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This report is one of five documents cov

Station Crew Safety Alternatives Study co
NAS1-17242,

ering the results of the Space

nducted under Contract
The study documentation is designated as follows:

Vol. I - Final Summary Report (NASA CR-3854)

Vol. II - Threat Development (NASA CR-3855)

Vol. III - Safety Impact of Human Factors (NASA CR-3856)
Vol. IV - Appendices (NASA CR-3857)

Vol. Vv -

Space Station Safety Plan (NASA (R-3858)
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APPENDIX B

PRELIMINARY SPACE STATION CREW SAFETY THREAT LIST

Tne threats listed here are generic in that each threat may have more
than one possible cause. Further in this study, potential hazards will be
developed for these threats, allowing specific jdentification of controlling
safety criteria and guidelines.

The scope of issues covered are threats that affect crew health and well
being directly and threats that impact the space station and its ability to
continue functioning. Sources of threats can be external to the space
station, crew initiated, space station hardware/software responsible, or
generated by hardware/software and processes dedicated to space station
experiments, payloads, and cargo.

Design and operational guidelines eventually will have to be drawn up for
the space station and its dedicated crew equipment, for crew functions, as
well as for carry-ons: experiments, payloads and cargo.

FIRE

A fire in an area containing subsystems equipment, electrical wiring, or
laboratory equipment, or in personnel areas which damages and puts out of
commission all unprotected operating equipment in a compartment. Fire
prevention in design leans heavily on isolating the elements of combustion:
Fuel, Oxidizer and Ignition. In a two-gas system (80% N2 and 20% 02) the fuel
is excluded only if all materials are screened for flammability. Applying
"NASA MSC Requirements for Materials and Processes", JSC-SE-0006B, through the
RI-SD Material Control (MATCO) program screened shuttle materials for
flammability. In a 100% 02 environment (such as in EVA pre-breathing areas),
all surface temperatures must be analyze? o ensure that no ignition sources
are available and the contained materials are not flammable at high 02
concentrations. "Environment Requirements and Test Criteria for the Orbiter
Yehicle", MF0004-014C, cites maximum allowable surface temperatures in each of
the compartments based on the potential fluid leaked into the compartment.
Fluid leaks are considered credible. Additionally, smoke/fire sensing and
supression could be included in Damage Control design.

LEAKAGE

Leakage of any gas or liquid which is produced, stored, or routed through
the pressurized areas of Space Station volumes, including any chemicals used
or that may be produced in experiments. The leakage may occur at any point
through which the fluid is routed. Leakage rates must be assumed and
increased margins and/or system make-up capability must be included in the
design. Selection of materials and seals for faying surfaces is critical to
the 1ife of the Space Station in orbit. seal selection, expected 1ife,
condition at installation, and installation techniques determine leak
susceptibility at all penetrations.

TUMBLING/LOSS OF CONTROL
Space Station attitude maintenance systems require at least
fail-operational/fail safe capability. Consideration of a requirement for

maintenance and returning the system to operable status should be given.
Forces that may cause tumbling or 10ss of control, other than attitude
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maintenance system failure, could include: moments imparted by Orbiter/0TV
docking or collision, fluid or gaseous systems leaking/venting, crew activity
within the station, and the 1ike. Recovery from and immediate reaction to

Space Station tumbling should be a system design requirement including center
of gravity and mass distribution effects,

BIOLOGICAL OR TOXIC CONTAMINATION

Contamination threats are those associated with biological or toxic
contamination of the food or water supply. A1l similarly packaged food stored
in any one area (e.g., all vacuum-packed food stored in one pantry) will be
assumed unfit to eat. Similarly, all potable water in connected tanks will
also be assumed toxic; the water, however, may be reprocessed through the
water purification system and the tanks decontaminated to render water
potable. This threat is associated with the release of toxic, flammable,
corrosive, condensible, or particulate matter. Contamination is caused by
leakage, spillage, outgassing, loose objects, abrasion and from the growth of
fungus or release of volatile condensible materials. Leakage of or out
gassing of hazardous materials should be prevented by eliminating suspect
materials through MATCO screening. Close looks at materials interactions are
also required. Where hazardous materials are brought on board, special
containment consideration must be given. All materials brought on board
should be screened, including astronaut personal effects.,

INJURY/ILLNESS

Physical injuries may be caused by impact or collision with stationary
objects having sharp edges or protruding parts or with shrapnel or projectiles
from exploding tanks or accelerated loose objects. Physical injuries may also
be caused by ingesting particulate matter, touching hot or cold surfaces, and
by breathing oxygen deficient air. Care and control to prevent sharp and
abrading protrusions and the inclusion of hand holds and other convenient
restraints for astronauts minimizes éxposure to injury. Crew illness could
result from exposure to ﬁathoqenic bacteria, toxic materials, or to excessive
radiation levels. The physiclngical/behavioral impact of microgravity of the
crew for long time exposure is not ciearly understood. Personal hygiene and
close control of food Preparation minimizes exposure to 11lness. Crew 111ness
and injury must be treatable within the Space Station. The sophistication of
medical facilities is yet to be determined. Death of an astronaut cannot be
ruled out, raising the question of what procedure is to be followed for the

disposition of the remains, i.e., return to earth or burial in space - buria}
at sea precedence.

GRAZING/COLLISION

This threat concerns internal as well as external elements and can be
caused by structural failure, procedurail error or inadequate stowage and
handling rationale. External threats can be caused by Orbiter/0TV or EVA
astronauts coming into unplanned contact with the Space Station. A grazing
collision with another vehicle which damages equipment outside the spacecratt,
such as RCS jets, radiators, solar panels, antennas, tanks, fluid 1ines,
docking mechanisms, etc., 1s considered here. The collision is not severe
enough to cause a penetration of primary structure but may damage exposed

equipment. Potential collision candidates must be identified and the specific
threat defined.
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CORROSION

This threat concerns structurail degradatic  of metallic and nonmetallic
equipment. Leakage of corrosive or reactive materials can degrade an
equipment's usefulness and/or cause structural or mechanical failures.
Material incompatibility at Joints of dissimilar metale can_lead to corrosion
when subjected to internal environment extremes of ten, ature and humidity
accelerating corrosion in carbon or most organic materials. Examples of
corrosive processes include stress corrosion, electrolytic corrosion, and
polymerization. Causative agents include acid, salts, solvents, halogens,

etc. Tic MATCON program is set up to screen against corrosive agents and
processes.

MECHANICAL DAMAGE

Mechanical damage is defined as being caused by collision inside the
vehicle with Toose out-of-control masses. Damage potential of systems
requires assessment as to impact on mission continuation, type of emergency
precipitated, postulated damage, protection affordable in design and mission
recovery impact. External causes (Fire, Explosion, Collision, Penetrations,
Attack, Sabotage or Human Error) may not be preventable and requires that
system damage tolerance should be a significant design consideration for
critical systems.

EXPLOSION

In the event of an explosion, the damage will be confined to one
compartment and will consist of overpressure, heat, shrapnel, and atmospheric
contaminants. A1l equipment in the compartment may be damaged and made
inoperative, unless armor-plated for protection. Violent release of energy as
a result of equipment overpressurization, fire, chemical reaction, excessive
temperature, equipment malfunction or structural failure are candidate causes
for explosion. For instance, an explosion of .025 1b TNT equivalent,
releasing 50 BTU of energy in the form of heat, shock waves and kinetic and
thermal energy of shrapnel damage could be confired to one compartment and
would consist of overpressure, heat, shrapnel and atmospheric contaminants.
The equipment would require repair/replacement, depending on the damage an
explosion can produce. Further hazards which can result in a compartment by
such an explosion, such as fire, etc., should also be considered as part of
the threat. Walls and primary structure, or equipment outside the affected
compartment, would probably not be damaged. (021) Equipment which can
disintegrate explosively includes pumps, motors, blowers, rocket motors,
generators, laser, etc. 1In excluding equipment and materials from Space
Sation habitable volumes whose TNT equivalency exceeds TBD, explosion impact
can o¢ minimized, Equipment and material mounted externally to the Space
Station habitable volumes that exceed the threshold TBD TNT equivalency should
include shrapnel diverter shields or other buffers to protect the habitable
volumes from catastrophic penetrations. Guidelines concerning pressure
sensing, relieving and control, chemicai screening to prevent use of violent

rﬁagents, and system heat rejection are key elements controlling explosion
risks.

LOSS OF PRESSURIZATION

A loss of pressurization in a habitable volume may be caused by an
accidental penetration of an outside wall or bulkhead. Pressure sensing,
leakage and maintenance imply the need for a Damage Control System on-board
the Space Station. Such a system would include pressure, temperature and
toxicity sensing with additionail capability for smoke sensing and fire

71
D)
’_a.-’\; s; ," . . Q‘




¥ FW TV IE s el -
C T T e T T T -

AN e

suppression for each isolatable compartment in the Space Station with primmary
and back-up readout panels located in separate Space Station areas. If
compartment size and criticality so indicate, a need may exist for automatic
control of hatch actuation. These design constraints are dependent upon
assumed penetration size, size of sach isolatable volume, use frequency of the
compartment and criticality of the adjacent compartments.

RADIATION

Radiation threats are associated with the exposure of the astronauts as
well as equipment to ionizing radiation, ultraviolet or infrared 1ight,
lasers, and electromagnetic or radio frequency radiation. Ionizing radiation
threats may be caused by leaking or inadequately shielded radioactive
equipment such as RTG's, particle accelerators, 1{quid metal heat exchangers,
etc. RF and electromagnetic radiation from RF ?enerators can trigger ordnance
devices or interfere with the operation of crit cal equipment. Allowable
levels of each of these energies must be established, and design accommodation
made to ensure that the Space Station astronauts and equipment are protected.

OUT OF CONTROL IVA/EVA ASTRONAUT

Loss of control of astronauts during IVA/EVA may be caused by
malfunctioning maneuvering devices or lack of adequate handholds and other
restraints. The issue of aberrant astronaut actions causing a problem must be
considered. Rapid rescue is required by a companion already suited and
conditioned to the suit atmosphere, who is waiting in an airlock or is also
performing EVA or IVA, Equipment adequacy and redundancy could address the
for¥er1{?:ue, the latter may require some physical restraint system, equipment
or fac Y.

INADVERTENT OPERATIONS

Critical tasks and systems controls should be analyzed to assess the
impact of inadvertent operations. Hardware can be protected by switch
wickets, lever-locks, etc. Software can be protected by two or three
"and"-ing requiremenis, as well as being protected from astronaut modification
on-board. Recommendatons are for automating all routine functions, with
manual work-arounds as required.

LACK OF CREW COORDINATION

Within the aviation industry - both civilian and military - experience
has shown that lack of crew coordination in times of crisis has almost
invariably resulted in catastrophe. Some of the recent major disasters in
commercial air travel have occurred as a result of the entire crews' attention
being diverted to trouble shooting the problem affecting the airplane while no
one ?aid attention to the ordinary chores of piloting and navigating the
airplane. One major airline radically changed crew training and upgrading
techniques to address this problem. Similar problems of lack of crew
coordination could arise in a Space Station. It is important that criticai
routine functions be manned at all times, if not automated. This will allow
investigation of malfunctioning equipment by personnel not dedicated to
routine, but essential, Space Station aquipment. Crew tasks should be
reviewed carefully with *his potential problem in mind.
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ABANDONMENT OF SPACE STATION

There should be a passive capability of the Space Station to survive
abandonment. A combination of accidents and/or subsystems degradation
requiring the abandonment of the station by some or all of the occupying
personnel is considered here. Such abandonment will not be a time-critical
emergency but a deliberate abandonment planned over a period of days to
months. The worst design case is when one of the separate pressure volumes
has been evacuated and sealed off for some time because of major damage or
contamination, and all personnel are in the remaining volume. If the cause
for abandonment concerns the inability of the station to support human
habitation, the station should be able to maintain critical functions, such as
attitude maintenance. A cause for abandonment could be loss of a breathable
atmosphere, Critical avionic equipment should be able to function in the
absence of an atmosphere. An important task related to the above hazard, that
was considered during this effort was the Escape and Rescue. The philosophy
adopted with respect to escape and rescue is stated below:

Increased Reliability

or Redundancy Preventive Built-In
Damage Control

Compartmentalization Preventive Built-In
Improved Emergency

Sensors Preventive Built-In
On-Board Preventive

Maintenance Preventive Built-In
Abort Capability Remedial Buiit-In
Personal Survival

Equipment Remedial Separate Built-In
On-Board Repair

Capability Remedial Separate Built-In
On-Board Medical Aid Remedial Separate Built-In
On-Board Emergency

"RED" Systems Remedial Separate Built-In
"Buddy" Concept

(Separate Type) Remedial Separate
On-Board Escape and Wait Remedial Separate

On-Board Escape and Return Remedial Separate

Spare Earth Return Module Remedial Separate

Unmanned/Manned

Assistance or Rescue

Earth Launched
(Post Emergency) Remedial Separate

"Pre-Deployed" Remedial Separate
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ELECTRICAL SHOCK

When personnel, during the normal operations of equipment or due to
single point failures or masked dual point failures, are exposed to
electrically energized components, terminal strips, buss bars, sivied charge
apparatus, etc., that throu?h a combination of electrical potential, current
and ‘body resistance would allow a person's body to offer a patn for current
flow to ground and result in shock or electrocution, a hazard potential
exists, A hazardous voltage or power source is any potential source of power
that can pruduce serious shock or burns or a fatal current,dependent upon body
resistance, contact conditions, and path through the body (see table below).
Also equipment which senses or controls critical control parameters of flight
systems or is reasonably capable of applying damaging electrical energy to
supported systems is classified as Safety Critical.

PROBABLE EFFECTS OF SHOCK

Current Values (Milliamps)

AC 60HZ DC Effects

0-1 0-4 Perception

1-4 4-15 Surprise

4-21* 15-80* Reflex Action
21-40* 80-160* Muscular Inhibition
40-100* 160-300* Respiratory Block
Over 100* Over 300* Usually Fatal

*Serious Shock or Burns.
METEOROID PENETRATION

A fallout of space debris studies will have to be a probabilfty of strike
and an assumed size of meteoroid. ‘he potential impact of this threat has not
been specifically defined at this time. However, basic assumptions should
consider potential meteoroid penetration of the primary structure. Physical
damage should be confined to one compartment and is assumed to consist of
finely divided molten high-speed shrapnel (from spallation of the inner wall).

STORES/CONSUMABLES DEPLETION

Consumables, both for the Space Station as well as for the astronauts,
require establiishing levels that account for leakage, spoilage, unexpected
high consumption rates, etc. The key to establishing quantities, is
determining what survival time, without support from the ground is required:

96 hours, seven days, or what? Automatic iiventorying of critical consumables
should be considered.

INTRUSION/ATTACK

Screening related 1iterature indicates that intra-crew member hostility
was an issue on the longer space flights. When space stations evolve and less
highly motivated and dedicated personnel are included in crews, special
screening of candidates will be required. This threat could be psychological

74

el e,




A oo

AR S s o ddanal s NI 20t & dhiishaielemate s ositine e shadesading
b skt 2.4 it diitaihac
. ; T

«

as well as physical. STS-5, and subsequent f1ights where more than two lrew

members are on board, will be watched closely as crew interaction will be more

complex. How to approach tne impact of this threat: with sedation, by

employing "Polaris Pajamas", by isolating offending crew members, etc. - must

be determined. Overt military action and external intrusion/attack is a

zg}lout 35 a space station survivability analysis and 1s beyond the scope of
s study.

STRUCTURAL EROSION

This issue has been observed in long 1ived spacecraft. Space debris and
other minutia progressively can erode metallic or non-metallic enclosures to
the point where leakage could occur. If the eroded skins allow fluid or gas
containment systems to leak, undesirable spin/tumbling moments could be
reacted into the space station and/or consumables could pe lost overboard.
This is a downstream "wear" issue but appears to be real enough to address in
the program.

ORBIT DECAY

Consumables needed to update orbital position or to overcome the effects
of space station drag may become an issue when large captive structures are
being constructed prior to separation from the space station. Credibility of
this threat is understood when one considers a fully operational space station
in its planned working environment. This threat impacts consumable margins.

L0SS OF ACCESS TO A HATCH

The loss of access to any one hatch, door, or other personnel or cargo
transfer opening because of jamming of the mechanism, either open or closed;
or because of obstruction by cargo; or because of a localized hazardous
situation (fire, chemical spillage, electrical hazard, etc.).
Compartmentation to allow access to "gafe havens" requires a minimum of two
egress paths from each habitable volume. Present space station design
philosophy appears to provide this capability. Design drivers are hazards
that destroy compartment habitability and require survival workarounds.

TEMPERATURE EXTREMES

Ability of crew and equipment to function under varying temperature
stresses needs to be considered. Emergencies such as the Apolio 13 Service
Module tank explosion, may be postulated to determine tine credibility of this
threat. Unex?ected heat inputs from experiments/payloads/cargo need be
addressed early to ensure the space station's ability to grow into its
operational phase. This threat deals indirectly with planned margins and
absolute capabilities.

DEBRIS

The threat category of external debris excludes meteoroids and is usually
referred to as space garbage. Nominally, space debris, as opposed to
meteoroids, would have lower closure rates allowing the possible option of
col1ision avoidance. Internal debris, on the other hand, can clog filters and
directly affect equipment operation and crew performance. The Orbiter has
experienced clogged filters due to lint, affecting air cooled avionics and
overloading fan motors.
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FREE~ORBIT

One of the threats to extravenicular activity (EVA) is drifting into a
free-orbit Trom which there is no autonomous return Capability. Such an event

could be ciused by an MMU failure at a remote work site, drift through loss of
tether, or the unexpected release of stored energy which results in
inadvertent detachment from local structure,

Some primary sources of stored
energy are: propulsive Pressure Garment Assembly leaks, RCS plume
impingement, and impact from auto-deployable structures, Most hazardous are
those propulsive type failures that could boost a Crewman into a free-orbit
which is not coplanar with his prime habitat.
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Appendix C
SPACE STATION
CREW SAFETY CRITERIA

These criteria were eclectically assembled from
industry space station studies beginning as early
as 1968, Those criteria that were relevant to the
current space station studies were carried forward,
if not in detail, at least in intent. Reassessment
of threats under Contract NAS1-17242 evolved
additional criteria that are included.

20 January 1984

Rockwell International
Space Transportation and
Systems Group
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SPACE STATION Rev. December 15, 1983
CREW SAFETY CRITERIA

DAMAGE TOLERANCE

A-1 No credible single space station failure, operational error or radio
frequency signal should result in damage to space station or mission/
payload equipment or in the use of emergency cquipment; some limited
degra-lation in mission/payload accommodations, crew convenience/
comfort, or space station attitude or orbit may he allowed

A-2 No credible combination of two space station failures,
mission/payload equipment failures, operator errors, or radio
frequency signals should result in the potential for crew injury or
permanent loss of the space station or primary mission/payload
capability; institution of emergency procedure/equipment may be
necessary, but no hazardous operational level will be reached

A-3 A1l subsystem/equipinent critical to preservation of 1ife and space
station survival shall be fail-operational/fail-safe (excepting
primary structure and pressure vessels)

A-4 Fail-operational/fail-safe designed subsystems shouid allow
maintenance to upgrade the subsystem/equipment without being degruded
2e}$w fail-safe during the maintenance actions foilowing the second

ailure

A-5 Potentially rupturable containers should contain less material (gas,
liquid, sclid) than would cause unacceptable overpressure if all the
material were released in a leakage, rupture or explosion

A-6 Redundant accommodations for command and control of the space station
shall be provided such that the primary control center has complete

capability, but the backup control center will have, as a minimum,
control of critical functions

A-7 Design inhibits to prevent failure propagation from one
volume/subsystem/component to another should be incorporated

p-8 The space station should be designed and operated so that any damaged
module can be isolated from the rest of the Station in TBD seconds,
as required. Frovisions shall be made for pressure isolation within
the volumes. Modules should be equipped so that the crew can safely
continue a degradcd mission and take corrective action to either
repair or replace the damaged module

A-9 Any volume should be capable of sustaining the whole crew, ard
capability should be provided for performing critical functions at an
emergency level until the crew can be rescued., Electrical and fluid
1ines in each pressure-isolatable volume required for critical
functions should be protected against the effects of explosion, fire,
vacuum, and corrosion
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A-10 Capability should be provided for performing critical functions with
‘ a portion of a subsystem inoperative for maintenance, and any
' pressure-isolatable volume inactivated and not accessible
:
.'

A-11 Redundant equipment, lines, cables, and utility runs, which are

critical for safety cf personnel or mission continuation, should
either be located and routed in separate compartments (i.e.,

separated by a structural wall) or should be protected against fire,
smoke, contamination, loss of pressure, overpressure, and shrapnel

A-12 A11 walls, bulkheads, natches and seals whose integrity is required
to maintain pressurization or atmospheric isolation shall be readily
accessible for inspection and repair by crewmen in pressurized suits

]

!

{ A-13 As a design goal, 1ns?ect1on, maintenance and repair of critical
g subsystems by shirt-sleeved crewmembers shall be accommodated.

CREW PROTECTION

B-1 Provisions should be made for a safe haven within the space station,
isolatable from the hazard capable of sustaining the crew for 21 days
beyond normal resupply and allowing rescue by a Shuttle. Provisions
shall be made to monitor the health of the remaining habitable
modules from this safe haven

3 3-2 Personnel protection from electrical shock, radiation, mechanical and
: the ‘mal hazards should be provided

B-3 Accessways between compartments should be sized such that an IVA/EVA-
' suited crewman is allowed free passage

B-4 Provisions shall be made for the protection and survival of the whole
crew during sclar storm activity as defined by the TBD design mission
radiation model

B-5 Personnel escape routes should be provided in all hazardous situations

B-6 Provisions and habitable facilities should be adequate to sustain the
entire crew for a minimum of 22 days during an emergency situation
when damage repair is in progress

B-7 Atmospheric stores and subsystem capability sufficient for two full
repressurizations of each pressurized habitable volume should be
maintained on/at the space station during manned operations

B-8 Access to EVA and IVA airlock and suit station(s) should be provided
for a1’ credible emergency conditions. Airlock chamber(s) should be
provided to permit crew access for EVA/IVA operations

B-9 Two or more suited crewmen should participate in any pressure suit
activity and rescue provisions should be provided to allow safe

return to space station, following the incapacitation of any one
crewman

B~10 Real-time monitoring of the atmosphere constituents, including
harmful airborne trace contaminants and odors should be performed.
Control shail be provided for each pressurized habitable volume

79

G ey seestet ittt eI RSRNCLLE. S Adia ) -




I

D diha e

S e dind

. S i MRS o e - SN et A M e

B-11 Two or more entry/egress paths should be provided to and from every
module or pressure-isolatable volume. The two paths should be
separated by airtight partitions, or shall be at least 10 feet apart,
and should each lead to an area in which the crew can survive until
escape, rescue or removal of the hazard

B-12 Materials used in the habitable areas shculd not outgass toxic
constituents in the lowest pressure environment and highest
temperature to which they will be exposed

B-13 A1l EVA and unprassurized compartment IVA should be conducted using

the "buddy S{stem“. (Note: buddy system criteria can be met with
suited crew to station exit in visual contact with subject.) The

buddy system should also be used during shirt.leeve operations in
hazardous areas

B~14 A margin of consumables should be provided onboard, sufficient for
performing critical functions for TBD hours at a reduced level
following any credible accident which renders one pressure-isolatable
compartment unavailable

B-15 At lTeast two egress paths should be available from each module for
emergency egress of personnel during manned ground operations

B-16 Emergency pressure suits required in the space station, sized to fit

any crewman, should be in readily accessible iocations within each
pressure-isolatable volume

B-17 Provisions should be made for emergency medical treatment of credible

accidents and illnesses for durations compatible with the rescue
provisions

B-18 The safe environment and the safe operational status of activated
subsystems within the space station should be verified prior to

personnel entry, initially, and prior to reentry following temporary
station abandonment

B-19 Deployment and initiation of operations considered hazardous should
be checked out from a safe location before exposing crewmen to the
potential hazards

B-20 Provision should be made for the return of a crewman incapacitated
while performing EVA

B-21 Provisions should be made for the detection, handling, containment
and/or disposal of toxic, flammable, combustible and hazardous
materials

B-22 Pressurized volumes should have adequate free volume (not occupied by

equipment) to allow crew freedom of movement to support long-duration
habitation

B-23 Hazardous or toxic fluid storage, conduits and interconnects between
moduies should be external to the pressurized volume. Exceptions may
be made for flammable but nontoxic gases where the maximum possible
quantity released by a 1eak cannot result in a flammable mixture
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B-24 Provisions should be made for detection and control of pathogenic

agents onboard the space station using methods harmless to crew and
equipment

B-25 Planned crew tasks should be assessed initially, for compliance
intent witn TBD regulations before performing such tasks; and crew
training provided for each specialized and/or hazardous task

B-26 Provision should be made for handling irrational crewmembers and the
remains of deceased crewmembers

B-27 The occupied compartment's acoustical noise environment should be
within human tolerance noise exposure 1imitations, permit
intelligible auaitory communications, have a minimum of pure tone or

1 narrow frequency band(s), a minimum of intermittent or discontinuous

! noises and a minimum of high-frequency noises. System and equipment

design (including subcontractors) should be accomplished from the

outset to produce an accentable noise environment. Desirably, the
noise environment should meet NC TBD-or-lower noise contour for work
periods and NC T8D-or-lower for sleep periods

B-28 Any module designated as a safe haven shall be provided with an
airlock chamber at the port assigned for orbiter docking and rescue
to allow crew transfer and rescue from a degraded and/or marginal
safe haven. The rescue hatch shall provide for actuation from inside
or outside to accommodate contingencies

Ll e ey T T e
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B-29 Subsystems shall be designed to prevent inadvertent or accidental
activation or deactivation of functions or equipment that would be
% hazardous to personnel or the Space Station

B-30 Radiation doses that affect personnel safety must be considered from
all sources, including natural environment, external isotope and
reactor sources (if any), electromagnetic, solar radiation and
internally allowable radiation levels from experiments, processes and
health maintenance/diagnostic equipment

B-31 Exposed surfaces within habitable modules shall not exceed a
temperature of 113°F (with a design goal of 105°F) and a low
temperature of no less than 40°F

B-32 Except for contingencies, EVA shall not be used for hazardous

operations or when a maneuvering spacecraft is within the proximity
operating zone (+5 nm)

STATION INTEGRITY

C-1 Primary pressure structural materials should be nonflammable.
Irterior walls and secondary structure should be self-extinguishing

C-2 Normally exposed nonmetallic materials should be self-extinguishing
in the most severe oxidizing environment to which they will be
exposed. Means shall be provided for fireproof storage of medical
supplies, maintenance supplies, food, tissue, clothing, trash, and
for other non-self-extinquishing items, when they are not in use
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C-3

c-4
C-5

C-6

C-7

C-9

c-10

c-12

C-13

c-14
C-15

Potentially explosive containers, such as high pressure vessels or
volatile gas storage containers, shall be placed outside of and as
remotely as possible from personnel 1iving and operating quarters,
Wherever possible the containers should be isolated and protected so
that failure of one will not propagate to others

Cortainment of all materials requiring return via the STS to prevent
contamination of the space station environment should be provided to
reduce the hazard of potential fire and toxic conditions

Tank supports should be designed to restrain the tank under
propulsive effect of rapidly escaping gas

Design provisions should be incorporated to prevent uncontrollable
hatch opening due to pressure differentials, and to allow controlled

closing of hatch openings with or against pressure differentials, for

the worst care pressure differentials anticipated

Equipment or materials sensitive to contamination should be handled
in a controlled environment. Fluids and materials should be
compatible with the combined environment in which they are employed

Provisions should be made to allow communication between any and all
isolatable/habitable volumes on a primary and backup basis

Provisions should be made for material usage, identification and
location mapping to allow real-time evaluation to determine adequate
inspection/maintenance replacement frequencies

Fluid or gaseous flow, such as pressure relief valves/exhausts, fuel
transfer disconnects, etc., should be designed to prevent torquing/
turning or undesirable translation motions to the space station

A1l reaction control thrusting devices used primarily for altitude
positioning of the spas: station, and occasionally for velocity
changes, should be located such that the exhaust plume does not
impinge upon other structural elements such as solar cells, areas

requiring EVA maintenance or other vehicles docking with the space
station

Space station modules should be tumbled to rid them of internal
debris and contaminants immediately prior to preparation for launch

Provisions shall be made for in-flight servicing, adjusting,
cleaning, removal and replacement of offending compunents, testing
and repairing of all critical subsystems

Wear iteins should be 1ife cycle tested in a realistic environment

A1l personal items should be screened for flammability and toxicity
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C-16 Space Station protective enclosures shall be provided for all high
mass/high speed rotating machinery

C-17 Active/passive compartmentation should be provided to contain and/or
prevent fire/explosion/depressurization initiation or impact
propagation. Compartments should be inspectable to support damage
control and maintenance operations.

CONTINGENCY CONTROL

D-1 Identified nazards should be eliminated, reduced to controlled
hazards, or specified as residual hazards

D-2 Provision should be made for detecting, annunciating, containing/
confirming, controlling and restoring to a safe condition emergencies
such as fire, toxic contamination, depressurization, structural
damage, etc. The tools, tasks, spares, workspace, storage volumes

necessary for these provisions shall be included in space station
design planning

D-3 For those malfunctions and/or hazards which may result in time-
critical emergencies, provision should be made for the automatic

switchin? to a safe mode of operation and for caution and warning of
personne

D-4 The capability snould be provided on the space station for the
detection of malfunctions and/or hazards, tracing to the failed

replaceable unit and the display of information to the crew necessary
for corrective action

D-5 Provisions should be made for the crew to ascertain the hazard status
of any habitable module external to the inhabited module and to
mitigate or control remotely those hazards which would preclude safe
entry to the module in questinn

F' D-6 The crew must be able to override any automatic safing or switchover
. capability. A1l overrides should be two-step operations with

: positive feedback to the initiator, which report impending results of
E the override command, prior to the acceptance of an execute command

D-7 Windows should be provided in the space station to enable adequate
visibility to accomplish safe docking operations with the orbiter or
other vehicles. Additional windows will be necessary to monitor EVA

g operations, logistic resupply operations and to support photographic

p requirements. Transmission through the windows should be such as to

, protect the crew from harmful UV and IR radiation. Tnermal flux from

the windows should be controlled to prevent excessive heat from the
crewman's face and head

D-8 An 1independent self-contained i1lumination system should be provided
that will be automatically activated in the event of a major primary

power failure or main lighting circuit malfunction resuiting 1in
: circuit breaker interruption

| D-9 Materials and components subject to insidious degradation in the

SRace Station ionizing radiation environment shall not be used where
that degradation can cause or contribute to a crew hazard
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D-10 Provisions shall be made for safe disposal of the Space Station or

any auxiliary part thereof without danger to flight or around crew-
members or the public

SELECTION/INDOCTRINATION

E-1

E-2

E-3

E-4

E-5

‘under stress, a

Crew selection should be based on selectees cross~trainability in
fields other than speciality

Orbital crews should be an integral part of the air/ground system
active interface with on-orbit crews

Station crews and teaming should allow equal thirds of schedule for
on-orbit, ground interface operation and recycle operations (post

orbi? rehabilitation, leave, additional training, public relations,
etc.

Assurance should be provided that each mission segment crew is
familiar with 1) Station Operations and Maintenance as concerns

critical subsystem and 2) Procedures necessary to render SAFE an
experiments and/or user-processes

Screening criteria should include assessment of attitudes, physical
needs, psychologica] needs, personality traits, ability to function
ility to accept direction, and TBD
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Appendix D
SPACE STATION

CREW SAFETY DESIGN GUIDELINES

These design guide;ines were eclectically assembled

from industry space station stu
early as 1968. Those guidelines

to the current space s
forward, if not in d

dies beginning as
that were relevant
tation studies were carried
at least in intent.

Reassessment of threats under Contract NAS1-17242
evolved additional guidelines that are included.
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AOM

CME
com
CPH
CSE
CHS
DPS
DUS
ECS
EPD
EPG
FSE
HM4S
IFM
INT
MSE
NUC
OPS
RSD
STR

SPACE_STATION SAFETY GUIDELINES

Design Guidelines Acronyms

Attitude/Orbit Maintenance Systems

Caution and Warning Systems
Crew Messing Equipmen

Communication Equipment
Cargo/Payload Handling Systems
Crew Safety Equipment

Crew Water Systems

Data Processin? Systems
Docking/Undocking Systems

Environment Control System

Electrical Power Distribution Systems
Electrical Power Generating Equipment
Fluid System Equipment

Health Maintenance Systems

In-F1ight Maintenance

Integration, two or more systems involved

Mechanical Systems Equipment )
Nuclear/Ionizing Radiation Systems Equipment

Operations
Radiation Shielding Devices
Structural Systems
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SPACE STATION CANDIDATE SAFETY DESIGN GUIDELINES

DG-INT-001. Normally habitable compartments of more than 25 cubic meters
(880 cubic feet) in volume shall have two or more exits into areas which
provide for personnel survival. These exits shall be at least 3 meters
(10 feet) apart.

DG-INT-002. Flammable, explosive or gas generating material shall be
located o that the energy content which can be propagated at any one Tocation
shall not result in overpressurization of the compartment from heat and gas
production.

DG-INT-003. Flammable, explosive or gas generating material within
3 meters (10 feet) of the entrance to compartments with only one entry/egress
path shall be limited so that the energy content, if released, will not result

in damage of an environment which prevents shirtsleeve access through the
entrance.

DG-INT-004. ~“wo : -~ more entrances into normally nabitable compartments
of more than 25 cub’'r meters (880 cubic feet) in volume shall be shirtsleeve
accessible from each of the other normally inhabited compartments. These
entrances shall be at least 3 meters (10 feet) apart.

DG-INT-005. Where only one shirtsleeve ingress/egress path is provided
into a compartment or module, redundant means shall be available for opening
the connecting hatch(es) from either side.

DG-INT-006. Capability shall be provided to depressurize adjacent
volumes before undocking.

DG-ECS-007. Capatility shall be provided to reduce the pressure in each
habitable volume, sufficiently, or increase it in the adjoining habitable
volumes, and to cut off air circulation, so that in an emergency the
atmosphere 1ir the affected volume will not be propagated into adjoining
compartments. This capability shall be contro led remotely from each

compartment.

DG-ECS-008. Automatic venting capability shall be provided in each
habitable volume so that in the event of a fire or release of gases within the
volume the pressure will not exceed the structural limits of the structure or
the capability of the seals to other volumes to exclude the contaminated
atmosphere.

DG-INT-009. Double contained toxic flammable or corrosive fluid
containers shall be provided, with means to detect leakage of the toxic
flammable or corrosive fluid into the volume in between the containers, and
with means to detect penetration of the outside container.

DG-INT-010. Capability shall be provided to detect potential tank
failures by measurement of fluid pressures, temperatures, tank strains, or
other means.

DG-INT-011. The reflectance of surfaces of docking vehicles and the

docking system that are visible to the controlling crew and TY cameras shall
be below eye and vidicon damage levels.
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DG-DUS-012, The vidicon tubes for docking s1all be designed for low
sensitivity to tube image burn.

DG-DUS-013.  Redundant or replaceable 1lighting provisions shall be
provided for docking.

4 k_1DG-DLIS-0M. Redundant or replaceable vidicon tubes shall be provided for
ocking.

DG-DUS-015. Redundant or replaceable video monitors shall pe provided.

DG-DUS-016. Docking system rapid emergency release capability shall be
provided.

DG-DUS-017., The docking system shall be designed to withstand normaj

Jackknifing vehicle dynamics and will limit attitude excursions to within
prescribed 1imits as determined by space station geometry to prevent
inadvertent contact from the docking vehicle.

DG-DUS-018. The docking system shall be capable of withstanding vehicle
oscillations and 1loads generated by inadvertent attitude control system

activity of either or both vehicles during draw down to rigidize the capture
interface.

DG-INT-019. Thermal protection shall be provided to prevent fet plume
impingement damage to the space station from docking vehicles within the
design angular and 1inear misalignments.

DG-IFM-020, Capability shall be provided to recycle both capture and
seal latches on the docking system from any phase of their status.

DG-INT-021. A1l hardware in the docking tunnel will be flush mounted to
interior walls of the cargo/crew transfer tunnel.

DG-MSE-022. Stops shall be provided on hatches to prevent uncontrolled
opening if opened when a pressure differential exists.

DG-DUS-023. A1l docking interface equipment shall be grounded.

DG-DUS-(24. At the docking ports, all electrical umbilicals shall be
grounded until connection of the docking interface.

DG-INT-025. Capability shall be provided for the emeryency shirtsleeve
survival of all on-board personnel until the next resupply or emergency
shuttle flight following the loss of access to any one module/compartment. A
shirtsleeve accessible docking port shall be available. If the loss of the
habitable volume divides the space station into two or more isolated habitable
sections, then each section shall provide the survival capability for all
on-board personnel, including an available docking port.

DG-INT-026. A backup EVA egress/ingress hatch which can be used for
contingency EVA shall be available. Capability for depressurization and
repressurization of the connecting habitable volume shall be provided.
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DG-INT-027. An emergency IVA or EVA return route shall be available for
any planned IVA activity 1independent of the normal IVA airlock route.
Depressurization and repressurization capability shall be provided for the
additional volumes which must be used.

DG-CSE-028. Emergency portable 1ife support systems shall na available
in the airlock sufficient to sustain IVA personnel 1in an emergency IVA ar EVA
return from planned IVA or EVA activity.

DG-COM-029.  Communication between any and all habitable/isolatable
volumes on a primary and backup basis shall be provided,

DG-EPG-030, Adequate venting of batteries shall be provided to prevent
contamination, overpressure or explosion.

DG-FSE-~031., A1l filters, screcus or other devices used to collect
contaminants or waste products shall be designed so they can be easily
serviced or replaced without reieasing contaminants into the atmosphere.

DG-C&W-N32. An audible and visual alarm shall %He provided to warn the
crew of habitable volume CO2 partial pressure not within the prescribed 1imits

for crew safety. This alarm shall be provided both in the affected habitable
volumes and at the command and control center(s).

DG-EPD-033. Equipment, including electrical wiring, that could become
contaminated or damaged by leaking propellants shall be iocated to prevent
contact. with possible leakage or shall be provided with suitable protection,

DG-INT-034. Means shall be provided for collecting and/or containing any
loose fluids or debris that may result during replacement of system conponents,

DG-FSE-035. Fluid systems shall have provisions for shutting off the

flow of fluid to sections of the system or equipment which are susceptible to
damage or leakage. '

DG-FSE-036. All orifices, close tolerance valves and

contamination-sensitive equipment in fluid systems, shall be adequately
protected from contamination. Futhermore, if the system is designed for

periodic flow reversal, or a possibility exists that flow reversal can occur,
both sides of these items shall be protected.

DG-CME-037. Food supplies shall be stored in more than one storage
container,

DG-CME-038. A means for steriiizing containers where food is stored
shall be provided.

DC-CME-039. Food supplies which require cooling or refrigeration shall
be protected by a redundant capability.

DG-HMS-040. Means for controlling insects in the space station shall be
provided. The control method should be harmless to men and equipment.

DG-INT-041. The wuse of mercury on-board space stations should be
prohibited.
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DG-ECS-042, Provision shall be made for the removal of ozone generated
by X ray equipment or electrical arcs.

DG-FSE-U43. The number of connectors used to connect plumbing or
components in fluid systems should be kept to a minimum.

DG-FSE-044. Safety requirements for all subsystems/experiments/internal
payloads are needed,

DG-FSE-~045,  Fluids required for operation of subsystems located in
habitable volumes shall be non-toxic, non-flammable, and non-corrosive.

DG-INT~046, Pressurized containers should not be installed in normally
habitable volumes. When installed externally to normally habitable volumes,
shrapnel shields shall be provided to protect the normally habitable volumes.

DG-C&W-047. Visual and audible alarm shall be provided to warn the crew
of atmosphere contamination which exceeds the 1imits established for crew
safety. This atarm shall be provided at a minimum in the affected habitabie
volume and at the command and control center(s).

DG~-C&W-048. Where the possibility exists that a fluid in a system could
become contaminated, means shall be provided to detect contamination and
provide an alarm at the command and control center(s).

DG-C&W-049, A system shall be provided to monitor the environmental
status of all potentially hazardous (explosive, flammable, toxic, etc.)
materials 3tored on-board the space station, and display a warning signal in
the command and control center(s) when established 1imits are exceeded.

DG-C&W-050, A warning and alarm system shall be provided to alert the
crew of atmosphere relative humidity levels which are not within prescribed
limits, with the warning displayed at the command and conirol center(s).

DG-ECS-051. Provisions shall be made for containing, venting or
21iminating odors and bacteria generated by waste products and other sources.

DG-ECS-052. The composition of the space station water supply shall be
checked at regular intervals to ensure that contamination does not exceed
prescribed limits.

DG-CWS-053. A capability shall be provided for maintaining the sterility
of on-board water supplies.

DG-CHS-054, Water storage systems shall have provisions for isolating
parts of the system which may have become contaminated.

DG-CWS-055. Water supplies shall be stored in areas which will minimize
the possibility of contamination from other space station systems.

DG-INT-056, System components shall be designed to withstand the
overpressure and heat pulse attendant to meteroid pcnetration.

DG-ECS-U57, Materials used for insulation or filler in space station
walls shall be non-combu:tible.
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DG-IFM-058. Windows shall be designed to pemit replacement without
degrading the pressure or structural integrity of the space station.

DG-STR-U59. Individual habitable volumes shall be designed to withstand
a rapid decompression of any adjacent compartment.

DG-STR-060. Space station structure shall be designed as a structural
matrix with the capahility of arresting crack and tear growth.

DG-INT-061. Equipment located in habitable volumes shall he designed to
create ne hazard to occupants during the changing environment associated with
rapid decompression of the space station.

DG-MSE-062. Automatic closure of hatches bhetween habitahle volumes, when

gressure decreases below a specified 1imit, should be considered as a design
eature.

DG-0P5-063. Hatches between compartments should be closed except when
required for crew transit.

DG~C&-064. A means shall © provided for visual inspection of the hatch
as well 1: the warning system, . a safety check to assure that hatches or
other accesses to an area at a different pressure level have been secured
properly. Warning system displays shall be at the hatch and at the command
and control center(s).

DG-MSE-065. Pressure natches providing access to an area of differential

pressure sh.uld he of a type that Dbecomes more positively engaged under
pressure locding.

DG-EC5-066. Hatch design should be sucn that loss of a bnhatch seal
element will not result in a pressure leakage rate which exceeds the emergency
recompression system capability.

DG-~INT-067, Provision should be made for an airlock in the hatch or
hatchway between separately pressurizable compartments.

DG-INT-068. A leakage repair system employing techniques and equipment
appropriate to the vacuum and gravity environment of the space station shall
be provided as a kitable part of the damage control system.

DG-HMS-069., Consideration should be given to providing the equipment and
supplies necessary for general cardiopulmonary resuscitation and other
equipment and supplies that might be required for the individualized treatment
of residual effects of decompression.

DG-FSE-070. A1l pressure relief valves shall be designed to protect
against a regulator failed or stuck in the full open position.

DG-FSE-071. Plumbing systems which carry cryogenic fluids or hydrogen
peroxide should be designed such that adequate pressure relief capability
exists in those areas most 1ikely to trap the fluids. Furthermore, to guard
against the possibility that a relief valve in these systems becomes frozen

shut or otherwise rendered inoperative, a backup pressure relief device, such
as burst disks, should be incorporated.

91

Sam L



DG-INT-U72. A)1 pressure systems should be designed to enable a planned
depressurizaviun; accurate sensors should be incorporated to ensure that the
pressure 1s teotally relieved prior to opening the system should that
requirement arise for maintenance or other reasor .

DG-ECS-0/3.  Any pressurizable volume that can be contined or isalated by

any means, such as by valves, should include some means for automatic
protection from overpressure.

CG-FSE-U74.  Pressurized gas supplies should include restrictions that
will 1imit gas flow in the event of a pressurized gas plumbing fai,ure, to
that which can be handled by the relief valves or venting system.

DG-1FM-075.  Design of space station structure and equipment, including
their interfaces, shouid be such that all portians of the pressure shell,
bulkheads and seals will be accessible for damage inspection and repair. This
should apply to exterior as well as interfor space station surfaces,

DG-INT-076. Potentially harmful effects on the crew members of rapid
decompression should be minimized through engineering considerations 1n

selection of space station atmosphere composition, pressure and habitable
compartment. net volume.

DG-STR~077. The space station shall be of sufficiert structural strength
to safe1{ maintain the requirea internal pressure within the expected launch
and mission environment for the pericd of orbital stay.

DG-1FM-078. Components which are vented to space (vacuum) shall be
replaceable without requiring cabin depressurization.

DG-IFM-079,  Cabin pressure shall not be vented to space through
compartments or outlets that are used to vent fluids.

DG-ECS-080. Pressure relief devices for all pressurized volumes shall be
vented to areas tnat will not endanger the crew or equipment.

DG-ECS-081. A1l cabin atmosphere overboard relief or "dump" vailves (any
valve venting into space) shall be fail-safe in the closed position anda should

be self-indicating when failed. Manual override or redundant manual valving
should be provided as backup.

DG-C&W-082. Total cabin pressure sensors shall be provided to detect
out-of-tolerance values of the total cabin pressure. Detection of pressure
change at an excessive rate, or outside the desired operating range, should
activate an alarm system to warn the crew to initiate appropriate remedial
action. Tne alarm should be activated both in the affected habitable volume
and at the command and control center(s).

DG-C&W-083, A1l pressure warring systems shall include provisions for
self-test and shall be self-indicating in the failed state.

DG-EPD-084. Wire bundles shall be routed and protected as to preclude
damage to the insulation through flexing or bumping.
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DG-EPD-085. Suitable positive means, such as keying, shall be provided
to preclude accidental mismating of electrical connectors. This would he
especially significant for connectors which are to be connected and
disconnected during orbita) operations (e.gq., experiments),

DG-EPD-086. Consideration should be qgiven to the design of electrical
subsystem components {e.g., wall switches, light bulbs, or hot plates) to

protect them from wear-out or inadvertent breakage:, which could result in
jenerating shorts or arcing.

DG-INT-087. Enclosed air duct systems that include potential sources of
atmosphere contamination should provide sensors immediatel,; downstream of the
contamination scurce, which, if activated, would shut off the airflow through

this equipment and provide a visual and audible alarm at the command and
control center(s).

0G-ECS-088. Active redundancy should be provided for equipment which is
essential to the control and detection of atmosphere contaminants,

DG-EPD-089, AM temporary electrical connections (outlets, connectors,

etc.) shall be so designed and/or operated as to eliminate the possibility of
arcing.

DG-EPD-090. Wire bundies should not be 1located near potential heat
scurces, including those areas where potential for fire exists.

DG-EPD-091. Provisions should be made to ensure pruper pin connection at
all critical electrical connectors prior to the application of system power.
Yerification should be made to ensure that all Pin connections exist as
designed, no pin-to-pin shorts exist, and that no pin-to-shel) shorts exist.

DG-INT-092. AN equipment and substructure shall be grounded to the
basic space station.

DG-INT-093. A means shouild be provided to equalize electric potential
differences between docking spacecraft

DG-EPD-094, Multiple power distribution paths to essential electrical
equipment should be provided.

DG-C&W-095. Sensors shall be provided to detect out-of-tolerance values
for critical electrical power source parameters, such ac voltage, frequency,
current, temperature, etc., or momentary excessive power surges resulting from

nt turn-on or turn-off. The sensors should activate an alarm system at
“nd an< control center(s) of deviations from the desired parameters,

’

°G-096. Multiple or redundant primary electrical power sources shall
®d such that a single failure will not result in a compiete loss of

peim . electrical power, or cause failure of equipment which is unable to
survive momentary power interruption,

0G-EPD-097. Protective covers shall be provided for all portions of the

electrical subsystem to which access 1s required (switch boards, terminal
boards, etc.).
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DG-EPD-098. Redundant electrical circuits for items critical to crew
safety should not be included in the same wire bundle.

DG-EPD-0Y99. Power distribution lines should be routed in such a manner
that any damage resuiting from fire, caused by a fault in the distributicn

system, will have a minimal effect on other power distribution wires in the
vicinity.

DG-0PS-~100. Procedures should be established and means provided the crew
for controlling and/or eliminating contamination that is in excess of the ECS
capability to control on a timely basis.

DG-ECS-101. Redundant C02 removal equipment wich capability cf manual
override of automatic operation should be provided to ensure a continunus

capability to keep the CO2 partial pressure witnin allowable 1limits.

DG-ECS-102. The amount of toxic or potentially toxic materials (sucn as
materials or chemicals utilized in experiments) on-board the space station
should be limited such that accidental release of the totil guantity of the
material will not produce contamination above the capability of the
environmental centrol system to remove on a timely basis.

DG-HMS-103. Threshold Limit Values (TLV's) of contaminants for long term
human exposure should be established for space station environments.

DG-0PS-~104, Strict configuration control procedures should be
established over all materials incorporated in or brought on-board he
spacecraft.

DG-OPS-105, The original orbital flight path selection and changes
required by station-keeping during the mission should be such that the
probability of collision with man-made debris or other spacecraft is

sufficiently low to provide adequate confidence in orbit selection and program
decision to proceed.

DG-CPH-106. A1l bulk cargo should be properly tethered or otherwise
controlled during zero-gravity or partial gravity operations.

DG-0PS-107., Procedures and equipment should be available for use in
event of death of a crew member.

DG-HMS-108. Procedures and equipment should be provided for the

pr$se;vation or disposal of the remains of deceased experimental plants or
animals.

DG-0PS-109. The program of selection, training, mission support,
physical conditioning, daily activities, and recreation should insure that
crew members remain confident in the mission and their roles in it.

DG-HMS-110. Procedures and eoiipment should be provided for restraint
and control of irrational crew memoers,

DG-HMS-111.  Unauthorized personnel should be restricted from using
radiation-producing equipment or handling and using on-board radioisotopes.
Consider the installation of copropriate caution signs and/or other means of
warning, featuring visible or audible signals.
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DG-HMS-112. Safe procedures should be established for the disposal of
radioactive waste or radiation-contaminated material. The procedures should

also include the actions necessary for the disposal of a spent or failed
nuclear power reactor.

DG-HMS-113,  On-board handling and use of radioactive material or
radiation-producing equipment snould conform or be consistent with established
NASA and Nuclear Regulatory Commission policy and procedures for radiation
protection standards.

DG-HMS-114. Positive protective measures should be taken to prevent
accidental exposure to personnel from RF or X-radiation.

DG-EPG-115. Nuclear powered electrical power sources should be located

gnd shielded to protect crew members from accumulating excessive radiation
osage.

DG-HMS-116. Crew 1location during the nucliar power unit activation
should be restricted to refuge areas affording high protective shielding,
until radiation levels have been checked in all habitable areas within the
space station and have been found to be within acceptable limits.

DG-NUC-117.  Space station installed/residing active nuclear reactor
shall provide fail-operational/fail-safe measures for emergency shutdown of a
reactor and provide alternate methods of reactor neat dissipi.ion in event of
failure of the primary cooling system.

DG-RSD-118. The space station radiation protection provisions shall be
co?sistgnt with the orbital flight path type, orbital height, and inclination
selected.

DG-CPH-119. Space station design and layout should make maximum use of
any on-board mass as radiation shielding.

DG-RSD-120. Protection of the space station crew against the effects of
a nuclear device explosion in space that releases radiation into the space
station's orbital path should be considered.

DG-C&W-121. The location and characteristics of the radiation detectors
should be consistent with the expected radiation environment.

DG-INT-122. Radiation effects upon space station electronic materials,
microelectronic circuit elements, electrical systems, metals, ceramics,
polymers, and other organic and inorganic materials should be thoroughly
investigated for radiation-induced transient and permanent effects in terms of
false signals, degradation, catastrophic failures, and contamination.

DG-0PS-123. In low-inclination (up to ¢O degrees), low altitude orbits,
Extra-Yehicular Activity should not be scheduled while the space station is
passing through the South Atlantic Anomaly. For polar orbit, the same
guideline applies. In addition, the occurrence of a solar event should
require that EVA be avoided.
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DG-0PS-124, A mission radiation control program should be instituted to
develop radiation expasure limits, procedures, design criteria, and
responsibilities consistent with the expected mission environment and period
of orbital stay.

0G-HMS-125, A cumulative radiation exposure record should be Xept on
each crew member, and personnel wnr nave reached the limit of safe raaiation
exposure should be returned to earch without delay.

DG-INT-126.  Provision should be made in the space station for a
designated shelter that would serve as a haven for radiation protection
against possible high-intensity radiation events. This sielter should contain

the necessary 1life support ecuipment and provisions consistent with the
maximum expected stay time for the particular mission profile.

DG-HMS-127. Space station radiation monitoring, {inciuding cumulative
radiation level records, should be maintained to ensure the precise

determination and provide clear notifization of radiation conditions, and
warning of possible over-irradiation of the space station.

DG-C&W-128. The space station detection system should continuously

monitor the interior and exterior radiation levels and record the accumilated
dosage for the mission.

DG-RSD-129. Additional protection for crew members performing EVA in the
proximity of a nuclear power source should be provided.

DG-INT-130. Precautions should be taken in the selection of spacecraft
materials to ensure that the materials will not support induced radiation.

DG-0PS-131, Maintenance procedures for €02 control equipment should take
into account the possible high operating temperatures of the equipment and the
possibility of release of contaminants.

DG-OPS-132, The storage and disposal of combustible waste materials
should be sucn that a fire hazard or traffic obstruction is not created.

DG-INT-133. Flame arrestors should be provided in all ducting through
which flame could propagate.

DG-INT-134. Cryogenic piping systems should provide for both automatic
and manual emergency shutoff.

DG-EPG-135. Adequate cooling capability should be providec to prevent
overheating of electrical power sources even during worst-case conditions.

DG-INT-136. Power generating and distribution equipment which is a

pote?tial source of fire should be located in unpressurized areas in the space
station,

DG-INT-137. Fire control equipment and/or methods should be provided

which can be automatically initiated, or are readily accessiple and can be
manually controlled.
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DG-INT-138. Electricai insulation should pe, as a  minimum,
self-extinguishing in the tpace station atmosphere.

DG-INT-139. Power equipment racks and cables should be as resistant to
fire as possible. Emergency equipment and casualty mode /damage control
operations should be developed.

DG-INT-140. A1l fluid 1ines should be adequately protected from freezing
due to proximity to cryogenics, or exposure to black space.

DG-INT-141. Heating elements which must pe exposed to the atmosphere
should be provided with a device to prevent the propagation of flame.

DG-C&W-142. Areas where radioactive materials are used or stored should
be monitored for radioactive contamination, and suitable warnings provided if
radioactivity exceeds established limits.

DG-INT-143.  Components which could generate excessive heat due to

friction should be automatically monitored for temperature increase and sealed
from the atmosphere. An overheat warning signal should be provided.

DG-INT-144, The amounts of hypergolic, pyrophoric, or other easily
ignitable materials on board the space station should be restricted to the

minimun necessary, and close control should be exercised over their handling
and use.

DG-INT-145. Potential ignition sources, such as lighted cigarettes or
open flames, etc., should not be permitted within the pressurized inhabited
compartment of the space station unless rigid control can be exercised to
insure that a fire hazard is not present.

DG-INT-146. If absence of oxygen is utilized as a means of preventing
fires, design should provide that no single failure could produce an oxygen
atmosphere,

DG-INT-147. Passageways should be kept free of all combustible materiais
and oxidizers.

DG-MSE-148, Lubricants used in mechanical components which are essential
for survival should be capable of withstanding extreme temperatures.

DG-ECS-149. A capability for manually controlling operation of equipment
used for cabin and equipment temperature control should be considered.

DG-EPD-150. Current limiting devices or techniques should be used to

preclude hazardous overcurrents. Devices should be readi1{ accessible,
provide visible indication of their state, and be resistant to inadvertent or

accidental de-activiation, fire, explosion, shock and explosive

decompression. They should provide protection both to the current source and
to the "using" equipment.

DG-INT-151. Design provisions should be made which assure that no heated

surfaces would provide a source of injury to crew members or provide a source
of ignition.
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DG-FSE-152. Propellant supply system equipment and plumbing which uses
toxic or potentially flammable fluids should be located in uninhabited areas.

DG-INT-153. Equipment which has a critical temperature requirement
should be protected ny redundant or alternate temperature control capability.

DG-INT-154. Materials whicn are capable of self-propagation of fire
should not be on-board the space station in sufficient quantities or
concentrations that ignition would result in a hazardous condition.

DG-ECS-155, Valves for oxygen systems of 3000 PSI or higher should be

slow opening and closing to minimize the possibility of ignition of
contaminants.

DG-ECS-156.  Space station thermal protection provisions should be

consistent with the orbital flight path, orbital height, and inclination
selected.

DG-ECS-157.  Thermal control equipment whose operation is critical to
crew safety should have redundancy provided.

DG-ECS-158. Temperature sensors should be provided at critical points in
thermal control systeins to detect out-of-tolerance temperatures. Detection of
temperatures which deviate from the normal range should activate an alamm
system to warn the crew of the need for remedial action.

DG-INT-15¢.  Procedures should be established and design safeguards

provided that will preclude operation of tnrusters when it might endanger crew
members involved in EVA.

DG-AOM-160. Sensors should be provided ty monitor tne temperature of
attitude control thruster assemblies. The sensors should activate visual
and/or audible alarm at the command and control senter(s).

DG-AOM-161. Angular rates of the space station should be continuously
monitored during attitude change maneuvers. Detection of excessive angular
rates should result in automatic/controlled shutdown of operating thrusters.

DG-AOM-162. An automatic system for controlling thrusters to restore a
tumbling space station's stability should be provided.

DG-AOM-163. Redundancy should be provided for all components that are

located outside rressurized inhabited areas and failure of which could result
in a loss of attitude control.

DG-AOM-164. The attitude maintenance system should have the capability
to counteract the undesired motion imparted by fluid escaping through a hole
in a compartment or pressure vessel.

DG-ADM-165. Interlocks should be provided to prevent simultaneous manual
ard automatic operation of the attitude control system.

DG-AOM-166. A means for stopping propellant flow to failed OPEN
thrusters should be provided.

98

A\



DG-INT-167. (Outlets should be designed so that fluids being vented
overboard do not jinpose any torque on the spacecraft.

DG-FSE-168. Propellants should be stored in more than one tank or other
storage device.

DG-INT-169. Accessways between and within compartments should be sized
in such a manner that an IYA-suited crew member will be allowed to access to
normaily used areas.

DG-STR-170. Hatches snould be capable of being operated from either side
and at least two methods for operating the hatches should be provided.

DG-ECS-171. Space station airlocks should have redundant pressurization
capability.

DG-INT-172. An alternate command and control center should be provided
in tha space station, possibly within the crew refuge area, to ensure
continuation of a minimum number of functions which are vital for base control
and crew 1ife support, in the event the primary conmand and control center is
rendered incapable of providing these functions. '

DG-INT-173. Capability should be provided to allow entry into a
compartment, where fire or other emergency axists, ‘o effect rescue of
incapacitated crew members or to combat a fire. The means of entry and the
procedures involved should assure that the emergency does not escalate or
spread to other locations in the space station.

DG-OPS-174. Mission rules should inciude the requirement that control
center "authority to proceed" be obtained immediately prior to the initiation
(by any crewmember) of any activity which is hazardous either by itself, or
when performed in conjunction with other base activities being conducted
simultaneously.

DG-C&W-175. Closed circuit television system with strategically located
cameras should provide command and control center uperator(s) real-time visual
information on hazardous activities/operations.

DG-OPS -176. Simultaneous occupancy (other than momentary) by the space
station con.. .fer and his deputy, of those compartments or locations which are
judged to have the highest safety risk probability, should be minimized.

DG-COM-177. Equipment in the space station for external voice and data
cormunications should have as much commonality as practicable with the
equipment used in the logistics vehicles and earth-return vehicles.

DG-AOM-178. Continuous indication of space station attitude or attitude
changes should be provided to the command and control center(s).

DG-OPS-179. Crew activity should be restricted during transfer of
volatile, flammable, or explosive materials either between docked spacecraft,
the logistics vehicle, or within the space station. These restrictions shculd
apply to the use of high voltage equipment, conduct of high temperature
experiments, or other activity which would involve a potential source of
ignition in the immediate neighborhood of the material transfer route.
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DG-IPS-18G.  The number of crew members in any compartment at one time
should be heid to a minimum necessary to perform the required functions.

DG-0PS-181. Crew members should be restricted from movement about the
station other than within specified and assigned areas.

ol s

DG-INT-182, The areas in which the crew spends most of 1its time
(statercoms, dining facilities, personal hygiene areas, exercise and
recreation areas) should be designed as the safest parts of the space station.

DG-C&W-183. Critical visual/audible C&W alarms should be displayed in
all inhabited compartments.

B AN

DG-COM-184. An independent emergency communications system should be

provided for directing and controlling operational activities in emergency
situations.

DG-OPS-185. A sufficient number of logistics and/or r:scue vehicles
should be docked to the space station at all times to accomodate every
on-board crew member in the event that emergency evacuation is required.

DG-COM-186. Independent emergency communications snould be provided to
assist EVA personnel in performing their tasks or to facilitate rescue of EVA
personnel.

DG-EPD-187. Emergency lighting system should be provided to assist EVA
personnel in performing their task or to facilitate rescue of EVA personnel.

DG-OPS-188. Periodic drills for all personnel should be devised, and
conducted in response to unscheduled simulated emergencies, so that crew
proficiency is maintained in emergency procedures.

BAL  RNTE S R 11 A D

DG-OPS-189. ""ire Resistant" areas should be established to provide

haven from fire. Emergency ﬁrocedures should be established to identify suci
things as optimum routes to haven from any area, and all personnel should be

trained in these procedures.

DG-0PS-190. Procedures should be established and training provided to

the crew which will enable them to cope with any foreseeable contingency that
might arise during EVA.

DG-C&W-191. An adequate fire warning system should be provided. The
warning should be activated by smoke or fumes, as well as heat, and should
warn the entire space station. The precise location of the fire should be
provided to the command and control center(s). All segments of the warning

system should be resistant to temperature extremes, decompression/overpressure
or shock and should be seif-indicating when failed.

DG-FSE-192. A means for monitoring fluid quantity usage should be

provided to permit the crew to detect excessive consumption rates and low
remaining supply levels,

DG-C&W-193. The commencement, behavior, and completion of all remote

hazardous resupply operations (pressurized 1iquid or gas resupply) should be
positively indicated at the command and control center(s).
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0G-OPS-194. Overall healtn and safety responsibilities should be
assigned to specific members of tiie crew with alternates.

DG-0PS-194%. Procedures should include the provisions for abort for all
incoming vehicles having an on-board emergency which would jeopaidize the
space station.

DG-EPG-196. An emergency power source which is completely independent of
the primary power source should be provided.

DG-0P5-197. An initial advanced manning team should check habitability
of the spice station prior to duty crew manning.

DG-COM-198. A visual warning should be provided to the command center(s)
when any link of the space station communication system fails.

DG-COM-199. At least one intercomunications station shouid be provided
for each separately pressurizable space station compartment that can be
occupied by the crew.

DG-INT-2C0. The raintenance equipment, procedures and skills required to
completely analyze and isolate component failures and accomplish the needed

replacement or repair should be provided.

DG-C&W-201. Critical subsystems of docked transient vehicles should be
continuously monitored in the space station command and control center(s),
with appropriate warnings for out-of-tolerance conditions.

DG-OPS-202. A1l EVA and IVA suited activities shall be backed up and
monitored by a suited crew member who is in a position to provide irmediate
assistance.

DG-0PS-203. A periodic, two-way communications check should be made by
the command and control center with all elements that comprise the space
station. A "no communications" period wonld automatically intiate space
station emergency procedures.

DG-0PS~204. Armable subsystems that comprise the space station and its
docked vehicles should be armed only when they are to be used and immediately
disarmed when their function is no longer required,

DG-INT-205. The pressurized compartments of a space station should have
adequate free volume (not occupied by equipment or structure) to provide the
crew freedom of movement and a psychological and nhysiological environment
that is commensurate with their orbital stay duration.

DG-C&W-206. Leak detectors should he provided for propellant handling
equipment located in unpressurized areas of the space station. The detectors
should activate an alarm at the command and control center(s).

A DG-INT-207. Replacement components should be designed so that it is

b impossible to inadvertently install the component incorrectly.
g DG-INT-208. Universally sized, minimum time to don or plice, survival
i devices should be made available to the crew.
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DG-INT-209. A1l switches should be designed and located so that tne
possibility of inadvertent activation or improper selection is minimized.

DG-MSE-210. Design of mechanisms shall minimize the number of moving
parts or other maintenance task generators.

DG-FSE-211. Small clearances in fluid system should be avoided where

fluid entrained particulants could cause binding or jamming of system
components.

DG-STR-212, Hatch design shall avoid seal abrading in normal operation,

DG-STR-213.  Provisions shall be made for moisture removal between
transparency panes.
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APPENDIX-E
SPACE STATION
RELIABILITY REQUIREMENTS
(Assumed)

Redundancy

1. A1l subsystems shall be designed to be fail operational/fail safe
restorable as a minimum (except primary structure and pressure vessels)
during all operational phases except during assembly and during
scheduled/unscheduled maintenance/repair. During assembly and during
scneduled/unscheduled maintenance/repair, all subsystems shall be
designed to be fail safe as a minimum.

? Critical functions (i.e., those related to crew safety or space station
permanence) shall have backup or workaround modes.

3. Redundant functional paihs or subsystems shall be designed so tha- their
operational status can be verified without removal of ORU's. In
addition, these redundant functional paths of subsystem shall be
designed so that their operational status can be verified in flight to
the maximum extent possible. As a minimum, these shall provide
capability for redundancy management in the event of a malfunction of a
functional path and shall provide information to the crew regarding
redundancy status of the affected system sufficient to determine if a
failure occurred., Critical redundant items whose failure cannot be
detected during flight shall be identified in the individual space
station critical items list. Redundancies within a functional pata
shall be so designed that their operational status can be verified prior
to each installation into the vehicle.

4, Alternate or redundant means of performing a critical function shall be
physically separated or protected at least to the extent of separating
the first means from the alternate means, such that an event which
causes the loss of one means from the alternate means, such that an
event which causes the loss of one means of performing the function will
not result in the loss of alternate or redundant means.

5. Redundant components susceptible to contamination or envirormentail
failure causes such as shock, vitration, acceleration or heat loads
shall be physically oriented or separated to reduce the chance of
multiple failure from the same cause(s).

y 6. Repair, service, or checkout of a functional path, including
‘ deactivation, shall not degrade the specified redundancy level.

7. For relfability design purposes, a redundant path deactivation for
maintenance or repair shall be considered a failure.

8. Redundant equipment, 1ines, cables, and utility runs which are critical
for safety of personnel or continued facility operation shall be routed
in separate compartments (i.e., separated by a structural wall) or
protected against fire, smoke, contamination, overpressurization, and
shrapnel.

Vadnunhi N
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10.

1.

12,

For systems/subsystems using redundant or alternate functional paths,
the following requirements appiy.

a.  Redundant paths shall be electrically and physically separated to
the extent chat an event that causes the loss of one means will nat
cause the loss of an alternate or redundant means.

b.  Notification of loss of redundacy shall be automatically provided
to the crew via caution and warning alert signals.

Isolation of anomalies or critical functions shall be provided such that
a faulty subsystem element can be deactivated either automatically or
manually without disruptin? or 1nterrupt1n? alternate or redundant
functional paths. Capability to fault-isolate to the line replaceable
unit or group of units without disconnections or use of carry-on
equipment, shall be provided,

System hardware shall be designed to minimize the use of special tools

and equipment for maintenance or re?air. If special tools are required,
and have been authorized, they shall have a 1ife of 10 years mintmun,

The operational design 1ife goal shall be a minimum of 10 years with
scheduled maintenance 1imited to calibration and to replacment of
consumables and hardware whose 1ife is limited by wear or aaging.

Avionics

13.

14,

A1l avionics systems/subsystems shall be designed such that any two
nonsimultaneous failures (allowing sufficient time for automatic
reconfiguration or reconfiguration by the crew) can be detected,

isolated, and repairs accomplished without the loss of a mission or
compromising system safety.

Space station avionics and subsystem electrical components shali meet

all the safety and performance requirements when exposed to the
as-installed electromagnetic environment from all sources.

A1l electronics containing high density integrated circuitry shall
survive repetitive single event state changes caused by ionizing
radiation environments of the space station.

Mechanical

16.

17.

Primary structures shall be designed to preciude failure by adequate
safety factors and relief provisions. Pressure vessels shall also use

design safety factors and relief provisions as well as being built to
leak rather than explode.

Provisions shall be made for arming explosive devices as near to the

time of expected use as is feasible. Provisions shall be made to
promptly disarm explosive devices when no longer needed.
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Definition

Fail-Operational - The ability tc sustain a failure and retain full
operational capability for mission continuation.

Fail-Safe - The ability wo sustain a failure and retain the capability
to successfully terminate tne misslon. For GSE, the ability to sustain
a failure without causing loss of vepirdns system(s) or Yoss of
personnel capability.

Additional definition of terms:
Mfssfon Termination -

a. For equipment operating in space away Toom o hut using the space
stacion as its base is safe (vturn of crevi and vehicle to the
space station.

b. For the space statior is the establistmont of safe haven mode
of operation for crew and station.

¢c. For space station end-of-1ife is the safe removal of the crew
and safe disposal of the space station.

Restorable 12 the ability to repair-replace a .ajled system or s, ..em
element prior to the start of a catastrophic sequence of events.
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