenkins/ET4

Task Performed by: General Dynamics-Convair, Contract NAS 9-16303

Carbon Dioxide Reduction

Funded by: Advanced Development (UPN-906)
Technical Monitor: Robert J. Cusick/EC3
Task Performed by: Hamilton Standard, Contract NAS 8-15470

Vapor Compression Distillation Urine Water Recovery
Funded by: Advanced Development (UPN-906)
Technical Monitor: Donald F. Price/EC3

Task Performed by: Life Systems, Inc., Contract NAS 8-16374
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Reference Significant Task
Number

Office of Aeronautics and Space Technology

OAST 1 Aerodynamic Coefficient Identification Package
Funded by: Space Research and Technology Base (UPN-506)
Technical Monitor: Joe E. Rutherford/EN3
Task Performed by: Bendix Aerospace Systems Contract NAS 9-15588

OAST 2 Power Generation and Energy Storage Utilizing Regenerative Fuel Cells
Funded by: Space Research and Technology Base (UPN-506)
Technical Monitor: Dale Denais/EP5
Task Performed by: General Electric Company Contract NAS 9-15831
Life Systems Contract NAS 9-16659
Boeing Aerospace Company Contract NAS 9-16151

OAST 3 Thermal Management for Onorbit Energy Systems
Funded by: Space Research and Technology Base (UPN-506)
Technical Monitor: J. Gary Rankin/EC2
Task Performed by: Grumman Aerospace Corporation Contract NAS 8-15965
Vought Corporation Contracts NAS 9-14907, NAS 9-16321, and NAS 9-16582
Hughes Aircraft Company Contract NAS 9-16581
Rockwell International Contract NAS 9-16399

OAST 4 Bubble Memory System Development
Funded by: Space Research and Technology Base (UPN-506)
Technical Monitor: Edgar A. Dalke/EH4
Task Performed by: Lyndon B. Johnson Space Center

OASTS Multifunction Synthetic Aperture Radar Technology
Funded by: Space Research and Technology Base (UPN-506)
Technical Monitor: Kumar Krishen/EE4
Task Performed by: Jet Propulsion Laboratory Contract NAS 7-100
Multiple additional contractors

OAST6 Advanced Manned Vehicle Onboard Propulsion Technology
Funded by: Space Research and Technology Base (UPN-506)
Technical Monitor: William C. Boyd/EP2
Task Performed by: Aerojet Liquid Rocket Company Contracts NAS 9-16639 and NAS 9-15958
McDonnell Douglas Corporation Contract NAS 9-16305

OAST 7 Lunar Resources
Funded by: Space Research and Technology Base (UPN-506)
Principal Investigator: Richard J. Williams/SN7
Co-Investigator: William Agosto
Task Performed by: Lyndon B. Johnson Space Center and
Lockheed Engineering and Management Services Company

OAST 8 Aircraft Fire Safety and Testing
Funded by: Aeronautics Research and Technology Base (UPN-505)
Technical Monitor: Daniel E. Supkis/ES5
Task Performed by: Chem-Tronics, Incorporated Contract NAS 9-16657
Boeing Commercial Airplane Company Contracts NAS 9-15062, Mod 6S and NAS 9-16400
General Electric Company Contract NAS 9-15533

OAST9 In Situ Instrumentation for Nuclear Waste Repositories
Funded by: Space Utilization System Applications (UPN-775)
Principal Investigator: James E. Keith/SN3
Task Performed by: Lyndon B. Johnson Space Center

Office of Space Sciences and Applications
Lunar and Planetary Sciences

OSSA 1 Experimental Trace Element Geochemistry

Funded by: Planetary Geochemistry and Geophysics (UPN-153)
Principal Investigator: Gordon A. McKay/SN7
Task Performed by: Lyndon B. Johnson Space Center

OSSA 2 Regolith Dynamics from Lunar Cores

Funded by: Planetary Materials (UPN-152)
Principal Investigator: David S. McKay/SNG
Task Performed by: Lyndon B. Johnson Space Center
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Reference Significant Task
Number
OSSA 3 Cosmic Dust Program

nded b u'y -Dfa e*a“; nc'e' als {
Q r:‘dn'rm and Jame

OSSA 4 Meteorites from Mars
Funded by: Planetary Materials (UPN-152)
Principal Investigator: Laurence Nyguist/SN7
Task Performed by: Lyndon B. Johnson Space Center

OSSAS Fluid Inclusions in Meteorites

Funded by: Planetary Materials (UPN-152)

Principal !nves'igamr- Everett K. Gibson/SN7
Co-Investigator: Lewis Ashwal, Lunar and Planetary Institute
Task Performed by: Lyndon B. Johnson Space Center

OSSA 6 Laser Microprobe - Gas Chromatograph

Funded by: Planetary Materiais (UPN-152)
Pw“ ipal investigator: Everett K. Gibson/SN/
Co-Investigator: Rama Kotra, Lockheed Engineering and Management Services

OSSA7

OSSA 8 Effect of Aluminum Substitution on the Reflectance Spectrum of
Hematite

Funded by: Planetary Geology (UPN-151)
Principal Investigator: Richard V. Morris/SN7
Task Performed by: Lyndon B. Johnson Space Center

OSSA 9 Vertical Impact Facility

C
T

-153)

Life Sciences

OSSA 10 Motion Sickness Test Instrumentation

Funded by: Life Sciences (UPN-199)
Technical Monitor: Jerry L. Homick/SD3
Task Performed by: University of Michigan, Contract NAS S-15244

h OSSA 11 Neutron Activation Laboratory

Funded by: Life Sciences (UPN-139)
Technical Monitor: Philip C. Johnson/SD3
Task Performed by: Technology Incorporated, Contract NAS 8-14880

OSSA 12 In Vivo Nuclear Magnetic Resonance

ciences (UPN-199)
lipC son/SD3
y: Baylor College of Medicine, Contract NAS 9-16442

OSSA 13 Renal and Endocrine Studies During the Early Phase of Antorthostatic Hypokinesia

L ach/ SDI«
, w:t"up Services, Inc., Contract NASA 9-15425
ntract NAS 9-14880

Technology

)
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Reference Significant Task
Number

OSSA 14 Physiological Testing of the Ambulatory Lower Body Negative Pressure Apparatus

Funded by: Life Sciences (UPN-199)
Technical Monitor: M. W. Bungo/SD3
Task Performed by: ILC Dover, Technology Inc., Contract NAS 9-14880

OSSA 15 Shuttle Solid Sorbent Air Sampler

Funded by: Life Sciences (UPN-199)
Technical Monitor: Howard C. Schneider/ES22
Task Performed by: Northrup Services, Inc., Contract NAS 9-15690

OSSA 16 Microbial Contamination Control and the Centrifugal Microbiological Analyzer

Funded by: Life Sciences (UPN-199)
Technical Monitor: Duane L. Pierson/SD4
Task Performed by: Northrup Services, Inc., Contract NAS 9-15425

OSSA 17 Multiwire Proportional Counter Gamma Camera (MPCGC)

Funded by: Life Sciences (UPN-199-20) .
Technical Monitor: J. L. Lacy/SD3
Task Performed by: Lockheed Engineering and Management Corporation Contract NAS 9-15800

Space Applications g

OSSA 18 AgRISTARS: Early Warning/Crop Condition Assessment Project

Funded by: Resource Observation (UPN-691)
Project Manager: Victor S. Whitehead/SH3
Task Performed by: NASA, U. S. Department of Agriculture, and U.S. Department of Commerce

OSSA 19 AgRISTARS: Inventory Technology Development

Funded by: Resource Observation (UPN-691)
Project Manager: Jon Erickson/SH
Task Performed by: NASA, U. S. Department of Agriculture, and U.S. Department of Commerce

OSSA 20 Rangeland Biomass Estimation

Funded by: Resource Observation Applied Research and Data Analysis (UPN-691)
Project Manager: Kenneth J. Hancock/SH2
Task Performed by: Texas Agriculture and Mechanical University, Contract NAS 9-15369

OSSA 21 AgRISTARS: Supporting Research

Funded by: Resource Observation (UPN-691)
Project Manager: Forrest G. Hall/SG3
Task Performed by: NASA, U.S. Department of Agriculture, and U.S. Department of Commerce

OSSA 22 TEXAS Natural Resources Inventory and Monitoring System

Funded by: Applications Systems Verification Test (UPN-658)

Project Manager: Leo F. Childs/SK

Task Performed by: Lyndon B. Johnson Space Center >
Department of Water Resources, Contract T-3499H

OSSA 23 SIR-A Antenna Mission Deintegration

Funded by: Resource Observation (UPN-666) "
Technical Monitor: H. A. Nitschke/EE6
Task Performed by: Lyndon B. Johnson Space Center

Ball Aerospace Systems Division, Contract NAS 9-15512
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