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APOLLO 12

LUNAR SURFACE OPERATIONS PLAN

(FINAL EDITION)

PREFACE

This document has been prepared by the Flight Crew Support Division,

Flight Crew Operations Directorate, Manned Spacecraft Center, Houston,
Texas. The information contained within this document represents the

Lunar Surface Operations Plan for Apollo 12, the second planned lunar
landing mission.

This is the final edition of the Apollo 12 Lunar Surface Operations
Plan. The plan is under the configuration control of the Crew

Procedures Control Board (CPCB) and all proposed changes to this

document should be submitted to the CPCB via a Crew Procedures Change
Request. Changes and comments to the document should be directed to

J. H. Roberts, Lunar Surface Operations Office, FCSD.
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1.0 INTRODUCTION

This final edition of the Lunar Surface Operations Plan defines
crew/equipment interfaces and final flight planning and crew
activities for lunar surface EVA operations during the second
manned lunar landing mission.

This plan delineates how the lunar surface operational and

scientific objectives for the second manned lunar landing

mission will be accomplished through pre-mission timelining
and procedures definition. Although the primary concern of

this document is the lunar surface EVA operational aspects of the

mission, interface relationships are presented to provide

clarity and continuity to the overall mission plan.

The nominal plan is for two two-man lunar excursions. The

planned durations will be three hours and thirty minutes each

or upon reaching a pre-determined red line on one of the PLSS

consumables. The red line is defined as having either a 30

minute supply of oxygen or a 30 minute supply of feedwater

remaining after repressurization. The battery is not considered
to be a constraint on the lunar surface time for this mission.

Based on an estimation of each crewman's BTU expenditure to

accomplish his respective EVA tasks, a PLSS expendable red
line should not be reached during either EVA. The Commander

is expected to expend approximately 4081 BTU's which will

leave a 719 BTU PLSS reserve or approximately 31 minutes

Lunar surface time for the first EVA, and expend 4235 BTU's
with a 565 BTU reserve or 24 minutes for the second EVA.

(Metabolic profiles are presented in the Appendix, Section 5.4).

In addition to the nominal EVA i and EVA 2 timelines and extension

of these nominal timelines to 4 hours, the plan presents six

contingent timelines for the lunar EVA. _Three of the contingent
timelines are for one man EVA's, two complete EVA i and EVA 2

and one minimum time (50 minute) EVA i. The other three are

for contracted EVA close-out times of 42 minutes, 30 minutes
and 13 minutes.

The plan presents two forms of timelines. One is a horizontal
summary form. The other is in a one minute time incremented
vertical format.

Detailed procedures are included for the nominal lunar EVA's,

i and 2. For the contingent EVA's, the timelines present the

procedures in sufficient detail that, with an understanding or

reference to the nominal procedures, separate procedures are

unnecessary.
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2.0 MISSION PLAN

2.1 Mission Purpose

The primary purpose of the Apollo 12 mission is to investigate

the lunar surface environment, to obtain lunar material'samples_
to emplace ALSEP I and to enhance the capability for manned
lunar exploration. A secondary objective is to examine the

Surveyor III spacecraft and collect selected Surveyor III site
samples.

2.2 Mission Description

This section provides a brief summary of the major events for a
November 14, 1969 launch date.

The countdown will allow a launch using flight azimuth limits of 72

to 96 degrees with a window opening at TBD (HR:MIN:SEC) for a

duration of TBD. The launch vehicle will----placethe spacecraft

with three crewmen aboard into a i00 NM circular earth parking

orbit. Launch vehicle and spacecraft checkout will be accomplished
in this orbit.

Translunar Injection (TLI):

The launch vehicle S-IVB stage will be reignited during the

second revolution of the earth parking orbit. The nominal injection
shall provide a free return to earth.

Translunar Coast:

CSM Transposition/Docking and LM/CSM Separation from the S-IVB
will be achieved within two hours after TLI. An evasive maneuver

will be performed by the S-IVB after LM ejection.

The SPS may be utilized to depart from a free return trajectory

within the limits of the DPS to return the CSM/LM to safe entry
conditions.

Lunar Orbit Insertion:

The SPS will be used to insert the spacecraft into lunar orbit.

Following the initial insertion burn, the spacecraft orbit will
be approximately 60 by 170 NM. A second burn will be made to cir-
cularize the orbit at 60 NM.



Lunar Module Descent:

Two astronauts will enter the LM and perform LM checkout. The CSM

will be separated from the LM using the SM RCS. The LM DPS will be

used for the descent to the surface. Landing point redesignation
may be exercised during descent at the crew's discretion to land

near the Surveyor III spacecraft.

For the November 14 launch, the lunar landing will be at site 7

(previously designated Surveyor III) located at 2.94 ° South,

23.34 ° West. At the time of landing, the sun elevation referenced

to local horizontal at the landing site will be between 5 and 13
degrees.

Lunar Surface Operations:

The stay time on the lunar surface will not exceed 32 hours. After

checkout of the LM to assess its launch capability, the LM will be

depressurized to allow egress to the surface. The nominal plan
will provide for two periods of approximately three hours and

thirty minutes each for simultaneous EVA by both astronauts. The

radius of operations is constrained to be within the limits imposed

by the purge capability of the oxygen purge system. The planned
lunar surface activities will include the following major items
in order of priority:

i) Photography through the LM cabin window.

2) Contingency sample
3) EVA evaluation

4) LM inspection
5) Deployment of experiments

6) Selected sample collection

7) Lunar field geology

Television transmission will be provided as early as practicable

during the EVA period.

Photography will be employed throughout the EVA to document the
activities and observations.

Lunar Module Ascent:

Powered ascent will be accomplished using the APS and insertion

conditions will be such that the LM will be in a 9 by 45 NM
elliptical orbit. The powered ascent will nominally be coplanar

as a result of the CSM executing the appropriate plane change
maneuver during the LM lunar stay. Subsequent'LM maneuvers will

be made using the LM RCS.



After docking, both LM crewmen will transfer to the CSM with the

lunar surface samples and the exposed film. The LM will be

jettisoned by the CSM using the SM RCS.

Transearth Injection:

The SPS will be used to boost the CSM out of lunar orbit. The

nominal return flight will not exceed ii0 hours and the return

inclination will not exceed 40 degrees (relative to the earth's
equator).

Entry and Recovery:

Prior to atmospheric entry the CM will be separated from the SM

using the SM RCS. The nominal range from 400,000 feet altitude
to touchdown will be 1250 NM.

Earth touchdown will be in the Pacific within +35 degrees latitude

and will occur within ii days after launch from earth.

Post Landin$ Operations:

Following splashdown, the crew will egress the CM after the flotation

collar has been attached, don Biological Isolation Garments, transfer
to the recovery ship by helicopter and immediately enter the Mobile

Quarantine Facility (MQF). They will be transported in the MQF to

the Lunar Receiving Laboratory (LRL) at MSC. The CM, sample return

containers, film, tapes and astronaut logs will also be transported
to the LRL.

In order to minimize the risk of contamination of the earth's bio-

sphere by lunar material, quarantine measures will be enforced. The

crew will be quarantined for approximately 21 days after liftoff

from the lunar surface. In addition, the CM will be quarantined

after splashdown. Termination of the CM quarantine period will t
depend on the results of the lunar sample analysis and observations
of the crew.



2.3 Summary of Mission Requirements

2.3.1 Introduction

The following information is from the '_ission Requirements SA-507/

CSM-108/LM-6 H-I type mission, Lunar Landing", dated July 18, 1969
(Revised September 16, 1969).

The following primary mission objectives have been assigned to
this mission by the Office of Manned Space Flight (OMSF)

i) Perform selenological inspection, survey and sampling in a
mare area.

2) Deploy ALSEP consistent with a seismic net.

3) Develop techniques for a point landing capability.
4) Develop man's capability to work in the lunar environment.

The following experiments have been assigned to this mission by
OMSF (Reference i).

i) S-059 Lunar Field Geology

2) S-031 Passive Seismic Experiment

3) S-034 Lunar Surface Magnetometer Experiment

4) S-035 Solar Wind Spectrometer Experiment

5) S-036 Suprathermal Ion Detector Experiment

6) S-058 Cold Cathode Ion Gauge Experiment

7) M-515 Lunar Dust Detector Experiment (Approval by OMSF is
pending)

8) S-080 Solar Wind Composition
9) T-029 Pilot Describing Function

i0) S-158 Lunar Multispectral Photography Experiment (Approval
by OMSF is pending)

Experiments 2) through 7) are part of the ALSEP I package.

Detailed objectives have been derived from the OMSF assigned primary
objectives, placed in order of priority, and detailedto the extent

necessary for mission planning. All of the detailed objectives are

in support of the primary mission objectives with the exception of

secondary objectives Surveyor III Investigation, Photographic Cover-
age and Television Coverage.

Experiments are detailed and assigned priority only in the event

that they require crew action or otherwise impact the mission time-

line. Passive experiment(s) such as T-029 (Pilot Describing Function)
will not appear in the priority list.
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2.3.2 Mission Objectives and Experiments

The detailed objectives and experiments are listed below in their

order of priority. These priorities should be used for real time

mission planning.

The Photographic Coverage and Television Coverage objectives will

be performed in conjunction with several of the other objectives.

The associated operations will take place at various points in

the timeline. Hence, these two objectives cannot be assigned any

specific priority in the list below and are therefore included at
the end.

Priority Detailed Objectives and Experiments

1 A. Contingency Sample Collection

2 B. Lunar Surface EVA Operations

3 ALSEP I Apollo Lunar Surface Experiments Package

4 F. Selected Sample Collection

5 C. PLSS Recharge

6 S-059 Lunar Field Geology

7 G. Photographs of Candidate Exploration Sites
8 H. Lunar Surface Characteristics

9 I. Lunar Environment Visibility
I0 J. Landed LM Location

ii S-080 Solar Wind Composition

12 S-158 Lunar Multispectral Photography

13 N. Surveyor III Investigation

- L. Photographic Coverage

- M. Television Coverage



3.0 NOMINAL LUNAR SURFACE EXTRAVEHICULAR ACTIVITY

3.1 Lunar Surface Stay

The nominal plan is for two crewmen, the Commander (CDR) and
the Lunar Module Pilot (LMP), to remain on the lunar surface
for approximately 31.5 hours. During this time, the crew will
accomplish postlanding and pre-ascent procedures and two periods
of extravehicular activity (EVA). There will be one rest period
of approximately 9 hours between EVA's and several eat periods.

3.2 Extravehicular Activity

3.2.1 EVA 1 Timeline Description and Rationale

The first EVA period is designed to maximize the return of

scientific and operational data. However, the timeline permits

rest periods and a gradual increase in task complexity with

simple tasks initially for crew acclimation and PLSS-EMU data

analysis.

There will be two major areas of evaluation during EVA i. The

first area is comprehensive crew familiarization and evaluation

of EVA capability and the lunar environment. The investigation

will be a methodical approach which will enhance the accomplishment

of both EVA's as well as provide further astronaut and equipment

capability (in addition to Apollo ii experience) for future lunar

surface exploration. The second area is the collection of opera-
tional and scientific data, provided mainly by the deployment of

the ALSEP. The analysis of this data will increase our understanding
of the lunar surface as well as assist in the update of future

equipment designs.

The following is a narrative description of the CDR and LMP

activities during EVA i. See Figures 3-3, 3-4, and 3-5 for detailed

timeline data.

The CDR will descend to the surface first, with the LMP remaining

inside the LM ascent stage to monitor the CDR's surface activity

and the LM systems in the depressurized state, and to assist the

CDR in equipment transfer bag (ETB) transfers. The CDR will con-

duct several preliminary tasks on the lunar surface. He will de-
termine his ability to operate in the lunar environment, collect

a contingency lunar sample and check the LM and the lunar surface
conditions which affect the accomplishment of the EVA tasks. In

addition to the TV coverage, (See Figure 3-1a) and still photo-
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Figure3-1a TV (Black& White) field of view from MESA.



graphs, the LMP will visually observe and obtain sequence camera

(data acquisition) coverage to suppliment the documentation of

the CDR activity. After this initial familiarization activity,

the CDR will remove the thermal cover from the modularized equip-

ment storage assembly (MESA) and erect the MESA table. He will

attach the ETB to the MESA table and remove and place its contents _
on the MESA table. He will then remove the PLSS batteries and

LiOH canisters from the MESA and pack them and the contingency

sample in the ETB. After attaching the ETB to the lunar equip-

ment conveyor (LEC) he will transfer it into the LM with the
LMP's assistance. The LMP will stow the ETB contents in the LM

and pack the 70mm cameras in the ETB for transfer to the lunar
surface. The CDR will attach the ETB to the MESA and remove his

70mm camera and photo the LMP's egress from the LM.

With only one crewman on the surface during the first few minutes

of the EVA, a more effective PLSS telemetry data analysis can be
conducted. The real time use rate for the PLSS consumables will

be compared with the predicted rate to determine the PLSS capa-

bility for EVA continuation.

The LMP will egress from the LM approximately 29 minutes after

the CDR. He will spend a few minutes in familiarization and

evaluation of his capability or limitations to conduct further

operations in the lunar environment. After this short period,

he will remove the TV camera and tripod from the MESA and posi-
tion it to view the MESA and S-Band antenna deployment area (See

Figure 3-1). The CDRwill remove the S-Band antenna from the

LM descent stage, after his photography of the LMP, and deploy

and align it on the lunar surface.

While the CDR finishes deploying the S-Band antenna, the LMP

will deploy the Solar Wind Composition (SWC) experiment. After

the CDR deploys the S-Band antenna, he and the LMP will unstow _

and deploy the U. S. flag in view of the TV camera. The LMP
will then begin his LM inspection and photography activity by

repositioning the TV to view the LM Scientific Equipment Bay

(SEQ Bay) and traverse clockwise around the LM for his inspection.

The CDR will place the Apollo Lunar Surface Close-up Camera
(ALSCC) on the surface in the sunlight and begin his panorama

photography in front of the LM. He will also traverse clock-
wise around the LM and end up, with the LMP, in front of the

SEQ Bay.

The CDR will remove Apollo Lunar Surface Equipment Package (ALSEP)

package #i from the SEQ Bay, and the LMP will remove package #2,

position it for Radioisotope Thermoelectric Generator (RTG)
fueling and remove the Apollo Lunar Hand Tool Carrier (ALHTC).
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TABLE 3-1

PERFORMANCE MARGINS FOR LM COMMUNICATIONS*

(FM Mode - High Power)

85' MSFN 210' MARS

STATION STATION

WORST WORST

NOMINAL CASE NOMINAL CASE

Erectable Antenna

51.2 kbps Telemetry** + 8.8 dB + 6.8 dB +16.8 dB +14.8 dB

EVA Voice (dual) + 9.2 + 7.2 +17.2 +15.2

EVA EKG & PLSS Data (dual) + 3.8 + 1.8 +11.8 + 9.8

Television (B&W) + 9.7 + 7.7 +17.7 +15.7

1.6 kbps Telemetry** +17.4 +15.4 +25.4 +23.4

EVA Voice (dual) + 9.2 + 7.2 +17.2 +15.2

EVA EKG & PLSS Data (dual) + 3.8 + 1.8 +11.8 + 9.8

Television (B&W) + 9.7 + 7.7 +17.7 +15.7

Steerable Antenna

51.2 kbps Telemetry** + 0.7 - 1.5 + 8.7 + 6.5

EVA Voice (dual) + i.i - i.i + 9.1 + 6.9

EVA EKG & PLSS Data (dual) - 4.3 - 6.5 + 3.7 + 1.5

Television (B&W) + 1.6 - 0.6 + 9.6 + 7.4

1.6 kbps Telemetry** + 9.3 + 7.1 +17.3 +15.1

EVA Voice (dual) + i.i - I.i + 9.1 + 6,9

EVA EKG & PLSS Data (dual) - 4.3 - 6.5 + 3.7 + 1.5

Television (B&W) + 1.6 - 0.6 + 9.6 + 7.4

* Based on measured LM-5 data and MSC test data on new (1969) Motorola FM

demodulator. The MSC tests were conducted in the ISD Electronic Systems

Test Facility (on one unit).

** For a BER of 10-4 .

ii



The LMP will then deploy the RTG fuel cask mounted beside the

SEQ Bay, remove the RTG fuel element and fuel the RTG. While

the LMP is fueling the RTG, the CDR will tip ALSEP package #i,

remove the Superthermal Ion Detector Experiment (SIDE) subpallet

and position the ALHTC near the MESA. After fueling the RTG the LMP

will attach the carry bar to both ALSEP packages. Then the CDR

and LMP will traverse to the ALSEP deployment site, approximately

300 feet west of the LM. The CDR will reposition the TV to view

the ALSEP site as he begins his traverse (See Figure 3-2), The

LMP will carry both ALSEP packages, the CDR will carry the SIDE

subpallet and the tongs.

After deploying and photographing the ALSEP, the CDR and LMP will

return to the LM collecting selected geological samples. These

samples will be stowed in bags attached to the side of their EMU.

On return to the LM, the CDR will remove his camera, place the

Sample Return Container (SRC) #i on the MESA and unstow its contents, o

The LMP will reposition the TV to view the MESA and remove his side

bag for stowage in the SRC. He will then obtain a core tube geo- i

logical sample, photograph it, and place it in the SRC. The CDR

will pack the side bags with their geological samples in the SRC !
and close and seal the SRC.

After cleaning his EMU, the LMP will ingress the LM and perform a

brief LM systems and communications check. He will then assist
the CDR with the transfer of the ETB (containing both 70mm cameras)

and the SRC #i into the LM. After these equipment transfers, the
CDR will remove SRC #2 from the MESA and stow it on the +Y foot-

pad in the sunlight. He will then clean his EMU and ingress the

LM, terminating EVA i.

A GO-NO GO for extention of EVA i to 4 hours will be given the

crew on their return to the LM from deploying the ALSEP. This
decision will be based on PLSS consumables data. The additional

30 minutes will be utilized to perform a small documented geo-

logical sample collection period (See Figures 3-3 and 3-5). Upon

return to the LM, the CDR will unstow and pack the SRC #i as pre-

viously mentioned, however, he will not close and seal it. The
LMP will obtain a core tube sample as previously mentioned and

upon completion of this task, he will load the lunar hand tools

in the ALHTC. The CDR will carry the tongs and the LMP will
carry the ALHTC. The IMP will also reposition the TV to view

the sample collection area. The technique for collecting the

documented samples is discussed in the next section on EVA 2

(See Figure 3-6). Upon completion of this sample collection

period, the crewmen will return to the LM, the LMP will begin his

EVA termination and ingress the LM, and the CDR will pack the docu-

mented samples in the SRC and close it out. The remainder of the

EVA, the LEC tranfers and the CDR EVA termination, will be as pre-

viously mentioned in the 3.5 hour EVA period above.
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