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Dr. Debus:

SUBJECT: Revision to Skylab Operations Directive (SLPD 43C)

This revision C to the Skylab Operations Directive incorporates Specifi-
cation Change Notices (SCN's) 34 through 41. It is being furnished to
the KSC Directorates for information only. The SCN's do change the
SL-3 and SL-4 launch dates but these changes are obsolete; the other
changes in the SCN's do not affect KSC operations. In summary, these
changes include: ' :

1. A block of time is set aside for Skylab Student Experiment investiga-
tions during each mission and the use of Flight Scheduling Preference
(FSP) numbers for these experiments is discontinued.

2. Skylab Education Program TV Requirements are established for each
mission,

3. Five in-flight Detailed Test Objectives (DTO's) are added for various

experiments.

4. Revision of mission assignments and scheduling instructions are
included for several of the experiments.

5. A table listing requirements for in-flight private communications is
added. Private conversations will be allowed for the following purposes:

a. Crew/Family morale

b. Discuss/decide sensitive matters in an extreme operational
emergency.

c. Doctor/Patient discussion of crew health status,

6. SL-3 and SL-4 launch and recovery dates are revised.

7. Real time planning guidelines are added for all missions.
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e
. Robert C. Hock

NASA/KSC JUL/73
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MEMORANDUM

TO: Distribution

FROM: AA/Manager, Sciences, Applications,
Skylab and ASTP Programs

‘SUBJECT: Operations Directive Change Package No. 8,
' Skylab Program Directive No. 43C

Attached is a copy of Change Package No. 8 to the Skylab Operations
Directive, Program Directive No. 43C and a copy of my Briefing
Note to Dr. Debus. The package includes updated pages to the
Directive and a change log sheet for recording this and subsequent
changes. The package in general contains SL-4 operational planning
changes.
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DR. DEBUS
SUBJECT: 'Ope‘rations Directive Change Package No. 8,
Skylab Program Directive No. 43C
We have received and reviewed the enclosed Change Package No. 8,

to Skylab Program Directive No. 43C, "Operations Directive'.

The Change Package No. 8 causes no impact to KSC. Its main purpose
is to reflect SL-4 operational planning changes in the following areas:

Maximum SL~4 mission duration up to 85 days.

Observation requirements for the comet Kohoutek.

Educational TV requirements.
Experiment assignments and scheduling
Experiment performance red lines.

- 6, EVA planning.

Copies of the Change Package will be forwarded to the appropriate
Directorates and Offices under separate cover.

william H. Rock

/.
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Enclosure: a/s
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Enclosed are updated pages to the Skylab Operations Directive,
Program Directive No. 43C.  Also enclosed is a change log sheet
for recording this and subsequent changes. All holders of the

document are requested to insert the new pages in their copiles of

the Operations Directive.

William C. Schneider
Enclosure
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OPERATIONS DIRECTIVE CHANGE LOG

Pages Affected

Revision C approved 5/1/73

on Mission SL-1/SL-2,
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Revision of ED. TV requirements
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Real-time planning guidelines
for all missions.
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The revision of mission assign-—
ments and scheduling instruec-
tions for experiments =

M131, M509, S019, S150, S183,
and T002. -

The revision of minimum crew-
attended data-taking hours for
ATM (SL-4). (From 180 to TBD.)

Skylab Private Conversations

Revision of launch and recovery
dates for all missions.
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A-ba (new), A-~17 (new)
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4,0 SKYLAB MISSION SL-4

4.1 MISSION DESCRIPTION

Skylab Mission SL-4 will begin when the SL-3 CSM and crew separate from
the SWS just prior to reentry. The unmanned portion of the mission
will continue until the SL-4 CSM and crew are launched to rendezvous
and dock with the SWS. After docking, the SL—-4 crew will enter the
EWS, reactivate its systems, and proceed to inhabit and operate the
orbital assembly: for a nominal 56_day mission duration. Dependent

on continuous inflight monitoring of the physical condition of the
SL-4 crew and the rate at which consumables are expended, the SL-4
mission may be extended up to 85-days duration. buring this time the
crew will perform systems and operational tests and the assigned ex-—
periments. To conclude the mission, the crew will configure the SWS
for indefinite unmanned operations, undock the CSM, and return to
earth in the Command Module.

4,2 MISSION OBJECTIVES

(1) Perform unmanned Saturn Workshop operations

(a) Obtain data for evaluating the performance of the
unmanned SWS.

(b) - Obtain solar astronomy data by unmanned ATM observatioms.

(2) Reactivate the Skylab orbital assembly in earth orbit

(a) Operate the orbital assemby (SWS plus CsM) as a
habitable space structure for a nominal period of
56 days after the SL-4 launch.

(b) Obtain data for evaluating the performance of the
orbital assembly.

(¢) Obtain data for evaluating crew mobility and work
capability in both intravehicular and extravehicular
activity.

(3) Obtain medical data on the crew for use in extending the
duration of manned space flights

(a) Obtain medical data for determining the effects on
the crew which result from a nominal space flight
duration of 56 days.

(b) Obtain medical data for determining if a subsequent
manned space flight mission of greater duratiom than
the duration of the SL-4 manned mission is feasible
and advisable. '
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(4) Perform In-Flight Experiments

(a) Obtain ATM solar astronomy data for continuing and ex-
tending solar studies beyond the limits of earth-based
observations, '

(b) Obtaln earth resources data for continuing and extending
multisensor observaiion of the earth from low éarth orbit.

(¢) Perform the assigned sclentific, engineering , technology
and DOD experiments.

(d) Obtain comet Kohoutek data for continuing and extending
studies 6f comets beyond the limits of earth based obser-
vations,

NOTE FOR DEVELOPMENT EMPHASIS

For hardware development, the above objectives, together with the
amplifying remarks, are to be treated as.criticality category 2,
fndividual ATM, Earth Resources, and Medical Experiments shall be
considered category 3. Scientifie, Engineering, Technology and

DOD experiments shall be category 3 or 4, as specified by the de-
velopment centers. Individual critical elements within an experiment
may be category 1l or 2 as appropriate. (See reference 7).

4,3 MISSION REQUIREMENTS

4,3.1 Mission Development

(1) The SL-4 manned mission period shall begin with the
initiation of SL-4 launch countdown, and shall terminate
with the recovery of the flight crew and Command Module.

(2) The nominal launch date for the SL-4 space vehicle shall
be scheduled to provide a five to eight orbit rendezvous
capability on or after November 10, 1973,

(3) The SL-4 manned flight shall be planned for an open-ended
duration beyond a nominal length of 56 days, starting with
launch of the manned SL-4 space vehicle and ending with
the recovery of the SL-4 Command Module (nominally January
7, 1974.) The final duration flown will be determined
in real-time based on weekly reviews of the crew's
physical condition and the rates at which consumables are
expended., The maximum mission duratlon for planning pur-
pose# shall be 85 days (nominal recovery on February 3,
1974). 1In any event, the splashdown date shall be adjusted
so that the return of the crew to port can be accomplished in

the minimum time.  Due to the open—ended mission concept,
recovery plans shall provide for primary recovery ship.avail-
ability for any mission duration of 56 days or longer. The
Hawaiian "fence" concept shall be utilized if an interim=-period
recovery becomes necessary. '

4=2
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The Skylab educational program requires crew participation
to prepare for television coverage of selected activities.

A minimum of one telecast per day will be scheduled toward

a goal of meeting Public Affalrs 0ffice requirements in the
following general areas:

Rendezvous

Habitability/crew quarters demonstrations
Cluster tours

Experiment and student investigation operations
Out-the-Window obsexvations

Viewfinder-tracking system earth observatlons
Science demonstrations

Science pilot highlights

Press conference

Undock and fly-around

In order to support Public Affairs coordination with the tele-
vision users, emphasis is to be placed upon providing coverage
at times that are consistent with pre-mission planning.

Timely coordination is to be maintained with Public Affairs

to ensure that adequate advance notice is provided for any
telecast schedule changes required. e

Television coverage of science demonstrations carries a lower
priority than planned coverage of experiments and operational
activities.

Science demonstrations will have lower priority than other
Skylab .mission activities. Items used to support these
demonstrations will be stowed only if there is no competing
claim for space or weight. Film used to record scierice dem~
onstrations will be so allocated only after determination
during the mission that it can be done without impact upon
other activities.

(8) Deactivation preceding the end of the SL-4 mission will be
accomplished so as to permit a possible SWS revisit.

4,3.4 Comet Observations, Experiments, Student Investigations, and
Subsvystems/Operational Tests

This section contains requirements and Instructions for scheduling
observations of comet Kohoutek, experiments, student investigatioms,
and subsystems/operational tests in the mission flight plan. Mission
assignments and scheduling requirements and minimum film and tape
allocations are given in Annex A, Skylab Experiments.

4,3.4.1 Pre—Mission Planning

Instructions set forth in the subsections below shall be used for
preparing the pre~mission flight plans.

4.3.4.1.1 EVéwPlanniﬁg

Up to five EVAs will be baselined for conduct of experiments and pro-
grammed repairs; however, expendables to ensable one unscheduled EVA for
system contingencies will be provisioned. Mission planning will reserve
those expendables.
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4,3.4,1.2 Maneuver Constraints

Maneuvers will be constrained as outlined in the Experiment/Systems
Management Criteria document, and will be limited by momentum

management.

No 180-degree roll maneuvers will be performed.

4,3,4,1.3 Comet Kohoutek Observations

Comet observations shall be scheduled in accordance with the assign-
ment and scheduling instructions presented in Table A-2 of Annex A,
and the requirements set forth below:

(1)

(2)

Comet observations will be given priority during the
period from December 16, 1973, to January 14, 1974.

The Kohoutek viewing program shall make use of selected ATM
and corollary instruments. Priorities for the use of
specific instruments for comet Kohoutek observations are

set forth in Table A-2 of Annex A. Film shall be budgeted
as follows to assure ample quantity is avallable for the
comet observations. The number of frames shown as dedicated
to comet Kohoutek observations are minimums. Additional
photography shall be planned if crew time and film are
availahle.

FRAMES ALLOCATED FOR KOHOUTEK VIEWING PROGRAM

Instruments Minimum Frames Dedicated to Comet
5052 2500

‘5054 1600

5056 100

50824 2

S082ZB 160

8019 .40

5063 150

5183 : 12 UV, 16 DAC
S201B 200 :
8233 40

TO25 40
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4.3.4.1,4 Group Related Experiments

The group-related experiments comprise the in~flight medical, ATM and
EREP experiments. They shall be scheduled in accordance with the as-
signment and scheduling instructions presented in Table A-2 of Annex A,
the minimum film and tape allocations presented in Table A-3 of Annex A,
-and the requirements set forth below:

(1) Créw-attended ATM operations including use of ATM
instruments for comet Kohoutek observations shall be
given scheduling priority for one crewman, exclusive of
those periods allocated to' EREP, for all daylight passes
(plus the necessary night periods) for all identified
experiment days. The goal for manned ATM operation
above the 400 kilometer observing constraint, excluding
ATM checkout but including comet Kohoutek cbservations,
shall range from 230 hours for a nominal 56~day mission
to 350 hours for an 85-day mission.

(2) Unattended ATM operations may be scheduled during any
period in which the ATM console is not manned providing
such scheduling does not contradict other requirements
specified in this document.

. (3) The EREP experiments shall be scheduled for operations
with the goal for Z-local vertical passes ranging from
30 for a 56-day mission to 50 for an 85-day mission.
The goal for solar-inertial passes for EREP calibration
shall be two, regardless of mission duration. The dis-
tribution of the Z-local vertical passes shall be planned
as required to complete United States coverage and gather
data on approved sites in other countries. The S5190B
experiment shall be scheduled so as to not unduly impact
other experiments assigned to the scientific airlock with
a goal of operation on at least 50 percent of the Z-local
vertical passes identified above. 1In addition, it is
desirable to operate the S190B experiment on the two
calibration passes,

4,3,4.1,5 Corollary Experiments

The corollary experiments are those inflight experiments other than the

group-related experiments and the student investigations., They shall be

scheduled in accordance with the instructions set forth in Section 4.3.4.1.8
. below. '

4,3,4.1.6, Student Investigations

A number of investigations selected for the Skylab Student Project will be
.  performed aboard the orbital assembly. Student investigations assigned to

the SIL—4 mission shall be allocated up to 1-1/2 crew manhours per week for

performance, The student investigations shall be scheduled to satisfy the

requirements given in Table A-2, Annex A, Minimum scheduling requirements for

student investigations are presented in paragraph 4,3,4,1.8, below.,

. 4-6
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4.3.4.1.7 Subsystems/Operational Tests

Subsystems/Operational Tests for mission SL-4 will be approved at Level IT
and subsequently documented as Detailed Test Objectives (DT0's)-in the
Mission Requirements Document (MRD). Each DTO shall clearly indicate
whether the test is (1) mandatory with respect to crew safety or mission
objectives or (2) non-mandatory. Those tests deemed mandatory shall be
incorporated into either systems housekeeping, experiment preparation, oY
other life-systems support activities as appropriate. Those tests deemed
non-mandatory shall be scheduled on a non-interference ,basis with ex~-
periments, student investigations and mandatory tests. The following
subsystems/operational DIOs shall be scheduled for performance on SL-4:

(1) Environmental microbiology

(2) Operational radiation measurements

(3) Orbital assembly contamination assessments
(4) Water sample

(5) Todine monitoring

(6) Carbon monoxide monitor

(7) Taste and aroma tests -

(8) Parasol material

(9) Food package
(10) Atmospheric volatile concentrator

In addition to the foregoing subsystems/operational tests, the special
DTOs listed below shall be ascheduled for performance onR SL—-4. They
shall be planned with the same rigox as the subsystems/operational DT0s
but shall be scheduled on the basis that they not interfere in any way
with the performance of assigned experiments, student investigations or
subsystems/operation tests. ' )

(1) Bloecd flow in limbs
(2) Girth and height measurements and crew profile photographs
(3) Sweat samples

(4) Stereo photogrammetxy

(5) Gypsy moth eggs

(6) Visual observations of the earth

4.3.4.1.8 Scheduliing of Corollary Experiments

Corollary experiments shall be scheduled on mission g1,~4 in accordance
with the following instructions:

(1) Corollary experiments assigned to mission SL-4 shall be
scheduled into those intervals of the crew timeline
which have mot been allocated to the Kohoutek observa-
tions, group related experiments and the necessary
life/systems support activities (eat, sleep, off-duty,
personal hygiene, and systems housekeeping). The
corollary experiments shall be scheduiled to satisfy
the requirements stated ot implied in Tables A~2 and
A-3 of Annex A. The minimum film and tape allocations
given in Table A-3 includes film allocated for the
Kohoutek viewing program as specified in paragraph
4.3.4.1.3 herein. If these requirements cannot be
fully accommodated in the mission timeline, the following
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experiments may be reduced to not less than the level
shovn below:

Experiment Minimum Scheduling Requirements (ST~4)

M487 Perform individual discussions with each crew-
: man late in mission. Obtain questionnaire
data from the same crewman once in each
two~week period. Record height of each crew-
man early, mid, and late in the mission.
Photograph eating of a meal, and cleaning
of mixing chamber screen in dome twlce; also,
' waste management compartment activity/personal
hygiene, and restocking of pantry once,

Perform one unsuited run. (Suited activity

beyond the mimimum requirement may be planned
provided no secondary oxygen package usage is
planned prior to the final EVA.)

Perform eight night passes of 32 minutes
average duration,

Obtain one photograph of the sun with
exposure time of 30 minutes or longer.
Perform four passes of 26 minutes average
duration. ‘

Perform eight night passes of 32-minutes
average duration.

N/A

Reduce that portion of the experiment that
requires daily performance to performance
every other day, '

Perform one unsuited run. (Suited actiwvity

beyond the minimum requirement may be planned
provided no secondary oxygen package usage is
planned prior to the final EVA,)

ED31 Perform the inoculation session and four photo-
graphic sessions,

ED4L One crewman will conduct one test within
J seven days after launch and one test approxi-
mately 50 days after launch,

ED61/62 Plant and expose 24 rice seeds, Perform five
photographic sessions of six photographs each.

4-8
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Experiment . Minimum Scheduling Requirements (SL-4)
ED63 Observe and photograph cytoplasmic streaming

of elodea plant two times.

The experiments listed above shall be considered for reduction
in order of increasing flight schedule precedence; e.,g. an
experiment of FSP 200 will be considered for reduction before
an experiment of FSP 300. It is recognized, however, that

the order in which experiments are actually reduced may depend
more on operational considerations than o¥ the FSP. The SL-4
flight plan shall be flagged to indicate which experiments

or investigations have been scheduled to less than their

full requirements. The Program Director will comsider further
reduction if necessary.

{2) Candidate experiments may be scheduled on the mission
provided this does not impact the assigned experiments,
They will be considered for inclusion in the timeline
in order of decreasing FSP.

(3) Experiments S019, S083, S$232, and S183 shall be given
prime consideration during those periods in the mission
which satisfy their particular observational constraints
or offer unique cobservational opportunities, 1,e., lunar
cycle constraints, specific celestial field-of-view,
concurrent ground observations, ete.

4,3.4,2, Real-Time Planning

The guidelines in this section shall govern real-time flight planning
of experiments, student investigations, and subsystems/operational
tests during condudt of the SL-4 mission.

4,3.4,2.1. Real-Time Planning of Experiments

The real-time goal for experiments shall be performance of the baseline
requirements ag defined in the Appendix. Priority for attaimment of

: experiment baseline requirements is group-related experiments followed

by corollary experiments in order of decreasing FSP, (During the period
December 16, 1973, to January %14, 1974, observations of comet Kohoutek
will be given first comsideration.)

(1) Increased Scheduling of Experiments

In general, no increase in scheduling beyond baseline
requirements will be planned for an experiment until

- all other assigned activities and candidate experi-
ments are scheduled to the maximum extent possible .
toward their baseline requirements. Candidate experi-
ments will be scheduled 1f their performance will not
preclude attainment of baseline requireménts of

49
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assigned activities capable of performance.

(2) Reduced Scheduling of Experiments

1 When real-time problems are directly related to indi-
vidual experiments or experimemt disciplines (ATM,
EREP, Medical, Corollary of Kohoutek), the following
shall apply:

(a) When crew time has been expended on a comet Kohoutek
observation or group-related experiment run, any time
scheduled for a repeat of that run shall normally be
absorbed within that experiment group.

{(b) When crew time has been expended on a corollary experi-
ment, a rescheduled performance shall normally be ab-
sorbed within any timeline allocation remaining for
that specific experiment; however, other corollary
experiments of lower FSP may be considered for reduc-
tion/cancellation in order to accomodate a rerun.

If réal-time problems are not directly related to experiment
activity, but cause loss of crew time scheduled for experi-
ment performance, each discipline shall absorb the lost time

. in direct proportion to the total SL-4 crew time allocated to
that experiment discipline. When reduced scheduling of experi-
ments must be made within the preceding guidelines, the following
general instructions shall also be used as applicable.

(a) The first level of experiment scheduling reduction shall
be from baseline requirement to MSR, if an MSR has
been established.

(b) The second-level of experiment scheduling reduction
shall be toward the Performance Redline. Scheduling Re-
quirements established in paragraph 4.3.2.4 of this
section, and the MRD. Performance of less than redline
will not be scheduled. (The FMT will be briefed on plans
for second~level reductions or cancellations prior to
their implementation.)

(¢) Experiments being comsidered for first or second-level
reductions or cancellations shall be considered in se-
quence of increasing FSP, if ¥SP’s have been assigned,
taking into account other operatiomal constraints.

4.3.4.2.2 Real-Time Planning of Student Investigations

The real-time goal for student investigations shall be performance of the
baseline requirements as established in Table A~2 of Annex A and in the MRD.

4-10
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(1) Increased Scheduling of Student Investigations

Student investigations shall not be scheduled beyond
the maximum of 1-1/2 crew manhours per week allocated
to student investigations for pre-mission planning.
Further, no increase in scheduling beyond baseline
requirements will be made for a student investigation
until all other assigned and candidate experiments

and student investipgations are scheduled to the
maximum extent possible toward their baseline require-
ments.

Reduced Scheduling of Student Investigations

When real-time problems are directly related to a spe-
cific student investigation and crew time has been ex-
pended on the student investigation run, any rescheduled
verformance of the run shall normally be absorbed within
any timeline allocation remaining for that specific
student investigation. TIf the real-time problems are
not directly related to student investigations, then

the investigations shall lose reschedule time in direct
proportion to the total Sl-4 crew time allocated to
student investigations, In addition, when real-time
flight plamning indicates that assigned student inves-
tigations may not attain baseline requirements, they will
be considered for reduction and/or cancellation. Per-
formance redlines, established in paragraph 4.3.4.2.4

of this section and the MRD, represent levels of mini-
mum worthwhile information for student investigations.,
Performance of less than redline will not be scheduled,

4,3.4,2.3 Real Time Planning of Subsystems/Operational Tests

The real-time for subsystems/operational tests is to satisfy the pre-
mission planning for such tests.

(1) Increased Scheduling of Subsystems;/Operational Tests

In general,.no increase in scheduling of subgystems/
operational tests beyond those included in pre-mission
flight plans shall be made,

Reduced Scheduling of Subsystems/Operational Tests

Those subsystems/operational tests designated as manda~
tory in the MRD DTOs shall not be reduced without FMT
approval. Non-mandatory tests may be reduced as necessary
to permit performance of assigned experiments, student
investigations and mandatory subsystems/operational tests.

4-11
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Performance rtedlines are established Below:

Activity

Kohoutek
Observations

All Medical

All AT

All EREP

M479

$020, T025
$2013

D024 ,M487,
M509 ,M516,
M555,M556,
thru M566,
8009,5019,
5063.8073, [
5149,5183,
$228,5230,
$232,5233,

T003,T020,
TO53, J

ST

ED1l, ED12,
ED21, ED22,
ED24, ED25,
ED31

ED41
ED61/62

ED63

Performance Redline Scheduling Requirement(SL-4)

For all instruments used for Kohoutek obser-—
vations, continue to schedule in accordance
with the integrated comet Kohoutek viewing
program.

Continue to schedule toward baseline require-
ments; however, repetitive performance of medi-
cal experiments may, with flight surgeon con-
currence, be deferred to permit performance

of ATM and EREP redline requivements, For )
M151, exclude photographic sessions pertaining
to the pressure garment assembly and to repeated
removals and installations of experiment hardware.

Continue to schedule toward baseline require¥
ments. EVA data retrieval shall be real-time
decision.

Continue to schedule toward baseline requirements.

Perform six combustion and quench test cycles
on selected materials,

Accomplish one photographic sequence.

Continue to schedule toward baseline requirement

_(or minimum- scheduling requirement if assigned),

No specific crew time required

Perform the inoculation session and one photo-
graphic session.

Conduct one test consisting of twe traverses
through the maze.

Plant 24 rice seeds and perform one photo-
graphic session of seedlings.

Observe and photograph one cytoplasmic stream-
ing.
' 4-12
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Activity Performance Redline Scheduling Requirement (SL-4)

ED72 Time and photograph the liquid rise through one
 capillary tube or wick.

ED76 " Retrieve and return one neutron flﬁx detector.

4.3.5 Unmanned Operations

The following guidelines apply to the ummanned period of SWS
operations between separation of the SL-3 €8M and docking of
the SL-4 CSM.

(a) The SWS shall be controlled and interrogated from the
ground during the unmanned period,

(b) Film for ATM experiments S052 and 5054 shall be loaded
during the end-of-mission SL-3 EVA for exposure during
the ummanned period of SL-4.
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5,5.1 General Guidelines

{1) Reductions from nominal return affect all experiments.

(2) Select data to maximize scientific return within each
.experiment group rather than maximizing return of single
experiments,

(3) Selection of data will consider: Quantity and quality of
data on previous missions; quality of data on the present
mission; data return of the present mission by alternate means
(telemetry, voice, TV); expected return on any subsequent
missions,

(4) Experiment data that is not selected for return on a
rescue mission will be considexed for return on any sub-
sequent missions,

(5) For SL-4, greater comsideration should be given to the
return of data from comet Kohoutek, and experiments which

have had little or no return omn previous missions.

5.5.2, Specific Guidelines

. Guidelines apply to all missions unless otherwise noted.
(1) Medical

(a) Select data to maximize information of the status of
the crew's health and well being.

(b) A nominal weight of 127 pounds is allowable for urine
chiller and contents, The urine chiller will not be
returned on a SL-4 rescue if an alternate data return
package has a greater scientific return.

(¢) For SL-1/SL-2 and SL-3, up to a nominal weight of 50 H
- pounds of other medlcal data will be returned. If

unable to return ATM film, the 50 pound limit will
be increased by 15 pounds.

- (d) On SL-4, other medical data will occupy welght and
. wvolume not allocated to ATM, EREP, and corollary
experiments. This will be approximately 30 pounds.
(2)_ATM

(a) Up to a nominal weight of 65 ‘pounds of ATM film
will be returned.

. , : L |
. (b) On SL~4,comet Kohoutek related data will be given i
first priority.

5-3
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(3) EREP"

(a)

(b)

A nominal weight of 40 pounds of EREP film and tape
shall be returned.

If unable to return ATM film, theén an additional

15 pounds of EREP film and tape will be returned on
SL-2 and SL-3. On SL-4, the 40 pound limit will be
raised by 25 pounds.

(4) Corollary and Student

(a)

(b)

(e)

~and student data will be returned. If unable to-

(d)

For SL-2 and SL-3, corollary and student experiment
data will use weight and wvolume not occupied by the
medical, ATM, and EREP experiment groups.

For S5L-2 and S8L-3, data will be selected to maximize
the number of experiments taken in descending order
of FSP,

For S5L-4, a nominal weight of 40 pounds of corollary

return ATM film, the limit will be raised by 20
pounds. '

For SL-4, priority will be given to returning comet
Kohoutek related data. Other corollary data will
be selected to maximize the number of experiments
taken in descending order of FSE.

5-4
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Table A-1: Summary of Experiment Mission Assignments

Experiment Mission Assignment
_ SL-1/8L-2 SL-3 SL-4

Passive

M415 =~ Thermal Control Coatings

S071 Circadian Rhythm - Pocket Mice
5072 Circadian Rhythm ~ Vinegar Gnat
8150 Galactic X-ray Mapping (B)

Medical

MO71 Mineral Balance

MO73 Biocassay of Body Fluids

MO74 Specimen Mass Measurement

*MO78 Bone Mineral Measurement (B)

M092 In-Flight Lower Body Negative Pressure

M093 Vectorcardiogram

*M111 Cytogenetic Studies of Blood

M112 Man's Immunity - In vitro aspects

M113 Bloecd Volume and Red Cell Life Span
. M114 Red Blood Cell Metabolism .

Mil5 - Special Hematologic Effects

M13L1 Human Vestibular Function

M133 Sleep Monitoring

M151 Time and Motion Study

M171 Metabolic Activity

M172 Body Mass Measurement

i ol o o
g AR R S
il S B

* These experiments have pre- and post-flight requirements only.
ATM

8052 White Light Coronagraph

5054 X-Ray Spectrographic Telescope

5055 Scanning Polychromator~Spectroheliometer
S056 Extreme UV and X-Ray Telescope

50824 Coronal Extreme UV Spectroheliograph
50828 Chromospheric Extreme UV Spectrograph

g
e S

EREP

S190A Multispectral Photographic Cameras

51908 Earth Terrain Camera

5191 Infrared Spectrometer

5192 Multispectral Scanner

§193 Microwave Radiometetr/Scatterometer
and Altimeter

5194 L-Band Radiometer’

LEGEND: See Page A-5
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Table A~1: Summary of Experiment Mission Assignments

Experiment Mission Assignment
SL~-1/81-2 SL-3 SL-4
Corollary .
DO08 -~ Radiation In Spacecraft
D024 Thermal Control Coatings
M479 Zero Gravity Flammability (revised)
M487 Habitability/Crew Quarters
M509 Astronaut Maneuvering Equipment
M516 Crew Activities/Maintenance
M551 Metals Melting
M552 Exothermic Brazing
M553 Sphere Forming
M555 Gallium Arsenide Crystal Growth
M556 Vapor Growth of II-VI Compounds
M557 Immiscible Alloy Compositions
M558 Radicactive Tracer Diffusion
M559 Microsegregation in Germanium
M560 Growth of Spherical Crystals
M561 Whisker-Reinforced Composites
M562 Indium Antimonide Crystals
M563 Mixed III-V Crystal Growth
M564 Metal and Halide Eutectics
M565 Silver Grids Melted in Space
M566 Copper—-Aluminum Eutectics
5009 Nuclear Emulsion '
5015 Zero Gravity Single Human Cells
5019 UV Stellar Astronomy
5020 UV/X-Ray Solar Photography
5063 UV Airglow Horizon Photography
5073 Gegenschein/Zodiacal Light
5149 Particle Collection
5183 UV Panorama
S201B TV Electronographic Camera
§228 -~ Trans~Uranic Cosmic Rays
8230 Magnetospheric Particle Composition
5232 Barium Plasma Observations
8233 Comet Kohoutek Photograhy
T0O02 Manual Navigation Sightings (B)
T003 In-Flight Aerosol Analysis
TO13 Crew Vehicle Disturbance
T020 Foot-Controlled Maneuvering Unit
T025 Coronagraph Contamination Measurement
T027 (SA) - Contamination Measurement
{Sample Array)
T027/8073 - Contamination Measurement -
Gegenschein/Zodiacal Light (Photometer)
T053 -~ Earth laser Beacon

wow oW ¥
» Wk W *

[ v = R - = v -

i S g

@
c
A
A
c
c
C .
A
A
¢
C.
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

g

@ M555 may be assigned to SL~4 in the event that S201B is not
available when required for SL-4 pre-launch stowage.

%% These experiments utilize a common facility, M512-Materials
Processing Facility.

A These experiments utilize a common facility, M518-Multipurpose
Electric Furnace. :
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Table A-1:  Summary of Experiment Mission Assignments

Exgeriment

Atmospheric Absorption of Radiant

-Libration Clouds :
Objects within Mercury's Orbit

Motor Sensory Performance
Web Formation :
- Plant Growth/Plant Phototropism

Liquid Motion in Zero "G"

The experiment, or a part of the e

Mission Assignment
© 8§L-1/SL-2 SL-3 SIL-4

Heat : A C A
A A A
' A A
A A A
A C
A
A A
A A
A A
A
A
A
A
A A
A
A
A A A
C

xperiment, is assigned to this

mission (refer to the detailed imstructions contained in Table A-2).

The experiment,'or a part of the experiment, is a candidate for

performance on this mission, provi
in Table A-2 will not have been sa

Student Investiggtiohs
EDLl -
Epl? - Volcanic Study
ED21 -
ED22 -
ED23 - UV from Quasars
ED24 - X-Ray Stellar Classes
ED25 - X-~Rays from Jupiter
ED26 - UV from Pulsars
-ED31 - Bacteria and Spores
ED32 ~ 1In Vitro Immunology
ED41 -
ED52 -
ED61/62
ED63 - Cytoplasmic Streaming
ED72 - Capillary Study
ED74 ~ Mass Measurement
ED76 - Neutron Analysis
ED78 -
LEGEND:
A _
C —_

{or missions).
® -

Instruments from these experiments
comet Kohoutek observations.

ded the requirements set forth

tisfied on an earlier mission

will be utilized for the
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EXPERIMENT /DATA

5019 film canister
5020 film magazine

8052 film camera

S054 film cassette
5056 film magazine
S063 film cassette
S082A film magazine
5082B film magazine|
; 6183 film magazine
5183 film carousel
S190A cassette
ETC film canister
$191 film magazine
lEREP Mag. Tape
8201B film magézinep

‘Hal film magazine

T025 film cassette

* - -

NOTE: This table establishes minimum film/tape allocations for
selected instruments. Requirements for additional film
may be established by Program Offices.

TABLE A-3: SL-4 MINIMUM FILM/TAPE ALLOCATIONS FOR SELECTED INSTRUMENTS

A=LT
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MEMORANDUM
TO: Distribution
FROM: AA/Acting Manager, Apollo-Skylab Programs

SUBJECT: Operations Directive Change Package No. 6,
Skylab Program Directive No. 43C

Attached is a copy of Change Package No. 6 to the Skylab Operations
Directive, Program Directive No. 43C and a copy of my Briefing
Note to Dr. Debus. The package includes updated pages to the
Directive and a change log sheet for recording this and subsequent
changes. The package in general contains SL-3 operational
planning changes and general documentation cleanup,
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Distribution
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Dr, Débus:

SUBJECT: Operations Directive Change Package No. 6, Skylab Program Directive
No. 43C

We have received and reviewed the enclosed Change Package No. 6 to Skylab Program
Directive No. 43C, "Operations Directive. ' :

The Change Package No. 6 causes no impact to KSC. Its main purpose is to reflect
SL:--3 operational planning changes and general documentation cleanup.

Copies of this Change Package will be forwarded to the appropriate Directorates and
Offices under separate cover. ’

William} 3 Rock




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
' WASHINGTON, D.C. 20546

REPLY TO

ATTN OF: ' - JuL 19 1973

bistribution
FROM: ML/Director, Skylab Program

SUBJECT: Operations Directive Change Package'No. 6

Enclosed are updated pages to the Skylab Operations Directive, Program
Directive No. 43C. Also enclesed is a change log sheet for recording
this and subsequent changes. All holders of the document aré requested
to insert the new pages in their copies of the Operations Directive.

.C

William C. Schneider

Enclosure

Distribution: See attached 1list.




OPERATIONS DIRECTIVE CHANGE LOG

cp SCN : _
No. No. Date Pages Affected . - Comments

4 28 1/8/73 The addition of a MSR for M487
(Cont'd] _ on Mission SL-1/SL-2.
29 1/8/73 .The completion of ATM sched-.
. ' uling instructions.
- 30 1/8/73 The revision {reword) of the
' . EREP calibration requirements
_ Sﬁg§x (SL-2). ,
5 - 31 2/15/73 The addition of experiment data
: ' return guidelines for Mission
, SL-R. L
' - 32 2/15/73 The addition of a mission '
: . : ' - ' management section.
- - 1 33 2/15/73“: The addition of real-time
: o . planning experiments) guide- :
o : ' llnes for all missions.

34 - Resulting Changes: :
_ ' _ ‘0 The deletion of all student
: : : ' investigation FSP's.
: _ N The revision of student in-
- ‘ - -'. vestigation titles.’ '

§ Renumbered Pages o The addition of student in-.

‘o

vestigation assignments in

REV C

Rsvision C approved 5/1/73

“ - Table A=2. -
S o The revision of student in
vestigation pre-mission ]
i scheduling guidelines for
; . Missions SL—l/SL-Z SL-3
' ‘ and SL-A'




OPERATIONS DIRECTIVE CHANGE LOG
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Revision of ED. TV requirements
on Mission SL-1/SL-2.

The inclusion of the seven sub-
systems/operational DTO's by
title (SL-1/5L-2).

Real-time planning guidelines
for all missions,

§§§x The revision of mission assign-

NRenumbered Pages ments and scheduling instruc-

\ tions for experiments = !
M131, M509, S019, S150, S183,
and TQO0Z2,

Revision'c approved 5/1/73

The revision of minimum crew-
attended data-taking hours for
ATM (SL-4). (From 180 to' TBD.)

Skylab Private Conversations

Revision of launch and recovery
dates for all-missions.

7 i,l 2’1 7,3—1_thru Mtssion SL-=3 onerational plan-
7¥19/73 ~11, A-4, A=5, A-8/thru ning_cﬁanges ‘and “general "docu~
A—16, B-1 ment clean up.
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(16) Where possible, all manual abort requests from the
ground during flight will be based on two independent
indications of the failure. Crew abort action will
normally be based upon two cues.

(17) The S-IVB stages of the SL-2, SL-3, SL~4 and SL-R launch
vehicles shall be capable of controlled deorbit by means
of controlled dumping of residual propellant.

1.4.3 Skylab Launch Dates

Close adherence to the currently scheduled Skylab launch dates is
essential to obtaining the desired seasonal earth resources data. Any
experiment, including individual EREP experiments, which could compromise
the May 14, 1973 launch date of SI-1 by not meeting the SWS closeout
date, will be subject to review by the Program Director for possible
cancellation. :

1.4.4 Private Communications for Skylab

The governing requirements for private communications are contained in
NASA Administrator memorandum, subject: Private Communications for
Skylab, March 29, 1973 (reference 13). For convenience only a summary
matrix of these requirements is included in Table B-~1 of Annex B,

1.5 DOCUMENTATION

This section has three purposes: (1) to identify key Skylab program and
mission documents which include and/or reflect the Program Director's
management instructions pertaining to mission planning, requirements,
operations and evaluation; (2) to establish responsibilities for the
control and orderly development of the Skylab operational documents;

and (3) to clarify the relationships that exist among the documents.
Figure 1 depicts these documents and their interrelationships.

1.5.1 Mission Requirements Document (MRD)

The MRD is the basis for Skylab mission planning and design. It defines
the mission requirements and the functional and performance requirements
for implementing the program and mission objectives specified in this

~ Directive. The MRD contains detailed operational requirements for the
missions compiled from various sources, including Experiment Requirements
Documents (ERDs) and the Data Request Forms (DRFs), which are developed at
JSC and MSFC. The MRD shall be consistent with this Directive and shall
further amplify the mission objectives and requirements set forth herein.
To make the relationship of the MRD to the Operations Directive (0OD) clear
at all times, each issue of the MRD shall include flag sheets to identify
all arveas in which the MRD is not consistent with the OD. The MRD shall
be jointly prepared and approved by JSC and MSFC, and shall be coordinated
under the cognizance of the Mission Requirements Panel, as established in
reference 4.

1-7
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3.0 SKYLAB MISSION SL-3

3.1 MISSION DESCRIPTION

Skylab Mission SL-3 will begin when the SL-2 CSM and crew separate
from the SWS just prior to reentry. The unmanned portion of the
mission will continue until.the SL-3 CSM and crew are launched to
rendezvous and dock with the SWS. After docking, the SL-3 crew will
enter the SWS, reactivate its systems, and proceed to imhabit and
operate the orbital assembly for up to 5§ days. During this time
the crew will perform systems and operational tests and the assigned
experiments. To conclude the mission, the crew will configure the
SWS for unmanned operations, undock the CSM, and return to earth in
the Command Module.

3.2 MISSION OBJECTIVES

1)

(2)

(3}

Perform unmanned Saturn Workshop operations

(a) Obtain data for evaluating the performance of the
unmanned SWS.

(b) Obtain solar astronomy data by unmanned ATM
observations.

Reactivate the Skylab orbital assembly in earth orbit

(a) Operate the orbital assembly (SWS plus CSM) as a
habitable space structure for up to 59 days after
the SL-3 launch.

(b) Obtain data for evaluating the performance of the
orbital assembly.

(¢} Obtain data for evaluating crew mobility and work
capability in both intravehicular and extra-—
vehicular activity.

Obtain medical data on the crew for use in extending the
duration of manned space flights

(a) Obtain medical data for determining the effects on
the crew which result from a space flight of up to
59 days duration.

(b) Obtain medical data for determining if a subsequent
Skylab mission of greater than 59 days duration is
feasible and advisable.
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(4) Perform inflight experiments

(a) Obtain ATM solar astronomy data for continuing and
extending solar studies beyond the limits of earth-
based observations.

(b) Obtain earth resources data for continuing and ex-
tending multisensor observation of the earth from
low earth orbit.

(c) Perform the assigned scientific, engineering, tech-
nology and DOD experiments. S

NOTE FOR DEVELOPMENT EMFHASIS

For hardware development, the above objectives, together with the
amplifying remarks, are to be treated as criticality category 2.
Individual ATM, Earth Resources, and Medical Experiments shall be
considered category 3. Scientific, Engineering, Technology, and
DOD Experiments shall be category 3 or 4, as specified by the
development centers. Individual critical elements within an ex-
periment may be category 1 or 2 as appropriate. (See reference 7).

3.3 MISSION REQUIREMENTS

3.3.1 Mission Development

(1) The SL-3 manned mission period shall begin with the initi-
ation of SL-3 launch countdown, and shall terminate with
the recovery of the flight crew and Command Module.

(2) The nominal launch date for the manned SL-3 space vehicle
shall be guly 28, 1973. Mission planning shall allow
for at least three launch opportunities within seven days
following the scheduled launch date.

(3) The SL-3 manned flight shall be planned for a duration of
59 days, starting with the launch of the manned SL-3
space vehicle and ending with the recovery of the SL-3
Command Module (nominally September 25, 1973).

(4) The orbital assembly shall be maintained in a circular
orbit at an altitude (v 234 NM) that will provide a
controlled groundtrack pattern which repeats every 71
revolutions.

(5) Docking of the mission CSM to the Saturn Workshop shall
be planned for the axial docking port of the Multiple
Docking Adapter (MDA).
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3.3.2 Launch Operations

The following requirements shall be reflected in the Launch Mission
Rules and other SL-3 launch planning documentation:

Any space vehicle element or operational support element whose
malfunction can limit the SL-3 manned flight to legs than 59 l
days duration shall be considered a mandatory item for launch.

3.3.3 In-Flight Operations

The followiﬁg requirements and instructions shall be used in devel-
oping the SL-3 mission flight plans:

(1) Approximately one of every seven nission-days shall be
scheduled as an off-duty day.

(2) Each off-duty day shall include performance of experiments
MO71 and MO73, crew rest and recreation, nominal monitor-
ing of spacecraft systems, and crew planning.

(3) Scheduling of crew activities shall permit rapid crew
response to solar flares that may occur when the ATM
console is not manned.

(4) To preserve urine samples, the SL-3 crew shall have access
to the activated SWS urine freezer within 24 hours of CSM
launch. In any event, all feces and samples of all urine
voided after SL-3 lift-off shall be processed in the SWS
Waste Management System as soon as it becomes available
for use. -

(5) * The Skylab educational program requires crew participation
to prepare for television coverage of selected activities.
A minimum 6f one telecast per day will be scheduled toward
a goal of meeting Public Affairs 0ffice requirements in the
following general areas:

Rendezvous

Habitability/crew quarters demonstrations
Cluster tours

Experiment and student investigation operations
Qut-the-window observations
Viewfinder-tracking system earth observations
Science demonstrations

Science pilot highlights

Press conference

Undock and fly-around

(6) Crew performance of science demonstrations for television, as

required by preceding paragraph (5), shall make use of existing
hardware. and minor additional items carried up expressly for

this purpose.
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3.3.4 Experiments, Student Investigations, and Subsystems/
Operational Tests

This section contains requirements and instructions for scheduling
in~-flight experiments, student investigations and subsystems/opera-
tional tests in the mission flight plan. Mission assignments and
complementary scheduling requirements are glven in Annex A, 'Sky-
lab Experiments”.

3.3.4.1 Pre-Mission Planning

Instructions set forth in the subsections below shall be used for
preparing the pre-mission flight plans.

3,3,4.1,1  Group—Related Experiments

The group-related experiments comprise the in-flight medical, ATM, and
EREP experiments. They shall be scheduled in accordance with the assign-
ment and scheduling instructions presented in Table A-2 of Annex A,

the minimum scheduling requirements found in paragraph 3.3.4,1.5, and the
requirements set forth below:

(1) Crew-attended ATM operations shall be given scheduling priority
for one crewman, exclusive of those periods allocated to EREF,
for all daylight passes (plus the necessary night periods) for
all identified experiment days. It shall be the goal to obtain
230 hours of manned ATM operation above the 400 kilometer ob—
serving constraint.

Unattended ATM operations may be scheduled during any ﬁéfiod" ‘
in which the ATM console in not manned, provided such scheduling
does not contradict other requirements specified in this docu—~
ment.

The ATM experiments (excluding S055) and H-alpha 1, shall each
utilize not more than two magazines of film.

The EREP experiments, excluding S190B, shall be scheduled for
operation on 26 Z-local vertical passes and two solar—inertial
passes. A goal of four of the Z-local vertical passes shall
be planned to gather data on approved European/African/Asian
sites. The $190B experiment shall be scheduled so as to not
unduly impact other experiments assigned to the scientific air-
lock. The S190B goal shall be operatdon on 20 of the 26 Z-local

vertical passes identified above. et
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3.3.4.1.2 Corollary Experiments

The corollary experiments are those in-flight experiments other than
the group-related experiments and the student investigations. They
shall be scheduled in accordance with the instructions set forth in
Section 3.3.4.1.5 below.

3.3.4.1.3 Student Investigations

A number of investigations selected from a national contest of the

Skylab Student Project will be performed aboard the orbital assenbly.
Student investigations assigned to the SL-3 mission shall be allocated

up to 1-1/2 crew manhours per week for performance. The student investi-
gations shall be scheduled to satisfy the requirements given in Table

-2, Amnex A. Minimum scheduling requirements for student investigations l
are presented in paragraph 3.3.4.1.5, below.

3.3.4.1.4 Subsystems/Operational Tests

Subsystems/operational tests for Mission SL-3 will be approved at Level II
and subsequently documented as Detailed Test Objectives (DTO's) in the
Mission Requirements Document (MRD). Each DTO shall clearly indicate
whether the test is (1) mandatory with respect to crew safety or mission
objectives or (2) non-mandatory. Those tests deemed mandatory shall be
incorporated into either systems housekeeping, experiment preparation, or
other life/systems support activities as appropriate, Those tests deemed
non-mandatory shall be scheduled on a non-interference basis with ex—
periments, student investigations and mandatory tests. The seven sub-
systems/operational DTO's listed below shall be stheduled for performance
on mission SL-3.

(1) Environmental microbiology

(2) Operational radiation measurements

(3) Orbital assembly contamination assessments
(4) Water sample

(5) SLA deployment observation

(6) Iodine monitoring

(7) Carbon monoxide monitor

3.3.4.1.5 Scheduling of Corollary Experiments

Corollary experiments shall be scheduled on Mission SL-3 in accordance
with the following instructions.

(1) Corollary experiments assigned to Mission SL-3 shall be
scheduled into those intervals of the crew timeline which
have not been allocated to the group—related experiments
and necessary life/systems support activities (eat, sleep,
off duty, personal hygiene, and systems housekeeping). The
corollary experiments shall be scheduled to satisfy the
requirements stated or implied in Table A-2 of Annex A.

“
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1f these requirements cannot be fully accommodated in the
migsion timeline, the following experiments may be reduced
to not less than the level shown below:

Experiment

M151

M487

M509

M516

5019

5063

5149

8183

T003"

T020

T027/8073

ED32

Minimum Scheduling Requirement

Eliminate those portions of the experiment
that require photography of crew activities
pertaining to PGA and maintenance.

Perform individual discussions with each
crewman late in mission, Perform group
discussions once in each four week period.
Perform seven photograohlc sequences of crew
activities.

Perform two unsuited and one suited set of
maneuvers,

Obtain photographs of four specific crew
activities,

Perform eight night passes of 32-minutes
average duration.

Perform four passes of 26-minute average

duration, and 15 UV horizon airglow photog}aphs.

Retrieve and return the one set of cassettes
exposed during the unmanned phase of SL-3,
Deploy, retrieve, and return one set for the

manned portion of SL-3, Deploy one set for the

unmanned phase of SL-4,

Perform eight night passes of 32-~minutes
average -duration.

Reduce that portion of the experiment that
requires daily performance to performance
every other dav.

One crewvman perform two runs in shirt sleeve
operation, and one run suited,

Perform 20 program performances {photometer
scans),

Take three photographs of each of two plates,
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ED52 Take motion pictures of two webs if building
is not successful, or one web if a web is
spun. ©Obtain three still photographs of each
of two webs,

ED63 Observe and photograph cvtoplasmic streaming
of elodea plant two times,

ED74 Two mass measurements will be performed: one
for calibration, and one for a combination of
test masses.

The experiments listed agbove shall be considered for reduction in order

of increasing flight scheduling precedence; e.g., an experiment of FSP 200
will be considered for reduction before an experiment of FSP 300, It is
recognized, however, that the order in which experiments are actually re-
duced may depend more on operational considerations than on the FSP. The
SL-3 flight plan shall be flagged to indicate which experiments or investi-
gations have been scheduled to legs than their full requirements. The
Program Director will consider further reduction if necessary,

(2) Candidate experiments may be scheduled on the mission providing
this does not impact the assigned experiments, They will be con-
sidered for inclusion in the timeline in order of decreasing FSP,

(3) Experiments S019, 8063, S183, and T027/5073 shall be given prime
consideration during those periods in the mission which satisfy
their particular observational constraints or offer unique ob-
servational opportunities, i.e.,, lunar cycle constraints, specific
celestial field-of-view, etec,

3.3.4.2 Real-Time Planning

The guidelines in this section shall govern real-time flight planning
of experiments, student investigations, and subsystems/operational tests,
during conduct of the SL-3 mission.

3.3.4,2,1 Real-Time Planning of Experiments

The real-time goal for experiments shall be performance of the baseline
requirements as defined in the Appendix, Priority for attalnment of ex-
periment baseline requirements is group-related experiments followed by
corollary experiments In order of decreasing FSP.

(1) Increased Scheduling of Experiments

In general, no increase in scheduling bevond baseline re-
quirements will be planned for an experiment until all other
assigned activities and candidate experiments are scheduled to’
the maximum extent possible toward their baseline requirements.
Candidate experiments will be scheduled if their performance will
not preclude attainment of baseline requirements of assigned

activities capable of performance. 3-7
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(2) Reduced Scheduling of Experiments
. When real-time problems are directly related to individual
experiments or experiment disciplines (ATM, EREP, Medical,
Corollary), the following instructioms shall apply:

(a) When crew time has been expended on a group related
experiment run, any time scheduled for a repeat of
that run shall normally be absorbed within that
experiment's group.

(b) . When crew time has been expended on a corollary
experiment, a rescheduled performance shall normally
be absorbed within any timeline allocation remaining
for that specific experiment; however, other corollary
experiments of lower FSP may be considered for
reduction/cancellation in order to accommodate a rerun.

If the real-time problems are not directly related to experiment
activity but cause loss of crew time scheduled for experiment
performances, each experiment discipline shall absorb the lost
time in direct proportion to the total SL-3 crew time allocated
to that experiment discipline.

When reduced scheduling of experiments must be made within the
preceding guidelines, the following general instructions shall
. also be used as applicable:

(a) The first level of experiment scheduling reduction
' shall be from baseline requirement to MSR, if an MSR
has been established.

(b) The second-level of experiment scheduling reduction
shall be toward the Performance Redline Scheduling
Requirements established in paragraph 3.3.4.2.4 of
this section. Performances of less than redline will
not be scheduled. (The FMT will be briefed on plans
for second-level reductions or cancellations prior
to their implementation).

(c) Experiments being considered for first or second-
level reductions or cancellations shall be considered
in sequence of increasing FSP, if FSPs have been
assigned, taking into account other operational
constraints.

3.3.4.2.2 Real-Time Planning of Student Investigations

The real-time goal for student investigations shall be performance of
the baseline requirements as established in Table A-2 of Annex A and

. in the MRD.




(1)

(2)
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Increagsed Scheduling of Student Investigations

Student investigations shall not be scheduled beyond the
maximum of 1-1/2 crew manhours per week allocated to

student investigations for pre-mission planning. Further,
ne increase in scheduling heyond baseline requirement will
be made for a student investigation until all other assigned
and candidate experiments and student investigations are
scheduled to the maximum extent possible toward their
baseline requirements.

Reduced Scheduling of Student Investigations

When real-time problems are directly related to a specific
student investigation and crew time has been expended on

the student investigation run, any rescheduled performance
of the run shall normally be absorbed within any timeline
allocation remaining for that specific student investigation.
If the real-time problems are not directly related to
student investigations but cause loss of crew time scheduled
for student investigations, then the investigations shall
lose reschedule time in direct proportion to the total SL-3
crew time allocated to student investigations. In addition,
when real-time flight planning indicates that assigned
student investigations may not attain baseline requirements,
they will be considered for reduction and/or cancellation.
Performance redlines, established in paragraph 3.3.4.2.4 of
this section, represent levels of minimum worthwhile
information for student investigations. Performances of
less than redline will not be scheduled.

3.3.4,2.3 Real-Time Planning of Subsystem/Operational Tests

The real-time goal for subsystems/operational tests is to satisfy
the pre-mission planning for such tests.

(L

(2)

Increased Scheduling of Subsystems/Operational Tests

In general, no increase in scheduling of subsystems/
operational tests beyond those included in pre-mission
flight plans shall be made.

Reduced Scheduling of Subsystems/Operational Tests

Those subsystems/operational tests designated as mandatory
in the MRD DTOs shall not be reduced without FMT approval.
Non-mandatory tests may be reduced as necessary to permit
performance of assigned experiments, student Investigations,
and mandatory subsystems/operational tests.
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3,3.4,2,4 Performance ﬁedlines

Performance redlines, established below, represent levels of minimum
worthwhile information for experiments and student investigations.
Performances of less than redline will not be scheduled,

Activity Performance Redline Scheduling Requirement (SL-3)

All Continue to schedule toward baseline requirements; however,

Medical repetitive performance of medical experiments mav, with
flight surgeon concurrence, be deferred to permit performance
of ATM and EREP redline requirement,

All ATM Continue to schedule toward baseline requirements. (EVA data
retrieval shall be a real-time decision). '

All EREP Continue to schedule toward baseline requirements,

D024, M487,

M555, 5019,

s063, s071,

5072, S149, Continue to schedule toward baseline requirement (or
5183, minimum scheduling requirement if assigned,)

$228, S230,

T003, TO13,

T027/8073

M509 Perform one unsuited set of maneuvers.

M516 No crew time required,

s009, s015 Activate for duration of mission.

TO20 - Perform one unasuited run of four tasks: (1) translation
across OWS and stop, (2) pitch, (3) roll, (4) vaw,

ED i1, 12,
21, 22, 25, ; No specific crew time required.
76 :

Photograph one pulsar or one x-ray source in conjunction
ED26 with 5019,

ED23 No performance unless time will permit one performance in
conjunction with 5019,

ED32 Take one photograph of one plate,

ED52 - Obtain motion pictures of web building process or attempt.
Obtain one still photograph of one web,

ED63 Observe and photograph cone cytoplasmic streaming of the
elodea plant, '

3-10
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3.3.5
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Conduct one mass measurement using the calibration mass.

Unmanned Operations

(1) The following guidelines apply to the unmanned period of
SWS operations between separation of the SL-2 CSM and
docking of the SL-3 CSM.

(a)

(b)

The SWS shall be controlled and interrogated from -
the ground during the unmanned period.

Film for ATM experiments S052 and $054 shall be
loaded during the end-of-mission SL-2 EVA for
exposure during the unmanned period of SL-3,

This film will remain in the experiment canisters
until the mid-mission SL-3 EVA, No film shall be
provided beyond that specified in Table A-2 of
Annex A, -

(2) The unmanned period that follows separation of the SI-3
CSM from the SWS will be part of Mission SL-4.

3-11
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SKYLAB EXPERIMENTS

Experiment ' Mission Assignment
' §L-1/SL-2 SL-3 SL-4

Corollary

D008 - Radiation in Spacecraft
D024 ~ Thermal Control Coatings
M479 - Zero Gravity Flammability (Revised)
M487 — Habitability/Crew Quarters
M509 - Astronaut Maneuvering Equipment
M516 - Crew Activities/Maintenance

#%M551 - Metals Melting

%%xM552 - Exothermic Brazing

4£%M553 ~ Sphere Forming

%4M555 - Gallium Arsenide Crystal Growth : A |

S e N
ol S
e

A M556 ~ Vapor Growth of II-VI Compounds A
p M557 - Immiscible Alloy Compositions A
A M558 - Radioactive Tracer Diffusion A
A M559 - Microsegregation in Germanium A
A M560 - Growth of Spherical Crystals A
A M561 - Whisker-Reinforced Composites A
A M562 - Indium Antimonide Crystals A
A M563 - Mixed III-V Crystal Growth A
A M564 - Metal and Halide Eutectics A
A M565 - Silver Grids Melted in Space A
A M566 - Copper—Aluminum Eutectics A
8009 - Nuclear Emulsion A A
S015 - Zero Gravity Single Human Cells A
5019 - UV Stellar Astronomy : A A A
8020 - UV/X-Ray Solar Photography A
8063 - UV Airglow Horizon Photography A A
§149 - Particle Collection A A A
S183 - UV Panorama A A A
§228 - Trans-Uranic Cosmic Rays A A A
$230 - Magnetospheric Particle Composition A A
LEGEND:
C - The experiment, or a part of the experiment, is a candidate for

performance on this mission, provided the requirements set forth
in Table A~2 will not have been satisfied on an earlier mission
(or missions).

*% — These experiments utilize a common facility, M512-Materials Processing
Facility.
A - These experiments utilize a common facility, M518-Multipurpose

Electric Furnace.

Table A~1; Summary of Experiment Mission Assignfients
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SKYLAB EXPERIMENTS

Experiment Mission Assignment
SL-1/SL-2 SL-3 SL-4

Corollary (Cont'd)

TO02 - Manual Navigation Sightings (B)

TO03 - In~Flight Aerosol Analysis

TO13 - Crew Vehicle Disturbance

T020 ~ Foot-Controlled Maneuvering Unit

TO25 - Coronagraph Contamination Measurement

T027 (8A) - Contamination Measurement
(Sample Array)

T027/8073 - Contamination Measurement .
Gegenschein/Zodiacal Light (Photometer)

Student Investigations

EDL1 - Atmospheric Absorption of Radiant Heat
ED12 -~ Volcaniec Study ~
ED21 - Libration Clouds

ED22 - Objects within Mercury's Orbit
ED23 -~ UV From Quasatrs

ED24 ~ X-Ray Stellar Classes

ED25 - X-Rays from Jupiter

ED26 UV from Pulsars

ED31 - Bacteria and Spores

ED32 - In Vitro Immunology

ED41 ~ Motor Sensory Performance

ED52 - Web Formation '
ED61/62 - Plant Growth/Plant Phototropism
ED63 - Cytoplasmic Streaming

ED72 - Capillary Study

ED74 - Mass Measurement

ED76 - Neutron Analysis

ED78 - Liquid Motion in Zero "G"

= QPO

B

LEGEND:

C - The experiment, or a part of the experiment, is a candidate for
performance on this mission, provided the requirements set forth
in Table A-2 will not have been satisfied on an earlier mission
(or missions).

. Table A-1; Summary of Exneriment Mission Assienments.
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SUBJECT: Operations Directive for the Skylab Program

This document is the Skylab Operations Directive (SLPD-43C); it supersedes
Program Directive No. 43B, dated March 27, 1972, The requirements set
forth herein shall be reflected in subsidiary documents for missions

and operations, and shall be fully implemented by cognizant elements of
the Skylab Program,

This revision of the Operations Directive (SLPD 43C) incorporates
Specification Change Notices (SCNs) 1~14, 16, 18, 19, and 21-33, issued
against SLPD 43A and SLPD 43B. SCNs 34-41 are baselined in this revision.
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OPERATIONS DIRECTIVE CHANGE LOG

Date Pages Affected Comments

6/1/72 T025 Mission Assignment/
Scheduling Instruction
Changes

8/11/72 S019 Mission Assignment/
Scheduling Instruction
Changes

9/20/72 Revision of crew-attended
ATM operations scheduling
guideline for mission SL-2.

11/10/72 Deletion of M554 from Annex A.

11/10/72 Inclusion of M518 and eleven
related corollary experiments
(M556-M566). (Realignment

of FSP's in Table A-2.)

11/10/72 Revision of Minimum Scheduling
\ Requirements for experiments
assigned to Mission SL-1/SL-2
and criteria used for sched-
uling candidate experiments.

11/10/72 Inclusion of all the approved
student investigations.

% Change Package - Change to Skylab Program Directive 43, transmitted directly
to holders of the document.

#*% Spec1f1catlon Change Notice - Notice of change transmitted through CCB channels
per Skylab Program Directive 34. The original issue of SLPD 43 is the baseline
for SCN numbers; SCN's 1-7 were incorporated in SLPD 43B.
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assignment, and the addition
of a minimum scheduling require
ment (MSR) on SL-1/SL-2.
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Page 2
OPERATIONS DIRECTIVE CHANGE LOG
CE SCN
No. No. Date Pages -Affected Comments
4 11 1/8/73 The jinclusion of $228 into
Annex A.

18 1/8/73 The revision of educational
TV requirements {SL-2).

19 1/8/73 The inclusion of S-IVB deorbit
requirement (SL-2, 3, 4, R).

23 1/8/73 The revision of $020 mission
assignment/scheduling instruc-
tions.

22 1/8/73 The inclusion of $230 into
Annex A.

23 1/8/73 The revision of M556-M566 mis~—
sion assignment/scheduling
instructions.

24 1/8/73 The revision of 5063 mission
assignment/scheduling instruc-
tions. -

25 1/8/73 The revision of 8149 mission
assignment/scheduling instruc-
tions.

26 1/8/73 The revision of M509 schéduling
instructions

27 1/8/73 The revision of T027 mission
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OPERATIONS DIRECTIVE CHANGE LOG

Date

Pages Affected

Comments

1/8/73

The addition of a MSR for M487
on Mission SL-1/SL-2.

1/8/73

The completion of ATM sched-
uling instructioms.

1/8/73

The revision (reword) of the
EREP calibration requirements
(SL-2}.

2/15/73

The addition of experiment data
return guidelines for Mission
SL-R.

2/15/73

The addition of a mission
management section.

2/15/73

The addition of real-time
planning (experiments) guide-
lines for all missions.

N

N Renumbered Pages

\\

Resulting Changes:

o The deletion of all student
investigation FSP's.

o The revision of student

vestigation titles,

The addition of student

vestigation assignments

Table A-2.

The revision of student

vestigation pre-mission

scheduling guidelines for

Missions SL-1/SL-2, SL-3

and SL-4.
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Page 4
OPERATIONS DIRECTIVE CHANGE LOG
CP scN -
Wo. No. Date Pages Affected Comments

35 Revision of ED. TV requirements
on Mission SL-1/SL-2.

36 The inclusion of the seven sub-
systems/operational DTO's by
title (SL-1/SL-2).

37 Real-time planning guidelines
for all missions.

38 The revision of mission assign-

Renumbered Pages ments and scheduling instruc—
ticns for experiments
M131, M509, S$019, 5150, S183,
and T002.

39 The revision of minimum crew-
attended data-taking hours for

© ATM (SL-4). <{(From 180 to TBD.)
> .
o 40 Skylab Private Cenversations
41 Revision of launch and recovery
N\

dates for all missions.
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1.0 SKYLAB PROGRAM




1.0 SKYLAR PROGRAM

1.1 ZINTRODUCTION

The Skylab Program has been established for four explicit purposes;
to determine man's ability to live and work in space for extended
periods; to extend the science of solar astronomy beyond the limits
of earth-based observations; to develop improved techniques for sur-
veying earth resources from space; and to increase man's knowledge
in a variety of other scientific and technologilcal regimes.

The Skylab will be placed in orbit around the Earth where it will
function throughout three long-duration manned flights and two im-
tervening periods of unmanned operation. A different three-man

crew will inhabit and operate the orbital assembly as a habitable
workshop during each mission, and will perform a number of physical
science, biomedical science, earth applications, and space applications
experiments., Certain experiments and tests will be performed under
ground control during the unmanned periods. Table 1.1 contains a
summary of Skylab baseline mission data.

1.2 DOCUMENT ADMINISTRATION

1.2.1 Background

The Operations Directive supersedes and replaces the operations
portions of the former AAP Flight Mission Directives (AAP Directives
Nos. 3D, 54, and 14A). This revision, Program Directive 43C, super-
sedes Program Directive No. 43B, dated March 27, 1972.

1.2.2 Pyrpose and Scope

The Operations Directive is a plans and requirements document. The
Program Director uses it to issue program policies and requlrements,
mission objectives, and mission planning instructions to the im-
plementing Centers.

The Operations Directive comprises five major sections and one annex.
Section 1.0 includes the program objectives, general policies and
requirements, and a catalog of major operational documents. Sections
2.0, 3.0, and 4.0 state the description, objectives, and planning re—
quirements for Missions $L-1/SL-2, SL-3 and SL-4, respectively. Re-
quirements for the Skylab Rescue Mission are given in Section 5.0.
Annex A contains assignment and scheduling instructions for each of
the approved Skylab experiments. The appendix contains a glossary

of Skylab Program terms and approved definitioms. Included are
standard operational terms used in other Skylab documentation.
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1.2.3 Authority

The Skylab Operations Directive is written under the authority granted
the Program Director through the Skylab Program Approval Document
(reference 1) and the Flight Mission Assignments Document (reference 2).

1.2.4 Applicability

This directive applies to the Office of Manned Space Flight (OMSF) and
to the Manned Space Flight installations.

1.2.5 Publication and Revisions

The Director of Skylab Operations (OMSF, Code MLO) has the responsibil-
ity, within the Skylab Program Office, for preparing, coordinating and
maintaining this document. This document is under Level I CCB control.
Requests for changes should be forwarded through normal CCB channels in
accordance with references 5 and 8. Changes will be processed by MLO
and approved by the Program Director. Approved changes will be distrib-
uted through normal CCB channels and, in additiom, MLO will distribute
changes directly to SLPD 43C addressees.

1.3 PROGRAM OBJECTIVES

The following objectives are quoted from the Skylab Program Approval
Document (reference 1).

(1) Biomedical and Behavioral Performance - determine and eval-
uate man's physiological responses and aptitudes in space
under zero-gravity conditions and his post-mission adapta-
tion to the terrestrial enviromment, through a series of
progressively longer missions, and to determine the incre-
ments by which mission duration can be increased.

(2) Man-Machine Relationships - to develop and evaluate effi-
cient techniques utilizing man for sensor operatiom, dis-
crimination, data selection and evaluation, manual control,
maintenance and repair, assembly and set-up, and mobility
involved in various operations.

(3 Long Duration Systems Operations — to develop techniques

for increasing systems life, for long duration habitability
and for long duration mission control. To investigate and
develop techniques for in-flight test and qualification of
advanced subsystems.




(4) Experiments - to conduct solar astronomy and other science,
technology and applications experiments involving man when
his contribution will improve the quality and/or yield of
the results.

1.4 PROGRAM POLICIES AND REQUIREMENWTS

1.4.1 Launch and Mission Designations

This section establishes official designations for the Skylab launches
and missions:

(1) The planned launches are designated in order of occurrence:
SL-1, SL-2, SL-3, and SL~4. The Skylab Rescue launch is
designated SL-R.

(2) The designations for the planned missions are derived by
numbering each mission for the launch or launches it em-
braces. The first mission comprises the unmanned SL-1
launch and the manned SL-2 launch; thus it is designated
mission SL-1/8L-2. The second and third missions are des-
ignated SL-3 and SL-4, respectively, after the correspond-
ing launches. The Skylab Rescue Mission is designated SL-R.

(3) The designations established by (1) and (2) are convenient
for internal, operational purposes, but may be confusing
when used outside the agency, particularly for public
affairs purposes. To avoid such confusion, and yet to re-
tain the operational benefits of the current nomenclature,
the following designations shall apply:

Acceptable for use outside NASA Acceptable for
and for non-~operational NASA use operational use

Launch Name Mission Name Launch Mission
Workshop Launch SL-1

}—-First Skylab Mission :]-SL—l/SL-2

First Manned Visit SL-2 :
Second Manned Visit Second Skylab Mission SL-3 sL-3
Third Manned Visit Third Skylab Mission SL-4 SL-4
Rescue Launch Rescue Mission SL-R SL-R

1-4




[y r

1.4.2 General Mission Policies and Requirements

. The following policiles and requirements apply to the conduct of
all Skylab missions. Requirements which pertain only to specific
missions are presented in Sections 2.0 through 5.0. Launch Mission
Rules and Flight Mission Rules shall conform to and reflect these
requirements as well as those contained in the specific mission
sections.

(1) Flight crew safety shall take precedence over the
accomplishment of mission objectives.

(2) Recommendations that involve change to mission objectives,
mission rules, flight plan, launch and/or flight safety,
or the requirements stated im SLPD 43C require the Program
Director's approval prior to implementation.

(3 Problems which may affect accomplishment of mission ob-
jectives will be jointly resolved by program and operational
elements.

4 Criteria for initiating a rescue mission shall be included
in the Flight Mission Rules for each Skylab mission.

(5 The decision to proceed with preparation of the Skylab
rescue space vehicle will be made by the Program Director.

(6) The decision to commit the rescue mission will be made by
the Associate Administrator for Manmed Space Flight.

. ¥)) The failure of a mandatory or highly desirable item during

launch countdown will be reported to the Program Directox
before action is taken, when time permits. He will also
be informed of the estimated time-to-repair and of any
recommendatiohs to proceed, hold, recycle, or scrub.

(8) Only the Program Director may scrub the mission. If a
mandatory item fails during launch countdown, it will be
corrected prior to launch, holding ox recycling the count-
down as necessary. If a mandatory item cannot be corrected
to pexmit liftoff within the launch window, the loss will
generally result in a serub. The Program Director, however,
has the authority to downgrade an item from the mandatory
category and to proceed with the launch after coordination
with the appropriate operations and program managers.




€))

(10)

(11

(12}

3)

a4)

(15)

Consideration will be given to the repair of any highly
desirable item, but the launch will not be automatically
scrubbed for any single highly desirable item. If two

or more highly desirable items fail and/or other aggra-
vating circumstances occur, the Program Director may
scrub the mission after coordination with the appropriate
operations and program managers. All individual Skylad
experiments shall be considered as highly desirable items.

Hold/cutoff guidelines defining procedures and channels
for requesting a hold or a cutoff will be established in
the Launch Mission Rules.

The Launch Director will be responsible for all actiomns
in the event of launch site emergencies, except for re-
covery operations of the flight crew and spacecraft
resulting from a pad abort.

The Launch Operations Manager may send an abort request
from the time the launch escape system (LES) is armed
until the space vehicle reaches sufficient altitude to
clear the top of the umbilical tower. The criteria for
sending an abort request will be established in the
Launch Mission Rules.

From liftoff to umbilical tower clearance, the Launch
Director and Flight Director will have concurrent res-
ponsibility for sending an abort request. The criteria
for sending an abort request during the pericd will be
established in the Launch Mission Rules and Flight
Mission Rules respectively.

Complete ground control of the space vehicle passes

from KSC to JSC when the space vehicle reaches sufficient
altitude to clear the top of the umbilical tower. The
KSC Laumch Operations Manager will inform the Mission
Controel Center (MCC} when the space vehicle reaches
sufficient altitude to clear the top of the umbilical
tower by stating "clear tower" over one of the loops

from KSC to MCC.

In the event of non—catastrophic space vehicle collision
with the umbilical tower or other contingencies which do
not require immediate action, the KSC Launch Operations
Manager will continue to evaluate the extent of damage
and will provide information to the Flight Director for
any action mecessary after umbilical tower clearance.




(16) Where possible, all manual abort requests from the
ground during flight will be based on two independent
indications of the failure. Crew abort acticon will
normally be based upon two cues.

(17) The S~IVR stages of the SL-2, SL-3, SL-4 and SL-R launch
vehicles shall be capable of controlled deorbit by means
of controlled dumping of residual propellant.

1.4.3 Skylab Launch Dates

Close adherence to the currently scheduled Skylab launch dates is
essential to obtaining the desired seasonal earth resources data. Any
experiment, including individual EREP experiments, which could compromise
the May 14, 1973 launch date of SL-1 by not meeting the SWS closeout
date, will be subject to review by the Program Director for possible
cancellation.

1.4.4 Private Communications for Skylab

The governing requirements for private communications are contained in
NASA Administrator memorandum, subject: Private Communications for
Skylab, March 29, 1973 (reference 13). For convenience only a summary
matrix of these requirements is included in Table A-3 of Annex A.

1.5 DOCUMENTATION

This section has three purposes: (1) to identify key Skylab program and
mission decuments which include and/or reflect the Program Director's
management instructions pertaining to mission planning, requirements,
operations and evaluation; (2) to establish responsibilities for the
control and orderly development of the Skylab operational documents;

and (3) to clarify the relationships that exist among the documents.
Figure 1 depicts these documents and their interrelationships.

1.5.1 Mission Requirements Document (MRD)

The MRD is the basis for Skylab mission planning and design. It defines
the mission requirements and the functional and performance requirements
for implementing the program and mission objectives specified in this
Directive. The MRD contains detailed operational requirements for the
missions compiled from various sources, including Experiment Requirements
Documents (ERDs) and the Data Request Forms (DRFs) , which are developed at
J8C and MSFC. The MRD shall be consistent with this Directive and shall
further amplify the mission objectives and requirements set forth herein.
To make the relationship of the MRD to the Operations Directive (0D} clear
at all times, each issue of the MRD shall include flag sheets to identify
all areas in which the MRD is not consistent with the 0D. The MRD shall
be jointly prepared and approved by JSC and MSFC, and shall be coordinated
under the cognizance of the Mission Requirements Panel, as established in
reference 4.



1.5.1.1 Trajecteory Plan

The Trajectory Plan contains detailed trajectory data for the ascent
and orbital phases of the mission. The plan is dewveloped from re-
quirements set forth in the MRD. The Trajectory Plan is prepared by
J8C. MSFC shall be responsible for the ascent trajectory, and JSC
for the orbital trajectory.

1.5.1.2 Flight Plan

The Flight Plan shall identify and schedule all in~flight crew activ-
ities required to accomplish the mission objectives and to meet the
requirements set forth in the MRD, The Flight Plan is prepared by
J8C with inputs from MSFC.

1.5.2 Mission Rules Guidelines (Skylab Program Directive No. 46}

Program Directive No. 46 sets forth requirements on the Mission Rules

for both launch and flight phases of each mission. The directive also
establishes responsibilities at KSC, JSC, MSFC, and NASA Headquarters

for the preparation, coordination, review, and revision of the rules.

It is issued by the Program Director, OMSF (ML).

1.5.2.1 Launch Mission Rules

The Launch Mission Rules shall be developed in accordance with Skylab
Program Directive No. 46, the Operations Directive and the Mission Re-
quirements Document (MRD). Their purpose is to ensure crew safety

and to maximize the probability of mission success by guiding opera-
tional decisjions in the launch phases of the mission. The Launch
Mission Rules are prepared by KSC with inputs from JSC and MSFC.

Both Js¢ and MSFC shall concur in the final Launch Mission Rules.

1.5.2.2 Flight Mission Rules

The Flight Mission Rules shall be developed in accordance with Skylab
Program Directive No. 46, the Operations Directive and the Mission Re-
quirements Document (MRD). Their purpose is to ensure crew safety

and to maximize the probability of mission success by guiding opera-
tional decisions in the flight phases of the mission. The Flight
Mission Rules are prepared by JSC with inputs from MSFC. MSFC shall
concur in the final Flight Mission Rules.

1.5.3 Skylab Educational Program {Skvlab Program Directive No. 60)

Skylab Program Directive No. 60 will define the Skylab Educatiomnal
Program, identifying tasks, responsibilities and schedules for each
aspect of that Program. The Directive will be issued by the Program
Director, OMSF (ML).




1.5.4 Mission Ewvaluation Requirements (Skylab Program Directive

No. 35)

Skylab Program Directdve No. 35 defines the minimum evaluation and
reporting requirements for the Skylab missions. It further assigns
responsibilities to insure that mission performance evaluations are
accomplished to effectively support real-time mission activities,
succeeding Skylab mission flight preparation and operations, and the
advancement of space flight science and technology.

1.5.4.1 Mission Evaluation Plan (MEP)

Mission Evaluation Plans shall be prepared by KSC, JSC, and MSFC
and submitted to the Program Director for his review. These plans
shall be designed to meet the reporting requirements set forth in
SLPD 35 and to outlime the procedures and schedules by which evalu-
ations from previous missions are made available for the planning of
subsequent missions,

1.5.4.2 Mission Operation Report (MOR)

Mission Operation Reports shall be prepared by MLO, approved by the
Program Director and the Associate Administrator for Manned Space
Flight, and submitted to the Administrator in accordance with sched-
ules established in HQMI 8610.1, "Mission Operation Reports". These
reports will be prepared in two basic forms: prelaunch and post-
launch, with interim reports as necessary during the mission. The
prelaunch MOR will consist of two volumes; Volume L, Mission Des-
cription, and Volume IT (Supplement}, Systems Description. The
Systems Description portion of the MOR will also serve as the Systems
Description section of the Mission Evaluation Reports (MERs) to be
prepared by JSC and MSFC.

1.5.5 Mission Medical Requirements Document (MMRD)

The MMRD will provide for -a medical baseline plan for the provision
and integration of all medical activities (preflight, in—flight, and
post~flight) associated with the Skylab Program. The MMRD will de-
fine the medical operations philosophy, responsibilities, and manning
for the individual missions, and for the total Skylab Program. The
MMRD will provide for planned methods of interacting the in-flight
data from the medical experiments with the medical operations data;
it will also provide for those methods to be utilized for the purpose
of decision on the qualification of man for the next longer increment
of weightless flight. The MMRD shall be prepared by JSC.
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1.5.6 Experiments Requirements Document (ERD)

All Skylab ERD's are established and written under the Skylab Program
Specification (reference 3). Thus the formal cbjectives of each ex-
periment are stated in and centrolled through the Program Specifica-
tion. However, the assignment of experiments to particular missions,
and the extent to which each experiment shall be performed on each
mission, are controlled by the Program Director through the Operations
Directive.

1.6 MISSION MANAGEMENT

The extended duration of the Skylab missions, the complexity and number
of mission activities, and the increased emphasis of sponsoring office
involvement in Skylab has required the establishment of management
support groups to assist the Program Director in resolving and coordi-
nating programmatic and operational issues during the mission period.

A Flight Management Team (FMT) will function at JSC during the mission
to support and provide guldance to the Flight Operations Team. A Skylab
Advisory Group for Experiments (SAGE) will advise the Program Director
on major policy issues involving experiments.

1.6.1 Flight Management Team

The FMT will provide a means for the Program Director to receive the
advice of all organizations directly involved in carrying out the
Skylab missions, and will also provide a means of management communi-
cation and coordination among the organizations represented. Specific
functions of the FMT will be to:

(1) Review mission status

(2} Resolve programmatic issues

(3) Approve significant deviation to nominal flight planning

(4) Coordinate appropriate decisions and actions with senior
NASA management and other Skylab activities.

The FMT will be chaired by the Program Director. Other team members will
be the JSC Skylab Program Manager, MSFC Skylab and Saturn Program Managers,
KS8C Skylab Program Manager, JSC Director of Flight Operations, and J3C
Director of Flight Crew Operations. Various elements of the opérational
team may participate as approved by the Program Director. The meetings
will be held as directed by the Program Director or his representative.

The Flight Director will coordinate and provide for appropriate mission
briefings.




1.6.2 Skylab Advisory Group for Experiments

The SAGE will advise the Skylab Program Director on major policies and
activities associated with the conduct of experiments. It will provide

a forum for the various sponsoring offices to remain current with mission
activities, discuss problems with other sponsoring offices and provide
recommendations to the Program Director. The members of the SAGE will
be the Directors from the NASA Headquarters sponsoring offices of the
Skylab experiments. The members are:

Skylab Program Director - Chairman
Director Physics & Astronomy Programs
Director Earth Observations Program
Director Manned Space Technology
Director of NASA Life Sciences
Director Advanced Missions

The SAGE will meet weekly and as required during the manned mission
period. The Program Director or his representative will conduct these
meetings. The Headquarters Program Office will support the SAGE by
providing current mission status, reviewing future planning and
developing available experiment data as requested. Meetings will be
conducted in the Skylab Management Center.
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2.0 SKYLAB MISSION SL-1/SL-2

2.1 MISSION DESCRIPTION

Skylab Mission SE~1/8L-2 will comprise two launches: the first, SL-1,
will place the unmanned Saturn Workshop (SWS) in near—earth orbit,
and the second, SL-2,will place the CSM with its three-man crew in
orbit. Once in orbit, the CSM will rendezvous with, and dock to, the
SWS. The crew will then enter the SWS, activate its systems, and
inhabit and operate the combined CSM and SWS {orbital assembly) for
up to 28 days. During this time the crew will perform systems and
operational tests and the assigned experiments. To conclude the
mission, the crew will configure the SWS for unmanned operations, un—
dock the CSM, and return to earth in the Command Module.

2,2 MISSION OBJECTIVES

(1) Establish the Skylab orbital assembly in earth orbit.

(a) Operate the orbital assembly (SWS plus CSM) as a
habitable space structure for up to 28 days after
the SL-2 launch.

(b) Obtain data for evaluating the performance of the
orbital assembly.

(c) Obtain data for evaluating crew mobility and work
capability in both intravehicular and extra-
vehicular activity.

(2) Obtain medical data on the crew for use in extending
the duration of manned space flights.

(a) Obtain medical data for determining the effects
on the crew which result from a space flight of
up to 28 days duration.

(b) Obtain medical data for determining if a subse-
quent Skylab mission of up to 56 days duration
is feasible and advisable.

A{3) Perform in-flight experiments.

(a) Obtain ATM solar astronomy data for continuing and
extending solar studies beyond the limits of earth-
based observations.




Obtain earth resources data for continuing and
extending multisensor cbservation of the earth
from low earth orbit,

(¢} Perform the assigned scientific, engineering,
technology and DOD experiments.

NOTE FOR DEVELOPMENT EMPHASIS

For hardware development, the above objectives, together with the
amplifying remarks, are to be treated as criticality category 2.
Individual ATM, Earth Resources, and Medical Experiments shall be
considered category 3. Scientific, Engineering, Technology, and
DOD Experiments shall be category 3 or 4, as specified by the
development centers. Individual critical elements within an ex-
periment may be category 1 or 2 as appropriate. (See reference 7).

2.3 MISSION REQUIREMENTS

2.3.1 Mission Development

(1) The SL~1/SL-2 mission period shall begin with the initia-
tion of SL-1 launch countdown, and shall terminate with
the recovery of the flight crew and Command Module.

The launch of SL-1 shall be planned for 1730 hours GMT,

May 14, 1973, It is highly desirable that a one day scrub/
turnaround capability be provided for the SL-1 space wvehicle.
The launch of SL-2 shall be planned for the first northerly
launch opportunity (nominally 1700 hours GMT) on the day
following SL-1 launch. In addition, preparations shall
allow for at least three SL-2 northerly launch opportunities
within the seven days following the SL-1 launch.

The S1-~2 manned flight shall be plamned for a duration
of 28 days, starting with the launch of the manned SL-2
space vehicle and ending with the recovery of the SL-2
Command Module (nominally June 12, 1973).

The 8WS shall be inserted into a circular orbit of such
an altitude (v234 MM) that a controlled groundtrack
pattern which repeats every 71 revolutions can be main-—
tained by the orbital assembly.

Docking of the mission CSM to the Saturn Workshop shall
be planned for the axial docking port of the Multiple
Docking Adapter (MDA).




2.3.2 Launch Operations

The following requirements shall be reflected in the Launch Mission
Rules and other SL-1/8L-2 launch planning documentation:

(1)

(2)

2.3.3

Any space vehicle element or operational support element
whose malfunction can result in the failure of the SWS

to achieve a fully deploved and stabilized attitude, and
to remain habitable throughout the planned SL-1/SL-2, SL-3,
and SL-4 mission sequence, shall be considered a mandatory
item for SL-1 launch.

Any SL-2 space vehicle element or operational support
element whose malfunction can limit the SL-2 manned
flight to less than 28 days duration shall be considered
a mandatory item for launch.

In-Flight Operations

The following requirements and instructions shall be used in devel-
oping the SL-1/SL~2 mission flight plans:

(1)

(2)

(3)

(4)

(5}

Approximately one of every seven manned mission-days shall
be scheduled as an off-duty day.

Each off-duty day shall include performance of experiments
MO71 and MO73, crew rest and recreation, nominal monitoring
of spacecraft systems, and crew planning.

Scheduling of crew activities shall permit rapid crew
response to solar flares that occur when the ATM console
is not manned.

To preserve urine samples, the SL-2 crew shall have access
to the activated SWS urine freezer within 24 hours of CSM
launch. In any event, all feces and samples of all urine
voided after SL-2 liftoff shall be processed in the SWS
Waste Management System as soon as it becomes available
for use.

The Skylab Educational Program requires crew participation
to prepare for television coverage of selected activities.
Public Affailrs has identified 19 subjects for TV coverage on
Mission SL-1/51-2. Sufficient crew time shall be allocated
to meet this requirement.




2.3.4 Experiments, Student Investigatioms, and Subsystems/
Operational Tests

This section contains requirements and instructions for scheduling
inflight experiments, student investigations and subsystems/operational
tests in the mission flight plan. Mission assigmments and complementary
scheduling requirements are given in Annex A, "Skylab Experiments".

2.3.4.1 Pre-Mission Planniag

Instructions set forth in the subsections below shall be used for
preparing the pre-mission flight plams.

2.3.4.1.1 Group~Related Experiments

The group-related experiments comprise the in-flight medical, ATM,
and EREP experiments. They shall be scheduled in accordance with
the assigmment and scheduling instructions presented in Table A-2
of Annex A, and the requirements set forth below:

(1) Crew-attended ATM operations shall be given scheduling
priority for one crewman, exclusive of those periods
allocated to EREP, $020, and T025, for all daylight
passes (plus the necessary night periods) for all identi-
fied experiment days. S$020 and T025 activities that con-
strain ATM operations will be approved by Level I action.
In no case will the ATM be scheduled for less than 105
daylight hours, excluding ATM checkout, above the 400
kilometer observing constraint.

(2) Unattended ATM operations may be scheduled during any
period in which the ATM console is not manned, provided
such scheduling does not contradict other requirements
specified in this document.

(3) The ATM experiments (excluding S055) and H-alpha 1 shall
each utilize not more than one magazine of film.

(4) The EREP experiments, excluding S190B, shall be scheduled
for operation on 15 EREP passes. There will be 14 Z-local
vertical passes and 1 solar inertial pass. Calibration
requirements must be satisfied on the solar inertial pass.

(5) The S190B experiment shall be scheduled for operation on
ten of the Z-local vertical passes identified in (4) above.

2.3.4.1.2 Corollary Experiments

The corollary experiments are those inflight experiments other than
the group-related experiments and the student investigations. They
shall be scheduled in accordance with the instructions set forth in
Section 2.3.4.1.5 below.




2.3.4.1.3 Student Investigation

A number of investigations selected from a national contest 6f the
Skylab Student Project will be performed aboard the orbital assembly.
Student investigations assigned to the SL-1/SL-2 mission shall be
allocated up to 1-1/2 crew manhours per week for performance. The
student investigations shall be scheduled to satisfy the requirements
given in Table A-2, Annex A.

2.3.4.1.4 Subsystems/Operational Tests

Subsystems/operational tests for Mission SL-1/SL-2 will be approved at
Level II and subsequently documented as Detailed Test Objectives {DTO's)
in the Mission Requirements Document (MRD). Each DTIO shall clearly
indicate whether the test in (1) mandatory with respect to crew safety

or mission objectives or (2) non-mandatery. Those tests deemed manda-
tory shall be incorporated intc either systems housekeeping experiment
preparation, or other life/systems support activities as approprilate.
Those tests deemed non-mandatory shall be scheduled on a non-interference
basis with experiments, student investigations and mandatory tests. The
seven subsystems/operational DT0's listed below shall be scheduled for
performance on Mission SL-1/SL-2.

(1) Environmental Microbiology

(2) Operational Radiation Measurements

(3) Portable CO,/Dewpoint Monitor

(4) Orbital Assémbly Contamination Assessment
{5) Internal OWS Temperature Measurements

(6) Water Sample

(7) SLA Deployment Observation

2.3.4.1.5 Scheduling of Corollary Experiments

Corollary experiments shall be scheduled on Mission SL-1/SL-2 in
accordance with the following instructions.

(1) Corollary experiments assigned to Mission 81.-1/8L-2 shall
be scheduled into those intervals of the crew timeline
which have not been allocated to the group related experi-
ments and the necessary life/systems support activities
(eat, sleep, off-duty, personal hygiene, and systems house-
keeping). The corollary experiments shall be scheduled to
satisfy the requirements stated or implied in Table A-2 of
Annex A. 1f these requirements cannot be fully accomodated
in the mission timeline, the following experiments may be
reduced to not less than the level shown.




Experiment Minimum Scheduling Requirement

D008 Accomplish one performance of each active
survey. (Five passive dosimeters are auto—
matically exposed.)

Pexform group discussion evaluations, and
obtain instrument and photographic data.

Perform one suited set of maneuvers.

Eight night passes of 32 minutes average
length. (+~100 photographic exposures)

Eight night passes of 32 minutes average
length. (v25 photographic exposures)

Reduce that portion of the experiment that
requires daily performance, to performance
every other day.

T025 Perform three observation periods of cmne
orbit each.

T027 (SA) Deploy sample array for a 72-hour period.

T027/5073 Perform 15 program performances (photo-
meter scans).

The experiments listed above shall be considered for reduction
in order of increasing flight scheduling precedence; e.g., an
experiment of FSP 200 will be considered for reduction before
an experiment of FSP 300. It is recognized, however, that the
order in which experiments are actually reduced may depend more
on operational considerations than on the FSP. The SL-1/SL-2
flight plan shall be flagged to indicate which experiments or
investigations have been scheduled to less than their full
requirements. The Program Director will consider further re-—
duction if necessary.

Candidate experiments may be scheduled on the mission provided
this does not require scheduling the assigned experiments to
less than their baseline requirements. They will be considered
for inclusion in the timeline in order of decreasing FSP.

The joint T027/8073 program of photometer scans shall be scheduled
to begin early in the mission, before the initiation of the ATM
experiments. This does not mean, however, that the start of ATM
operations is in any way contingent upon the performance or results
of T027/5073. -
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2.3.4.2 Real-Time Planning

The guidelines in this section shall govern real-time flight planning of
experiments, student investigatioms, and subsystems/operational tests,
during conduct of the SL-1/SL-2 mission.

2.3.4.2.1 Real-Time Planning of Experiments

The real-time goal for experiments shall be performance of the baseline
requirements as defined in the Appendix. Priority for attainment of
experiment baseline requirements is group related experiments followed
by corollary experiments in order of decreasing ¥SP.

(1) Increased Scheduling of Experiments

In general, no increase in scheduling beyond baseline require-
ments will be planned for an experiment until all other assigned
activities and candidate experiments are scheduled to the max-
imum extent possible toward their baseline requirements.
Candidate experiments will be scheduled if their performance will
not preclude attainment of baseline requirements of assigned
activities capable of performance.

(2) Reduced Scheduling of Experiments.

When real-time problems are directly related to individual
experiments or experiment disciplines (ATM, EREP, Medical,
Corollary), the following instructions shall apply:

{(a) When crew time has been expended on a group related
experiment rum, any time scheduled for a repeat of
that run shall normally be absorbed within that experi-
ment's group.

(b) When crew time has been expended omn a corollary experi-—
ment, a rescheduled performance shall normally be absorbed
within any timeline allocation remaining for the specific
experiment; however, other corollary experiments of
lower FSP may be considered for reduction/cancellation
in order to accommodate a rerun.

If the real-time problems are not directly related to experi-
ment activity but cause loss of crew time scheduled for experi-
ment performances, each experiment discipline shall absorb the
lost time in direct proportion to the total SL-1/S5L-2 crew time
allocated to that experiment discipline,
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When reduced scheduling of experiments must be made within
the preceding guidelines, the following general inmstructions
shall also be used as applicable:

(2) The first level of experiment scheduling reduction
shall be from baseline requirement to MSR, if an MSR
has been established.

The second-level of experiment scheduling reduction
shall be toward the Performance Redline Scheduling
Requirements established in paragraph 2.3.4.2.4 of
this section. Performances of less than redline will
not be scheduled. (The FMT will be briefed on plans
for second-level reductions or cancellations prior to
théir implementation).

Experiments being considered for first or second-level
reductions or cancellations shall be considered in
sequence of increasing FSP, if FSPs have been assigned,
taking into account other operational comstraints.

2.3.4.2.2 Real-Time Planning of Student Investigations

The real-time goal for student investigations shall be performance of
the baseline requirements as established in Table A-2 of Annex A and
in the MRD.

(1) Increased Scheduling of Student Investigations

Student investigations shall not be scheduled beyond the
maximum of 1-1/2 crew manhours per week allocated to student
investigations for pre-mission planning. Further, no increase
in scheduling beyond baseline requirement will be made for

a student investigation until all other assigned and candidate
experiments and student investigations are scheduled to the
maximum extent possible toward theilr baseline requirements.

Reduced Scheduling of Student Investigations

When real-time problems are directly related te a specific
student investigation and crew time has been expended on the
student investigation run, any rescheduled performance of the
run shall normally be absorbed within any timeline allocation
remaining for that specific student investigation. If the
real-time problems are not directly related to student imvesti-
gations but cause loss of crew time scheduled for student
investigations, then the investigations shall lose reschedule
time in direct proportion to the total SL-1/SL-2 crew time
allocated to student investigations. In addition, when real-
time flight planning indicates that assigned student investi-
gations may not attain baseline requirements, they will be
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considered for reduction and/or cancellation. Performance
redlines, established in paragraph 2.3.4.2.4 of this section,

. represent levels of minimum worthwhile information for student
investigations. Performances of less than redline will not
be scheduled.

2.3.4.2.3 Real-Time Planning of Subsystem/Operational Tests

The real-time goal for subsystem/operational tests is to satisfy the
pre—mission planning for such tests.

(1} Increased Scheduling of Subsystems/Operational Tests

In general, no increase in scheduling of subsystems/operational
tests beyond those included in pre-mission flight plans shall
be made.

(2) Reduced Scheduling of Subsystems/Operational Tests

Those subsystems/operational tests designated as mandatory in-
the MRD DTOs shall not be reduced without FMT approval. Non-
mandatory tests may be reduced as necessary to permit perfor-
mance of assigned experiments, student investigations, and
mandatory subsystems/operational tests.

2.3.4.2.4 Performance Redlines

Performance redlines, established below, represent levels of minimum
worthwhile information for experiments and student investigatioms.
Performances of less than redline will not be scheduled.

. Activity Performance Redline Scheduling Requirement {SL-1/SL~2)
M415 No crew time required
All Medical Continue to schedule toward baseline requirements;

however, repetitive performance of medical experiments
may, with flight surgeon concurrence, be deferred to
permit performance of ATM and EREP redline requirements.

All ATM Continue to schedule toward baseline requirements.
(The required redline performance is to checkout and
operate all hardware to verify operational capability.
EVA data retrieval shall be a real-time decision.)

All EREP Continue to schedule toward baseline requirements.
(The required redline performance is ome Z-local
vertical pass or a solar inertial pass to valildate
the data system.)

DOO8 Perform two active dosimeter surveys. (Five passive
dosimeters are automatically exposed.)




Activity

D024
M487
M509
M516

M551, M552,
M553

M555
5009, sS015
3019

5020

5149
5183
5228

TCO3

T025
T027 SA

T027/8073

ED11, 12, 22

ED23, 26

ED31

ED76

Performance Redline Scheduling Requirement (SL-1/8L-2)

Continue to schedule toward baseline requirement,
Continue to schedule toward baseline requirement,
Perform one unsuited set of maneuvers.

No crew time required.

Perform operation on one specimen.

Continue to schedule toward baseline requirement.
Activate for duration of mission.
Perform one night pass (v 12 exposures).

Perform one orbital run for calibration data and
feasibility check for simultaneous S020/ATM operation.

Schedule toward baseline requirement.
Perform one night pass (V3 exposures).
Continue to schedule toward baseline requirement.

Perform a set of initial measurements and repeat
one measurement, twice during the mission.

Perform one data taking orbit.
Schedule toward baseline requirement.

Perform one contamination data scan and one system
monitor scan.

Mo crew time required.

No performance unless time will permit one performance
in conjunction with 5019.

Perform the inoculation session and one photography
session.

Deploy, retrieve, and return one neutron flux detector.
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3.0 SKYLAB MISSION SL-3

3.1 MISSION DESCRIPTICN

Skylab Mission SL-3 will begin when the SL-2 CSM and crew separate
from the SWS just prior to reentry. The unmanned portion of the
mission will continue until the SL-3 CSM and crew are launched to
rendezvous and dock with the SWS. After docking, the SL-3 crew will
enter the SWS, reactivate its systems, and proceed to inhabit and
operate the orbital assembly for up to 56 days. During this time
the crew will perform systems and operational tests and the assigned
experiments. To conclude the mission, the crew will configure the
SWS for unmanned operations, undock the CSM, and return to earth in
the Command Module.

3.2 MISSION OBJECTIVES

{1) Perform unmanned Saturn Workshop operations

(a) Obtain data for evaluating the performance of the
unmanned SWS.

(b) Obtain solar astronomy data by unmanned ATM
observations.

(2) Reactivate the Skylab orbital assembly in earth orbit

(a) Operate the orbital assembly (SWS plus CSM) as a
habitable space structure for up to 56 days. after
the SL-3 launch.

(b) Obtain data for evaluating the performance of the
orbital assembly.

(c) Obtain data for evaluating crew mobility and work
capability in both intravehicular and extra-
vehicular activity.

(3) Obtain medical data on the crew for use in extending the
duration of manned space f£lights

(a) Obtain medical data for determining the effects on
the crew which result from a space flight of up to
56 days duration.

(b) Obtain medical data for determining if a subsequent
Skylab mission of greater than 56 days duratiomn is
feasible and advisable.




(4) Perform inflight experiments

(a) Obtain ATM solar astronomy data for continuing and
extending solar studies beyond the limits of earth-
based observations.

(b) Obtain earth resources data for continuing and ex-
tending multisensor observation of the earth from
low earth orbit.

{c) Perform the assigned scientific, engineering, tech-
nology and DOD experiments.

NOTE FOR DEVELOPMENT EMPHASIS

For hardware development, the above objectives, together with the
amplifying remarks, are to be treated as criticality category 2.
Individual ATM, Earth Resources, and Medical Experiments shall be
considered category 3. Scientific, Engineering, Techmology, and
DOD Experiments shall be category 3 or 4, as specified by the
development centers. Individual critical elements within an ex-—
periment may be category 1 or 2 as appropriate. (See reference 7).

3.3 MISSION REQUIREMENTS

3.3.1 Mission Development

(1) The SL-3 manned mission period shall begin with the Initi-
ation of 81L-3 launch countdown, and shall terminate with
the recovery of the flight crew and Command Module.

(2) The nominal launch date for the manned SL-3 space vehicle
shall be August 8, 1973. Mission planning shall allow
for at least three launch opportunities within seven days
following the scheduled launch date.

(3) The SL-3 manned flight shall be planned for a duratiom of
56 days, starting with the launch of the manned SL-3
space vehicle and ending with the recovery of the SL-3
Command Module (nominally October 3, 1973).

(4} The orbital assembly shall be maintained in a circular
orbit at an altitude (™ 234 NM) that will provide a
controlled groundtrack pattern which repeats every 71
revolutions.

{5} Docking of the mission CSM to the Saturn Workshop shall
be planned for the axial docking port of the Multiple
Docking Adapter (MDA).




3.3.2 Launch Operations

The following requirements shall be reflected in the Launch Mission
Rules and other SL-3 launch planning documentation:

Any space vehicle element or operational support element whose
malfunction can limit the SL~3 manned flight to less than 56
days duration shall be comsidered a mandatory item for launch.

3.3.3 In~Flight Operations

The following requirements and instructions shall be used in devel-
oping the SL-3 mission flight plans:

(L) Approximately one of every seven mission-days shall be
scheduled as an off-duty day.

(2) Each off-duty day shall include performance of experiments
MO71 and MO73, crew rest and recreation, nominal monitor-
ing of spacecraft systems, and crew planning.

(3) Scheduling of crew activities shall permit rapid crew
response to solar flares that may occur when the ATM
console is not manned.

(&) To preserve urine samples, the SL-3 crew shall have access
to the activated SWS urine freezer within 24 hours of CSM
launch. In any event, all feces and samples of all urine
voided after SL-3 1ift-off shall be processed in the SWS
Waste Management System as scon as it becomes available
for use.

(5) The Skylab Educational Program requires video participa—
tion by the flight crew. For planning purposes, one (1)
crew man-hour per week shall be allocated as the crew
time required to set up the video equipment, to operate
the video equipment, and to follow scripts specifically
designated for educational TV (this requirement is addi-
tive to operational TV requirements).

3.3.4 Experiments, Student Investigations, and Subsystems/
Qperational Tests

This section contains requirements and instructions for scheduling

inflight experiments, student investigations and subsystems/
operational tests in the mission flight plan. Mission assignments

and complementary scheduling requirements are given in Annex A4,
"Skylab Experiments."




3.3.4.1 Pre-Mission Planning

Tnstructions set forth in the subsections below shall be used for
preparing the pre-mission flight plans.

3.3.4.1.1 Group~Related Experiments

The group-related experiments comprise the in-flight medical, ATM,
and EREP experiments. They shall be scheduled in accordance with
the assigmnment and scheduling instructions presented in Table A-2
of Annex A, and the requirements set forth below:

(1) Crew-attended ATM operations shall be given scheduling
priority for one crewman, exclusive of those periods
allocated to EREP, for all daylight passes (plus the
necessary night periods) for all identified experiment
days. In no case shall the ATM be scheduled for less
than 230 daylight hours, excluding ATM checkout, above
the 400 kilometer observing constraint.

(2) Unattended ATM operations may be scheduled during any
period in which the ATM comsole is not manned, provided
such scheduling does not contradict other requirements
specified in this document.

(3) The ATM experiments (excluding S055) and H-alpha 1 shall
each utilize not more than twoe magazines of film,

(4) Scheduling requirements for the EREP experiments are not
firmly established. For planning purposes the following
guidelines shall be utilized: The EREP experiments, ex-
cluding S190B, shall be scheduled for operation on 26
7-local vertical passes and two solar—inertial passes;
the S190B experiment shall be scheduled for operation on
at least 20 of the Z-local vertical passes identified above.

3.3.4.1.2 Corollary Experiments

The corollary experiments are those inflight experiments other than
the group-related experiments and the student investigations. They
shall be scheduled in accordance with the imstructions set forth in
Section 3.3.4.1.5 below.

3.3.4.1.3 Student Investigations

A number of investigations selected from a national contest of the .
Skylab Student Project will be performed aboard the orbital agssembly.
Student investigations assigned to the SL-3 mission shall be
allocated up to 1-1/2 crew manhours per week for performance. The
student investigations shall be scheduled to satisfy the requirements
given in Table A-2, Annex A. '




3.3.4.1.4 Subsystems/Operational Tests

Subsystems/operational tests for Mission SL-3 will be approved at
Level IT and subsequently documented asDetailed Test Objectives
(DTO's) in the Mission Requirements Document (MRD). Each DTQ shall
clearly indicate whether the test is (1) mandatory with respect to
crew safety or mission objectives or (2) non-mandatory. Those
tests deemed mandatory shall be incorporated into either systems
housekeeping, experiment preparation, or other life/systems support
activities as appropriate. Those tests deemed non-mandatory shall
be scheduled on a non-interference basis with experiments, student
investigations and mandatory tests.

3.3.4.1.5 Scheduling of Corollary Experiments

Corollary experiments shall be scheduled on Mission SL-3 in accordance
with the following instructions.

(1) Corollary experiments assigned to Mission SL-3 shall be
scheduled into those intervals of the crew timeline which
have not been allocated to the group-related experiments
and necessary life/systems support activities (eat, sleep,
off duty, personal hygiene, and systems housekeeping). The
corollary experiments shall be scheduled to satisfy the
requirements stated or implied in Table A~2 of Annex A.

(2) Candidate experiments may be scheduled on the mission
providing this does not impact the assigned experiments.
They will be considered for imclusion in the timeline in
order of decreasing FSP.

3.3.4.2 Real-Time Planning

The guidelines in this section shall govern real-time flight planning
of experiments, student investigations, and subsystems/operational
tests, during conduct of the SL-3 mission.

3.3.4.2.1 Real-Time Planping of Experiments

The real-time goal for experiments shall be performance of the baseline
requirements as defined in the Appendix. Priority for attainment of
experiment baseline requirements is group related experiments followed
by corollary experiments in order of decreasing FSP.

(1) Increased Scheduling of Experiments

In general, no increase in scheduling beyond baseline requirements
will be planned for an experiment until all other assigned activ-
ities and candidate experiments are scheduled to the maximum
extent possible toward their baseline requirements. Candidate
experiments will be scheduled if their performance will not
preciude attainment of baseline requirements of assigned
activities capable of performance.




(2) Reduced Scheduling of Experiments

When real-time problems are directly related to individual
experiments or experiment disciplines (ATM, EREP, Medical,
Corollary), the followlng instructions shall apply:

(a) When crew time has been expended on a group related
experiment run, any time scheduled for a repeat of
that run shall normally be absorbed within that
experiment's group.

(b) When crew time has been expended on a corcllary
experiment, a rescheduled performance shall normally
be absorbed within any timeline allocation remaining
for that specific experiment; however, other corollary
experiments of lower FSP may be considered for _
reduction/cancellation in order to accommodate a rerun.

If the real-time problems are not directly related to experiment
activity but cause loss of crew time scheduled for experiment
performances, each experiment discipline shall absorb the lost
time in direct proportion to the total S1~3 crew time allocated
to that experiment discipline.

When reduced scheduling of experiments must be made within the
preceding guidelines, the following general instructions shall
also be used as applicable:

(a) The first level of experiment scheduling reduction
shall be from baseline requirement to MSR, if an MSR
has been established.

(b) The second-level of experiment scheduling reduction
shall be toward the Performance Redline Scheduling
Requirements established in paragraph 3.3.4.2.4 of
this section. Performances of less than redline will
not be scheduled. (The FMT will be briefed on plans
for second-level reductions or cancellations prior
to their implementation).

(¢) Experiments being considered for first or second-
ievel reductions or cancellatiomns shall be considered
in sequence of increasing FSP, if FSPs have been
assigned, taking into account other operational
constraints.

3.3.4.2.2 Real-Time Planping_of Student Investigations

The real-time goal for student investigations shall be performance of
the baseline requirements as established in Table A-2 of Annex A and
in the MRD.




Increased Scheduling of Student Investigations

Student investigations shall not be scheduled beyond the
maximum of 1-1/2 crew manhours per week allocated to

student investigations for pre-mission planning. Further,
no increase in scheduling beyond baseline requirement will
be made for a student investigation until all other assigned
and candidate experiments and student investigations are
scheduled to the maximum extent possible toward their
baseline requirements.

Reduced Scheduling of Student Investigations

When real-time problems are directly related to a specific
student investigation and crew time has been expended on

the student investigation run, any rescheduled performance
of the run shall normally be absorbed within any timeline
allocation remaining for that specific student investigation.
If the real-time problems are not directly related to
student investigations but cause loss of crew time scheduled
for student investigations, then the investigations shall
lese reschedule time in direct proportion to the total SL-3
crew time alloecated to student investigations. In additiom,
when real-time flight plamning indicates that assigned
student investigations may not attain baseline requirements,
they will be considered for reduction and/or cancellation.
Performance redlines, established in paragraph 3.3.4.2.4 of
this section, represent levels of minimum worthwhile
information for student investigations. Performances of
less than redline will not be scheduled.

3.3.4.2.3 Real-Time Planning of Subsystem/QOperational Tests

The real-time goal for subsystems/cperational tests is to satisfy
the pre-mission planning for such tests.

(1) Increased $cheduling of Subsystems/Operational Tests

In general, no increase in scheduling of subsystems/
operational tests beyond those included in pre-mission
flight plans shall be made.

Reduced Scheduling of Subsystems/Operational Tests

Those subsystems/operational tests designated as mandatory
in the MED DT0s shall not be reduced without FMT approval.
Non—-mandatory tests may be reduced as necessary to permit
performance of assigned experiments, student investigations,
and mandatory subsystems/operational tests.




3.3.4.2.4 Performance Redlines

Performance redlines, established below, represent levels of minimum
worthwhile information for experiments and student investigatioms.
Performances of less than redline will not be scheduled.

Activity Performance Redline Scheduling Requirement (SL—3)
(TBD) (TBD)

3.3.5 Unmanned Operations

(1) The following guidelines apply to the unmanned period of
SWS operations between separation of the SL-2 CSM and
docking of the SL-3 CS8M.

(a) The SWS shall be controlled and interrogated from
the ground during the unmanned period.

(b) Film for ATM experiments S052 and 5054 shall be
loaded during the end-of-mission SL-2 EVA for
exposure during the unmanned period of SL-3.

This film will remain in the experiment canisters
until the mid-mission SL-3 EVA. No film shall be
provided beyond that specified in Table A-2 of
Annex A.

(2) The unmamned period that follows separation of the SL-3
CSM from the SWS will be part of Mission SL-4.
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4.0 SKYLAB MISSION SL-4

4.1 MISSION DESCRIPTION

Skylab Mission SL-4 will begin when the SL-3 CSM and crew separate
from the SWS just prior to reentry. The unmanned portion of the
mission will continue until the SL-4 CSM and crew are launched to
rendezvous and dock with the SWS. After docking, the SL—4 crew will
enter the SWS, reactivate its systems, and proceed to inhabit and
operate the orbital assembly for up to 56 days. During this time
the crew will perform systems and operational tests and the assigned
experiments. To conclude the mission, the crew will configure the
SWS for indefinite unmanned operations, undock the CSM, and return
to earth in the Command Module.

4,2 MISSTION OBJECTIVES

(1) Perform unmanned Saturn Workshop operations.

() Obtain data for evaluating the performance of the
unmanned SWS.

(b) Obtain solar astxonomy data by unmanned ATM observa-
tions.

Reactivate the Skylab orbital assembly in earth orbit.

(a) Operate the orbital assembly (SWS plus CSM) as a
habitable space structure for up to 56 days after
the SL-4 1launch.

Obtain data for evaluating the performance of the
orbital assembly. '

(c) Obtain data for evaluating crew mobility and work
capability in both intravehicular and extravehicular
activity.

Obtain medical data on the crew for use in extending the
duration of manned space flights.

(a) - Obtain medical data for determining the effects on
the crew which result from a space flight of up to
56 days duration.




(b) Obtain medical data for determining if a subsequent
manned space flight mission of greater than 56 days
duration is feasible and advisable.

(4) Perform inflight experiments

(a) Obtain ATM sclar astronomy data for continuing and
extending solar studies beyond the limits of earth-
based observations.

{b) Obtain earth resources data for continuing and ex-
tending multisensor observation of the earth from
low earth orbit.

(¢) Perform the assigned scientific, engineering, tech-
nology and DOD experiments.

NOTE FOR DEVELOPMENT FEMPHASIS

For hardware development, the above objectives, together with the
amplifying remarks, are to be treated as criticality category 2.
Individual ATM, Earth Resources, and Medical Experiments shall be
considered category 3. Scientific, Engineering, Technology and

DOD Experiments shall be category 3 or 4, as specified by the
development centers. Individual critical elements within an experi-
ment may be category 1 or 2 as appropriate. (See reference 7).

4.3 MISSION REQUIREMENTS

4.3.1 Mission Development

(1) The SL-4 manned mission period shall begin with the
initiation of SL-4 launch countdown, and shall terminate
with the recovery of the flight crew and Command Module.

(2) The nominal launch date for the SL-4 space vehicle shall
be November 9, 1973.

(3} The SL-4 manned flight shall be planned for a duration
of 56 days, starting with the launch of the manned SL-4
space vehicle and ending with the recovery of the SL-4
Command Module {(nominally January 4, 1974).

The orbital assembly shall be maintained in a circular
orbit at an altitude (v 234 NM) that will provide a
controlled groundtrack pattern which repeats every 71
revolutions.




(5) Docking of the mission CSM to the Saturn Workshop shall
be planned for the axial docking port of the Multiple
Docking Adapter (MDA).

4,3,2 Launch Operations

The following requirements shall be reflected in the Launch Mission
Rules and other SL-4 launch planning as appropriate:

Any space vehicle element or operational support element whose
malfunction can limit the SL-4 manned flight to less than 56
days duration shall be considered a mandatory item for launch.

4.3.3 In-Flight Operations

The following requirements and instructions shall be used in develop-
ing the SL-4 mission flight plans:

(1) Approximately one of every seven mission-days shall be
scheduled as an off-duty day.

(2) Each off-~duty day shall include performance of experiments
M071 and M073, crew rest and recreation, nominal monitor-
ing of spacecraft systems, and crew planning.

(3) Scheduling of crew activities shall permit rapid crew
response to solar flares that may occur when the ATM con-
sole is not manned.

(4) To preserve urine samples, the SL-4 crew shall have access
to the activated SWS urine freezer within 24 hours of CSM
launch. 1In any event, all feces and samples of all urine
voided after SL-4 lift—off shall be processed in the SWS
Waste Management System as soon as it becomes available
for use.

(5) The Skylab Educational Program requires video participation
by the f£light crew. For planning purposes, one (1) crew
man-hour per week shall be allocated as the crew time
required to set up the video equipment, to operate the video
equipment, and to follow scripts specifically designated for
educational TV (this requirement is additive to operational
TV requirements). .



4.3.4 Experiments, Student Investigations, and Subsystems/Operational
Tests

This section contains requirements and instructions for scheduling in-
flight experiments and subsystems/operational tests in the mission
flight plan, Mission assignments and complementary scheduling require-
ments are given in Annex A, "Skylab Experiments™.

4.3.4.1 Pre-Mission Planning

Instructions set forth in the subsections below shall be used for pre-
paring the pre-mission flight plans.

4.3.4.1,1 Group—Related Experiments

The group-related experiments comprise the in-flight medical, ATM, and
EREP experiments. They shall be scheduled in accordance with the
assignment and scheduling instructions presented in Table A-2 of Annex A,
and the requirements set forth below:

(1) Crew-attended ATM operaticms shall be given scheduling
priority for onme crewman, exclusive of those periods alloca-
ted to EREP, for all daylight passes (plus the necessary night
perlods) for all identified experiment days. In no case shall
the ATM be scheduled for less than TBD daylight hours, excluding
ATM checkout, above the 400 kilometer observing constraint.

(2) Unattended ATM operations may be scheduled during any period
in which the ATM console 1s not manned, provided such schedul-
ing does not contradict other requirements specified in this
document.

(3) The ATM experiments (excluding S055) and H-alpha 1 shall each
utilize not more than one magazine of film.

(4) Scheduling requirements for the EREP experiments are not
firmly established. For plamning purposes the following guide-
lines shall be utilized: the EREP experiments, excluding S190B,
shall be scheduled for operation on 20 Z-local vertical passes
and two solar-inertial passes; the S190B experiment shall be
scheduled for operation on at least 15 of the Z-local vertical
passes identified above.

4.3.4,1,2 Corollary Experiments

The corollary experiments are those inflight experiments other than the
group-related experiments and the student investigations. They shall
be scheduled in accordance with the instructions set forth in Section
4.3.4.1.5 below.
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4.3.4,1.3 Student Investigations

A number of investigation selected from a national contest of the
Skylab Student Project will be performed aboard the orbital assembly.
Student investigations assigned to the SL-4 mission shall be allocated
up to 1-1/2 crew manhours per week for performance. The student
investigations shall be scheduled to satisfy the requirements given in
Table A-2, Annex A.

4.3.4.1.4 Subsystems/Operational Tests

Subsystems/operational tests for Mission SL-4 will be approved at

Level II and subsequently documented as Detailed Test Objectives

(DIO's) in the Mission Requirements Document (MRD).  Each DTO shall
clearly indicate whether the test is (1) mandatory with respect to

erew safety or mission objectives or (2) non-mandatory. Those tests
deemed mandatory shall be incoxrporated into elther systems house-
keeping, experiment preparation, or other life/systems support activities
as appropriate. Those tests deemed non-mandatory shall be scheduled on
a non-interference basis with experiments, student investigations and
mandatory tests.

4.3.4.1.5 Scheduling of Coxollary Experximents

Corollary experiments shall be scheduled on Mission SL~4 in accordance
with the following instructions.

(1) Corollary experiments assigned tc Mission SL-4 shall be
scheduled into those intervals of the crew timeline which
have not been allocated to the group-related experiments and
the necessary life/systems support activities {eat, sleep,
off-duty, personal hygiene, and systems housekeeping) . The
corollary experiments shall be scheduled to satisfy the re-
quirements stated or implied in Table A-2 of Annex A,

(2) Candidate experimemts may be scheduled on the mission pro-
vided this does not impact the assigned experiments. They
will be considered for inclusion in the timeline in order of
decreasing FSP.



4.3.4.2 Real-Time Planning -

The guidelines in this section shall govern real-time flight planning
of experiments, student investigations, and subsystems/operational tests,
during conduct of the SL-4 missiom.

4.3.4.2,) Real-Time Planning of Experiments

The real-time goal for experiments shall be performance of the baseline
requirements as defined in the Appendix. Priority for attainment of
experiment baseline requirements is group related experiments followed
by corollary experiments in order of decreasing FSP.

(1

(2)

Increased Scheduling of Experiments

In general, no increase in scheduling beyond baseline require-
ments will be planned for an experiment until all other assigned
activities and candidate experiments are scheduled to the maxi-
mun extent possible toward their baseline requirements. Candi-
date experiments will be scheduled if their performance will
not preclude attainmment of baseline requirements of assigned
activities capable of performance.

Reduced Scheduling of Experiments

When real-time problems are directly related to indi¥idual
experiments or experiment disciplines (ATM, EREP, Medical,
Corollary), the following instructioms shall apply:

(a) When crew time has been expended on a group related
experiment run, any time scheduled for a repeat of that
run shall normally be absorbed within that experiment's
group.

(b) When crew time has been expended on a corollary experi-
ment, a rescheduled performance shall normally be absorbed
within any timeline allocation remaining for that specific
experiment; however, other corollary experiments of lower
FSP may be considered for reduction/cancellation in order
to accommodate a rerun.

If the real-time problems are not directly related to experiment

activity but cause loss of crew time scheduled for experiment
performances, each experiment discipline shall absorb the lost
time in direct proportion to the total SL~4 crew time allocated
to that experiment discipline.




When reduced scheduling of experiments must be made within
the preceding guidelines, the following general instructions
shall also be used as applicable:

(a) The first level of experiment scheduling reduction shall
be from baseline requirement.to MSR, if an MSR has been
established.

(b) The second-level of experiment scheduling reduction shall
be toward the Performance Redline Scheduling Requirements
established in paragraph 4.3.4.2.4 of this section. Per-
formances of less than redline will not be scheduled.

(The TMT will be briefed on plans for second-level
reductions or cancellations prior to their implementation.)

(¢) Experiments being considered for first or second-level
reductions or cancellations shall be considered in sequence
of increasing TSP, if FSPs have been assigned, taking into
account other operational constraints.

4,.3.4.2,2 Real-Time Planning of Student Investigations

The real-time goal for student investigations shall be performance of the
baseline requirements as established in Table A~2 of Amnex & and in the
MRD.

(1) Increased Scheduling of Student Investigations

Student investigations shall not be scheduled beyond the maxi-
num of 1-1/2 crew manhours per week allocated to student
investigations for pre-mission planning. Further, no increase
in scheduling beyond baseline requirement will be made for a
student investigation until all other assigned and candidate
experiments and student investigations are scheduled to the
maximum extent possible toward their baseline requirements.

{2) Reduced Scheduling of Student Investigations

When real-time problems are directly related to a specific
student investigation and crew time has been expended on

the student investigation run, any rescheduled performance

of the run shall normally be absorbed within any timeline
allocation remaining for that specific student investigation.

If the real-time problems are not directly related to student
investigations, then the investigations shall lose reschedule
time in direct proportion to the total SL-4 crew time allocated
to student imvestigations., In addition, when real-time flight
planning indicates that assigned student investigations may not
attain baseline requirements, they will be considered for re-
duction and/or cancellation. Performance redlines, established
in paragraph 4.3.4.2.4 of this section, represent levels of mini-
mum worthwhile information for student investigations. Perxformances
of less than redline will not be scheduled.
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4,3.4.2.3 Real-Time Planning of Subsystem/Operational Tests

The real-time goal for subsystems/operational tests is to satisfy the
pre-mission planning for such tests.

(1) Increased Scheduling of Subsystems/Operational Tests

In general, no increase in scheduling of subsystems/operational
tests beyond those included in pre-mission flight plans shall
be made.

(2) Reduced Scheduling of Subsystems/Operational Tests

Those subsystems/operational tests designated as mandatory
in the MRD DTOs shall not be reduced without FMT approval.
Non-mandatory tests may be reduced as necessary to permit
performance of assigned experiments, student investigatilons,
and mandatory subsystems/operational tests.

4.3.4.2.4 Performance Redlines

Performance redlines, established below, represent levels of minimum
worthwhile information for experiments and student investigations.
Performances of less than redline will not be scheduled.

Activity Performance Redline Scheduling Requirement_(SL—A)

(TBD) {(TBD)

4.3.5 Unmanned Operations

(1) The following guidelines apply to the unmanned pericd of SWS
operations between separation of the SL-3 CSM and docking of
the SL-4 CSM.

(a) The SWS shall be controlled and interrogated from the
ground during the ummanned period.

(b) Film for ATM experiments 5052 and 5054 shall be loaded
during the end-of-mission SL-3 EVA for exposure during
the urmanned period of SL=4. This film will remain in
the experiment canisters until the end-of-mission SL-4
EVA. No film shall be provided beyond that specified
in Table A-2 of Anmex A.

(2) Guidelines for SWS operations following separation of the
SL~4 CSM are TBD.
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4.3.4.2.3 Real-Time Planning of Subsystem/Operational Tests
. The real-time goal for subsystems/operational tests is to satisfy the
pre-mission planning for such tests.
(1) Increased Scheduling of Subsystems/Operational Tests
In general, no increase In scheduling of subsystems/operational
tests beyond those included in pre-mission flight plans shall
be made,
(2) Reduced Scheduling of Subsystems/Operational Tests
Those subsystems/operational tests designated as mandatory
in the MED DTOs shall not be reduced without FMT approval.
Non—mandatory tests may be reduced as necessary to permit
performance of assigned experiments, student investigations,
and mandatory subsystems/operational tests.
4.3.4.2.4 Performance Redlines
Pexrformance redlines, established below, represent levels of minimum
worthwhile information for experiments and student investigations.
Performances of less than redline will not be scheduled.
Activity Performance Redline Schedulipe Requirement (SL—4)
(TBD) {TBD)
. . 4.3,5 Unmanned Operations

(1) The following guidelines apply to the unmanned period of SWS
operations between separation of the SL~3 CSM and docking of
the SL—4 CSM.

"(a) The SWS shall be controlled and interrogated from the
ground during the unmanned period.

(b) Film for ATM experiments S052 and S054 shall be loaded
during the end-of-mission SL-3 EVA for exposure during
the unmanned period of SL—4. This film will remain in
the experiment canisters until the end-of-mission SL—4
EVA. No film shall be provided beyond that specified
in Table A-2 of Annex A.

(2) Guidelines for SWS operations following separation of the
SL-4 CSM are TBD.
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5.0 SKYLAB RESCUE MISSION

5.1 PURPOSE

The purpose of the Skylab Rescue Mission is to rescue a Skylab mis-—
sion crew in the event a failure of the mission CSM precludes their
safe return to Earth.

5.2 MISSION DESCRIPTION

The Skylab rescue mission is a contingency mission which shall
provide the capability for the safe return to Earth of a three-man
Skylab crew in the event their CSM becomes disabled while docked to
the SWS. The rescue mission will utilize the next in~line CSM and
its Saturn IB launch vehicle. The backup CSM and Saturn IB shall
be used to perform a rescue mission for SL-4.

5.3 MISSION REQUIREMENTS

5.3.1 Mission Development

(1) Launch and in-flight rescue plamning should minimize
deviations from nominal mission planning.

(2) Mission planning should be developed on the basis of a
five~day CSM mission.

(3) The SL-3 CSM shall be capable of returning the SL~2 crew,
and the SL-4 CSM capable of returning the SL-3 crew.

(4) The Backup CSM will be configured for rescue and retained
on the pad until the completion of the SL-4 mission.

{5) All practical measures shall be taken to preserve the SWS

for use on a subsequent mission, unless rescue is attempted

on the SL-4 mission.

(6) Mission planning shall provide the capability for two
options with regard to rendezvous and docking, namely
1) disabled CSM jettisoned and 2) disabled CSM retained.
The selection of the appropriate option will be based on
real-time circumstances and determined prior to liftoff
of the SL-R vehicle.



(7) Normal launch preparation activities of the baseline mis-
sion CSM and Saturn IB space vehicles shall be conducted
until a decision to implement a rescue mission is made.

At that point, modification of the CSM and accelerated
launch operation activities shall be initiated. Capabil-
ity shall be provided to inmstall the CSM modification kit
at KSC after the rescue mission decision has been made.
Modification of the fourth CSM for rescue capability shall
be accomplished at an earlier point since this vehicle is
not a part of the baseline mission sequence.

5.3.2 Mission Commit Policies and Requirements

(1) Criteria for initiating a rescue mission shall be included
in the Flight Mission Rules of each Skylab mission.

(2) The decision to proceed with preparation of the Rescue
Mission space vehicle will be made by the Program Director.

(3) The decision to initiate the Rescue Mission will be made
by the Associate Administrator for Manned Space Flight.

5.4 PLANNING REQUIREMENTS

Skylab rescue plams shall be developed by KSC and JSC. The purpose

of these plans is to define the requirements, activities and schedules
associated with the operational planning and conduct of the rescue
mission.

5.5 EXPERIMENT DATA RETURN GUIDELINES

The following guidelines are to be used for advance planning and for
realtime experiment return selection. The guidelines are divided into
two categories} General and Specific. The general guidelines present
the approach to be used in the selection of experiment data. The speci-
fic guidelines present rules that affect specific experiment groups or
specific experiments. For the purpose of the guidelines, the experiment
groups are considered to be Medical, ATM, EREP, and Corollary. The
Specific Guidelines are considered to be the baseline experiment return
package based on nominal experiment accomplisbment. The specific rules
will be updated after each mission to reflect actual mission accomplish-
ments. In the event of a rescue mission, the Program Director may alter
the baseline Specific Guidelines to meet the actual mission and experi-
ment situations. The Program Director will review and approve the experi-
ment data return package.

5-2




5.5.1 General Guidélines

1
(2)

(3)

(4)

Reductions from nominal return affects all experiments.

Select data to maximize scientific return within each
experiment group rather than maximizing return of single
experiments.

Selection of data will consider:

Quantity and quality of data on previous missions; quality
of data on the present mission; data return of the present
mission by alternate means (telemetry, voice, TV)}; expected
return on any subsequent missions.

Experiment data that is not selected for return on a rescue
mission will be considered for return on any subsequent
missions.

5,5.2 Spaecific Guidelines

Guidelines apply to all missions unless otherwise noted.

(1

(2)

(3)

Medical

(a) Select data to maximize information of the status of
the crew's health and well being.

{(b) A nominal weight of 127 1bs. is allowable for urine
chiller and contents. The urine chiller will not be
returned on a SL-4 rescue if an alternate data return
package has a greater scientific return.

(¢) Up to a nominal weight of 50 lbs. of other medical
data will be returned. This will be reduced to 40
1bs. on SL=4.

(d) If unable to return ATM film, the 50 sand 40 lb. limits
above will be increased by 15 lbs.

ATM

(a) Up to a nominal weight of 65 1bs. of ATM film will be
returned.

EREP

(a) A nominal weight of 40 lbs. of EREP film and tape shall
be returned. On SL-4 this limit is raised by 10 lbs.

(b) If unable to return ATM film, then an additional 15 1lbs.
of EREP film and tape will be returned.




(4)

Corollary and Student

(a)

(b)

(e)

Corollary and Student Experiment Data will use weight
and volume not occupied by the Medical, ATM, and EREP
experiment groups.

Data will be selected to maximize the number of
experiments taken in descending order of FE&P.

On applicable missions, if unable to return ATM data,
8020 data shall be returned.
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ANNEX &

Al.0 SKYLAB EXPERIMENTS

Al.1 PURPOSE

This annex has a three-fold purpose: to identify those experiments
that have been approved by the Associate Administrator for Manned
Space Flight for implementation on the Skylab Program; to present

the mission assignments of the Skylab experiments as approved by the
Program Director; and to establish other imstructions for scheduling
and performing the experiments. Experiment mission assignments are
summarized in Table A-1l. DPetailed assigmment and scheduling instruc-
tions are given in Table A-2; these represent the full operational
requirements for each experiment.

Al.2 TABLE A-1: SUMMARY OF EXPERIMENT MISSION ASSIGNMENTS

Table A-1 summarizes the mission assignments of the Skylab experiments.
The experiments are divided into four groups:

(1) Passive Experiments —-- in-flight experiments whose crew
support requirements are either insignificant or non-
existent.

(2) CGroup-related Experiments —-- experiments that are closely

related to each other either through common study of the
flight crew or by integration into a single subsystem.
Three sets of group-related experiments are assigned in
Table A-1l: Medical, Solar Astronomy (ATM), and Earth
Rescurces (EREP).

(3) Corcllary Experiments -- other in-flight experiments that
" require significant in-flight crew support but which are
not as closely related to each other as are the experiments
addressed in (2).

(4) Student Investigations -- experimental investigations
selected through the Skylab Student Project that may or

may not require in-flight crew support.

Al.3 TABLE A-2: EXPERIMENT ASSIGNMENT AND SCHEDULING INSTRUCTIONS

Table A-2 establishes detailed mission assignment and scheduling
instructions for planning and performing the experiments. (Where
explicit instructions are not shown in Table A-2, those docunented
in the MRD shall apply.)




Like Table A-1, it is organized by the groups and subgroups of experi-
ments that are defined in paragraph Al.2. Table A-2 also establishes
a flight scheduling precedence (FSP)} for each of the corollary experi-
ments. Use of the flight scheduling precedence in mission planning is
discussed in Sectioms 2.3.4, 3.3.4, and 4.3.4, respectively.




SKYLAE EXPERIMENTS

Experiment Mission Assignment
SL-1/81L~2 SL-3 SL-4

Passive

M415 - Thermal Control Coatings

5071 - Circadian Rhythm - Pocket Mice
S072 - Circadian Rhythm - Vinegar Gnat
8150 - Galactic X-ray Mapping (8)

Medical

M071 - Mineral Balance

MO73 - Bioassay of Body Fluids

MO74 - Specimen Mass Measurement

*#M078 ~ Bone.Mineral Measurement (B)

M0O92 - In-Flight Lower Body Negative Pressure
M093 - Vectorcardiogram

#M1117 - Cytogenetic Studies of Blood

M112 - Man's Immunity - In vitro aspects
M113 - Blood Volume and Red Cell Life Span
M114 - Red Blood Cell Metabolism

M115 - Special Hematologic Effects

M131 - Human Vestibular Function

M133 -~ Sleep Monitoring

M151 - Time and Motion Study

ML71 — Metabolic Activity

M172 - Body Mass Measurement

A
A
A
A
A
A
A
A
A
A
A

R
Ll R S

A
A
A
A
A
Ve

% These experiments have pre— and post—flight requirements onl

ATM

8052 - White Light Coronagraph

8054 - X-Ray Spectrographic Telescope
8655 - UV Spectrometer (A)

8056 - Dual X-Ray Telescope

$082 - UV Spectrograph/Heliograph

EREP

S$190A - Multispectral Photographic Cameras

$190B -~ Earth Terrain Camera

s191 Infrared Spectrometer

§192 Multispectral Scanner

§193 Microwave Radiometer/Scatterometer
and Altimeter

$§194 - L-Band Radiometer

LEGEND:

A — The experiment, or a part of the experiment, is assigned to this
mission (refer to the detailed instructioms contained in Table A-2).

> e
LS
S

Table A-1: Summary of Experiment Mission Assigmments




SKYLAR EXPERIMENTS

Experiment Mission Assigmment
SL-1/8L-2 8L-3 SL-4
Corollary
D008 — Radiation in Spacecraft A
D024 — Thermal Control Coatings A C C
M&79 ~ Zero Gravity Flammability (Revised} A
M487 - Habitability/Crew Quarters A A A
M509 - Astronaut Maneuvering Equipment C A A
M516 - Crew Activities/Maintenance A A A
##M551 ~ Metals Melting A
*%M552 -~ Exothermic Brazing A
#%M553 - Sphere Forming A
*%M555 - Gallium Arsenide Crystal Growth A
AMS56 — Vapor Growth of II-VI Compounds A
AM557 — Immiscible Alloy Compositions A
AM558 - Radioactive Tracer Diffusion A
AM559 - Microsegregation in Germanium A
AM560 - Growth of Spherical Crystals A
AM561 - Whisker—-Reinforced Composites A
AM562 - Indium Antimonide Crystals A
AM563 - Mixed III-V Crystal Growth A
AM564 ~ Metal and Halide Eutectics A
AM565 — Silver Grids Melted in Space A
AM566 -~ Copper—Aluminum Eutectics A
$009 - Nuclear Emulsion A
8015 - Zero Gravity Single Human Cells A
8019 -~ UV Stellar Astronomy A A C
$020 - UV/X-Ray Solar Photography A A A
8063 ~ UV Airglow Horizon Photography A A
§149 ~ Particle Collection A A A
§183 - UV Panorama A A c
§228 - Trans-Uranic Cosmic Rays A A
$230 - Magnetospheric Particle Composition A A
LEGEND:
C - The experiment, or a part of the experiment, is a candidate for

performance on this mission, provided the requirements set forth
in Table A-2 will not have been satisfied on an earlier mission
{or missions).

%% - These experiments utilize a common facility, M512-Materials Processing
Facility.

A — These experiments utilize a common facility, M518-Multipurpose
Electric Furnace.

Table A-l: Summary of Experiment Mission Assignments
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SKYLAB EXPERIMENTS

Experiment Mission Assignment
S1-1/81-2 SL-3 SL-4

Corollary (Cont'd)

T002 - Manual Navigation Sightings (B) A A
T003 - In-Flight Aerosol Analysis A A A
T013 - Crew Vehicle Disturbance c C
TO20 ~ Foot—Controlled Maneuvering Unit A A
TO25 - Coronagraph Contamination Measurement A A A
T027 (SA) - Contamination Measurement A
(Sample Array)
T027/8073 ~ Contamination Measurement A A A
Gegenschein/Zodiacal Light (Photometer)
Student Investigations
gD11 - Atmospheric Absorption of Radiant Heat A c C
ED12 - Volecanic Study A C C
ED21 - Libration Clouds A
ED22 - Objects within Mercury's Orbit A C C
ED23 - UV From Quasars A

ED24 ~ X-Ray Stellar Classes A

ED25 - X-Rays from Jupiter A

ED26 - UV from Pulsars A

ED31 -~ Bacteria and Spores A

ED32 - In Vitro Immunology A

ED41 - Motor Sensory Performance A
ED52 - Web Formation A
ED61/62 - Plant Growth/Plant Phototropism A
ED63 - Cytoplasmic Streaming A

ED72 - Capillary Study A
ED74 — Mass Measurement A

ED76 - Neutron Analysis A A A
ED78 ~ Liquid Motion in Zero "G" A
LEGEND:

¢ - The experiment, or a part of the experiment, is a candidate for
performance on this mission, provided the requirements set forth
in Table A-2 will not have been gatisfied on an earlier mission
(or missions).

Table A-1: Summary of Experiment Mission Assignments




SUOTIONAISUT ZuTTNEIYDS PUE JUSWUBISSY 1USUTIAIEXY 7=V FIEVI

AT

v/
¢-11g UWOISSTH 03 psulisse ST Juswiaadxe SIYL (q) Sutddeyn Ley-x oTIveTEn 0STS
jeuy
(LIRS iefoury - wyldyy URTPEOAT) TL0S
v/ ojur pojralejutr ST saempary Juswrxadxs syl) - TAISSVA
£-T¢ UOTSST] 03 peudisse a1 sjusutaedxs asay] 3900 -~ WUYIAYY UBFPEOATD T/08
(oToTyo~
uounel 907 gI UXINJBg 2YJ uo vmum305_
ST sxeapiey juswraadxe suyi) ysTiy
V/N Z-'I1S 2U3 o3 pouSIsSse ST JusWIisdxs STYJ s8urle0) TOAJUO) TBWADYT CTHW
, . SSTH TILIL WEION dnods
dsd SNOTIONYISNT HNITACIHOS/SINTRNDISSY NOISST INTNTSEEXT INURT T IXE




suoTonIIsSUl SUTTNPIYDS pue

JusmuSrssy jusurasdxy gZ-¥V AIIVL

*4-1§ pue
€£-T§ SUOESSTW JO UOBd U0 $3159] ZT JO TeI01 ®
I0J ULUWMDID OMI JO YIBd U0 pomxogaed 8q TTeYS
$35931 PTOUSaIy: IHO Pue SW XFS *T-18/T~1S
Supinp §359%1 UP3 JO TEA03 B I0J USWASIID OM3
Jo yope uo pouxogisd 29 TIRYS $3533 PTOYSIIYL
(I190) worsnTTI TeikZoTnd0 pue (SW) AITATITSURS
UOTIOW 9ATJ ‘-1 pue £-18 ‘T-IS/T-18

¥/N SUOTSSTR 01 poudfsse sy JusuiIadxs STYL yoTiouUng IBRTRQEISsp uewnH -  TEIH
quemeansesy Ssel Apod - ZLTR
£3TATIOV OTTOQBISK ~ TLIH
8209339 oTdorerewsy TeToeds - SITH
wsTreqelsy TI90 pooTd PoY - %TIR
*ATu0 sjuswaarnbal uedg 23717
JuB81rg-3s0d pue -a1d sary sjusurTIdxa ISIULx 1720 p9d pue sunfop poolg - €TIRW
syoedse
011TA U] - A3Tunumr s, uBl - TTIIR
00 o soTpnilg 9IIUaB0Ln -
pootlg 3 Tpnas 9% IAD ITTH* TYOTAI
wueIB0TPABIIOIIBA -~ E£60H
2Inss9i1g
aafredeN Apod I9moT IYBYTI-ul - Z60KH
JUBWSINSEI [RASUTR 2uogd -~ R/0Wx
T8 pue ‘g-1S ‘¢-T1S/T-1S
V/N suorssT 03 poulIsse axe siuswiiadxe asay] qusuRInsesRy Ssel usuIionds - HL0K
spInTd Apog Jo Lesseold - CLOW
aoueTeg JEIBUTW - TLOR
- . ot HALIE YT IRNN dnodo
dsd SNOTIONYLSNI ONITAGIHIS/SINTWNDISSY NOISSIN INIRTEHIXT INTHTER X




SuoT1oNIISUI SUT[NPaYOS pue JUSWUBESSY auswriadry 7-V ITIVI

I932wWOTpeY pPUBd-T — ¥61S
19]3WITTY PUR I332U0
.sossed -~1977808 [IDJPUCEPEY DABMOIDTH - €618
[e0T3I94 TEO0I-Z ¥ FO WNWLUIW ® U0 uofyeaado Iauuedg TexrdedsTITNH - 2618
103 ponpeyds aq TIBYS sjusauwfiadxe gO6TS YL 1979w01300dg POIBIFUT — T6TS
-sossed TBT1Aa9UT easwen UTEI
_78TOS ©ATJ pue ssssed TeOFIISA TEDOT-Z 0 uyeIIRL yIrey - 4061S J99q
09 3O Te103 ® U0 uotzeIado 103 pRINpaYos seJowen oTydeasd
/N 3q TTEYS 4£9U3 “g06TS JO UOTIdedX2 oYl WITM —ojoyg Tea3dadsTITRK - VO6TS
*y-15 pue ‘¢-I§ ‘7-T1S/T-1S £3rTIoRd
SUOTSSTH 03 poudisse 218 sjuswriadxe asYL spydeagojoyd Tear0sdsTITON — Q6TS
y-1§ VO WTIF FO SurzelEw 9UY ydeaZoyten/udeifoaisads An = 780S
€18 uo Wl Jo seurzeleu oal’
Z-718/1-1§ Uuo wiF3 3o =urzeSeu U edoosaTal 4e¥-X Tend - 9508
1uByl $I0W Jou IZTTLIN (v) aejewox3dads AN - SSOS
¥/ yoee TTRUS °‘GG0S guipnyoxs ‘sjusuraadxs ssoY] adoosaTer . opydea8oazoadg Aey-Y - ¥S0S
squsumoop STY3I Jo suorioes Suruueld UOISSTW
 oad e3etadoadde syl uf pPOFITIUSPT 2av UOTSSTU WLV
yowe 103 sanoy Sufye3l-PIEP JO SWIS] UL sSjusu
-s1rnbaa TTNF oYl “¥-TI§ pue ‘¢-IS ‘7-18/1-18 .
UOTSSTIH 01 pouldisse axe sjuswraadye 959Uy ydea8euoxo) JYSTT 2ITYM - ZS0S
‘gpusmraadxs 19y30 YaTm uoprounfuod ut Afuo
ozy| pewioziad aq TTBYS 3T °*%-TIS pPue ‘€~IS ‘T-IS
/T-1S UOFSSTRH 03 PIuBysse ST juswrIadxe STYL £pnas UOTION pue WL -~ TSIH
+€-18 UOLSSTH UC suorssas-dosls TZ UT Ammwmwww
pue g-18/T-1S UOTISSTW UC SUOTSSIS-dITS
/N ¢T ur prurogied @q TTEYS JUSWIIdXS STYL Sutxoatuol doeefs -— EEIN
HELIL IV dRgED
c J 1 v
Jsal SNOTIONUISNI HNITNCGIHIS/SINIMNOISSY NOISSIH INERTYE IR INTRTEAEXR
pR——————




suoryonilsul JUTTnpayss pue Jusmudrssy juswrisdxy -V TTAVL

*0z701 jusmraadxe uc suni

qusmrasdxs Jo 195 suo wioziad OSTe TTRUS 60SH
smacgzad oym UBPWMIIAD JUO ISPOT IY ' IDAIDS
~qo ue £q paTueduoooe °9q ITEYS FJuSWTIsdxe Iy
Sutmroyzad uesmwmazd 2L  *ATSUrproddr pannpax
2q TTBRUS #-TS U0 UPEMID pUODIS dYJ I0J Suni
Jo 398 ayn ‘7-13/T-1T8 uo Juswrpizdxs 23EPTpPUE?
v sp peysTTdmodooe ae sunx ZT 3yl jo uolixod e
IT *H—1Ig UO YOE® Suni ANOJ JO €39S oM} WAOJ
—xed TTEUS USWMSID OM] PUER €-TI§ UO SuUnI inoj
Jo 325 ® wrojxed TTeYs uUBEMIID 2up - (Te3I0]
suni Pe]INS 99IY3 PuR PIJTRSUN IJUTU) UDWMDID
2214l JO yowe Aq pauxoyiad @q Tleuys (palfns
JuUo pue pollnsun 291y3z) suni Juewrisdxs inoj | jusudrnby SurisaAnsuel InBUOIISY

*H—18 Pue ‘g-I§ ‘7-IS/T-IS SUOTSSIH

uoc pauxojasd aq TIRYS Juswriadxs sIYL sial1Iend mai)/AITTEQeITqeH AIVTTON0D

*3Jexooceds oyl O3 TERUADIXS
jusudnbe aosuss Buraey sjuswpiddxs Lur I3rUY
-me3IUO0D 03 JOU S 05 aTqrssod SB UVOTSSTH #-1§

9yl JO UWOTIBUTWII] 3yl 02 9SOT° Se pawxoyxad
9q TTRYS S2T24D 1523 JO S$395 PATT JO TBI0Y V ATTTqeumetd £3TARAS OX9Z

‘15 A0 £-18

194379 UO PIASLIIBI 9q TTEUS sToued a7dues
ony Suruiewsi syl f7-TIS/T-1IS UO peuiniel
puB paAlaTiIlax 9q Treys syaued srdues om] s3ur3zec) [OIjuUc) TEUIBY]L

*(91T WO uT pe3jexdelur ST juaw
-Taadxe 2y1) Z-18/T-18 UOISSTH uo pawxogaad
9q TTBYUS S42AINS I9]°WLSOP IATIOBR Ancg 33eaoededg Ul UOTIEBTPRY 800d

. , .1 &% FIERON dA0ED
SNOLIONYISNI ONITOAEHDS/SINTNOTISSY NOISSTIR INTRIETIXT INTRTNT AR




SUOT1ISNIISUI SUT[NpPoY>g pur JusumuBISSy juswtasdxy *g-v FIAVL

oze

*$-IS UOTISSTH 01 psuBrsse ST usurisdxs sTyy

WNTUBWLISN U uoI3e8oa22S0I0TR

6561

0ty

*pirezey A3T0TIx01 27qIssod 2yl Jo osneORq
AITTEO®TF QTIGH 243 ur pauxocjiad juswriadxs
3SEeT 03 1XaUu 3yl 9q TTeYS JUSWTISdXS STYL

*H-rfS UOESSEW 03 poul3rsse ST jusurasdxo STyl

UOESTIJITJ A90®vaA] SATIVEOTPERY

BESH

o%y

*H—7I8 UOTSSTH ©3 paudisse ST Jusuwfiadxs STYL

uofarsodwon Lo[TV 2IqIoSTUM]

LGSH

0st

*paezey LITOTR0Y STqrssod

2yl Fo 9snedaq LATTTORY QTGCH 22Ul UL pawicglad
Jusurzadxe 3SEBT 92Ul 99 TIBYS Jjusuriadxe sTyj)
*$—]g UOTSSTH 03 peudlsse ST Jusuriadxe sTyJ

spunodwoy TA-JI 30 Yamoln Iodep

9SSH

00T

A
/T-T18 CGOISSTH o031 peuldfsse ST Juswpiadxe STy

Ym0z Te3s£ay SpruUSsIy WNTTIEH

SSSH;

09t

"2-18
/T-1S UCTSsTH 03 pouldrsse ST juswuriadxe STYJ

Sutmiog @asyds

-£SGH

0sT

‘718
/T-IS UOTsSsSTR 031 psudisse sy juswriadxe STYL

guizrag OTWIDYIOXY

TESH

061

N *T-I8
\qumGOHmmﬁEOUvmﬁwﬁmwmmﬁuumeﬂummxmmﬂsa

muﬂuﬁmz STBI9N

TSSH

08t

*H-T8 UOTLSSTIR;

uo pawrozaed 9q TTBYS SHSE] IduEuUDIUIRW
uorjeIndfuew SUTY Sy “‘H-I§ PUr ‘¢ 1§ ‘7-1IS
JT-1§ SUOTSSTH 03 poullssE ST jueuiiedxe SIYL

SOUBUSIUTRH/SITITATIOV #01D

1

915K

AAVTTI090D

dsia

SNOIIONILSNI ONITACIHDS/SINTNOISSY NOISSIK

dELIL
INHWIIAIXE

TIIRN }

anodo
JRIRTIHIXT

A-10



SUOTIONIISUT Jurinpayss pue jusuufrssy jusuwraadxg 7~V HIAVI

*H-18
uo LITATIOE A8YIANI 0] 2ILPIPUBD B 2q TIBYS
jupwrIedxd Syl E¢~IS PUB {~IS/T-1S SUOFSSIH

3O yoE® U0 paufelqo 9q [Teys ‘yoes SLINUIW ¢
ButBeaose sossed y8tu zT yo JuaTeAInbs oyl

00¢ Suratnbea ‘seansodxe ejep L1ITI-poapuny duQ Awouoxisy IBTT3IS AN — 6T0S
*(9TT WO UT
pe3ea8a]uT ST aiempiry Juswixsdxe ou3) 7-IS
0872 /T-IS UOISSTH 03 poulBlsse ST juewriadws STYUJ sT[on uewny oTSurg £3ITABAD 0IDZ - STOS
*Z~1TS/T~1S UOTSST| UO PaA9EXlsl pue poasodxo :
08T | 29 TTEYs 28eyoed 1039939p UOISTNWS IEBSTONU U uoTsTnUg IBsTONN = §00S{§ KIVITOHOD
00 *#-18 UOISSTIH 02 poulrsse ST Juswraadxe STYJ sOT308Ing unuTunTy-a12ddo)y - g9gK
09z *$—I§ UOTSSTK 02 pauSfsse sT juswlaadxs STy, @oBdg UT PRITIW SPFIAD IBATIS - SYSH
042 *H-TT8 UOTSSTH 03 psudrsse sF wswlisdxe sTYTL SO0T209INY SPTIBH PU®B TBISW - HISH
06§ *H-S UOTSSTH ©3 paufrsse ST juswrisdxe STYL Y3001y TRISAID A-TII PFKTH - LISH
0gty ‘4TS UOTSSTH 01 pauldrsse sT juswraadxe sIyf STEISAL) SPTUCWTIUY WNTPUT - ZISH
09¢ *H-TS UOTSST| ©3 psulrsse ST Juaurasdxe sTYL so1T7s0dwo) POOIOTUTIY-IINSTUM — T9SH
O1IE *#—1§ UOISSTY 03 pouldysse s} Fusuwiaadxa STYL sTe184A1) T[eoTa9yds Jo YInoin -~ Q9SH
dSd| SNOIIIMMISNI HNITACIHOS/SINFMNOISSY NOISSIH ALLL sEGOR s
I g faleccid I INTWTYAIKE INGRI¥2INE

A-11



suoT1on1lsul SUTTRpPIYIS pue JuowuSssy JusurIadxy

*7-V F'14VL

€lLe

*H—18 UOISSTIH UO pauinlsl 3q TIIA jusutaadxe
syl -feued uexs] a2yl jo jusufordep 103 7-IS
/T-18 UOTSSIH ©3 poudTsse ST juswpaodxs STUL

sey DIWSOn DTUBIf-SURI], - 87ZS

o6%

“y-18
uo £3TATIOER Iayzany I10I 21epIpuUeRD 2q TTBYS
juswrasdxe syl *¢-18 UC paurelqo aq TIeys
sainsodxs v3ep ¢f Jsyzoue {Z-7S/T-1S UOTISSTK UC
psureiqo 3q TTBYS soinsodzs B3BD DATI-LIATY]L

sueIoURd AN - €8TS

oSy

‘-8 3o uofzacd peuuew Y3 UO

pesodxe °9q TTEUS 19§ 2U0 pue ‘45 FO UOTLI
-10d pauuswun Y3y uc pasodxs vq TTBYS I95 JUO
‘UOTITPPE Ul -¢-IS Jo uoTixod pouuew SYI UO
pesodxs aq TTRYS 3195 suo pue ‘¢-IS UCTSSTH JO
uoriiod pouueuun ayi Jupanp poscdxa aq TTeys
188 suQ ‘po=asIil9l pue ‘pesodxe ‘pakfoydep

2q TTRUS S©1195S58D 1030932p JO SI2E Inog

UOE3O9TTe) PTOEIIBd — 6415

ove

*§-I§ pue ¢-I§ SUOTSSTW UO po
—uTe3qe =2q TIBUS ssansodx? vIRP Q09 FO TRIOI V

4uydea8ojoyg UOZTIOH MOTSITV AN — £908

062

*SUOTSSTUW OomM3 I9430 3yl
JO 4yo®D UO DPOUTEIQO 2q [IRYS URS SATIDE B3
30 seansodxe elep U93 pue uns I2Inb ayil jo
seansodxe plep U] “uorl®I2dO WIV PUB 0Z0S
snosue3TIWTS JO AJFTTqFSe=F ¥I9Uyd O] pue eawp
UOTIBIQTTED 03 ST 18U} PuUB 7~I5/T~IS UOTSSIH
vo psuxozaed ©q TTEUS uni [BITqIo PU0 ATUQ
*suoTssTm Tie ©3 poufrsse sT Juswiasdxe sTYL

4{ydealoloyg Iefog Lvd-¥/An - 0708

X4v1710400

dsd

SNOIIONYISNT ONTINCIHIS/SINIRNOISSY NOISSINH

AN JLARNN

INIAWIYAIXH

LT
INZRIYHGYY

A-12




suoT31oNISUT BULTNpRYIS pue juouugTssy juowrIedxy

*Z-V 419vVY

*§0SH uc suni jusupiadxe jo 3198 auo

wxoyaad osTe TTRYS 0Z0L suzojxed oys UIWMIID
ayj JO 2uo 3I8BST IV ‘=TS UOTSSTW UO URUMDID
Iayloue Aq pue ¢—1§ UOTSSTH U0 UBUMSID auo Aq
pauzozaed =q [TeYS jusutaadxe oy - (pe3Ins
om3 pue peolINsSun 921yi) SuUNI Juswrxadxa SATJI

30 395 e urogasd TTEYS USUMAAD omI FO nummm

1Tuq SuraesnsuEl PRITORIUC) 3005 - OI0L

*hqg A0 €IS UOTSSTH I9YIFe U0
SMO @Yz ur peuzojiad °q TTRYS JuaswrIadx® STYJL

20UBQANASTI( 2TOTURA MDD

£TOL

*y-Is pue ‘¢-Is ‘Z-1S/1-18
suoTSSTH uc paurogied aq TTeys juswrxedxe STYL

stsfTeuy Tosoasy IYSTTI-UI - €00L

~szuswWraadxe
J3Yy20 9yl YITA STSEq 9OUSIIIILIUT-UOU ¥ UO pus
M91D 2yl JO @OUITUDAUOD 2YI I8 H-~IS PUB £-1IS

suoTssTw uo pauxojyiad aq TieysS Juswrxadxs STUL () sgutaysrg uoriedraeN TEOUEH - Z0OL
uo7Ts0duo)

‘-8 pue £-I8 ©3 paugsse sT juswriadxe STUL 2018 sraoydsojsuldey - 0£¢S

ALY YEERAN

SNOIIOMNISNT ONITNATHOS/SINFROISSY NOISSIH

INTHTUYIXE

!

Lo

A-13




SUOTIONIISUI BUTTNPAYDS PUBR FIULMUBTSSY JUSWTIadXY

*Z-¥ T19VL

‘h-TIS PUE £-3

SUOTSST JO yoe2 uo poumrxoziad oq TTeUS Sadue
~uxogasd mealdoad (G4) saTI-L3i0§ *Z-1S/T-1S
uoISSTH uo paouwxojyxad =2q TTRYS Seruewiozisd
uwexBoad (£zZ) o9IU3z~LJusm] “we1s4s aazowozoyd

{701 @43 BurzTITIan juswriadxs jutol = ST STUL{

(wo3s4s 13312WOI0UF)

Iy8T1 TBoRTPOZ/ureyssusdey
IUDWI ANSEDY UOTIBUTWRIUO) — £/0S/LZ0L

*poA9TIIRI pur sinoy (7T 103
posodxe ‘padoreasp ©oq TTeUS Leiie osTdues sug

(Aeaay oTduzg)
JUIWSANSEI WOTIRUTWRIUOCY -~ (VS)/Z0L

*Su0TIEAISSqO TENSTA Jo potisd syl

YITH SPIOUTOD 03 pOTnpayds 29 Aeuw uorssiu iod
potaad Surdei-ejep orydeadojoyd sug -sSuoIsSsTwW
991yl 9yl JO yoes uo pouiogiasd aq TTRYS
SUOTIBAIDSqC TENSTA 30 poliad auo ‘UOCTITPPE

uy -porxsd Bupyeil-viep Aur Suranp pesod¥e aq
TTTA W[TJ JO 9313I9SSED U0 URYZ 3I0W Of *#-IS
UOESSTH uo spotaad 3uryei-ezep uol Buranp pue
€~7S uUOISSTH Uo sporasd Juryei-eiep usy JuTINp
¢Z-1S/1-1S UOTISSTH uwo sporiad Suiiel eaep

SATJ Suranp psurelqo 39 TIeys sydealdoloyyg

JUSWIANSBIR
uoTjeuTwRjue) ydeadeuolo) - ¢ZOL

2aVI10900

Ql

SNCIIONYISNT ONITOQIHOS/SINTHNOTISSY NOISSIK

AILEL
INTNIEA IR

dN0ES
INTRT NI XY

A-14




suoT3IoNIISUT SUTTNPIYDS PUB JUSWUIISSY JUIWTAIAXE

*T-V dTIVL

V/N

‘¢~TS UOTSSTH BuTanp QIR YITs
2oUBRpJIOYIE UT 2W[] 3U0 JuamTIadxe STUY3) WIoFaAd]

.%woaon5EEH OI3TA UT

zead

~Z7-1S/T-1S UOTSSTW SUTANP MIW YITA
JOUEBPAOOOE UL IWTL U0 jusuriadxa STYI wWI0oaad

soxodg pue ®IIaIOBRYg

TeaE

+7—1S/T~TS UOTSSTW JuTanp gTOS
Jo ssed JyITU 2u0 Ssn TTIA jusurIedxs STUL

siesTnd Woig An

9zad

*e-18
WOTSSTH 2uranp (sfeyg-¥) Io3tdng JO ssed auo
3o eiep ¢T-40L MLV ®Sn TTTA Jusmraadxe sTYL

asardnp woxy sdey-x

scad

7-1S UOTSSTW Suranp UoIBez xe[[e3s jo ssed suo
Jo BaEp £T-dOf WLV @sh TTTa Jusulriadxs sTyL

gosseT) AeTT218 AB¥-X

LZAES

*7-18/T~1§ UOTSSTW 3Juranp 6T0S 3O
ssed qy3tu suc sxfnboxa TTIM JusWIIadXd® STYL

saesen() wolF AN

tedd

*elep
9-d0f 7GOS °sn TTTm juswriadxe STUL #-1S Pue

£~7TS SUOTSSIH A0J 23ePTPuUEd ® ST pue -5
JT~1§ UOCTISSTH 03 poufTsse st jusuriadxe STYJ

3TGI0 §,AINDIBR UFUITA s3020qQ

¢Tad

*€—S UOTSSTH 01 Pouldrsse ST
pue e1ep QT-JOL ¢G0S @S TITA JUSULISdX® STYY

Spnof) UOTIRAQT]

TZad

*e3ep 406TS Due V0615 ‘T61S

‘T6TS @sn TIIA Juawliadxs sSTYL °%-IS5 pue
£-TS SUOTSSTH 103 2IEpTpued & ST pue 7-1§
JT—18 UOTSSTH 01 poudisse sT jusuwrIadxa ST

£Apn3g STUEBDTOA

Z1ad

‘B3RP T[ETS °Sn TTI# jusuriedxe sTYL IS pue
£-1S SUOTSSIW 103 IIPIPUED ® ST PUB 7-TS
/T-T1S UOTISSEH 03 Pauldlsse ST Jusuwraadys STYL

qeoy Jo uoridiosqy oTasydsowdy

TTad

INZANLS

SNOILONYISNI ONITAAIHOS/SINIWNOISSY NOISSIK

FILIL
INIRIEA KT

TAIIAN

dnodo
INTRTEAAXE

uy
T
<




suoTionialsul 3urTnpayds pue qusuuBrssy Juswriadxy 7~V HIIVL

*$—1S UOTSSTH Buranp IW YiTs JUB
-pa00d® Ul IWE3 dU0 quswraadxe STYJ WIOFADJ

D-0197 UF UOTION PENbTT P
“§-11§ pue £~ISs ‘T~18 LNEANLS
/T~T6 SUOTSSTH Jo US®d 3uranp MW YITH 20UB
—-paAGIOEB UT JWL} dUO0 jusmiiadxe sTyl wIojiag sTsATeUY uWOIInoy 9/ad w
¥
c—1S UOTSSTH SuTanp Q¥H YiTh douE
/N .-p109D® UT SWrl 2uc juswiaadxs STUJ WICFISJ JUAISANSEI SEEK /a7
*§~18 QOTSSTW JUTANP Q¥H HITA
FDOUEBPIODDR UT 2WL] dUC jusuriadxe STUl WIcFISd Apnag LxeTTTde) ziad
*€-1§ UOTSSTH 3UTINp @K YITA
20UEpIOIDE UT WL U0 quswtIadxes STYJ Wiojiad Suueailg oTuseTdolL) c9ad
*§-—J§ UOTSSTW BUTINP QUW UITH
20UBDPIODDE UT SWFT VO JUsWISdXd STYI WI0FIRd ustdegioloyd JUBTL/4In01H IJueld Z9/T90d
TE-TS UOYSSTH SUTANP (RN UITH |
2OUBPIOOVE UT DWLY SUO quouraedxe STyl wioJxeq | uoT3eurol qsM 7sad
Y15 UOTSSTN BUTAND MWA UITA |
2ouBp10DDE UT JWIF U0 Jjusurxedxe STYL WIOFIRd 2ouRIIOIID LI0SUSS IOIOH Tvqd
a YETWON JNO¥D
dsi] SNOILDAYLSNI HRTINCIHDS/ SINTHIDISSY ROTSSIN INTRTERIXT INTATEE &Y

A-16




ANNEX B

SEYLAB PRIVATE CONVERSATIONS




I

SNOTIVSYIANOD FIVATIL IVIAAS

eV

CHEICAR

+103BAISTUTUWPY 2Y3 JO UOTSSTWISd

wenytam £q pozraoyjne ATTedTFroeds sseun
paseafaa 2q jou TITA sidTavsueil aden

10 sade] ‘UIISTT ©1 PIITAUT °q OSTE

ITTA OVd 243 ‘sadel syj o3 ualsfL duo
-fue siaT poafoaufr uceling IYLBITI Y3I II

*103RAISTUTUPY
syl £q BuplTas ur pszpaoyine
£1TeotITo9ds aq jsnu asesTex I2YR0
1Iv -sadraosuexy adel 1o sadel
2yl 031 SS900® ARy TTIM SITBIIV
DITqNd 10 V¥ % 10102XFq wexdoad

*USATZ usdq

SBPY 1031BITSTUTWPY 243
jo uorssTwIad U3IITIM
vr3Toeds ssaun suC
—4ue 03 STqB[IEAR 2DBU
3STAIDYLO0 10U PISEDT
—21 2q j0u TTIM sadeq

A3Taoulny
s5800V/
aseaTey odel

*suotaeiadp TEOIPOR 103
sgouateg °JT7 Jo iozosarg Lindad OSC

*suotareaadQ
#21p IYBTTI JO 203091 JHSP

rsuotieandg MOID
IYSTI4 3O A103091TQ ISI

*3u0)
§5920V %
£poasny adey,

"UOTLJES IS AU0D

syz uvo Juswmmod JETqnd LTuc Yl 3q

IT¥» uTIeTINq FOTIq STYL °9searsi o1Tqnd
103 sn3els [eOIpeuw M1 Buriels UTIRTING
1e0Ipeuw ATTep v oiedead TTFA pue OVd

pue 103021TQ IYBITL 9Yy3 03 SNILIS MDID UO

*peseaTsl 9q 03
TeTa23eW TEUEJ 2Y3 IUTWIIISP pue
¢ 10309atqg wWeixdoxg =2yl YITs Aoeanaoe

Jusuelels B 2AI8 AT91BTpaumI TTTA uo238ing 569958 ‘UOTIVSIBAUCD 2YF 3O ‘gpeuwl usaq 2AEY STIED | Iuawsdunouuy
JyS8IT4 ‘suorIesISAu0D 3O eseaydered oy sjualuod 913 9aseaydered TIT4 OVd yons @ounouuw LeW OVd 31804
saj] sag| (searyoae a3aTdwod) sIx pPapP1099Y
25BOTIY
UON auoN auoN swy) Teey
* SUQTIESABAUOD SUOTIESIDAUCD [ENPIATIPUT | Juswedunouuy
TenpIAIpuT 103 duoy ‘ATuo £DTT04 | "SABY 03 UOTSTISP SdUROUUE TTEA OVd I03 sUON ‘*ATUO ADTTOd I0TIg

‘aaTiIEIUSSDAdal * 2030910 IY3TTA

pe3jruldIsap STY ‘9ouUssqe STY UL X0 £q seBueyy -KLep Lanp

I03001Fq WeiFoxg/meI10 Aq pauTwAsIIPf -JFO U0 ATTeuou ‘aan
AT1TRdq UeTd IYSTITI ul Aoue8isws Truorielado sweIIXs UY ® 2ouC ueBTd IYSTTL VI SuTInpeos

DUWE G~ Jueg - (BuissnosIp

10 Sutdeyl ‘Supaojiucu

Te82TfT I03J TBSSTWSTP
aUoN A9VTIFI0 SATBIFY VITANg 93BTpaWWT) SUON S103TUOYR

sooudrssp
no28ing IYSTTI/H2ID STY ® 10308aTq weidoag/mo1d ATTURg/No1) | s3uedroTiaey
ued YSTII
go SurpkyTpow 10 Burqraosaad OU-SNIEBIS +fousBiows TRUOTIRISAO JWBAIXS uwp

YaTeey #4910 JO UOTSSNOSIP IUITIRJ/I02ID0(| UT SI9IIBW IATITSUSS 8pIOOP/SSNOSI] ?TRION ATTWEI/M3I) asodang

TVOIAEIN

TVNOILIVIddO

ATVIOR

B-1




APPENDICES




DEFINITIONS

The following are approved definitions of terms used in this and
other Skylab Program documents.

AbOYt. + .+ + +« + + .« . Mission termimation by unscheduled but
intentional separation of the space-
eraft from the launch wehicle prior
to orbital insertiom.

Baseline Requirement for

Experiments. .+ « .« o+« o+ The highest level of experiment per=
formance required by this directive as
limited in text and tables. (When
explicit instructions are not given,
those documented in the MRD shall apply.)

Category. .+ + + « o s A degree of importance assigned to a
space vehicle element or operational
support element. Specific categories
applicable to Mission Rules are
"Mandatory" and "Highly Desirable™.

Constraint . . + «+ « o+ A restriction that influences the mission
profile, or timeline, and for mission
planning purposes cannot be violated.

Corollary Experiments . . . The experiments other than group-
related and passive experiments that
require significant in-flight crew

. support and which are not as closely
related to each other as are the
group-related experiments.

Countdown . . o+ « « o s The period of time commencing with
start of the official countdown clock.
For Launch Mission Rules purposes, task
accomplishment during the interval of
time prior to start of the official
countdown clock is not generally con-
sidered time critical.

Cutoff .+ + + o+ e 4« The automatic or manual command to
stop the launch sequence after
initiation of the "automatic Jlaunch
sequence'’.




DEFINITIONS {Continued)

Detailed Test Objective . . .
Experiment . .+ .+ « . & s
Extravehicular Activity . . .

Flight Scheduling Precedence .

Group-related Experiments . .

Highly Desirable ltem . e e

Scientific, engineering, or operational
objectives which amplify mission objec—
tives or detail a major development
purpose or feature of the mission. The
accomplishment of a Detailed Test Objec-
tive will be an important comnsideration
in determining the degrees of achievement
of the mission objectives.

Experiments are planned investigations
which are conducted in—-flight during
manned space mission, or which are
essentially connected with the in-flight
situation. These investigations, which
are approved by the Manned Space Flight
Experiments Board and assigned by the
Headquarters Program Office (ML), are
conducted to obtain research information
which can contribute to the advancement
of science and technology.

Activity performed in space or in a
celestial body by an astronaut ex-
ternal to the space vehicle.

A number assigned to each of the
corollary experiments as an aid in
scheduling these activities in the
mission flight plans.

Experiments that are closely related

to each other either through common

study of the flight crew or by integra-

tion into a single subsystem. Specifically,
these are the medical, solar astronomy (ATM),
and earth resources experiments.

A highly desirable item is a space
vehicle element or operational
support element that supports and
enhances the accomplishment of the
mission and/or is essential for the
accomplishment of the Detailed Test
Objectives.
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DEFINITIONS (Continued)

Hold « « =« + =+ + =« « +» An interruption or delay of the
countdown for any reason, such as
unfavorable weather, repair of
hardware, or correction of condi-
tions unsatisfactory for launch or

flight.
Hold-Point .+ + + « « =+ » A predetermined point where the
countdown may be conveniently
interrupted. .

Instrumentation .

.
-
.
-

The equipment that acquires, trans-
mits, and monitors data for per-
formance evaluation of space vehicle
and operational support items.

Intravehicular Activity . . . Activity with one or more of the ad-
verse characteristics of EVA because
of reduced gravity and/or pressurized
space suit, performed in space or on
a celestial body by an astronaut in-

. ternal to the space vehicle.

Liftoff . . « + =+ « < « The event determined by the instrument
unit umbilical disconnect signalj it
is the point in time when plus time
commences.

. Malfunction . A failure; the imability of a system,
subsystem, component, Or part to
perform its required function during
test, operation, or end use
(reference 6).

.
.
.
-
-
.

A mandatory item is a space vehicle
element or operational support element
that is essential for accomplishment

of the mission, which includes pre-
launch, flight, and recovery operations
that ensure crew safety and effective
operational control as well as the at-
tainment of the Mission Objectives.

Mandatory Item

-
.
.
.
.
.

Measurement « .« - =+ + + + A specific data channel of instrumen-—
tation monitoring a single function.

Mission Objective . .+ . .« A statement of the primary purpose of
the mission. When used in Center
control documentation, the Mission
Objective(s) may not be modified, but
may be amplified by Detailed Test
Objectives.
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DEFINITIONS (Continued)

Operational Support Element. A part of any system or activity that
is involved in the countdown, launch,
flight, or recovery operatioms, other
than those elements which are a part
of the space vehicle itself (e.g.,
ground support equipment,
electrical support equipment, launch
support instrumentation, and equipment,
facilities, communications, and
utilities).

Orbital Assembly . . . . . The Saturn Workshop plus a docked CSM.

Passive Experiments . . . . Experiments whose associated in-
flight crew support requirements
are either insigificant or non~
existent.

Proceed + o« o+ « + « + .« Continue in accordance with pre-
seribed countdown procedures.

Recycle . . + =« « + o The countdown is stopped and
returned to a designated point or
as specified in the Launch Mission

Rules.
Saturn Workshop . . . . . The space assembly which comprises the
. Orbital Workshop, Airlock Module,

Multiple Docking Adapter, and the
Apollo Telescope Mount.

Serub « .+ .« « « « « + o An interruption of the launch count-
down which requires rescheduling to
a later launch window.

Single Failure Point . . . . A single item of hardware which, if
' it failed, would lead directly to
Joss of a part, component, system,
mission, or crew member (reference 6.

Space Vehicle Element . .« .« A part of any launch vehicle, space-
craft or associated f£light hardware
systen.

Subsystems/Operational Tests . Tests which are conducted to either

evaluate the performance of a particu-
lar subsystem to determine its suit-
ability on future Skylab mission or

to determine the method of operating
subsystems to obtain optimum results.
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DEFINITIONS (Continued)}

Turnaround Time. . . . . . The total time required from a scrub
to the next scheduled liftoff time
{T-0) including recycle and countdown.




ABBREVIATIONS AND ACRONYMS

AM Airlock Module
ATM Apolle Telescope Mount
CCB Configuration Control Board
M Command Module
CsM Command Service Module
DOD Department of Defense
DRF Data Request Form
oTO - Detailed Test Objective
EREP Earth Resources Experiments Package
ERD Experiment Requirements Document
ETC Earth Terrain Camera
EVA Extra-Vehicular Activity
FMAD Flight Missions Assignment Document
FOMR Flight Operations Management Room
FSP Fiight Scheduling Precedence

_HD Highly Desirable

" IVA Intra-Vehicular Activity
JsC Johnson Space Center
KSC Kennedy Space Center
LC Launch Complex
LES Launch Escape System
1O Liftoff
LV Launch Vehicle
M Mandatory
MCC Mission Control Center
MDA Multiple Docking Adapter ,
MEP Mission Evaluation Plan
ML Skylab Program Office, OMSF

. ' MLO Directorate of Operations, Skylab Program Office (OMSF)

MMRD Mission Medical Requirements Document
MOCR Mission Operations Control Room
MOR Mission Operations Report
MRD Mission Requirements Document
MRG Mission Rules Guidelines
MSF Manned Space Flight
MSFC Marshall Space Flight Center
MSR Minimum Scheduling Requirement
N/A Not Applicable
NASA National Aeronautics and Space Administration
MM Nautical Mile
OA Orbital Assembly
oD Operations Directive
OMSF Office of Manned Space Flight
QWS Orbital Workshop
PAD Program Approval Document
PI Principal Investigator
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RT
s-IC
S-I1L
SL
SL-1

SL-2
SL-1/SL-2
SL-3
SL-4

SM
STDN
SWS
TBD
TBS
TV
o
Xuv
Z-LV
]
>

Real Time

First stage of the SL-1 launch vehicle

Second stage of the SL-1 launch vehicle

Skylab launch :

The urmanned Saturn Workshop launch, or the associated
space vehicle

The first mammed Skylab launch, or the assoclated space
vehicle

The first Skylab mission, comprising space vehicles (and
launches) SL-1 and S5L-2

The second Skylab mission, or the associated manned space
vehicle, or the associated launch

The third Skylab mission, or the associated manned space
vehicle, or the associated launch

Service Module

Spaceflight Tracking and Data Network

Saturn Workshop

To be defined

To be supplied

Television

Ultraviolet

Extreme Ultraviolet

Z-Local Vertical Attitude

Approximately

Greater than




10.

©11.

12.

13.
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