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D2-113070-;

INTRODUCTION
i

The Space Station Safety Study was, as the name implies, a study of the safety
problems of future space stations, with the enyhasis being on crew safety only,
rather than the broader system safety concept. Other factors which will influence
future station design and develdpment, such ar zost, weight, operational suit-
ability, and the like, were not specifically considered. Further, only the on-
orbit phase of the mission was examined and therefore, anything having to do with
launch, beost, orbit injection, de-orbit, re-eatry; and recovery has not been con-
sidered as such. Menagement decisions will be required in which the desirability
or necessity of safety features must be weighed against the demands imposed “by
other factors. ' :

With the intent of making the study as complete as possible, all hazards and un-
desired events which could be identified were 2.amined, and measures to cope with
them vere devised. As a result, some of the si’'ety measures described will seem
trite or self-evident, or describe acticns alres.ady being taken. Also, no aitempt
vas made in general to determine the probability of occurrence of a hazard, or
establish reliability numbers. In short, the l:gree of risk associated with the
various hezards was not determined and therefor.:, scme salety measures may be
directed against hazards which have a very lov probability of occurrence.

kA

The analytical techniques employed during the 3.udy were discussed during the mid-
térm review and are described in detail in the ' arious report documents and will be
mentioned only briefly in the review. Medical roblems of the station and base )
are, for the most part, not discussed explicit™: but are, instead, included in the

study results.

The major portion of this presentation will be : evoted %o study results, but before
going to that, a short discussion of the study "ackground is in order.
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D2-113(70-3

STUDY MILE3TONES

-

The major milestones of the study are showr 5n this chart and it is, for the most
part, self-explanatory. However, a few words concerning the study phases are in
order.

In the moath or so just before study initisfion and during the first months of the
study, the thinking on future space statiors underwent a considerable revision,
culminating in the concepts now being studisl by two other contractors. The Safety
‘Study, as it was then contemplated, was not sriented %o support the new concepts

as well as was desired. During the latter ;irt of April and early May, the study
was redirected to better support the future space station concepts. By way of
identification, the period prior to redirectlon was called Phase I and subsequent,
Phase II.

Two major changes in the study resulted frcr the redirection. First, orientation
was shifted from consideration of specific 1irdware as exemplified in the three
baseline configurations used, to consideratim of fubture concepts. This broadened
the study but restricted its detail. Seconi, the study product was changed from
Handbooks of Safety Design Guidelines and As:ronaut Safety Operating Procedures

to a tool by which management could evaluat: "crev safety" in future space station
concepts and designs.

Every effort was made during Phase II to uil.ize the work done in Phase I and no
distinetion is made, in generszl, between th: two phases in this review.

v EFTETE TR EE commnrer
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D2-113070-3

STUDY OBJECTIVES

More formal statements of the scope and objorctives of the study are contained in
charts in the back of this brochure. Reducur to its essentials, we were asked
these two questions. First, we were requir:i. to identify, to the maximum extent
possible, the actions necessary in order to raximize crew safety in the space
station or base. Second, we were asked to provide a "tool" or device by which
management could focus its attention on safiriy and assure that the appropriate
safety actions were taken, or, if not takeh, had been considered and rejected for

known and adequate reasons.
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STUDY OBJECTIVES

WHAT THINGS TO DO 7O MAKE THE STATION/BASE SAFE

WHAT MANAGEMENT DEVICE TO ASSURE THINGS ARE DONE |
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STUDY CONS 'RAINTS

The study was subject to certain constraints, as Listed here. The orientation of
the study to safety only, and more specifizilly to crew safety, has been mentioned
before and is re-emphasized here. The broaler system safety concept, in which
equipment performance and mission accomplisment are of interest, was not consid-
ered. However, it should be noted that mear actions needed for crew safety also
enhance mission accomplishment. ’

Only the on-orbit phase of the mission was onsidered. Launch, boost, orbit in-
jection, de-orbit, re-entry and recovery wzre not examined as such and the study
results are not directed at these phases. [t should be noted, though, that these
phases have much in common with on-orbit co:rations and many safety measures
needed for the orbital phase are also approrriate for other phases.

The study dealt with concepts, rather than ardware, and no laboratory or test work
seemed to be appropriate.

No reliability or probability numbers were -:stablished for or derived during the
study. While we were free to establish or ise such numbers if it seemed appropri-
ate, this constraint seemed desirable in thne interest of assuring that we had
identified and examined as complete a list o»f hazards as possible, including those
vhich may prove, in the final analysis, t¢ oe rather insignificant.
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STUDY C.ONSTRAINTS

@ CREW SAFETY
@ ON-ORBIT OPERATIONS
© NO LABORATOR'/ OR TEST WORK

@ NO RELIABILITY-OR PROBABILITY NUMBERS
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STUDY APPR(ACH

The basic approach taken in the study, and that which underlies all of the effort,
was to confine our attention to crew salety cnly, to the exclusion of other
factors, but within that framework to examine all identifiable hazards and develop

some course of action to alleviate each hazard,

The approach taken in specific study tasks was generally as shown on the chart.

The available body of experieﬁce was called idon in thé form of documents, reports
and the like, including various space station configurations, and a representative
experiment program. A review and evaluation »f this information established a
baseline from vhich to proceed, presuming thus future space stations would be
analogous in some respects to past programs. The study techniques listed were used
to provide a methodical means\of applying past experience to fubure concepts to'
established hazards likely to be encountered. This included hazards already known

L

oy r
and new or changgé_gazards which could be exyreted in the future concepts.

A safepguard agaiﬂ%;@%ach hazard was develoPQ{ ﬁpd expressed as a Crew Safety Guide~

line.
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STUDY APPROACH
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STUDY FPRCDUCTS

The primary product of the study was the (rew Safety Guidelines, which have just
been mentioned, and secondary products incinded the report documentation and tech-
niques which have been used in the study cr’ identified by it as appropriate for

further use.
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STUDY PROBUCTS
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PRIMARY PRCOUCT

The primary study product is the set of 282 Irew Safety Guidelines which are con-
tained in Document D2-113070-5. Over 500 guiielines were derived initially, being
reducedlto 282 during the study and particularly during the final review. Most of
the guidelines deleted were, in fact, combinal with other nearly identical or very
similar guidelines. In a few cases guidelinas were deleted betause they were not
feasible or did not alleviate the hazard.

Each guideline appears in the document only ojce, listed under an appropriate
.".',‘:. v

hazerd group. Gy are, in addition, cross-...fierenced to other hazard groups, to
SN Y

the subsystems 4?¥§E%ed by the guideline, by “zey wvords, and by those applicable to

+

damage containment and control.

«

The guidelines are a list of the actions whizh should be taken in the interest of

erew safety and tﬁgether they provide the too. by which management ecan evaluate

LU & N
'1“ HEn

future concepts [ the safety viewpoint.
o8t
N AR

The guidelines w%¥1 be discussed in more deti-il shortly.
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PRIGAALY PRODUCY

® 280+ GUIDELINES

[Cnﬁ—é\}\}so'mé ® CROSS -REFERENCED BY
SAFETY. " HAZARD GROUP
GUIDELINES

AFFECTED SUBSYSTEMS
KEY WORDS
DAMAGE CONTROL

LIST OF THINGS TOG BE DONE

PROVIDES BASIC MANAGEMENT DEVICE OR CHECKLIST
FOR EVALUATION OF SPACE STATION SAFETY

rwa EBETLEEGRIES coueany
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HAZARD GROJPS

The hazard groups used are shown in this cherb together with the number of gulde-
lines in each group. These groups were 1derthled originally by the logic diagram
as being representative of hazard groupings or -classifications identified or used
by previous investigators. Like all hazard groupings examined, there is a con-
siderable amount of overlap between groups ie this list and asslgnment of guide-
lines to a hazard group was freguently arblirary A brief description of each
group follows: . )

1.0 Contamination--the undesired presen e of a material, either toxic or non-

toxie.

2.0 Debris and Meteoroid Impact--c¢ollision or impact with natural or man-made

objects which are not part of or associated with the station.

3.0 Decompression/Overpressure——Deviaﬁion of station pressure from estab-

lished limits.

4.0 Flectrical--any hazard aSSOC1ated'thh electricity,. 1nclud1ng static

electricity.

5.0 Equipment Impact--collision or imgpzet with equlpment, subsatellites, or
other vehicles within or outside the station and which are associated
with the station. )

.0 Explosion--sudden disruption of station or components.

0 Illness and Injury--a condition in which the health of a crew member

departs from normal.

.0 Loss of Vital Supplies--loss of food air or water.

0 Radiation--azll electromagnetic radiation, cosmic rays and by-products

of nuclear reactions.

10.0 Temperature Extremes--either extreme heat or cold but alsc includes

variations of temperature from normal.

11.0 Spacecraft Accelerations--any motion of the space station, whether

. planned or unplanned.

12.0 General--not particularly applicatle to any group, or applies to many or

all groups. '

e LFITLELTRT LS coumnrer
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6.0
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HAZARD GROUPS

NO, OF
TITLE GUIDELINES

CONTAMINATION 52
DEBRIS AND METEROID 4
IMPACT .
DECON\PRESS‘ION/OVERPRESS URE 25
ELECTRICAL 14
EQUIPMENT IMPACT i2
EXPLOSION 13

e EBEPLETIY IS covman v
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NO,

7.0

8.0

9.0

10.0 -

11.0

12.0

NG, OF
TITLE GUIDPELI

ILLNESS AND INJURY

LOSS OF V ITAL SUPPLIES

RADIATION

TEMPERATURE EXTREMES
SPACECRAFT ACCELERATIONS

GENERAL

NES
23

33
21
30
12

63
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SECONDARY PRODUGTS

The secondary products include the other report dpcuments, which describe the tech-
niques used in the study and provide the reasoning and rationale on which study
conclusione were based. Also included are analytical techniques that are not described
in the report documentation but which were identified during the study as possible
useful techniques for future work, CASP was usad to a limited extent in the Traffic
Pattern analysis of the study but is capable of inuch broader application. It consists
of a computer program with which the total space mission can be examined including
consideration of factors such as crew skills, power requirements, Sun angles, targets,
and the like. MARCEP is also a computer program by means of which an optimum main-
tainability and reliability program for a space station may be developed. The Incipi-
ent Failure Detection analysis provides a means by which acoustical energy is used to

detect failures of parts and components in thelr initial stages of the failure.
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@ REPORT DOCUMENTATION

@ ANALYTICAL TECHNIQUES

CZ-113070~3

SECONDARY PRODUCYS

® CREW ACTIVITY SEQUENCINS PROGRAM (CASP)

© MAINTAINABILITY AND RE:LIABILITY COST EFFECTIVENESS PROGRAM {(MARCEP)
© [NCIPIENT FAILURE DETECTION ANALYSI1S
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GUIDELINES APFLICATION

Since the guidelines are the primary product, the remainder of the briefing will be
devoted té a discussion of what they are; whot: limitations or cautions arg necessary
for their application, and their implications. , The guidelines are intended to be
specific enough to be useful and at the same Liyme broad enough to be generally appli-
cable to any future space station. In one application they could be used simply as a
check list with which to review and evaluate safety features of a final design. At
the other éxtreme Eromlthis would be to apply ihem systematically to the .development
of station and base concepts that incorporate ihe desired.safety features. [In either
case, however, it is necessary that management establish a strong safety organization
having responsibility for planning and controliing the space station/base safety pro-
gram. In that regard, the guidelines provide : basis for establishing a viable safety

program.
During the final stages of the study we conducted a feasibility review to assure

ourselves that the' guidelines were feasible and could be applied. Further discussion

will show that, at least for those guidelines discussed, they are feasible.

v ABLFLELTAIES comrany
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GUIDELINE. APPLICATIONS
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WHAT IS A GUIDELINE?

No suitable existing definition was found for the term "guideline." This definition
was synthesized as the best expression to be found of the term in the sense in which

the guidelines derived during the study are intended.

In the case of crew safety guidelines, of course, it is undexstood that the course of
action, if taken, will to some degree enh.nce crew safety in the space station or
base. Furthermore, all guidelines are equelly applicable to either the station or the

base unless the sense of the guideline cléarly limits its application.

voz ATEFLEGTRIES corearer
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WHAT IS | GUIDELIREY

IT IS A STATEMENT THAT POINTS THE WAY
TOWARD A CIURSE OF ACTION

e EBEDLETRIEE counonset
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GROUND RULE

Early in the study, we attempted to work first with the zere-gravity station and
then translate the results to the artificialwgravity space base. Because of signi-
£icant diffexences in the two concepts, this npproach appeared less effective than
the reverse, namely, to deal first with the hase and franslate the results to the

station. TIn the latter part of the study, especially during Phase II, the ground

rule as shown, then, applied.
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GRCUND RULE

® STATEMENTS MADE ARE EQUALLY APPLICABLE

TO SPACE STAT'ON AND SPACE BASE

25
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COORDINATE SYSTEM

The coordinate system shown was arbitrerily established. In this system the Z'-axis
is the axis of rotation, the X~axis is the radias of rotation and the Y-axis is tan-
gent to the rotation. Rotation is in the -Y direction. In the station and the ro-

tating portion of the base, the usual X, Y, and % axes are used.

Fusdh ﬂﬂffﬂ/ﬁ: e hiay
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CONFIGURATI[IN DRIVERS

3
i

Guidelines may serve to direct design 'detai's, establish procedures, or may tend to
drive the configuration. Because most guidolines have elements of all three, they

are not cross-referenced or grouped that way.
Since configuraticn drivers are most importunt, at least in the early stages of design

and development, most of this discussion witl deal with guidelines that are strongly

configuration drivers.
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TRAFFIC/WORK FLOW &GUIDELINES

Presumably, almost any guideline, or set of guidelines, which tend to establish the
configuration could be chosen as a starting po.nt. Those dealing with traffic and
work flow were chosen because they appear to ropxesent problems in future space sta-
tions, which will be congiderably greater than gyimilar problems of the past, particu~

larly with respect to the artificial gravity sj¢ce base.
Three typical guidelines in this area, the gist of which is shown on the chart, are: .

7.7 Design of rotating spacecraft should be such that the direction of major

traffic flow is parallel to the vehicle spin axis.

7.19 Design of rotating spacecraft should be such that radial traffic is kept to

a minimum,

7.23 Crew living and working stations should be oriented such that during normal
activity, the lateral axis through the crew members' ears is parallel to the
axis of gpin. In conjunction with this guideline, the work console instru-
ments and controls should be designed egc that left-right head rotations and

up—down arm motions are minimized.

Considering these guidelines, and only these guidelines, a concept for the station/

base can be developed,
ra ESFEFEET LT ES coumarey
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TRAFFIC/WORK FLOW GUIDELINES

7.7 MAJOR TRAFFIC FLOW PARALLEL TO AXI1S OF ROTATION

719 RADIAL TRAFFIC KEPT AT MINIMUM

7.23  AXIS THROYSH EARS PARALLEL TO AXIS OF ROTATION

e LOATLELTRIEE soramnres
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TRAFFIC/WORK CONFiGURATION
Such a concept is shown here, in which only the artificial gravity portion of the
space base is shown. Other compdnents would include a non-rotating hub along the z'

axis and counterbalances (e.g., nuclear electric power supplies) in the -+X direction.

The basé is long and slender, forcing the major flow of traffic in the axial direc-
tion, as specified. It has only one deck, thereby eliminating radial traffic except
for traffic to the non-rotating, zero-gravity central hub, and such traffic apparently
is unavoidable in aﬁ& rotating configuration. The location and érrangement of the
crew work -station, as shown in the cut-away and the enlarged detail, complies with

the‘guideline.

This concept is presented; not as a candidate cenfiguration, but to illustrate two
points with respect to the guidelines. TFirst, if other factors such as launch and
boost problems and rotation dynamics were comsidered, this particular concept might
encountey some difficulties. Therefore a consideration of other factors, involving
- trade studies comparing Safety features versus other important matters, is necessary
with respect to most guidelines. Second, from the safety point of view alone, thisg
conéept does not include certain features which are alsc desireablé. This points to

a second set of trade studies to evaluate the relative merits of desired safety fea-

tures and effect the best compromise possible.

e ETEATEEGRI LS commarey
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TRAFFIC/WORY CONFIGURATION
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COMPARTMENTATION GUIDELINES

To illustrate the compromise necessary with respect to safety features, consider the

requirements for compartmentation and associdaed features, Two typical guidelines in

this area are:

12,13 The space station/base dreas inhabitedl by the crew should consist of two or
mere independently pressurizable compartments with more than one exit from

each compartment.

12,30 Each compartment should have a minimuas of two escape routes, which should not

y

terminate in a common compartment,

v LFETLELRI LS coramnsar
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CORMPARTMENTATION GUIDELINES

12.13  TWO OR MORE COMPARTMENTS

12,30 TWO OR MORE EXITS NOT TERMINATING AT COMMON POINT

35
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COMPARTMENT- -} INTMUM

This bubble diagram illustrates the ideas erpressed in, the guidelines just quoted.
It indicates that the minimum number of compecrtments will be three, each of which

has two ways of exit.

No conclusions should be drawn here as to tke relative size of the compartments,

nor as to their placement with respect to ea:A.other and the routes between them.

v
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CORPARTILENTS—RIRIRAUM
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COMPARTMENTATTON

A compromise between the traffic pattern concert and the compartmentation concept
can be reached as shown here, in which three, single-deck compartments are stacked
as shown. In the artificial-gravity base, this arrangement would rotate in ﬁhexY
direction about a central non-rotating hub displaced aloné the X-axis. This con-

cept meets the compartmentation reguirement, bub does so at the expense of requir-

ing some radial traffic in order to travel betwéen decks.

This, agein, is not a candidate configuration. WNeither should any conclusions be
drawn from this as to the relative importance of comparimentation versus traffic’

flow.

While no attempt has been made to establish prcportions or dimensions in these con-

cepts, -it was noted that three, lh-foot diameter compariments could be accommodated

within a 33-foot diameter envelope.

As before, consideration of other factors might reveal shortcomings in this con-
cept, but more important from our point of view, certain safety features are still

lacking.
v LFEVEGRILS coumsses
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CORIPARTIENTATION
+X
<
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CREW DISTRIBUTION GU. DELINE

Tn the interest of exposing the fewest possible crew members to a hagzard or
emergency which occurs at a particular point in .he station, the following guide-

line states:

12.18 The number of crew members in any ccorartment at one time should be

held to the minimum necessary to peri rm the required functions.

Compliance with this guideline may be difficult rhen some other findings of the

study are considered.

ey SSETLEFFVES s ssen l
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CREW DISTRIBUTION GUIDELINE

12.18  MINIMUM MUMBER IN ANY COMPARTMENT

e LDLTLEFLILS Sminarce
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CREW DISTRIBITICN

A finding of the study was that crew members spend about two-thirds of their time
in those areas devoted to crew health and wellmbeiné. This chart shows man-hours
per day spent in eating, sleeping, personal hygiene, recreation and exercise. 1In
the l2-man space station illustrated, the crew tends to congregate in these areas
on Decks I and 5. The other three decks of the staticon do not have any. areas

having more than 10 man-hours per day occupangy.

A similar finding was made with the other configuraticns examined and we find no
reason to think that any other configuration will be greatly different. Possibly
crev activity scheduling might alleviate the situation to some degree but probably

not entirely.’

hal -1 ﬁﬁfﬁmﬁ GOt ANY
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CREV DISTRIBUTION
12-MAN SPACE STATION
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CREW AREA LOCATION GULDELINE

Recognizing, then, that the "minimum" nuitber of crew members in a compartment mey

prove to be a relatively large number, the fillowing guideline was derived:

12.20 The areas in which crew members spend the majority of their time, e.g.,
staterooms, dining facilities, pe-sonal hygiene, exercise, and recrea-
tion areas, should be located and designed to be the safest parts of

the station.

ra LZETIETRIETE commany
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CREW AREA LOCATION GUIDELINE

12,20 CREW-ORIENTED AREAS TO BE MAXIMUM SAFETY

e LBETLESRILD. comenny
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CREW ARES LOCATION

A reasonable scolution is shown in this concept in which the crew-~oriented area is
located centrally within the station. Walis anie bulkheads surrounding the crew
area are pressure siructures, as are the extericr walls and bulkheads of the
station. The area surrounding the crew area would‘be equipment and storage bayg.
Other features, such as conducting particularly hazardous operations at a location

as remote as possible from the crew area, would also be reguired.

This concept appears to afford maximum protecticn to the crew from all hazards,

except possibly high radiation levels.

e LBETEFTRIED commaree
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CREW AREA LOCATION-
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REDUNDANCY GUIDELINES

There is a considerable number of guidelines which express the idea of redundancy

in one way or another. Only one will be quoted in entirety, which is:

8.9 A space station should include at least two independent EC/LSS’S located
in separate compartments. These systews should be capable of supplying

the atmospheric requirements even with one system inoperative.

The other guidelines express the same ideas, namzly, duplicate systems, either of
which operating alone can supply the total station regquirements, at least those

requirements essential to crew safeby.

In sum total, these guidelines require a configuration which begins to approach

twe interconnected and mutually supporting stations.
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1.12
d.14
5.5
8.14
8.33
10.26
12.23
4.9
4.11
3.9

D2-.113070-3

REDUNDARNCY GUIDELINES

CONTAMINANT DETECTION EQUIPMENT SHOULD BE REDUNDANT
FOOD STORED IN MORE THAN ONE CONTAINER

FOOD REFRIGERATION SHOULD BE REDUNDANT

MORE THAN ONE DOCKING PORT

MORE THAN ONE OXYGEN STORAGE TANK

MORE THAN ONE WATER STORAGE TANK

THERMAL CONTROL EQUIPMENT SHOULD BE REDUNDANT
REDUNDANT DOCKING MECHANISMS |

ELECTR[CAL DISlRlBUTlON SYSTEM REDUNDANT

N\ORE THAN ONE ELECTRICAL POWER SUPPLY

AT LEAST TWO [MOEPENDENT EC/LSS'S
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STATION/BASE CULCEPT

The concept shown here incorporatas all the safaty features, or necessary compromises,
that have been discussed previously. 1t is esszentially a Siamese twin, divided into
two halves by a cantral pressure bulkhead through which hatches allow access between
the halves. The crew area is double-decked, lccated cantrally with pressure bulkheads
at the ends and with the shell suryounding the area a preasure wall. Exterior wallg
and bulkheads are pressure structuras, Note ttat this arrangement of pressure walls
and bulkheads provides six separately pressur.: able comparvtments. Work and laboratory

areag at the ends are shown triple-decked bet rould, of course, have orther arrangementis.

In the rotating space base configuration, an dhevator-shaft for each half allows

access to the central non-rotating hub and, firther, to twe nuclear electric power
sources which also are counterweights. Majoxr ¢raffic flow is axial with radial and
tangentinl traffic minimized. Also, the eleve:ior would provide the normal means’ of

radial movement,
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/BASE CONCEPT -
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ATRLOCKS AND PASSAGEWAYS GUIDELINES

With the general concept in mind, we can now preoceed to see how other guidelines
will affect or be affected by it. There are a nuvmber of guidelines which have to do

with zirlocks and passageways. The gist of sevéral are shown in the chart, of which

ronly two are quoted in entirety:

3.9 Provision should be made for an airlock in the hatch or hatchway between

separately pressurizable compartments.

12.1  Accessways between and within compartments should be sized in such a manner

that an IVA-suited crew member will be allowed access to normally used areag.

]

These, together with others of a like nature, can strongly affect the configuration.
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AIRLOCKS AND PACSAGEWAYS GUIDELINES

3.9
12.1
12.4
12.30
12. 62

v ATMTEEGTFTET cosavasrr

AIRLOCK IN HATCH BETWEEN COMPARTMENTS

. ACCESSWAYS LARGE ENOUGH FOR SU!ITED CREWMAN

MORE THAN ONE EXTERNAL AIRLOCK
AT LEAST TWO EXITS FROM COMPARTMENTS
TRAFFIC ROUTES SO AS TO MINIMIZE CONGESTION
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AIRLOCKS AND PASSAGEWAYS

As shown here, strict application of these guiielines will call for Fairly good sized
hatches, which may be unavoidable, and numerous: airleocks. This illustrates again
the point made earlier, that a valid guideline may requixe, in the practical applica-

tion, some compromises.

The idea of airlocks between compartments, of course, is to allow access to a de-
pressurized compartment without having to depressurize the entire station. If the
number of compartments is small, the requiremert for airlocks between them becomes
much more urgent. On the other hand, if there are many compartments, it would be
possible, and might be more desirable, to gain access by depressurizing an adjacent
compartment. An alternate which might also be considered would be use of a portable

airlock.
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AIRLOCKS AND PASSAGEWAYS
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DESIGN DETAILS

The guidelines discussed so far have been priparily configuration drivers. Many
guidelines are concerned with design details, insofar as we were able to cover them

in the study, and some of these will be discussed.

e LREFEEGRILS commmrer
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DESIGH DETAILS

ve EDTLGEGFS LT commary
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COMMAND, CONTROL, AND UARNING GUIDELINES

A set of guidelines has to do with command and control-'and the provision of detec-—

tion devices and warning systems. The gist of some of them is given in this chart,

o EFELTLETRSES comman
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 COMPMAND, CONTROL, AND WARNING GUIDELINES

1,24
3.24
3.25
8.30
12.5
12.8
12.10
12.22

v ABLTLEGTFIEF ccrmarxy

VISUAL/AUDIBLZ CONTAMINATION WARNING
CABIN PRESSURE WARNING SYSTEM

'WARNING SYSTEFS FAIL SAFE AND INDICATE FAILURE

VISUAL/AUDIBLE WARNING OF OFF-LIMITS OXYGEN PRESSURE
PROVIDE AN ALTERNATE COMMAND AND CONTROL CENTER

~ C&C CENTER TO AUTHORIZE HAZARDOUS OPERATIONS

MONITOR HAZARJ0OUS OPERATION BY REMOTE TV
CRITICAL WARNING ALARMS IN ALL COMPARTMENTS
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COMMAND, CONTROL’, AND WARNING SYSTEM
Here we show two command and control centers. They are located in separate compart-

ments and ate physically well separated from each,other. A warning or alarm system

is shown in esach compartment.

ot EFLTEEGRILS comimmren
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COMMAND, CONTROL, AND WARNING SYSTEM

ALTERNATE
C&CC

— PRIMARY
C&CC

v EBLTEEFFIGS conwars

6l



D2~-113070-3

-~

TETHERS AND RESTRAINTS (UIDELINES

A positive means of controlling the motion of carge at all times will be required and

this is especially true in the artificial gravity base. These guidelines express this

idea:

5.1 All bulk cargo should be properly tetherec or otherwise controlled during zero-

gravity or reduced-gravity operations.
5.1¢ Adequate restraints, tethers or aids to assist the crew in personal movements

and handling large-mass equipnent should te available throughout the interior

and exterior of the space station.

voa EVEFEJRILE commane

62



£2-113070-3

TETHERS AMD RESTRAINTS GUIDELINES

5.1 . CARGO SHOULL" BE TETHERED OR CONTROLLED

. 5.10 RESTRAINTS T ASSIST IN MOVING LARGE-MASS
' EQUIPMENT SHOULD BE PROVIDED

yra LFETLESLIET comann
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RESTRAINTS CONCEPTS

This chart shows cargo being moved by elevator Batween the non-rotating hub and the

artifieial gravity portion of the space base. '

The cargé is tied down to a pallet or dolly whichlis equipped with several sets of
dual wheels or castors. The wheels operate in slotted tracks in the elevator plat-
form with similar slotted tracks in all decks of ﬁhe base. The wheels are provided
with a braking system, for example, expanding the wheels against the sides of the
slots. This concept restrains the caréo from all ‘motion, includiné_translation and
rotation, except as desired along the tracks. It will operate under all gravity

conditions including the tiansition from zero gravity to artificial gravity.

The elevator itself is driven by a reversible meior operating a cog wheel or wheels
which engage tracks in the elevator shaft walls. In additicdn to moving cargo, the
elevator would also be the primary means of crew movement. For simplicity, this

sketch does not shciv the grills, guards or other protector devices which would be

required.
This concept, as stated, can be used under all gravity conditions but the question

arises as to how tc transfer across the interface between the rotating and non-rotating

portions of the station.
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E@E%WRME@FS CONCEPTS
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CARGO TRANSFER

This chart shows a concept for accomplishing trasfer of cargo, and also personnel
across the rotating/non-rotating intexrface. A transfer cage is located across the
interface, the cage being free to rotate but restwxained from other motion by tra-
vellers following slots in the bulkheads. A trangfer platform, having slotted tracks,
is mounted in the cage. A set of clutches permits the cage to be coupled with, and

match the motion of, either the rotating or non-rotating sections.

Assume that cargo is to be transferred from the non-rotating hub to the artificial
gravity section. The cargo, on the dolly previously illugtrated ig initially on the
non-rotating deck. The appropriate clutch is engaged to match cage motion to that.
of the non-rotating section and with the transfér platform aligned with the station
deck, The cargo dolly is then wﬁéeled from the deck to the transfer platform. By
disengaging the one clutch and eﬁgaging the other, cage motion is matched to that

of the rotating portion with theitransfer platforms aligned.with the elevator plat-
" form. The cargo dolly is wheeled onto the elevator platform and transported by

elevator to its destination deck!

1
i

For simplicity, safety'guards and-grills and other features are not shown.
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CARGO TRANSFER
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SHUT-OFFS AND CONMECTORS GUIDELINES
Fluid lines may be damaged and require replicement or, in any case, may require
disconnect and connect from time to time. Certain guidelines are directed toward

prevention of contamination from the fluids jn the lines. They include:

1.21 Connectors used to connect plumbing (r components in fluid systems should

be designed for minimum loss of fluic. when disconnected.

1.22 The number of connectors used in plirbing and connections of fluid systems

should be kept to a minimum.
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SHUTOFFS AKD CONNECTORS GUIDELINES

1. 10 BE ABLE TO SHUT OFF FLUID FLOW TO DAMAGED SECTIONS
1.21 MINIMUM FLUTD LOSS WHEN DISCONNECTING

1.22 KEEP NUMBER CF CONNECTORS TO MIN IMUM

Vean wﬂﬁ‘éymﬁ COPAmANY l
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VALUES AND CONNECTORS

This sketeh illustrates the ideas expressed in tne guldelines, namely, a means of
shut-off of the fluid flow, minimizing the numbter of connectors as showm by the two
which are crossed out, and providing a means oi collecting escaping fluid when a

discommect is required. Under zero gravity, of course, a more sophisticated device

than that shown will be required:

Wil ﬂﬂfﬁﬁg COMPANY
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VALVES AND CORNRECTORS
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PROCEDURAL

We have discussed guidelines which are primarily configuration drivers and some which
dictate design details. A few guidelines which are directed more toward procedures

will now be discussed.
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PROCEDURAL
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HAZARDOUS MATERIAIS GUI DELINES

The operational and experimental requirement: of the space station and baﬁe will
dictate that certain hazardous materials wil' be on boawrd. In addition, it is

possible for some materials which are not in rhemgelves particularly hazardous to
interaqt with other materials and/ox the'spasccraft subsystems so as to form new,

and hazardous materials.

The guidelines summarized in the chart are tiical of those intended to reduce the

probability of contamination.

:
i
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HAZARDOUS IWATERIAL GUIDELINES

1.15 QUANTITY OF HAZARCOUS MATERIAL SHOULD BE LIMITED

118 THERE SHOULD BE CGMFIGURATION CONTROL OVER ALL MATERIALS

]
T
Wi
T

.-'m‘ t‘j.: :;-‘ ‘i’\:‘ Ly
7.12:% ACCESS TO HAZARDS, {S MATERIALS RESTRICTED
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HAZARDOUS MAVERIALS
This cartoon illustrates the boinﬁs made in tie guidelines.

Materials configuration control, as contemplatcd here, is quite comprehensive. It
covers not only those materials brought on board the sﬁaceqraft for operational or
experimental purposes but also materials, including éolvents and cleaners, used
during manufacture and personal possessions of the crew. The intent is fixst, to
bar any material which is not required and, second, to maintain a record of mater-

ials as a starting point in the event that unexpected contamination oceurs.

While access to hazardous materials may often be restricted by procedures, there

"

will undoubtedly be some materizls, such as poisons, drugs, highly toxic substances,

and the like, for which locked storage will bu necessary.

vu BFLTIETAILE commmn
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HAZIRDOBS [RATERIALS
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VENTING AND WASTE GUIDELINES

During final review and evaluation of the guidelines it was noticed that 2 number of

them dealt with the general .subject of the gereration and disposal of waste material.
This included venting or dumping of materials cverboard.
None of these guidelines will be quoted here in entirety but the gist of some of them

is shown in the chart. The possible impact on the space base is shown in the mnext.

chart.

. voe ATETIEFRA Er cormany
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8.31
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VENTING AYD WASTE GUIDELIRES

CONTROL (VENTING) OF EFFLUENTS FROM WASTE

CABIN PRESSURE VENTS SEPARATE FROM OTHER FLUIDS
PROCEDURES NEELED FOR DISPOSAL OF CONTAMINATED WATER
MEANS FOR DISPQSING OF RADIOACTIVE WASTE
COMBUSTIBLE WASE STORED WITHOUT FIRE HAZARD

NO TORQUES FROM VENT OUTLETS
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WASTE DISPUSAL

This cartoon, of course, is somewhat exagger.ied, but it does illustrate the pro-
blem, namely, that the vicinity of the spaceu: aft could become contaminated with
waste materials. The impact on crew safety (ces not appear to be great, although
this came along too late in the study for de:iiled analysis, and there is no guide~

line which specifically restricts dumping or wenting overboard.

During Phase I some preliminary work was don: with respect to performance of the
mission. During this work there were indica: ons that some portions of the expexri-
mental program could be seriously impaired by effluents or debris in the vicinity of
the station. While this work did not progres; to the point where definite conclusions
could be drawn, it does appear that venting o~ disposal of material ovexboard

should be held to the minimum possible.

This raises the question of how to disposge oI waste.

veo AFLFLETAIEE comrmrar
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WASTE DISPOSAL ALTERNATIVES

Shown here are three possible alternatives fer the disposal of waste.

In the first alternative, the waste, in a surtable container, is placed in a
solar orbit or solar impact trajectory. The energy reduirements foF‘this method,
of course, are quite high and it probably would not be acceptable except possibly
for highly hazardous items such as radicactive waste, It follows, then, that

whatever goes up must come back down and two weans of coming back down are shown.

In one way the waste, in a guitable container 1s allowed to reenter the earth's

atmosphere and either burn up during reentry vr impact in a suitable digposal area,
such as an ocean. In the other way, the space shuttle is used to return the waste
for disposal, in such manner as may be accepuible, after landing. The implications

on the space shuttle are self-evident.
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DAMAGE CONTAINMENT ANI* CONTROL

Damage containment and control was not specifically set forth as a task in Phase II
but was to be covered to the extent possible as ¢ corollary to other efforts. The
subject was considered briefly in the analysis ol operations, and in addition, those
guidelines which are particularly applicable to dumage containment and control were

identified and cross—referenced. The gist of these guldelines is summarized on

this chart.

The first step is identification of the damage which impliés the existence of some
sort of a system of sensors or detectors to determine that damage has occurred and

to provide a warning or alarm to the crew. The ideas of inspecting the station and

monitoring hazardous operations are also included.

Having identified the damage, the next step is tc isolate it to prevent its spread
into other portions of the station beyon& the original site. The ideas included
here are such things as compartmentation of the utation and providing hatches,
valves, and other types of closures; isolated stores of hazardous matérial; safe

areas in which hazardous operations can be conducted; and suppression devices such

as crack stoppers in structures.

Finally, are thg actions taken to remedy the dam.ie and return the station to nor-
mal conditions or at least to a safe condition. The ideas included here are that

access to demaged arcas be required; that commun: cations systems be availlable, that
a means for survival or rescue of crew members i) damaged areas be provided and, of

course, that mesns of remedying or repairing the ¢amage be available.
* g .ﬁﬁffﬂfﬁ A Wb fngy b
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DariAGk CORTAIRMERT ARD CORTROL
[DENTIFICATION— 10 GUIDELINES

e DETECTIONM, WARNING, ALARM
® INSPECTH(!\I
& MONITORIMG

@ ISOLATION— 19 GUIDELINES

© COMPARTIZNTATION
 HATCHES, VALVES, CLOSURE DEVICES
o ISOLATED STORAGE
© "SAFE" AREZAS o

- © SUPPRESS ION DEVICES

@, COUNTERACTION — 14 GUIDELINES

. . ACCESS

- COMMUNICATIONS
: © RESCUE/SURVIVAL
: © REMEDIES

1
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SUMMARY"

The safety problems of the future space station nnd base have been thoroughly re-
viewed. We found no reason to think that an accoptable safety level cannot be

achieved within the current state of the art.

A set of Crew Safety Guidelines has been derive:d which constitutes a list of actions
which should be taken to enhance the safety of tie station or base. They'are a
checklist, as well, by which management can review and evaluate future space stations

from the safety standpoint.

Application of the guidelines appears to be feazible but must be made subject to a
number of compromises. Within individual guidelines, the desirability of the safety
features obtained must be weighed apainst other factors such as cost. In addition,
safety features require& by two or more different guidelines are sometimes incompa-—
tible and one or all must be compromized to som: degree. The guidelines provide a,

basis, nevertheless, for a viable gafery program.

Damage containment and control procedures and actions to be taken are spelled out in

some of the guldelines which have been identifisc by cross~references.
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- SURIARY

© SPACE STATION/BASE SAFETY PROBLEMS REV[EWED
® NO COMPELLING REASON THAT SAFETY LEVEL WILL BE UNACCEPTABLE
© CREW SAFETY GUIDELINMES DERIVED

o SUGGESTED ACTIONS TO ENHANCE SAFETY
@ CHECKLIST OF SAFETY ITEMS

@ BASIS FOR VIABLE YAFETY PROGRAM

® GUIDELINE APPLICATICN WILL REQUIRE COMPROMISES

o WITHIN INDIVIDUA. GUIDELINES
© AMONG TWO OR MOR< GUIBELINES

@ DAMAGE CONTAINMENT AND CONTROL
© [INCLUDED IN GUIDELINES AND CROSS-REFERENCED

THE .@ﬁﬁm"~m COMPANY
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DESIRABLE FUTURE EF-CRT
"Off-normal" gravity means a gravity environment diiferent from that of earth, either
zero gravity or artificial gravity produced by rot.iion. For study purposes, two
assumptions were made, the first being that the crei; could perform assigned tasks in
the station/base environment and the second being that fires in the station/base
would continue to burn once they started. Further investigation in these areas is
needed, although it is recognized that sucH‘invest;gation likely must be concurrent

with station/base operation.

Only preliminary work was done in the study with recpect to nuclear~fueled elec—
trical power supply systems safety. It was apparert that adequate coverage of this
area would require far greater resources than were available in the study, probably

an effort approaching the magnitude of the safety satudy itself.

The Crew Activity Sequencing Program (CASP) is available as a computer program. It
could be readily modified to incorporate desired safety factors (which it does not
currently do), a modified experiment program and the advanced station/base concepts.
It would then provide a means of reviewing future space programs, not only from the
safety viewpoint but from mission accomplishment as well. Similarly, the Logic Dia-
gram is amenable teo devélopment of a computer progrzm based on it. The effect of
changing assumption could be readily explored and tne most critical and sensitive

safety areas identifie@;ln

"]-

L

+

The safety study was cﬁg;éned to on-orbit operatioqi,af the space station or base.
rHowever, many safety pﬁi?léms of other space progrkiiﬁ such as the space shuttle,
Iunar surface explorati%é’and interplanetary missiaaég are identical, or very similar
Fo, those of the space station and base. This study brovides a starting point for
safety studies of these ther programs. In any cgg@t such safety studies should be
conducted. o '
vw LBLATLETRIELF commany
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DESIRABLE FLTURE EFFORT

@ HUMAN EFFECTS OF "OFF-NORMAL'' GRAV ITY

® FIRE CHARACTERISTICS IN "OFF-NORMAL" GRAVITY

-@9 NUCLEAR-FUELED ELECTRICAL POWER SU.P PLY SAFETY

©® APPLICATION OF AVAILABLE TECHNIQUES TO FUTURE STATION/BASE SAFETY

o CASP
@ LOGIC DIAGRAM

® SAFETY STUDIES OF OTHER SPACE PROGRAMS
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PHASE 1

No distinction has been made in this review between Phase I and Phase I1I. The
scope, objective, product and station configurations used in Phase I are summarized

briefly here. A more detailed discussion can be found in Document D2-113070-2 "Mid-

term Oral Review."
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PHASE |

® SCOPE

® BROAD CLASSES OF SPACE STATIONS
® CREW SAFETY —MISSION PERFORMANCE

® OBJECTIVES °

® SAFETY GUIDELINES AND CONCEPTS
® SAFETY PRO‘QEDURAL.ANQ‘DE{SIGN GUIDELINES
© DAMAGE CONTAINMENT AND CONTROL PROCEDURES

© PRODUCT —MATERIAL FOR HANDBOOKS

® SAFETY DESIGN GUIDELINES
© ASTRONAUT ‘SAFETY OPERATING PROCEDURES

® CONFIGURATIONS —SLSS, EOSS, JAG-1
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PHASE II

. Similarly, greater detail on Phase II scope, objective and product can bé found in

D2-113070-2, "Midterm Oral Reviéw" and in the final study report documents.

I
|
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BIIASE [

@ SCOPE
® CREW SAFETY IN HASE B FUTURE SPACE STATION/BASE
® OBJECTIVE

@ MANAGEMENT TOOL TO GUIDE AND EVALUATE CONCEPTUAL
DESIGNS OF SPACE STATIONS/SPACE BASES FROM A
- SAFETY VIEWPOINT

® PRODUCT

© CREW SAFETY GUIDELINES.

@ APPROACH TO DAMAGE CONTAINMENT AND CONTROL
PROCEDURES
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PHASE IT CONFIGURATIONS

The station and base configurationé used during Phase II1 of the study are shown here.
They were devéloped early in Phase IT and did not incorporate any safety features

derived during the study.’

They are to the same scale, the space station being in the artifiecial-gravity experi~
ment configuration. As can be seen, from this review incorporation of safety features

would change these concepts very radically.
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PHASE Hl CONFIGURATIORS
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