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Rapid Technology Assessment M eeting
2-3 Decanber 1999
Lockheead Martin, 2400NASA Road One, LM23B3, Houston, Texas

Point of Contad: Anthony J. Hanford, (281) 333-65250r tony.hanford@Imco.com

In attendance Dr. Alan Drysdale The Boeing Company/KSC

Bruce Duffield Lockhead Martin/JSC
Mike Ewert NASA/JSC/EC2

Dr. Cory Finn NASA/ARC

Dr. A. J. Hanford Lockhead Martin/JSC
Frank Jeng Lockhead Martin/JSC
John Keener Lockhead Martin/JSC
Dr. Kevin Lange Lockhead Martin/JSC
Dr. ChinLin NASA/JSC/EC2
Jannivine Y eh Lockhead Martin/JSC

The Meding Agenda provides a bres&kdown of the scheduled topics in the order
they were aldressed. The principle fadlitator or presenter for ead topic is noted to the
right. In genera, eat presentation initiated discusson by the group as a whole, and the
topics of greaest interest and concern are noted under Discusgon Topics. The fina
topic, Action Items, provides alist of adivities which should help to address ®me of the
issues noted duing the discusson. The individual who is tentatively responsible for ead
adion item is noted in parentheses.

M eeting Agenda:

* Introduction and Purpose M. Ewert

» Life Support Straw Man Designs for Reference Missons A. Hanford

* Role of System Architedure Studiesin Technology Assessment K. Lange

* Comparison of Straw Man Design to Dual Lander LSS Group

* Boeing' s Equivalent System MassSpreadshed Models A. Drysdae
» Details of ALS Metric Baseline Computation A. Drysdale
* Lockheed Martin's ECLSS $zing Spreadshed Model J Yeh

» The Role of Dynamic Modeling in Technology Assessment C. Finn

» Tednology Evaluation Matrix Candidate Tednologies List B. Duifield

» Discusson of an Approacd for Rapid Tedhnology Evaluation Group
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Discussion Topics:

The ontingency and redundancy philosophy for the reference missons is
undefined. As sich masses can add upto ten percent or more to the overall
equivalent system mess for a life support system, this dould be spedfied and
included in future studies.

The start up scenario and staffing schedule for the Evolved Mars Base is
undefined. While initially these aspeds were to be undefined, the start up and
staffing schedule may have asignificant impad on the e@nomic viability of some
life support technologies © these aspeds ould be defined. However, asin-situ
resource utili zation (ISRU) is not asaured for a Mars Base, however attradive it
might be, the basdline start-up scenario should not assime extensive inputs from
ISRU. More specificdly, if one assumes that ISRU will provide life support
consumables from the Martian atmosphere done to allow the aew to operate in
an “open loop” mode for the entire misson, the water requirement will drive any
ISRU system sizing.

Comparison of the ALS Sraw Man for an exploration misson with the
documentation under preparation describing the environmental control and life
support system (ECLSS from the Exploration Offices Dual-Lander Exploration
Architedure yielded a high level of agreament. Some differences were noted and
these will be refleded in the Reference Missons Document.

The ALS Reference Missons Document draft (JSC-39502 currently does not
contain flow diagrams for the life support system architedure designs. To make
the document more useful to analysts and reseachers, fairly detailed diagrams,
including all major tanks and processflow streams, should be included for at least
the ALS Sraw Man Designs. Corresponding dagrams for the designs using
International SpaceStation (1SS ECLSStednologies are dso desirable both as a
reference and to insure that the proposed baseline systems and mass assessnents
are indeed complete. As part of the arrent technology assessment task, K. Lange
will review existing life support system architedure designs, as well as develop
new designs. As appropriate, K. Lange's work will be incorporated into the ALS
Reference Missons Document and other SMAP documentation.

It appeas that the Exploration Office has “replaced” the Combo-Lander misson
architedure with the Dual-Lander misson architedure. While the latter is not
well documented yet, the ALS Reference Missons Document should refled this
latter misgon and possbly delete the former approach. However, for the arrent
fiscd yea, the Combo-Lander should remain in the ALS literature to explain
more fully the misson assumed for the crresponding assessnent in the arrent
ALS Metric document.

Nea-term, the Exploration Office may also consider misgons to other nea-Earth
destinations other than Mars, including Luna, nea-Earth asteroids, and the
Martian moons. As misson planning information becmes available, these too
should be alded to the ALS Reference Missons Document. Until such
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information is available, however, many of these destinations might be aldressed
as pedal cases of atransportation misson to Mars.

» Dynamic modeling is an important tool for cheding system performance and for
sizing system buffers. For overal system analysis of a bioregenerative life
support system with a plant growth chamber, current computational assets
running Matlab/Simulink can reasonably handle time scaes on the order of a day.
Such a large time scde is not sufficient to acarately model the dynamics of
physicochemicd systems that have charaderistic times on the order of minutes or
hours. Time scdes on the order of one day are sufficient to acarately size
buffers associated with plant growth modules as crop plants take thirty days or
longer to read maturity. Dynamic modeling using Matlab/Simulink or other
software might independently consider subsystems of physicochemica
equipment, espedally to address $zing for tankage and matching processng rates
for multi-component process s$reans. Overal, dynamic modeling provides
invaluable support. However, becaise most issues asociated with top-level
system analysis, the primary format employed for the eguivalent system mess
asesgnents within the rapid technology assessment process are handled with
sufficient acaracy within spreadshee models, dynamic modeling should be
employed only as needed.

o Several formats can be used to organize ad define life support subsystems. To
fadlitate future studies, the group dscussed defining a common life support
subsystem list. Asthe ALS Rojed is arealy divided into a number of subsystem
groups, any new organizaion should incorporate this gatus quo both to fadlitate
approval by the ALS Rojed and to ease the transitional process A tentative list
was developed and circulated for comment and revision. Six subsystems and six
eterna interfaces were identified. The six ALS subsystems are ar, biomass
production, food, therma control, waste, and water. These subsystems interad
with sx interfaces including extravehicular adivity support, human
acommodations, integrated control, in-situ resource utilizaion, power, and
radiation protedion. These subsystems have been summarized more completely
in Table 1 amended to the end of this document.

 The ALS tedhnology assessment is in progress with a report due & the end of
government fiscd yea 200Q The assssnent, as currently envisioned, will
proceeal in three steps. The first step is to identify candidate life support system
architedure designs for the initial BIO-Plex test and for the reference missons.
As the BIO-Plex’s initial testing will, based on current thinking, support nea-
term, exploration misgons for the Martian surface priority will be given to
developing architedures for Mars Exploration missons gich as the Dual-Lander
format. The second step will i dentify technologies that are gpropriate for ead
candidate achitedure. A qualitative assssmnent, focusing on advantages and
disadvantages of ead potential life support technology, was suiggested. This
option will be reviewed, and implemented if appropriate, as part of the asssment
process The third step of the processwill provide equivalent system mass sudies
for the most promising technologies identified in the second step.
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Action Items;

Contingency (Unassgned): Develop contingency and redundancy philosophies
for the ALS reference missons.

Start Up (Unassgned): Develop start up and redistic staffing scenarios for the
Evolved Mars Base reference misgon. Extensive inputs from ISRU are not
allowed as part of the baseline scenarios.

ALS Straw Man Updates (Lockheed Martin/JSC): Update the ALS Reference
Missons Document to refled updates and corredions based on analysis of the
Dual-Lander ECL SSdocumentation.

LSS Diagrams (Lockheed Martin/JSC): Develop schematics of the proposed
ALS Sraw Man Life Support Designs for the ALS Reference Missons
Document. Similar schematics for the designs using ISSECLSStedcnologies are
desirable.

Dual-Lander (Unassgned; Possbly Lockheed Martin/JSC): Add the Dual-
Lander misson to the ALS Reference Missons Document either to augment or to
replacethe Combo-Lander reference misgon that is in the arrent document draft.
The document Frank Jeng is compiling in support of the Exploration Office for
the Dual-Lander study may be of use. This $ould be completed by January 200Q

Other Missions (Unasdgned; Possbly Lockheed Martin/JSC): Add other
missons for nea-Earth destinations, such as Luna, nea-Earth asteroids, and the
Martian moons, to the ALS Reference Missons Document as appropriate
information becomes avail able from the Exploration Office

ALS Subsystem Description (NASA/JSC): Seek ALS Rojed approval and
formal implementation for the proposed Life Support Subsystem Bregkdown.

ALS Technology Assessment (Lockheead Martin/JSC): Formulate and deliver a
technology assessment of advanced life support equipment for reasonably likely
nea-term human missons to Mars. Forward the resulting technology seledion to
the ALS Rojed and BIO-Plex.
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Tablel ALSProject Life Support Subsystem Breakdown (Proposed)

Description

Internal

Life Support System Interfaces

Air The Air Subsystem stores and maintains the | BiomassProduction, Food, Thermal
vehicle @hin gases, including the overal | Control, Waste, Water, EVA Support,
composition and atmospheric pressure. The Air | Human Accommodations,
Subsystem is also responsible for fire detedion | In-Situ Resource Utili zation,
and suppresson. Internal Control, Power

Biomass The Biomass Production Subsystem provides raw | Air, Food, Thermal Control, Waste,

Production agricultural products to the Food Subsystem while | Water, In-Situ Resource Utili zation,
regenerating air and water. This subsystem isnot | Integrated Control, Power
present in a solely physicochemical life support
system.

Food The Foad Subsystem stores and transforms raw or | Air, BiomassProduction, Thermal

bulk agricultural productsinto ready-to-eat food.

Control, Waste, Water, EVA Support,
Human Accommodations,
Integrated Control, Power

Thermal Control

The Thermal Control Subsystem is responsible for
maintaining cabin temperature and humidity
within appropriate bounds and for rejeding the
colleded waste heat to the environment.

Air, BiomassProduction, Food, Waste,
Water, Human Accommodations,
Integrated Control, Power

Waste

The Waste Subsystem stores and handles waste
material waste products produced anywhere in the
life support system, including packaging, human
wastes, inedible biomass and brines from other
subsystems auch as the Water Subsystem. The
Waste Subsystem may dterilize and store the
waste, or redaim life support commodities,
depending on the life support system closure
and/or misson duration.

Air, BiomassProduction, Foaod,
Thermal Control, Water, EVA Support,
Radiation Production,

Integrated Contral,

Human Accommodations, Power

Water

The Water Subsystem stores and provides water at
the appropriate purity for crew consumption and
hygiene.

Air, BiomassProduction, Food,
Thermal Control, Waste, EVA Supyort,
Human Accommodations,

In-Situ Resource Utili zaion,

Integrated Control, Power,

Radiation Protedion
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External
Life Support System Interfaces

Extravehicular

The EVA Support Interface provides life support

Air, Food, Waste, Water,

Activity (EVA) | consumables for EVA, including oxygen, water, | Human Accommodations,
Support and foad, and carbon dioxide and waste removal, | Integrated Control, Power

for extravehicular activities.
Human The Human Accommodations Interface is | Air, BiomassProduction, Food,

Accommodations

responsible for the aew cabin layout, crew
clothing including laundering, and the aew's
interaction with thelife support system.

Thermal Control, Waste, Water,
EVA Support, Integrated Control,
Power

In-Situ Resource

The In-Situ Resource Utilizaion Interface

Air, BiomassProduction, Water,

Utili zation provides life support commodities, such as gases, | Integrated Control,
water, and regoalith, for use throughout the life | Radiation Protedion, Power
support system.
Integrated The Integrated Control Interface provides | ALL
Control appropriate cntrol for the life support system.
Power The Power Interface provides the necessary energy | ALL
to support al equipment and functions within the
life support system.
Radiation The Radiation Protedion Interface provides | Food, Waste, Water,
Protedion protedion from environmental radiation. In-Situ Resource Utili zation, Power
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