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FOREWORD 

MISS ION OPERAT ION RE PORTS are pub l ished expressly  for the use of NASA Senior 
Management, as requ i red by the Administrator in NASA I nstruction 6-2- 1 0, dated 
1 5  August 1 963 . The purpose of these reports is to provide NASA Senior Management 
w ith t ime ly,  complete, and defin it ive i nformation on fl ight mi ssion plans ,  anci to 
establ ish offic ia l  miss ion objectives which provide the basis for assessment of mission 
accompl ishment . 

I nit ial reports are prepared and i ssued for each fl ight project just prior to launch . 
Fol l owing launch,  updating reports for each mission are i ssued to keep Genera l  
Management current ly informed of  defi nit ive mission resul ts a s  provided in  NASA 
I nstruct ion 6-2- 1 0 .  

Because of their  sometimes high ly  technical orientation , d istri bution of these reports 
is provided to pe rsonne l having program-project management responsibi  I iti es .  The 
Office of Pub l ic Affa i rs publ i shes a comprehensive series of prelaunch and postlaunch 
reports on NASA fl ight missions, wh ich are avai lab le for genera l  d istribution . 

APOLLO M ISS ION OPERAT ION RE PORTS are publ i shed in  two vol umes: the 
MISS ION OPERAT ION REPORT (MOR); and the M ISS ION OPERAT ION REPORT, 
APOLLO S UPPLEME NT.  This format was designed to provide a mission-oriented 
document in the MOR, with support ing equ ipment and fac i l ity desc r iption in the 
MOR, APOLLO SUPPLEME NT . The MOR, APOLLO S UPPLEMENT is a program
oriented refe rence document with a broad technical descri ption of the space vehic le 
and associated equi pment; the launch complex; and mission control and support 
fac i  I ities . 

Pub l ished and Distributed by 
PROGRAM and SPECiAL REPORTS DIVISION (XP) 

EXECUTIVE SECRETARIAT- NASA HEADQUARTERS 
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APOLLO 1 1  M ISS ION 

The primary purpose of  the Apol l o  1 1  Mission i s  to perform a manned l unar land ing and 
return . During the l unar stay, l i mi ted se leno logica l i nspection, photography, survey, 
eva l uation, and samp l ing of the l unar soi l wi l l  be performed. Data wi l l  be obta ined to 
assess the capab i l i ty and l i mitations of an astronaut and h is  equi pment i n  the l una r 
envi ronmen t .  Figure 1 is a summary of the fl ight profi l e. 

Apo l l o  1 1  wi II be l aunched from Pad A of Launch Comp lex 39 at Kennedy Space Center 
on 1 6  Ju l y  1 969. The Saturn V Launch Vehic l e  and the Apol l o  Spacecraft wi l l  be the 
operationa l configura tions . The Command Modu l e  (CM) equipment wi l l  inc l ude a co lor 
tel evision camera wi th zoom l ens, a 1 6mm Maurer camera wi th 51 1 8, and 75mm l enses , 
and a Hasse l blad camera with 80 and 250mm l enses . Lunar Modu le  ( LM) equ ipment wi II 
i nc l ude a l unar television camera wi th wide ang l e  and l unar day l enses, a 1 6mm Maurer 
came ra with a lOmm lens, a Hasse l b l ad camera with 80mm l ens, a Lunar Surface Hasse l 
b lad camera with 60mm l ens, and a c lose-up stereo camera . The nomina l  duration of 
the fl ight mission wi l l  be approximately 8 days 3 hours . T ransl unar fl ight time wi l l  be 
approximate l y  73 hours . Luna r touchdown is p lanned for Landing S i te 2 ,  located i n  the 
southwest corner of the moon's Sea of Tranqu i l ity . The LM c rew wi l l  remain on the 
l una r surface for approximate l y  2 1 . 5 hours . During this period , the crew wi l l  accom
p l i sh post l andi ng and pre-ascent procedures and extravehicu l a r  activity (EVA) . 

The nomina l EVA plan, as shown in Figure 2 ,  wi l l  provide for an expl oration period of 
open-ended duration up to 2 hours 40 minutes with maximum rad ius of operation l im i ted 
to 300 feet . The p lanned l unar surface activities w i l l i nc l ude i n  the fol l owi ng order of 
priori ty: ( 1 )  photography through the LM window, (2) co l l ection of a Contingency 
Sample,  (3) assessment of astronaut capab i l i ties and l im i ta tions, (4) LM inspection, 
(5) Bu l k  Samp le  col l ection, (6) experiment deployment, and (7) l unar fie l d  geology
inc l uding col lection of a Documented Lunar Soi l Samp l e .  P riorities for activit ies 
associated with Documented Sample col l ection w i l l be : (a) core samp le,  (b) bag 
sampl es with photography, (c) env i ronmenta l sampl e ,  and (d ) gas sampl e .  Photographic 
records wi l l  be obta ined and EVA w i l l  be tel evised . Assessment of astronaut capabi l i t ies 
and l imitations during EVA w i l l  i nc l ude quantitative measurements . The re wi l l  be two 
rest and severa l eat periods . The total luna r  stay time wi l l  be approximate ly  59 . 5  hours . 

The transearth fl ight time wi l l  be approximate l y  60 hours . Earth l and ing wi l l  be i n  the 
Mid-Pacific recovery a rea with a target l and ing poi nt located at l 72°W longi tude and 
l l 0 N  l ati tude . Tab le  1 is a summary of mission events . 

Fol l owing landing, the flotation col la r  wi l l  be attached to the CM, the CM hatch wi l l  
be opened and the crew wi l l  don Bio log ica l Iso lation Garments passed i n  to them by the 
recovery swimmer. The crew wi l l  then egress the CM, transfer to the recovery shi p  by 
he l icopter, and wi l l  immediate l y  enter the Mobi l e  Qua rant ine Fac i l i ty (MQF) . They 
w i l l  be transported in the MQF to the Lunar Receiving Laboratory (LRL) at the Manned 
Spacecraft Center .  The CM, Samp le  Return Conta iners, fi l m ,  tapes, and astronaut 
l ogs wi l l  a lso be t ransported to the LRL under quaranti ne procedures . 
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PROGRAM DEVE LOPMENT 

The first Saturn veh ic le  was successfu l l y  f lown on 27 October 1 96 1 ,  i nitiati ng opera
tions i n  the Saturn I Program . A tota l of 1 0  Saturn I veh ic l es (SA- l to SA- 1 0) was 
successfu l l y  fl ight tested to prov ide i nformation on the i ntegration of launch vehic l e  
and spacecraft and to provide operationa l experience w i th la rge mu l ti engi ned booster 
stages (S- 1 ,  S - IV) . 

The next generation of veh i c l es, deve loped under the Saturn IB Program, fea tured an 
uprated fi rst stage (S- IB) and a more powerfu l  new second stage (S- IVB) . The first 
Saturn IB was launched on 26 February 1 966 . The first three Saturn IB missions (AS-20 1, 
AS-203, a nd AS-202) successfu l l y  tested the performance of the launch vehi c l e  and 
spacecraft combination, separation of the stages, behavior of l iquid hydrogen i n  a 
weightl ess envi ronment , performance of the Command Modu le heat shie ld at low earth 
orbita l  entry condit ions, and recovery operations . 

The planned fourth Saturn IB  mission (AS-204) schedu led for earl y 1 967 was i ntended 
to be the fi rst manned Apol lo  fl ight . This mission was not f lown because of a space
c raft fi re , during a manned pre launch test, that took the l ives of the prime fl ight crew 
and severe l y  damaged the spacecraft . The SA-204 Launch Veh ic l e  was later assigned 
to the Apo l l o  5 Mission . 

The Apo l l o  4 Mission was successfu l l y  executed on 9 November 1 967 . This  mission 
in i tiated the use of the Saturn V Launch Vehic l e  (SA-50 1 )  a nd requ i red an  orb i ta l  re
start of the S - IVB th i rd stage . The spacecra ft for this mission consi sted of an unmanned 
Command/Service Module (CSM) and a Luna r Modu le  test art ic l e  (LTA) . The CSM 
Serv ice Propu l sion System (SPS) was exerci sed , i nc l ud i ng restart, and the Command 
Modu le B lock I I  heat shi e ld was sub jected to the combi nation of h igh heat load , h igh 
heat rate, and aerodynamic l oads representative of l unar return entry . Al l primary 
mission ob jec tives were successfu l l y  accompl i shed . 

The Apol l o  5 Mission was successfu l l y  l aunched and compl eted on 22 January 1 968 . 
This was the fourth mission uti l iz i ng Saturn IB  veh i c l es (SA-204) . This  fl ight provided 
for unmanned orbita l  testi ng of the Lunar Modu le  (LM- 1 ) .  The LM structure, staging , 
and proper operation of the Luna r Modu le  Ascent Propu lsion System (APS) and Descent 
Propu l sion System (DPS ) ,  inc l uding restart , were verified . Satisfactory performance of 
the S- IVB/Instrument Unit ( IU )  in orb i t  was a l so demonstrated . A l l  primary objecti ves 
were achieved . 

The Apo l l o  6 Mission (second unmanned Saturn V)  was successfu l l y  launched on 4 Apri I 
1 968 . Some fl ight anoma l ies were encountered, inc lud ing osc i l lat ions refl ecting 
propu ls ion-structura l longi tudina l coupl i ng ,  an i mperfection in the Spacecraft- LM 
Adapter (S LA) structura l i ntegrity, and ma l functions of the J-2 engi nes i n  the S - 1 1  and 
S - IVB stages . The sp::�cecraft flew the p lanned tra jectory, but preplanned high veloc i ty 
reentry condit ions were not achieved . A ma jority of the mission objectives for Apol l o  6 
was accompl i shed . 
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The Apo l l o  7 Mission (first manned Apol lo) was successfu l l y  launched on I I October 
1 968 . This was the fifth and last planned Apol l o  mission uti l iz ing a Saturn I B  Launch 
Vehic l e  (SA-205) . The 1 1 -day mission provided the first orbita l  tests of the B lock I I  
Command/S ervice Modu l e .  A l l  primary mission ob jectives were successfu l l y  accom
p l ished . In addition, a l l  planned deta i l ed test objectives, p lus three that were not 
ori gina l l y  schedul ed ,  were sati sfactori l y  accompl ished . 

The Apo l l o  8 Mission was successfu l l y  launched on 2 1  December and compl eted on 
27 December 1 968 . This was the first manned fl ight of the Saturn V Launch Vehic l e  
and the first manned fl i ght to the vic inity of the moon . A l l primary mission ob jectives 
were successfu l ly accompl ished . In add ition, a l l  deta i l ed test objectives pl us four 
that were not orig ina l l y  schedu led ,  were successfu l ly accompl ished . Ten orbits of the 
moon were successfu l ly performed , with the last e ight at an a l ti tude of approximate l y  
60 NM.  Television and photographic coverage was successfu l l y  carried out, with 
te lecasts to the publ ic being made i n  real time . 

The Apo l l o  9 Mission was successfu l l y  launched on 3 March and completed on 1 3  March 
1 969 . This was the second manned Saturn V fl ight, the th ird fl ight of a manned Apol lo  
Command/Service Modu le ,  and the first fl i ght of a manned Lunar Modu l e .  This fl i ght 
provided the first manned LM systems performance demonstration . Al l primary mission 
objec tives were successfu l l y  accompl ished . A l l detai led test ob jectives were accom
pl ished except two assoc iated with S-band and VHF  communications which were partia l l y  
accompl ished . The S- IVB  second orbi ta l restart, CSM transposi tion and docking, and 
LM rendezvous and docking were a l so successfu l ly demonstrated . 

The Apol l o  1 0  Mission was successfu l l y  launched on 1 8  May 1 969 and compl eted on 
26 May 1 969 . This was the third manned Saturn V fl ight, the second fl ight of a manned 
Lunar Modu le ,  and the first miss ion to operate the compl ete Apo l l o  Spacecraft around 
the moon . This mission provided operationa l experience for the crew, space vehic l e , 
and mission-oriented fac i l i t ies during a simulated l unar landing mission, which fol l owed 
p lanned Apo l l o  1 1  mission operations and condi tions as c l osel y  as possib l e without 
actua l ly land ing . Al l primary mission objectives and detai led test objectives were 
successfu l l y  accompl i shed . The manned navigationa l ,  visua l ,  and exce l lent photo
graph ic coverage of Lunar Land ing S i tes 2 and 3 and of the range of possib le  land ing 
si tes i n  the Apol lo  be l t  h igh lands areas provided deta i l ed support information for 
Apol l o  1 1  and other future l unar landing m issions . 
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NASA OMSF PRIMARY MISSION OBJECTIVES 

FOR APOLLO I I 

P RIMARY OBJECTIVE 

Perform a manned lunar land ing and return . 

lt . General, USAF 
Apol lo  Program Director 

Date : 

6/24/69 

Associate Administrator for 
Manned Space Fl ight 

Date: �--t, U1 /,, J 
0 ) 
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DETAILED OBJECTIVES AND EXPE RIME NTS 

The deta i l ed objectives and experiments l i sted be low have been assigned to the Apo l l o  II 
Mission . There are no launch vehic l e  deta i l ed objectives or spacec ra ft mandatory and 
princ ipa l  deta i led objectives assigned to this mission. 

• 

• 

• 

• 

• 

• 

• 

• 

Col l ect a Contingency Sampl e .  

Egress from the LM to the l unar surface, perform l unar 
surface EVA operations, and ingress i nto the LM from 
the l unar surface. 

Perform l unar surface operations w i th the EMU.  

Obta in data on effects of  DPS and RCS p l ume impingement 
on the LM and obtain  data on the performance of the LM 
landing gear and descent engine skirt after touchdown .  

Obta in  data on the l unar surface cha racteri stics from the 
effects of the LM landing. 

Col l ect l unar Bu l k  Sampl es. 

Determine the posi tion of the LM on the l unar surface . 

Obta in  data on the effects of i l l umi nation and contrast 
conditions on crew visua l perception. 

• Demonstrate procedures and ha rdware used to prevent back 
contamination of the ea rth's biosphere . 

• Passive Se ismic Experiment. 

e Lase r Ranging Retro-Refl ector.  

• Solar Wind Composi tion. 

• Lunar Fie ld  Geology. 

e Obta in  te levision coverage during the l una r stay period. 

• Obta in  photographic coverage duri ng the l una r stay period . 
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LAUNCH COUNTDOWN AND TURNAROU ND CAPABILITY, AS-506 

COUNTDOWN 

Countdown (CD) for launch of the AS-506 Space Vehic le  (SV) for the Apol l o  1 1  Mi ssion 
w i l l  beg in  with a precount period starting at T-93 hours duri ng which launch veh ic le  
(LV) and spacecraft (S/C) CD activities wi l l  be conducted i ndependent l y .  Offic ia l  
coord inated S/C and LV CD w i l l  begin a t  T-28 hours and wi l l  conta in two bui l t- in  
holds; one of  1 1  hours 32 minutes a t  T -9  hours, and another of  1 hour at T -3  hours 
30 minutes . Figure 3 shows the significant launch CD events . 

SCRUB/TURNAROUND 

A termination (scrub) of the SV CD cou ld occur a t  any poi nt i n  the CD when l aunch 
support fac i l i t ies, SV condit ions, or weather warrant .  The process of recyc l i ng the 
SV and reschedul i ng the CD (turnaround) wi l l  begin immediate l y  fol lowing a scrub . 
The turnaround time is  the mi nimum time required to recyc le  and count down the SV 
to T-0 ( l i ftoff) after a scrub, exc l uding bui l t- in  hold time for l aunch window 
synchronization . For a hol d  that resu l ts i n  a scrub prior to T -22 minutes , turnaround 
procedures are ini tiated from the point of hol d .  Shou l d  a hold occur from T -22 
mi nutes (S- 11 start bott l e  chi l l down) to T- 1 6 .2 seconds (S-IC forward umbi l ical d iscon
nect), then a recyc le to T-22 minutes, a hold ,  or a scrub is poss ib le under the condi
tions stated i n  the Launch Mission Rules . A hold between T- 16 . 2  seconds and T-8 . 9  
seconds (ignition) cou ld  resu l t  i n  either a recyc le  or a scrub depending on c i rcumstances . 
An avtomatic or manua l cutoff a fter T-8 . 9  seconds wi l l  resul t  i n  a scrub . 

A l though an  i ndefin i te number of scrub/turnaround cases could be identi fied , six base
l ine cases have been se lected to provide the flexibi l ity requi red to cover probab le 
conti ngenc ies . These cases identify the turnaround activit ies necessary to mainta in  
the same confidence for subsequent launch attempts a s  for the orig ina l  attempt . The 
six cases, shown in Figure 4, are discussed be low . 

' 

Case 1 - Scrub/Turnaround at Post- LV Cryogenic Loading - Command/Service Modu le 
(CSM)/Lunar Module ( LM) Cryogenic Reservic ing . 

Cond i tion: The scrub occurs dur ing CD between T - 1 6 . 2  and T -8 .9  seconds and a l l  
SV ordnance i tems remain  connected except the range safety destruct safe and arm (S&A) 
units . Reservicing of the CSM cryogenics and LM supercri tica l he l ium (SHe) i s  
required i n  add i tion to the recyc l ing of the LV . 

Turnaround Time : Turnaround wou ld  require 65 hours consisting of 37 hours for recyc le  
time and 28 hours for countdown time . The t ime required for a Case l turnaround resu l ts 
from fl ight crew egress, LV cryogenic un load ing ,  LV ordnance operations and battery 
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remova l ,  LM SHe reservicing, CSM cryogenic reservic ing , CSM battery remova l and 
i nsta l lation, and CD resumption at T -28 hours . 

Case 2 - Scrubjrurnaround at Post-LV Cryogenic Loading - LM Cryogenic Reservic ing 

Condi tion: The scrub occurs dur ing CD between T- 1 6.2  and T-8 . 9  seconds . Launch 
vehicle activi ties are m inimized since they fa l l  within a l l owab le  time constra ints. 
Reservic ing of the LM SHe is required. 

Turnaround Time: Turnaround would  require 39 hours 1 5  minutes, consi sti ng of 30 hours 
1 5  minutes for recycle time and 9 hours for CD t ime. The t ime requirement for this 
turnaround case results from fl ight crew egress , LV cryogenic un load ing ,  LM SHe 
reservicing, LV loading preparations, and CD resumption at  T-9 hours. 

Case 3 - Scrubjrurnaround at Post-LV Cryogenic Loading - No CSM/LM Cryogenic 
Rese rvi c i ng 

Condi tion : The scrub occurs between T - 16.2 and T -8 .9  seconds i n  the CD. Launch 
vehic le recycle activi ties are minim ized since they fa l l  within a l l owable time con
stra ints. LM SHe reservic ing is not required. 

Turnaround Time: Turnaround wou ld  require approximately 23 hours 1 5  mi nutes , con
sisting of 14 hours 1 5  minutes for recycle and 9 hours for CD t ime. The time required 
for this case results from flight crew egress, LV cryogenic unload ing,  S- IC forward 
umbi l ical i nsta l lation and retest, LV propellant preparations , and CD  resumption at 
T-9 hours. 

Case 4 - Scrubjrurnaround at Pre-LV Cryogenic Loading - CSM/LM Cryogenic 
Reservicing 

Condition : The scrub occurs at T-8 hours 1 5  mi nutes in the CD. The LV requires 
minimum recycle activi ties due to the poi nt of scrub occurrence i n  the CD . The CSM 
cryogenics require reservic ing and the CSM batteries require changi ng. The LM SHe 
cryogenics require reservic ing. S- 1 1  servoactuator inspection is wai ved . 

Turnaround Ti me: Turnaround wou ld  require approximate l y  59 hours 45 mi nutes, con
sisting of 50 hours 45 minutes for recyc l e  and 9 hours for CD. The t ime requi red for 
this turnaround resu l ts from CSM cryogenic reservicing, CSM battery removal and 
insta l lation, LM SHe reservic ing ,  and CD resumption at T-9 hours. 

Case 5 - Scrubjrurnaround at Pre-LV Cryogenic Loading - LM Cryogenic Reservi cing 

Condi tion: The scrub occurs at T-8 hours 15 mi nutes in the CD .  The SV can rema in 
c losed out, except inspection of the S- 1 1  servoactuator is waived and the Mobile 
Service Structure is  at the pad gate for reservic ing of the LM SHe. 
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Turnoround Time: Turnaround wou ld require approximate l y  32 hours,· consisting of 23 
hours for recyc le time and 9 hours for CD. This case provides the capabi l ity for an 
approximate !-day turnaround that exists at T -8 hours 15 minutes in the CD . This 
capabi l i ty permits a launch att-empt 24 hours after the origi na l  T-0. The time requ ired 
for this  turnaround resu l ts from LM SHe reserv icing and CD  resumption at T-9 hours . 

Case 6 - Scrub/Turnaround at Pre-LV Cryogenic Loading - No LM/CSM Cryogenic 
Reservic i ng 

Condit ion: A launch wi ndow opportunity exi sts I day after the origina l  T -0 . The LV 1 
LM1 and CSM can rema in c losed out . 

Turnaround Time: Hold for the next launch wi ndow . The possibi l i ty for an approximate 
!-day hold may exist at T-8 hours 15 min•Jtes in the CD. 

In the event of a scrub, the next possib l e  attempt at a given launch window wi I I  depend 
on the fo l lowing: 

I .  The type of scrub/turnaround case occurrence and its time duration .  

2 .  Rea l -time factors that may a l ter turnaround t ime . 

3 .  The number of successive scrubs and the case type o f  each sc rub occurrence . 

4 .  Specific mission l aunch wi ndow opportuni ties . 

Figure 5 shows the scrub/turnaround possibi l i ties in the Apo l l o  I I Mission for a Ju ly  
launch window . S ince the turnaround time may fa l l  short o f  or exceed a launch window 1 

hold capabi l i ties necessary to reach the c l osest poss ib le launch wi ndow must be con
sidered . Possib le hold  points are between recyc l e  and CD,  and at T-9 hours in the 
CD (as i n  the original CD) . 

In  the event of two successive scrub/turnarounds , SV constra ints may require that 
add i tional serial or para l l e l  tasks be performed in the second scrub/turnaround case . 
The 36 poss ib le  combi nations of the base l ine cases and the constra ints that may develop 
on the second turnaround case occurrence are shown in the second scrub/turnaround 
matrix ( Figure 6). A second scrub/turnaround w i l l  require that rea l-time consideral"ions 
be given ei ther to addi tiona l task performance or to task waivers . 
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SECOND SCRUB/TURNAROUND MATRIX, AS-506 

FIRST SCRUB/TURNAROUND 

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6 

CASE 1 YES YES YES YES YES YES 

CASE 2 YES 
NO NO NO NO NO 

Cl A,C,D A,C,D A,C,D A,C,D A,C,D z: :::> C> 0:: <C NO NO NO NO NO z: CASE 3 YES 0:: A,C,D A,B,C D A,C A,B,C :::> 
f--
........ co :::> 0:: NO NO NO NO NO u CASE 4 YES (./') D D D D D 
Cl z C> u LJ.J NO NO NO NO NO (./') CASE 5 YES A,C,D A,C D A,C A,C 

CASE 6 YES NO NO NO NO NO 
A,C,D A,B,C D A,C A,B,C 

LEGEND 

A YES IN THE MATRIX BLOCK INDICATES NO IDENTIFIABLE CONSTRAINTS 
ARE APPARENT. 

A NO FOLLOWED BY ONE OR MORE LETTERS IN THE MATRIX BLOCK INDICATES 
THAT SOME CONSTRAINT(S), AS IDENTIFIED BELOW, IS APPARENT: 

6/24/69 

A. THE CSM CRYOGENICS MAY REQUIRE RESERVICING. 
B. THE LM SHE MAY REQUIRE RESERVICING. 
C. THE CSM BATTERIES MAY REQUIRE CHANGING. 
D. THE LV BATTERIES WILL REQUIRE CHANGING, 
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DETAILED FLIGHT MISS ION DESCR IPT ION 

LAUNCH W INDOWS 

Apol lo II has two types of launch windows.  The first, a month l y  launch window, 
defines the days of the month when l aunch can occur, and the second , a doi l y  l aunch 
window, defines the hours of these days when l aunch can occur.  

Monthl y  launch Window 

S i nce this mission inc ludes a l unar land ing, the fl ight is designed such that the sun i s  
behind the lunar Module (LM) and low on the eastern l unar horizon i n  order to optimize 
visi bi l i ty during the LM approach to one of the three Apo l l o  lunar landing S ites avai lab le 
during the Ju ly monthl y launch window . S i nce a l unar cyc le is  approximate ly 28 earth 
days l ong, there a re only certain  days of the month when these l anding s ites are properl y 
i l l uminated . Onl y  one launch day is  ava i lab le for each s ite for each month . Therefore , 
the Apol l o  II l aunch must be timed so that the spacecraft w i l l  a rrive at the moon duri ng 
one of these days . For a Ju ly 1 969 launch,  the month ly  launch window is open on 1·he 
1 6th, 1 8th , and 2 1 st days of the month . The unequal periods between these dates are 
a resul t of the spacing between the se lected l anding si tes on the moon.  Table 2 shows 
the opening and c losi ng of the month ly launch windows and the corresponding sun 
e l evation angles. Figure 7 shows the impact of Ju ly  launch wi ndows on mission duration . 

TABLE 2 

MONTHLY LAU NCH W INDOWS 

July (EDT) August (EDT) 
Site Date Open-Close** SEA*** Date Open-Close** SEA 

2 16 09:32-13:54 10. 8° l4H 07:45-12:15 6.0° 
3 l8H* 11:32-14:02 ll. 0° l6H 07:55-12:25 6.0° 
5 21H 12:09-14:39 9.1° 20H 09:55-14:35 10.0° 

*Hybrid (H) trajectory used. 
**Based on 108° launch azimuth upper limit. 

***Sun Elevation Angle (SEA) - assumes launch at window open
ing and translunar injection at the first opportunity. 

NOTE: A hybrid trajectory is required for a launch on 18 
July to make it possible for the Goldstone tracking 
station 210-foot antenna to cover the LM powered 
descent phase. 
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MISSION Il.RATIClE, JJLY I..AlKH Wltm.S 
Dai ly Launch Windows 

The maneuver to transfer the 5-IVB/space
craft from earth parking orbi t to a trans
l unar trajectory must be performed over a 
point ca l l ed the moon's antipode. This 
is a point on the earth 's surface where an 
imaginary l i ne, drawn from the moon's 
pos i tion (at expected spacecraft arrival 
time) through the center of the earth, wi II TOTAL 

MISSION TIME, 

i ntersect the far side of the earth . In other oAY:HR. 

words, i t  i s  the poi nt on the earth that i s  
exact ly  opposite the moon . Since the 
moon revo lves around the earth and the 
earth is spinning on i ts axis, the antipode 
is constant ly  moving . This presents the 
problem of having the S-IVB/spacecraft 
rendezvous with a moving target, the anti
pode, before i t  can perform the trans lunar 
in jection (TLI) burn . Addi tional constraints 
on the execution of this maneuver are: 
( 1 ) i t  w i l l  be performed over the Pacific 

I 
LAUNCH ON 
TIME, 1ST /1 
TRANSLUNAR 
INJECTION 
OPPORTUNITY 

1 
I LAUNCH AT CLOSE OF 

WINDOW, 2ND TLI OPPORTUNITY 

JULY 1969 LAUNCH DATE 

Fig . 7 

Ocean, {2) i t  can occur no earl ier than revo lu tion 3 because of S-IVB systems l i fetime.  
These constraints, combined with a s ing l e  fixed l aunch azimuth, a l l ow on l y  a very 
short period of time each day that l aunch can be performed . 

To increase the amount of time avai lab le each day, and sti l l  mai ntai n the capabi l i ty 
to rendezvous with the antipode, a variab l e  launch azimuth technique wi l l  be used. 
The launch azimuth increases approximate l y  8° per hour during the l aunch window, 
and the variation is l im i ted by range safety considerations to between 72° and 1 06° . 
This extends the time when rendezvous with the projected anti pode can be accomp li shed 
up to a maximum of approximate ly  4 . 5  hours . The min imum dai ly  launch window for 
Apo l lo l l  is approximate l y  2 .5 hours . 

FREE-RETURN/HYBRID  TRAJECTORY 

A c i rcumlunar free-return trajectory, by defin i tion, is  one which ci rcumnavigates the 
moon and returns to earth . The perigee a l titude of the return fra jectory is  of such a 
magni tude that by using negative l i ft the enteri ng spacecraft can be prevented from 
skipping out of the earth's atmosphere, and the aerodynamic dece leration can be kept 
bel ow 1 0  g 's. Thus, even with a complete propu l sion system fa i l u re fol lowing TL I ,  the 
spacecraft wou ld return safe l y  to earth. Howeve r, free-return tra jectory severe l y  
l imits the accessi b le  area on  the moon because o f  the very sma l l  variation i n  a l l owab le  
l unar approach cond itions and because the energy of  the l unar approach tra jectory i s  
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re lat ive l y  h igh . The high approach energy causes the orbit  insertion velocity change 
requi rement (t:.V) to be re lative ly  high . 

S i nce the free-return fl ight plan is so constra in ing on the accessi b le l unar area1 hybrid 
trajectories have been developed that reta in most of the safety features of the free 
return, but do not suffer from the performance penalties . I f  a hybrid trajectory is 
used for Apol lo  1 1, the spacecraft wi l l  be injected i nto a high ly  eccentric e l l iptica l 
orbit which had the free-return characteristic;  i . e . , a rei·urn to the entry corridor 
without any further maneuvers . The spacecraft wil l not depart from the free-return 
e l lipse unti l spacecraft e jection from the launch veh ic le  has been completed . After 
the Service Propu l sion System ( SPS ) has been checked out, a m idcourse maneuver 
wi II be performed by the SPS to p lace the spacecraft on a l unar approach tra jectory. 
The resu l ting l unar approach wi l l  not be on a free-return tra jectory, and he.nce wi l l  
not be subject to the same l imitations in tra jectory geometry . 

On future Apo l lo  l unar missions, landing sites at higher latitudes wil l be achieved, 
with litt l e  or no p lane change , by approach ing the moon on a h igh l y  i nc l i ned 
tra jectory . 

LUNAR LANDING S ITES 

The fol l owing Lunar Landi ng S i tes1 as shown in Figure 8 1  are fina l choices for 
Apol l o  1 1 : 

S i te 2 

S i te 3 

S i te 5 

6/24/69 

I ati tude 0°4 1 ' North 
longi tude 23°43 ' East 

S i te 2 is located on the east centra l part of the moon in southwestern 
Mare Tranqui l l i tatis .  

lati tude rfl2 1 '  North 
longitude 1°1 8 '  West 

S i te 3 is located near the center of the visible face of the moon in the 
southwestern part of S i nus Med i i . 

latitude 1°4 1 ' North 
longi tude 4 1°54 ' West 

S i te 5 is located on the west central part of the visible face in southeastern 
Oceanus Proce l l  arum . 
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The final s ite choices were based on these fac tors: 

• Smoothness (relatively few c raters and boulders). 

M-932-69- 1 1  

• Approach (no large h i l l s, h igh c l i ffs, or deep c raters that cou ld  cause i ncorrect 
a l ti tude signa l s  to the Lunar Module land ing radar). 

• Prope l l ant requi rements {se l ected si tes requi re the l east expenditure of spacecraft 
prope l lants). 

• Recycl e  {selected s i tes a l l ow effective launch preparation recyc l i ng i f  the 
Apol lo/Saturn V countdown is de layed). 

• Free-return (sites are within reach of the spacecraft l aunched on a free-return 
translunar tra jectory) . 

• S l ope (there i s  l i tt l e  s l ope- l ess than 2 degrees i n  the approach path and landing 
area) . 

FLIGHT PROFILE 

Launch to Earth Parking Orbit 

The Apol lo  1 1  Space Vehic le is p lanned to be l aunched at 09:32 EDT from Complex 
39A at  the Kennedy Space Center, Florida , on a launch :�zimuth of 72°. The space 
vehic l e  (SV) l aunch weight breakdown is shown in Tab le  3 .  The Saturn V boost to 
earth parking orbi t {EPO), shown in Figure 9, w i l l  consist of a fu l l  burn of the 
S-IC and S- 1 1  stages and a p:�rtia l  burn of the.S- IVB stage of the Saturn V launch 
Vehic l e .  I nsertion i nto a 1 03-nautica l m i l e  {NM) EPO {inc l ined approximatel y  33 
degrees from the earth 's equator) wi l l  occur approximate l y  1 1 . 5  minutes ground e lapsed 
t ime {GET) after l i ftoff. The vehic l e  combination placed in earth orbi t consists of the 
S- IVB stage, the I nstrument Uni t ( IU),  the Lunar Modu l e  {LM) , the Spacecraft-LM 
Adapter {S LA) , and the Command/Service Modu le  {CSM). Whi l e  i n  EPO, the S- IVB 
and spacecraft wi l l  be readied for the second burn of the S-IVB to achieve the tran$
l unar i n jection {TLI) burn . The earth orbital configuration of the SV is  shown i n  
Figure 1 0 . 

Transl unar I n jection 

The S- IVB J-2 engine wi l l be re igni ted during the second parking orbi t (fi rst opportunity) 
to in ject the SV combination into a trans l unar tra jectory . The second opportunity for 
Tl l  w i l l  occur on the third parking orbi t. The Tll  burn w i l l be biased for a sma l l  over
burn to compensate for the Service Propul sion System (S PS) evasive maneuver that w i l l  
be performed after e jection o f  the LM/CSM from the S- IVB/IU/SLA . 
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TABLE 3 
APOLLO 11 WEIGHT SUMMARY 

(Weight in Pounds) 

M-932-69- l l 

FINAL 
TOTAL TOTAL SEPARATION 

STAGE/MODULE INERT WEIGHT EXPENDABLES WEIGHT WEIGHT 

S-IC Stage 2881750 417391320 51028107( 3631425 

S-IC/S-II Interstage 111465 ----- 11 1 4 6: -----

S-II Stage 791920 9801510 11060143( 941140 

S-II/S-IVB Inter stage 81080 -- --- 81 08( -----

S-IVB Stage 251000 2371155 262115: 281275 

Instrument Unit 41305 ----- 41 30!' -----

Launch Vehicle at Ignition 613741505 

Spacecraft-1M Adapter 41045 ----- 41045 -- ---

Lunar Module 9,520 23,680 33,200 *33,635 

Service Module 101555 401605 511160 111280 

Command Module 12,250 ----- 121250 11,020 
(Landing) 

Launch Escape System 8,910 ----- 8,910 ---- -

Spacecraft At Ignition 109,565 

Space Vehicle at Ignition 6,484,070 

S-IC Thrust Buildup (-)85,845 

Space Vehicle at Liftoff 6,398,325 

Space Vehicle at Orbit Insertion 292,865 

* CSM/LM Separation 
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Trans l unar Coast 

With in  2 . 5  hours after TLI , the CSM w i l l  be separated from the remainder of the 
vehi c le  and w i l l transpose, dock wi th the LM , and in it iate e jection of the CSM/LM 
from the SLA/IU/5- IVB as shown i n  Figure 1 1 . A pitchdown maneuver of a prescribed 
magni tude for this transposit ion, docking, and e jection (TD&E) phase is designed to 
p lace the sun over the shou lders of the crew , avoid ing CSM shadow on the docking 
i nterface . The pitch maneuver a l so provides continuous tracking and communications 
during the ine rt ia l  attitude hold during TD&E . 

At approximate ly  1 hour 45 minutes after TL I ,  a spacecra ft evasive maneuver w i l l  be 
pe rformed using the S PS to dec rease the probab i l i ty of 5 - IVB recontact , to avoid ice 
partic le s  expected to be expe l led by the 5- IVB during LOX dump, and to prov ide an 
early S PS confidence burn . This S PS burn wi l l  be performed in  a di rection and of a 
duration and magnitude that wi  I I  compensate for the TLI  bias mentioned before . The 
evasive maneuver wi I I  place the docked spacecraft 1 as shown in  Fi gure 1 2 , on a free 
return c i rcuml unar tra jectory . A free return to earth w i l l be possib l e  i f  the i nsertion 
into l una r parking orbi t cannot be accompl i shed . 

Approximate l y  2 hours after TL I ,  the residual prope l lants in  the 5- IVB a re dumped to 
perform a retrograde maneuver .  This "s l ingshot " maneuver reduces the probabi l ity of 
5 - IVB recontact wi th the spacecraft and resu l ts in  a tra jectory that w i l l  take the 5- IVB 
behind the tra i l i ng edge of the moon into solar  orb i t ,  thereby avoid ing both l unar 
impact and earth impact .  

Passive therma l control attitude wi l l  be ma i ntained throughout most of the trans l unar 
coast period . Four midcourse correction maneuvers a re planned and w i l l  be performed 
on ly i f  requ i red .  They are schedu led to occur at approximate l y  T LI p l us 9 hours, TLI 
p lus 24 hours ,  l una r orbit i nsertion (LOI) minus 22 hours, and LOI mi nus 5 hours .  
These corrections wi I I  use the Manned Space Fl ight Network (MS FN) for navigation . 
The transl unar coast phase wi l l  span approximate l y  73 hours .  

Lunar Orbit Insertion 

LO I wi l l  be performed in  two separate maneuvers using the S PS of the CSM as shown i n  
Figure 1 3 .  The fi rst maneuver, LOI- 1 ,  w i l l  be in i t iated a fter the spacecraft has passed 
behind the moon and crosses the imagi nary l i ne through the centers of the earth and 
moon at approximatel y  80 NM above the l unar surface .  The S PS burn is a retrograde 
maneuver that wi I I  place the spacecraft i nto an e l l i pt ical orbit that is approximate! y 
60 x 1 70 NM. After two revol ut ions i n  the 60 x 1 70-NM orbi t  and a nav igation up
date, a second S PS retrograde burn (LOI-2) w i l l  be made as the spacecraft c rosses the 
antipode behind the moon to place the spacecraft in an e l l i ptical orb i t  approximate l y  
55 x 65 NM.  This orb i t  w i l l  become c i rcu larized a t  60 NM by  the t ime of LM 
rendezvous due to the effect of variations in  the l unar gravi tationa l potentia l on the 
spacecraft as i t  orbits the moon.  
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After LO I-2, some housekeeping wi l l  be accompl ished i n  both the CSM and the LM . 
S ubsequentl y ,  a s imul taneous rest and eat pe riod of approximate l y  1 0  hours wi l l  be 
provided for the three astronauts prior to checkout of the LM . Then the Commander 
(CDR) and Luna r  Modu le  Pi l ot (LMP) wi l l  enter the LM, perform a thorough check of 
a l l  systems, a nd undock from the CSM .  During the 1 3th revol ution after LOI-2 and 
approximate ly  2 .5 hours before land ing ,  the LM and CSM wi l l  undock i n  preparation 
for descent . The undocki ng is a physical unl atch ing of a spring- loaded mechanism that 
imparts a re lative veloc i ty of approximate l y  0 . 5  feet per second (fps) between the 
vehic les .  Station-keepi ng i s  ini tia ted at a d i stance of 40 feet, and the LM i s  rotated 
about i ts yaw axis for CM Pi lot observat ion of the deployed land ing gea r .  Approximate ly 
one-ha l f  hour after undocking ,  the SM Reaction Contro l  System (RCS ) wi  I I  be used to 
perform a separation maneuver of approximate l y  2 . 5  fps d i rected radia l l y downward 
toward the center of the moon . This maneuver increases the LM/CSM separation 
distance to approximate l y  2 .2 NM at descent orbit insertion (DO l ) . The DOl maneuver 
wi l l  be performed by a LM DPS retrograde burn, as shown i n  Figure 14 ,  one-ha l f  
revol ution a fter LM/CSM sepa ration . This maneuver places the LM i n  an e l l i pt ical 
orbit that is approximate ly  60 NM by 50, 000 feet .  The descent orbit  events are shown 
in Figure 1 5 .  
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Luna r Modu le  Powered Descent 

The LM powered descent  maneuver w i l l  be in i tiated at the 50, 000-foot a l t i tude poi nt 
of the descent orbit and approximate l y  14° prior to the landing site . This maneuver 
w i l l  consi st of a braking phase , an approach phase , and a land ing phase . The braking 
phase w i l l  use maximum thrust from the DPS for most of th is phase to reduce the LM 's 
orbital ve locity. The LM wi l l  be rotated to a wi ndows-up attitude at an a l t i tude of 
45, 000 feet .  The use of the land i ng radar can beg in  at an a l t itude of about 39, 000 
feet, as depi cted i n  Fi gure 1 6 . The approach phase, as shown i n  Fi gure 17 ,  wi l l  
beg in  at approximate ly  7600 feet (h igh gate) from the l unar surface .  Vehic l e  
att itudes duri ng th is  phase w i l l  permit  c rew vi si b i l i ty of the landi ng a rea through the 
forward wi ndow . The crew can redesignate to an i mproved l unar surface area in the 
event the targeted landing point appears excess ive l y rough . The landi ng phase w i l l  
beg in  a t  a n  a l t itude of 500 feet ( low gate) and has been designed to prov ide continued 
visual assessment of the land i ng s i te .  The crew wi II take control of the spacecraft 
att itude and make mi nor ad j ustments as requi red i n  the rate of descent during this 
period . 

The vertical descent portion of the landing phase w i l l  start at an  a l t i tude of 1 25 feet 
and continue at a rate of 3 fps unti I the probes on the foot pads of the LM contact the 
l unar surface . The CDR w i l l  cut off the descent engine with in 1 second after the probes, 
which extend 68 i nches beyond the LM footpad , contact the l unar surface a l though the 
descent engine can be l e ft on unt i l  the footpads contact the l unar surface .  The l una r 
surface contact sequence i s  shown i n  Figure 1 8 .  

LAND I N G  RADAR -ANTENNA B EA M  CONFI G URATI ON 

- - ·:..:� �--::::±--... . 
, �  

APPROACH PHASE LANDING PHASE 
6/24/69 
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LANDING A P PROACH PHA S E  

LOW GATE 
ALT- 500 Fl 

RANGE - 2000 FT. 

H I GH GATE 
ALT- 7600 FT. 

RANGE - 26000 FT 

PHASE J B RAKI NG 

------------· -� 

RANGE 
F ig .  1 7  

L UNAR CONTACT S EQ UENCE 
• PROBE CONTACTS LUNAR S URFACE 

• 'LUNAR CONTACT' I N D I CATOR ON 
CONTROL PANEL Ll GHTS 

e DE SCENT ENG I NE I S  SHUT DOWN 
BY CREW AF1ER 1 SECOND 

• LM SETTLES TO LUNAR S URFACE 

---.----
1------b-- PROBE S 68 1 N. 

-------- (ON 3 LEGS)� 
F ig .  1 8  
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Lunar Su rface Activities 

Immediate l y  a fter landing, the LM wi l l  be checked to assess i ts launch capabi l i ty .  
After the post land ing c hecks and prior to preparation for extravehicular activity (EVA) , 
there w i l l  be a 4-hour rest period , with eat periods before and afte r .  A time l ine for 
the l unar surface activity is  shown i n  Figure 1 9 .  Each c rewman wi l l  then don a "back
pack"  consisting of a Portab le Li fe Support System (PLSS) and an Oxygen Purge System 
(OPS ) .  The LM Environmenta l Contro.l System (ECS} and the Extravehicu lar Mobi l i ty 
Unit  (EMU) wi l l  be checked out, and the LM wi I I  be depressurized to a l low the CDR to 
egress to the l unar surface . As the CDR begins to descend the LM ladder, he wi I I  pu l l  a 
"D "  ring which w i l l  l ower the Modu larized Equi pment Stowage Assemb ly  (MESA} . This 
a l lows the TV camera mounted on the MESA access pane l to record his descent to the 
lunar surface .  The LMP w i l l  remain  inside the LM Ascent Stage duri ng the early part of 
the EVA to monitor the CDR's surface activity ( inc l ud ing photography through the LM 
wi ndow} and the LM systems in the depressurized state . 

Commander Env i ronmenta l Fami I iarization 

Once on the surface, the CDR wi l l  move s low ly  from the footpad to check his 
ba lance and determine his abi l i ty to continue with the EVA - the abi l i ty to 
move and to see or, spec i fica l ly ,  to perform the surface operations with in  the 
constraints of the EMU and the l unar env i ronment .  A lthough a more thorough 
eva l uation and documentation of a crewman's  capabi l i ties w i l l  occur later in the 
t ime l i ne ,  thi s  in i t ia l  fam i l ia rization wi l l  assure the CDR that he and the LMP are 
capable of accompl ishing the assigned EVA tasks . A brief  check of the LM status 
wi l l  be made to extend the CDR's env i ronment fam i l iarization and, at the same 
time, provide an important contribution to the postfl ight assessment of the LM 
landing shou l d  a fu l l  or nom ina l  LM i nspection not be accomp l i shed late r .  

Contingency Sample Col l ection 

A Contingency Sample of l unar surface materia l w i l l  be col l ected . This w i l l  
assure the return o f  a sma l l  sample i n  a contingency si tuation where a crewman 
may remain on the surface for onl y a short period of time . One to four pounds of 
loose materia l w i l l  be col lected i n  a sampl e conta ine r  assembly which the CDR 
carries to the surface i n  his  su i t  pocket . The sampl e  wi l l  be col l ected near the 
LM ladder and the sample bag restowed in the suit pocket to be carried i nto the 
Ascent Stage when the CDR i ng resses at the end of the EVA . Figure 20 shows the 
re lative location of the Contingency Sampl e co l lection and the other l unar surface 
activities . 
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I n  the event that adequate margi ns do not exi st with the steeroble antenna for the 
entire communications spectrum (i nc l udi ng te levision) duri ng the EVA period ,  the 
S-bond erectable antenna may be deployed to improve these margins . This wou ld  
require approxima te ly  1 9  minutes and wi l l  probab ly reduce the time a l located to 
other EVA events . 

Lunar Modu le P i lot Environmenta l Fami l iarization 

After the CDR  accompl ishes the pre l im inary EVA task, the LMP wi l l  descend to 
the surface and spend a few minutes i n  the fam i l iarization and eva l uation of his 
capabi l i ty or l imi tations to conduct further operations i n  the l unar environment ,  

Tel evi sion Camero Dep loyment 

The C DR, a fter photograph ing the LMP's  egress and descent to the surface, wi l l  
remove the TV camera from the Descent S tage MESA, obta in a panorama , and 
p lace the camera on i ts tri pod i n  a posi tion to v iew the subsequent surface EVA 
operations . The TV camera w i l l remain  i n  this position. 
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Extravehicular Act iv i ty and Environmenta l Eva l uation 

The LMP wi l l  proceed to conduct the env i ronmenta l eva l uation . This i nvolves a 
deta i l ed investigation and documentation of a c rewman 's capabi l i ty wi th in  the 
constraints of the EMU; the PLSS/EMU performance under varying cond i tions of 
sun I ight, shadow , c rewman activity or i nactivi ty; and the cha racteristics of the 
l unar env i ronment which i nfluence operations on the surface . 

Flag Deployment 

Early in the LMP EVA period the astronauts wi l l  e rect a 3 by 5-foot Ameri ca! flag . 
It wi l l  be on an 8-foot a l uminum staff and a spring-l i ke w i re a l ong i ts top edge w i l l  
keep i t  unfurled i n  the a i r l ess envi ronment of the moon . The event wi l l  be recorded 
on te l evision and transmitted l ive to earth . The flag w i l l  be p laced a suffic i ent 
d istance from the LM to avoid damage by the ascent engine exhaust at I unar takeoff. 

Bu l k  Sample Col l ection 

The CDR wi l l  col lect a Bul k Sample of l unar surface materia l .  I n  the Bu l k  Sample 
col l ection at least 22 pounds, but as much as 50 pounds, of unsorted surface material 
and se l ected rock chunks wi l l  be placed in  a spec ia l  conta iner ,  a lunar Sampl e 
Return Conta i ner  (S RC), to provide a near vacuum environment for i ts return to the 
Lunar Receiving Laboratory (LRL) . Apo l l o  Lunar Handtools (ALHT) , stowed in the 
MESA with the S RC ,  w i l l  be used to col l ect this large sample of loose l unar materia l  
from the surface near the MESA i n  Quad IV of the LM . Figure 2 1  shows the remova l 
of tools stowed i n  the MESA. Figure 22 shows the preparation of a handtool for use . 
As each rock sample or scoop of l oose material is col l ected, i t  wi l l  be placed 
into a large sample bag . P lacing the sea led bag ,  rather than the loose materia l. 
d i rect ly into the S RC prevents contamination and poss ib l e damage to the conta iner 
sea l s .  

So la r  Wind Composit ion Expe riment Depl oyment 

The LMP wi I I  dep loy the Solar Wind Composition (SWC) experiment . The SWC 
experiment consists of a pane l of very thi n  a l umi num foi l  ro l l ed and assembled 
into a combination hand l i ng and deployment container .  It is stowed i n  the MESA . 
Once the therma l b lanket is  removed from a round the MESA equi pment i t  is a 
simple task to remove the SWC, deploy the staff and the foi l  "wi ndow shade, " and 
place it in d i rect sun l ight where the foi l  wi l l  be exposed to the sun 's rays, as 
shown i n  Figure 23. The SWC experiment is  designed to entrap  nob le  gas con
stituents of the solar wind, such as he l ium,  neon, argon , krypton, and xenon . 
It is deployed early in  the EVA period for maximum exposure time . At the con
c l usion of the EVA, the foi l  is rol l ed up,  removed from the staff, and placed i n  
a S RC .  At the t ime the foi l i s  recovered , the astronaut w i l l  push the staff i nto 
the l unar surface to determ ine ,  for postfl ight soi l mechanics ana lysis, the depth 
of penetration . 

6/24/69 Page 3 1  



""0 
0 

co 
C1l 

w 
N 

"'" 

REMGVAL CF STOWED TOOLS FROM MESA 



M-932-69- 1 1  

PREPARAT I ON OF HAND TOOL 
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6/24/69 Page 33 



M-932-69- 1 1  

DEPLOYED S OLAR WIND COM POS I T I ON EX PER I MENT 
Fig.  23 
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Lunar Module Inspection 

The LMP wi l l  begin the LM i nspection and w i l l  be joi ned by the CDR after the 
Bul k Samples have been col lected . The purpose of the LM i nspection is  to 
visua l l y  check and photograph ica l l y  document the externa l condi tion of the LM 
landi ng on the l unar  su rface . The i nspection data w i l l  be used to verify the LM 
as a safe and e ffective veh ic le  for l unar  landi ngs . The data w i l l a l so be used to 
ga in  more know ledge of the l unar surface characte rist ics . In genera l  the resu l ts 
of the i nspection wi  I I  serve to advance the equ i pment design and the understand i ng 
of the environment i n  which i t  operates . The c rewmen w i l l  methodica l l y  i nspect 
and report the status of a l l  externa l parts and surfaces of the LM which are v i s ib le  
to them . The sti l l  color photographs w i l l  supp l ement the i r  v isua l documentation 
for postfl ight engi neering anal ysi s  and desi gn ve ri fi cation . They w i l l observe and 
photograph the RCS effects on the LM, the i nteractions of the surface and footpads, 
and the DPS e ffects on the surface as we l l  as the gene ra l  cond i tion of a l l  quadrants 
and land ing struts . 

Ear ly Apol lo Sc ientific Experiments Package 

When the crewmen reach the sc ientifi c  equ i pment bay in Quad I I ,  the LMP w i l l  
open i t  and remove the Ear ly Apol l o  Sc ient i fic Experiments Package {EASEP) 
using prerigged straps and pu l leys as the CDR  completes the LM i nspection and 
photographical l y  documents the LMP's activity .  EASEP  consists of two bas ic 
experiments : the Passive Seismic Experiment {PSE) and the Laser Rangi ng Retro
Reflector (LRRR) . Both experiments a re i ndependent 1 se l f-conta ined packages 
weighing a tota l of about 1 70 pounds and occupyi ng 12 cubic feet of space . 

The PSE uses th ree l ong-period sei smometers and one short-period vertical 
sei smometer for measuring meteoroid impacts and moonquakes as we l l  as to gather 
information on the moon ' s  i nterior such as the existence of a core and mant l e .  
The Passive Seismic Experiment Package (PS EP) has four  bas ic  subsystems : the 
structure/therma l subsystem provides shock, vibration, and therma l protection; 
the e l ectrica l power subsystem generates 34 to 46 watts by so lar  panel array; the 
data subsystem rece ives and decodes MS FN upl i nk  commands and downl i nks 
experiment data , hand les power swi tchi ng tasks; and the Passive Seismic Experi
ment subsystem measures l una r seismic activ i ty w i th l ong-period and short-period 
seismometers which detect i nertial mass d i splacement . A l so inc luded i n  thi s  
package a re 1 5-watt radioisotope heaters to mainta in  the e l ectronic package at 
a mi n imum of 60°F dur ing the l unar n igh t .  

The LRRR experiment i s  a retro-reflector a rray w i th a fold ing support structure for 
a im ing and a l ign ing the array toward earth . The array is bui l t  of cubes of fused 
s i l i ca .  Laser ranging beams from earth w i l l be reflected back to the i r  poi nt of 
orig in  for precise measurement of earth-moon d i stances, center of moon ' s  mass 
motion , l una r  radi us, earth geophysical informat ion, and deve lopment of space 
communication techno logy . 
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Earth stations that w i l l  beam lasers to the LRRR inc lude the McDona ld Observatory 
at Fort Davis,  Texas; the L ick Observatory in Mount Hami l ton, Ca l i fornia; and the 
Cata l i na Station of the Univers i ty of Arizona . Scientists i n  other countries a l so 
plan to bounce laser beams off the LRRR. 

I n  nom ina l  deployment,  as shown in Figures 24 through 26, the EASEP  packages 
are removed individua l l y  from the storage receptac le and carried to the deployment 
s i te s imu l taneousl y .  The crewmen wi l l  se lect a l evel s ite ,  nomi nal ly  w i th i n  :!:: 15° of 
the LM -Y axis and at l east 70 feet from the LM . The sel ection of the site i s  based 
on a compromise between a s i te which m in im izes the e ffects of the LM ascent engine 
dur ing l i ftoff, heat and contamination by dust and i nsu lation debris {kapton) from 
the LM Descent Stage , and a conveni ent s ite near the sc ient ifi c  equ ipment bay . 

Documented Sampl e Col l ection 

After the astronauts deploy the EASEP ,  they w i l l  sel ect, desc ri be as necessary, 
and co l l ect l unar samples, as shown in Figure 27, unti l they termi nate the EVA . 
The Documented Sample w i l l  provide a more deta i l ed and se lective variety of 
l una r  material than w i l l  be obta i ned from the Conti ngency and Bu l k  Sampl es . I t  
w i l l  i nc l ude a core sample col lected wi th a drive tube prov ided i n  the Sample 
Return Conta i ner, a gas analysis sample col lected by placing a representative 
sample of the l unar surface materia l in a specia l gas ana lysis conta i ner, l unar 
geo logic samples, and desc ri ptive photog raph ic  coverage of l unar topograph ic  
features . 

Samples w i l l  be col l ected using tool s  stored i n  the MESA and wi l l  be documented 
by photographs . Samples w i l l  be placed individua l l y  in prenumbered bags and the 
bags pl aced i n  the Sample Return Con ta iner .  

Te levi sion and Photograph ic  Coverage 

The primary purpose of the TV is to provide a supplementa l rea l-t ime data source 
to assure or enhance the sc ient i fic and operationa l data return . It may be an aid 
i n  determini ng the exact LM location on the l unar surface, in eval uating the EMU 
and man ' s  capabi l i t ies in the l unar env i ronment, and i n  documenting the sample 
col l ections. The TV w i l l  be usefu l i n  provid ing continuous observation for t ime 
corre lation of c rew activi ty with telemetered data , voice comments , and photo
graphic coverage . 

Photography consists of both sti I I  and sequence coverage using the Hassel blad 
camera , the Maure r  data acquisition camera , and the Apo l l o  Lunar Surface C lose
Up Camera (ALSCC) . The c rewmen w i l l  use the Hasse lb lad extensively on the 
su rface to document each ma jor task which they accompl ish . Add it iona l photo
graphy, such as panoramas and scient i fi c  documentation, w i l l supp lement other 
data in the postfl ight ana lys i s  of the l unar environment and the astronauts ' 
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capabi l i ties or l imitations i n  conducting l unar surface operations . The ALSCC i s  
a stereo camera and w i l l  be used for record ing the fi ne textura l deta i l s  of the l unar 
surface materia l .  The data acquisition camera (sequence camera) view from the 
LM Ascent Stage wi ndow w i l l  provide a lmost continuous coverage of the surface 
activity. The LMP, who remains i nside the Ascent Stage for the first few minutes 
of the EVA, w i l l  use the sequence camera to document the CDR's  i nit ial surface 
activities . Then, before he egresses, the LMP wi l l  pos ition the camera for optimum 
surface coverage whi le  both c rewmen are on the surface . After the first c rewman (LMP) 
i ngresses he can use the sequence camera to provide coverage of the remain ing 
surface activity. 

Extravehicular Activity Termi nation 

The LMP wi l l  i ngress before the S RC 's are transferred to the LM. He wi l l  assist dur ing 
the S RC transfer and w i l l a l so make a LM systems check,  change the sequence 
camera fi lm magazine ,  and reposition the camera to cover the S RC t ransfer and the 
CDR ' s  ladder ascen t .  

As each man begins h i s  EVA termi nation he wi l l  c l ean the EMU .  Al though the crew 
wi l l  have a very l i mi ted capabi l ity to remove l unar materia l from the i r  EMU ' s  they 
w i l l  attempt to brush off any dust or partic les from the portions of the suit which they 
can reach and from the boots on the footpad and ladder.  

I n  the EVA termi nation there a re two tasks that wi l l  requi re some increased effort . 
The first i s  the ascent from the footpad to the lowest ladder rung . In  the unstroked 
position the vertical d i stance from the top of the footpad to the lowest ladder rung 
is 3 1  i nches . I n  a nomina l  level land ing th is d i stance wi l l  be decreased on ly  about 
4 inches . Thus, un less the strut is stroked significantly the c rewman is requi red to 
spring up usi ng h i s  legs and arms to best advantage to reach the bottom rung of the 
ladder from the footpad . 

The second task w i l l be the i ngress or the crewmen ' s  movement through the hatch 
opening to a stand ing posi tion i nside the LM . The hatch opening and the space 
i nside the LM are smal l .  Therefore , the crewmen must move s low l y  to prevenl· 
possib le  damage to the i r  EMU ' s  or to the exposed LM equi pment . 

After the crewmen enter the LM, they wi l l  jettison the equ ipment they no longer 
need . The i tems to be jettisoned a re the used ECS canister and bracket, OPS 
brackets (adapters) , and three armrests .  The c rewmen w i l l  then c lose the hatch 
and pressurize the LM . The EVA is considered to be terminated a fter the c rewmen 
start this init ia l  cabin pressurization. After the cabi n pressure has stab i l ized, the 
crewmen wi l l  doff the i r  PLS S 's ,  connect to the LM ECS , and prepare to jettison 
more equipment they no longer need . The equ i pment, such as the PLSS 's, l unar 
boots, and cameras, w i l l be stowed i n  two containers .  The LM wi l l  aga in  be 
depressurized , the hatch opened, the contai ners jettisoned , and the cabin repres
surized . Tab le 4 shows the loose equ ipment left on the l unar surface . 
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TABLE 4 

LOOSE EQU I PMENT LEFT ON LUNAR SURFACE 

During EVA 

TV equipment 
camera 
tripod 
handl e/cab l e  assembly 
MESA bracket 

Solar Wind Composition staff 
Apo l l o  Lunar Handtools -

scoop 
tongs 
extens.ion handle 
hanmer 
gnomon 

M-932-69- l l 

Equipment stowed in Sample Return Containers ( outbound) -
extra York mesh packing material 
SWC bag ( extra) 
spring scal e  
unused smal l  sample bags 
two core tube bits 
two SRC seal protectors 
environmental samp l e  containers 0 rings 

Apol lo Lunar Surface C lose-up Camera ( f i lm casette returned) 
Hasselblad EL Data Camera (magazine returned) 

EVA termination 
Lunar equipment conveyor 
ECS canister and bracket 
OPS brackets 
Three armrest s  

Post -EVA equipment j e t tison 
Two Portab l e  Life Support Systems 
Left hand s ide stowage compartment (with equipment - such as 

lunar boots - inside) 
One armrest 

6/24/69 Page 42 



M-932-69- 1 1  

Fol l owing the EVA and post-EVA activities, there wi l l  be another rest period of 
4 hours 40 minutes duration, prior to preparation for l i ftoff. 

Command/Service Module Plane Change 

The CSM wi l l  perform a pl ane change of 0 . 1 8° approximate ly  2 .25  revolutions after 
LM touchdown .  This maneuver w i l l  permi t  a nomina l l y  coplanar rendezvous by the LM . 

Lunar Module Ascent to Docki ng 

After completion of crew rest and ascent preparations, the LM Ascent Propu l sion System 
(APS ) and the LM RCS wi I I  be used for powered ascent, rendezvous 1 and docking with 
the CSM . 

Powered ascent wi l l  be performed i n  two phases during a s ingle continuous burn of the 
ascent eng ine .  The first phase w i l l  be a vertical rise, as shown in Figure 28, requi red 
for the Ascent Stage to c lear  the l unar terra i n .  The second w i l l  be an orbita l  i nsertion 
maneuver which w i l l  place the LM i n  an orbit approximate ly  9 x 45 NM.  Figure 29 
shows the LM ascent through orbit  i nsertion . Figure 30 shows the complete rendezvous 
maneuver sequence and the coverage capabi l ity of the rendezvous radar {RR) and the 
MS FN t racking . After i nsertion i nto orbit, the LM wi l l  compute and execute the 
coe l l i pt ic rendezvous sequence which nomina l l y  consists of fou r  major maneuvers: 
concentric sequence in i tiation {CS I ) ,  constant de l ta height (CDH),  termina l phase 
init iation (TP I ) ,  and terminal  phase fina l ization (TPF) . The CS I maneuver wi l l  be 
performed to establ ish the proper phasing conditions at CDH so that, a fter CDH is 
performed ,  T PI w i l l  occur at the des i red ti me and el evation ang l e .  CS I wi I I  nomina l l y  
c i rcularize the LM orbit  1 5  N M  be low that of the CSM . CS I i s  a posigrade maneuver 
that is schedu led to occur approximate l y  at apol une . CDH nomina l l y  wou l d  be a sma l l  
rad ia l  burn to make the LM orbit coe l l i ptic w i th the orbit  o f  the CSM . The CDH 
maneuver wou ld be zero i f  both the CSM and LM orbits are perfect l y  c i rcu lar  at the 
t ime of CDH . The LM wi l l  mainta in  RR track attitude after CDH and continue to track 
the CSM. Meanwhi l e  the CSM w i l l  ma intain sextant;VHF ranging tracking of the LM . 
The TPI maneuver w i l l  be performed with the LM RCS thrusters approximate l y  38 
minutes after CDH . Two midcourse corrections (MCC- 1 and MCC-2) are schedu led 
between TPI and TPF, but are nominal l y  zero .  T PF braking wi l l  beg in approximate ly  
42 minutes after T PI and end with docking to compl ete approximate l y  3 .5  hours of 
rendezvous activ i ties . One l unar revo l ution,  recent l y  added to the fl ight plan, wi l l  
a l l ow LM housekeeping activities p·rimari l y  assoc iated with back  contamination control 
procedures . Afterward , the LM c rewmen wi l l  transfer to the CSM with the l una r 
sam pies and exposed fi I m .  
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RENDEZVOUS MANEUVERS /RADAR COVERAGE 

CS�1 PAR KI NG 
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Earth 

Luna r Module Jettison to T ransearth In jection 

-- 5 1111 
DOC KI NG 

� •n•n•nn Rendezvous rad.11 l t rt c k iuq 
·--- M S F N  trac k i nq 

Fig . 30 

Approximate ly  2 hours after hard docking,  the CSM wi l l  jetti son the LM and then 
separate from the LM by performing a 1 -fps RCS maneuve r .  The crew wi II then eat ,  
photograph targets o f  opportunity, and prepare for transearth i njection (TE I ) . 
Figure 3 1  presents a summa ry of activities from l unar orbit i nsertion through transearth 
i n jection . 

Transearth I njection 

The burn wi l l  occur 59 . 5  hours after LOl- l as the CSM crosses the antipode on the fa r 
side of the moon . The spacecraft configuration for transearth in jection and transearth 
coast is shown in Figure 32 . 

6/24/69 Page 45 



-;; 
(Q 
w 

�.C !!VlTY DAY 
SLEEP 

ED1 
GET 

REV NO. 

!Y. 
(CDR - Li·iP ; 

S L EEP 
(j[T 

L U N A R  A C T I V I T I E S S U M M A R Y  

1330 
76 

4 (LOl OAY) 

1530 
78 

1730 1930 
80 82 
3 4 

2130 
84 

2330 0 1 3 0  
86 R8 
6 7 

I 
0330 0530 0730 0930 
90 92 94 96 
8 9 10 l 1  

5 (DOl  - EVA lJAY) 

1 1 30 1330 
98 100 
1 2  1 3  

1530 
102 
14 

LMP lVT T� H\ •l 
�TRY sJATUS C�rr;K: i 

r0USEKE1EP!NG t-
' COMM CHECKS -

1 ���� l�ir'.rgL ��Ot -

I 
C&W CK fiND I PG�Ct ATJOrM 1 [ ION' I 

cLOsEOUT. 1 I 'IT rb CSM. I S ECKS • 
SHIT FAN/H20 str . • 

- LOl -

r -

" 

I I I 

i 
1 PREP I 
! 

Vf!F AcnJk{f8h P��tc�60T • 

I 
LMP TvT TO ts�t -1 DON rGA !VT TO LM 

ljlU DOCKCD COArSE • 

LMP 0 LM ECS • CDR ASS! , CLOSE AND • I LM HATCH , ,.B�H���� ACT ooNi� ��t�Ri & ��S�"AR�tPliA r 
CABIN REGULATOR CHECK • 
IDOFF HELMET & GLOVES 1 

FINE ALIGN 1�\U • I AGS
I
ACT�VfTI�N A�D . 

DC AR , I AGS • 
R
? r�m • RR T • o 'I 

RR. 
AND L 1 

s • 

' •  

REALIGN P52 • lDOI PREP • rof%r:.r' 
PO ERED0�fSWH • • 

TO 

I
CHDOWH 

: I I �EAT" (ALL ) '  : I 
• IMU REALIGN P5"2 I I 

I 
I 

I 

7R 

17�6I
-� 2/REP] : ! I I -1Mu RFAL'JGN rs� ! 1 I I -TRACK PSEUDO LDI�.'K II I 

-EATI PERIOD (ALL) , 

I i 
I

I C,DP. &
E
t�p(�6�'�- I CMP DON PGA •. I I IMU Rttl.llGN �52 . I It<;. TALL PROllE AND 1 
�ROGUE,, CLOSF .HATCH 

TRACK PSEUDO LANDMARK A-1 • 

I I I I 
I ' I ] u:mccr: • 

INSPECT LM. 
s'rrARr,Timt • 

' l"1U :REALlG� P52• 
':.>XT TRACK U� 

' I I i I i 
) 

eo 1;2 84 " Bf� 90 92 94 96 98 1 �a 102 

I 6 (ASCENT - TEl DAY) 

1730 1930 2130 2330 . 0130 0330 0530 0730 0930 1 1 30 1 330 1530 1730 1930 2130 
104 106 108 1 1 0  
15 1 6  1 7  1 8  

• PQST TOU�HDOWN �CHECKLIST 
• R�GIN Sl.MULATC� COUNTOOW�J 
' P57 .  GRA.V ITY MEASURE I 
.. !'>57,  2 CELESTiAL BODIES 

1 1 2  1 14 1 1 6  1 1 8  
19 20 2 1  22 

P57, 1GRAVIT'y & 1 c'EI.ESTIAL BODY 
, END 's iMULAlu coUNTDOwN' I 

r PLSS/EV

.

CS ELEtTR!CAL CK 
• FINAL EVA EQUIP CK I FINAL SYSTEI"•S PREP 

120 
23 

- EAT PERIOD t EAT )PERIOD I 
•SYSTEMS PREP FOR EGRESS 

1 PREP FOR EGRESS I 
-�LSS/OPS DONNING 

PREP FOR CABIN DEPRESS 

1 2 2  114 126 128 130 1 3 2  
24 25 26 27 28 29 

AGs T�RN ON: SELF hs1 I 
• PS7, GRAVITY 1 CFifSTIA: BODY 
- EAT PERIOD I I • v[RHv AGs 

• P57. GRAVITY CELESTIAL BODY '• ''"

.

NT PREP 

I I I INSERTION I 
' RR SELF TEST 
• JMU REAL�GN P52 
•• + - • • RR TRACK OF CSM 

• Cs1 BUR� - RC� 1 
• TPJ BURN - RCS 

30 

2330 0130 
134 136 

• ,PLSS/O�S DOFFING I 
o FINAL SYSTEMS CONF!G 

PR[P fOR EQUIP JET 
' PRESSURE INTEGRITY CK 

I
• ' e<r ! !l::\'.:.i�:��A�MS CONf!G 

\PLANE fHANGE, BURN - RCS 
coH s�RN - R,cs I 

' e ;·����2s�:��NR��� I I I t BRAKING BURNS - RCS 
' OOCKI�G I I I 
- TRANSFER & STOW EQUIP AND EQUIP 

! 
I 

I CABH{ DEPRESS I 1 HATCH OPENING 
'CABIN REPRESS 
' FINAL SYSTEMS CONFIG 
' POST EVA CABIN CON FIG 
-EAT �ERIOD 

I 

iVACUUM & CLEAN sun's 
• CllR TRANSFER TO CSM 
-LMP CONFIGURE U1 

FOR JETTISON 
• I MP. JVT

-
T1 CSH 

I 
- JMU REAL.IGN, P�2 I ••E.I\.T P

I

ER!O[) I I -EAT PERIOD 

- SXT TRACK LANDED LM I I • JMU REALIGN P52, PULSE TORQUE 

1!:�L������A�GE PRE\P I I 
• PLANE CHANGE I I 
•!MU REALIGN, P52, PULSE TORQUE 

I I � PHOT6GRAPH LANDED LM 

I I I r EAT P[RIO

I
O 

I 
I ! 

I ! I I 

• IMU REALIGN , P52 I I ••+ - 1 1VHF/SXT TRACK LM 
•BACKUP LM CS! BURN I • BACKUP LM CDH BURN 

- MONITOR MCC & BRAKING 

I 

I I - TRANSFER & STOW EQUIPMENT .cLcisE csM [ 1 
fiAW-1 

•PREP ro_R JETTISON 1Jrr:-:soN LM I 
•IMU REAL IGN, P52 
�EAT PERIOD I I I-PREP FOR TEl jMU REA.LIGN P$2• I I I • 

T J 
FINAL PR�P rOR H I •  

I I ! I 

I 
I 

I 
104 106 102 1 1 0  1 1 2  1 1 �  1 1 6  1 1 8  120 1 2 2  124 126 1 2 f! 130 13?. I 34 136 138 

� 
I 

'{) 
w 
1'0 
I 

0.. 
'{) 
I 



T ransearth Coast 

During transearth coast, three midcourse 
correction (MCC) decision points have been 
defined , as shown in Figure 33 . The 
maneuvers wi I I  be targeted for corridor 
control on l y  and w i l l  be made at the 
fol lowing times if requi red : 

MCC-5 - TE I pi us 1 5  hours 
MCC-6 - Entry interface (E I) minus 

15 hours 
MCC-7 - E l  m inus 3 hours . 
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TRANS EARTH CONFIG URATION 

F ig .  32 

These corrections wi l l  uti l ize the MS FN for navigation . In the transearth phase J·here 
wi I I  be continuous communications coverage from the t ime the spacecraft appears from 
behind the moon unt i l  about 1 mi nute prior to entry . The constrai nts i nf luencing the 
spacecraft attitude t ime l i ne a re therma l contro l , communicati ons, c rew rest cyc l e ,  
and preferred times of MCC 's . The attitude profi le for the transearth phase is corn pi i
cated by more severe fue l  s losh probl ems than for the other phases of the mission . 

E ntry Through Land ing 

Prior to atmospheric entry, the fina l MCC wi l l  be made and the CM w i l l be separated 
from the SM using the SM RCS . The spacecraft wi I I  reach entry interface (E I) at 
400,000 feet, as shown in Figure 34, with a veloc ity of 36, 1 94 fps . The S-band 
communication b lackout w i l l  beg in 1 8  seconds later fol lowed by C-band communication 
b lackout 28 seconds from E l .  The rate of heating wi l l  reach a maximum 1 mi nute 1 0  
seconds after E l . The spacecraft wi l l  exi t from C-band b l ackout 3 mi nutes 4 seconds 
after entry and from S-band b lackout 3 minutes 30 seconds after entry . Drogue para
chute deployment wi l l  occur 8 minutes 1 9  seconds a fter entry at an a l t itude of 23,000 
feet, fol l owed by main parachute deployment at E l  p l us 9 minutes 7 seconds.  Land ing 
w i l l  occur approximate l y  1 4  minutes 2 seconds after and 1285 NM downrange from E l . 

Landing wi l l  be in the Pac i fic  Ocean at 1 72°W longi tude, 1 1°N latitude and w i l l  
occur approximate ly  8 days 3 hours after l aunch . 
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Postlanding Operations 

Fol low ing landing ,  the recovery he l i copter wi l l  d rop swimmers who w i l l i nsta l l  the 
flotation co l la r  to the CM . A large , 7-man l i fe raft wi l l  be deployed and attached to 
the flotation col la r .  B io logical  I solation Garments (B IG 's) wi I I  be lowered into the 
raft, and one swimmer w i l l  don a B IG whi le  the astronauts don B IG 's inside the CM . 
Two other swimmers w i l l  move upw ind of the CM on a second large raft . The post
landing venti lation fan wi l l  be turned off, the CM wi l l  be powered down, and the 
astronauts w i l l  egress to the raft . The swi mmer w i l l  then decontami nate a l l  garments, 
the hatch area , and the col la r .  

The he l icopter w i l l  recover the astronauts and the recovery physic ian rid ing i n  the 
he l icopter w i  I I  prov ide any requ i red assistance . After landing on the recovery carr ier, 
the he l i copter w i l l  be towed to the hanger dec k .  The astronauts and the physician 
w i l l then enter the Mobi le  Quarant ine Fac i l i ty (MQ F) . The f l ight c rew , recovery 
physician and recovery technician w i l l remain  i nside the MQF unti l it is del ivered to 
the Lunar Rece iv ing Laboratory (LRL) at the Manned Spacecraft Center (MSC) in 
Houston, Texas. 

After fl ight c rew pickup by the he l i copter, the auxi l ia ry recovery loop w i l l  be attached 
to the CM . The CM wi l l  be retrieved and placed i n  a do l ly aboard the recovery sh i p .  
I t  w i l l  then be moved to the MQF and mated to the Transfer Tunne l . From inside the 
MQF/CM contai nment envel ope , the MQF engi neer w i l l  begi n  post-retrieva l pro
cedures (removal of l unar samples, data , equi pment, etc . ) , pass ing the removed i tems 
through the decontamination loc k .  The CM w i l l remai n  sea l ed duri ng RCS deactivation 
and de l i very to the LRL . The SRC ,  fi lm ,  data , etc . w i l l  be flown to the nearest a i rport 
from the recovery ship for transport to MSC . The MQF and spacecraft wi I I  be off
loaded from the ship at  Pearl Harbor and then transported by a i r  to the LRL . 

I n  order to m inimize the risk of contamination of the earth 's biosphere by l unar 
materia l ,  quarantine measures wi l l  be enforced . The c rew w i l l  be quarantined for 
approximate ly  2 1  days a fter l i ftoff from the l unar surface . In  add it ion, the CM w i l l  
be quarant ined after landing . Term ination o f  the CM quarantine period w i l l  be 
dependent on the resu l ts of the l unar sample ana l ysis and observations of the crew . 
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BACK CONTAMI NATION PROG RAM 

The Apo l l o  Back Contami nation Program can be d ivided i nto three phases, as shown i n  
Figure 35.  The fi rst phase covers the procedures which are fol lowed by the c rew whi l e  
i n  fl ight to minimize the return o f  l una r surface contaminants i n  the Command Modu l e .  

The second phase i nc l udes spacecra ft and c rew recovery and the provisions for isolation 
and transport of the crew , spacecraft 1 and l unar samples to the Manned Spacecraft 
Center .  The third phase encompasses the quarantine operations and pre l iminary sampl e 
ana lysis in  the Lunar  Rece iv ing Laboratory (LRL) . 

A primary step i n  preventing back  contamination i s  carefu l attention to spacecraft 
c l ean l i ness fol lowing l una r surface operations . This inc l udes use of specia l  c l eani ng 
equipment, stowage provisions for I una r-ex posed equipment, and crew procedures for 
proper "housekeepi ng . "  

LUNAR MODULE OPERAT IONS 

The Lunar Module (LM) has been designed with a bacte ria l fi l ter system to prevent 
contami nation of the lunar surface when the cabin atmosphere is re l eased at the start 
of l unar exploration . P rior to reentering the LM after l unar surface exploration , the 
c rewmen wi l l  brush any l u nar  surface dust or di rt from the space suit using the su it  
g l oves . They wi l l  scrape the i r  overboots on the LM footpad and whi le ascendi ng the 
LM ladder dis lodge any c l i ng ing partic l es by a kicking action . .  After enteri ng the LM 
and pressurizing the cabin, the c rew w i l l doff thei r Portable L i fe Support System, 
Oxygen Purge System,  l una r boots, EVA g loves, etc . The equipment to be jettisoned 
w i l l  be assembl ed and bagged to be subsequent ly  left on the lunar surface . The l unar 
boots, l i ke l y  the most contaminated i tems, w i l l  be placed in a bag as ear ly as possib l e  
to minimize the spread of  l una r partic les .  Fol lowi ng LM rendezvous and docking wi th 
the Command Modu le  (CM) , the CM tunnel w i l l  be pressurized and checks made to 
insure that an adequate pressu rized sea l has been made . Duri ng this period ,  the LM, 
space sui ts ,  and l unar surface equ ipment w i l l be vacuumed . To accompl i sh this, one 
add itiona l l unar orb i t  has been added to the mission . 

The LM cabi n atmosphere w i  I I  be c i rcu lated through the Env i ronmental Control System 
(ECS) su i t  c i rcui t  l i thium hydroxide canister to fi l ter pa rt ic les from the atmosphere . 
A mi nimum of 5 hours of weight less operation and fi l tering wi l l  reduce the orig ina l  
ai rborne contamination to about 1 0-lS percent. 

To prevent dust partic l es from being transferred from the LM atmosphere to the CM, 
a constant f! ow of 0 . 8  l b/h r oxygen w i l l be in i tiated in the CM at the start of combined 
LM/CM opHJtion . Oxygen w i l l  flow from the CM i nto the LM then overboard through 
the LM cabi n re l ief va l ve or through spacecraft l eakage . S i nce the flow of gas is 
a lways from the CM to the LM, d i ffusion and flow of dust contami nation i nto the CM 
w i l l  be min imized . After this positive gas flow has been estab l ished from the CM, 
the tunne l hatch wi l l  be removed . 
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The CM P i lot w i l l  transfer the l unar surface equipment stowage bags i nto the LM one 
at a t ime . The equi pment t ransferred w i l ! then be bagged using the "buddy system " 
and transferred back i nto the CM where the equi pment wi l l  be stowed . The on l y  
equi pment that w i l l  not be bagged a t  this time are the crewmen 's space suits and fl ight 
logs . 

Fol lowing the transfer of the LM crew and equipment, the spacec raft wi l l  be separated 
and the thre � crewmen wi l l  start the return to earth . The sepa rated LM contains the 
remainder of the lunar exposed equ ipment . 

COMMAND MODULE OPE RATIONS 

Through the use of operationa l and housekeeping procedures the CM cabi n wi l l  be 
purged of l unar surface and/or othe r particu late contamination prior to earth atmosphere 
entry . These procedures start whi l e  the LM is docked with the CM and conti nue through 
entry i nto the earth 's atmosphere . 

The LM crewmen wi l l  doff the i r  space suits i mmediately upon separation of the LM and 
CM.  The space suits w i l l  be stowed and w i l l  not be used again duri ng the transearth 
phase un less an emergency occurs . 

Specific  periods for c leani ng the spacecraft using the vacuum brush have been establ i shed . 
Vis ib le l iquids wi l l  be removed by the l iquid dump system .  Towe l s  wi l l  be used by the 
crew to wipe surfaces c l ean of l i quids and d i rt partic l es .  The three ECS suit hoses wi l l  
be located at random positions around the spacecraft to i nsure positive venti lation, 
cabin atmosphere fi l tration, and avoid partit ion ing . During the transearth phase, the 
CM atmosphere w i l l  be conti nua l l y  fi l tered through the ECS l ith ium hydroxide canister .  
After about 63 hours operation, essentia l l y  none { 1 0-90 percent) of  the origina l  con
taminates w i l l  remain .  

RECOVERY OPERAT IONS 

Fol lowing l anding and the attachment of the flotation col la r  to the CM, the swimmer 
in a Biological Isolation Garment (B IG) wi l l  open the spacecraft hatch ,  pass three 
BIG ' s  into the spacecraft, and c l ose the hatc h .  

The crew w i l l  don the B IG 's and then egress i nto the l i fe raft . The hatch wi l l  be c l osed 
immediate ly  a fter egress . Tests have shown that the crew can don the i r  B IG 's i n  l ess 
than 5 minutes under idea l sea conditions . The spacecraft hatch wi l l  be open on l y  for 
a few minutes . The spacecraft and c rew w i l l  be decontaminated by the swimmer using 
a l iquid agent . Crew retrieva l wi l l  be accompl ished by he l icopter transport to the 
carrier .  Subsequentl y, the c rew wi l l  transfer to the Mobi le Quaranti ne Fac i l i ty . The 
spacec raft w i l l  be retrieved by the ai rcraft carrie r .  
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B IOLOGICAL ISOLAT ION GARME NT 

The BIG ' s  wi l l  be donned i n  the CM just prior to egress and he l icopter pickup and wi l l  
be worn unti l the crew enters the Mobi l e  Quarantine Fac i l i ty aboard the prima ry 
recovery shi p .  

The suit i s  fabricated of a l ight weight c l oth fabric which compl ete l y  covers the wearer 
and serves as a biological barrie r .  Bui l t  i nto the hood a rea is  a face mask with a 
plastic visor, a i r  i n  I et flapper va lve, and an a i r  outlet biological fi I ter . 

Two types of B IG 's a re used i n  the recovery operation . One is  worn by the recovery 
swimmer .  In  this type garment , the infl ow ai r (inspi red) is  fi l tered by  a bio logica l 
fi l ter to prec l ude possib le contamination of support personne l .  The second type is worn 
by the astronauts . The i nflow gas is not fi l tered , but the outfl ow gas (respired) is 
passed through a biological fi l ter to prec l ude contamination of the a i r .  

MOBILE QUARANT I NE FACI LITY 

The Mobi le Quarantine Fac i l i ty (MQF) is equi pped to house six peop le for a period up 
to lO days . The i nterior i s  d ivided into three sections - lounge a rea , ga l l ey, and 
s l eep/bath area . The foci l i ty is powered through severo I systems to i nterface with 
various ships, ai rcraft ,  and transportation veh ic l es .  The she l l  is air and water tight .  
The pri nc ipa l  method of assuring quarantine is  to fi l ter effl uent a i r  and provide a 
negative pressure d ifferentia l for biologica l contai nment i n  the event of l eaks . 

Non-feca l  l i qu ids from the tra i l er a re chemica l l y  treated and stored in spec ia l  con
tai ners .  Fecal wastes wi l l  be conta ined unti l after the qua ranti ne period . I tems are 
passed in or out of the MQF through a submersib le transfer lock .  A complete communi
cations system is provided for i ntercom and externa l communications to land bases from 
ship or a i rc raft . Emergency a larms a re provided for oxygen a le rts wh i l e  in transport by 
ai rcraft, for fire, loss of power, and loss of negative pressure . 

Spec ia l l y  packaged and contro l l ed mea l s  w i l l be passed into the fac i l i ty where they 
w i l l  be prepared in a microwave oven .  Medica l  equ ipment to compl ete immediate 
post landing c rew examination and tests are provided . 

LUNAR RECE IV I NG LABORATORY 

The fina l phase of the Back  Contami nation Program is compl eted in the Manned Space
c raft Center Luna r Recei ving Laboratory (LRL) . The crew and spacec raft are quaranti ned 
for a mi nimum of 2 1  days after l unar l i ftoff and a re re l eased based upon the completion 
of presc ribed test requi rements and resu l ts .  During this time the CM wi l l  be disi nfected . 
The l unar samples wi l l  be quarantined for a period of 50 to 80 days depending upon the 
resu l ts of extensive biologica l  tests . The LRL serves four  basic purposes : 
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• The quarantine of the l unar mission c rew and spacecraft, the conta inment of l unar 
and l unar-exposed mater ia ls, and quarantine testing to search for adverse effects 
of l unar material upon terrestria l  l i fe .  

• The preservation and protection of the l unar  sampl es .  

• The performance of time-cri tica l i nvestigation . 

• The pre l iminary examination of returned samples to assist i n  an i nte l l igent distri
bution of samples to princ ipa l  i nvestigators . 

The LRL has a vacuum system with manua l l y  operated space g loves l ead ing direct ly  
i nto a vacuum chamber at pressures of  1 0-7 torr {mm of  mercury ) .  I t  has a low- level  
counting fac i l i ty with a background count an order of magnitude better than other 
known counters . Additiona l ly ,  it is a fac i l i ty that can hand l e  cabinets to conta in  
extremel y  hazardous pathogenic materia l .  

The LRL covers 83,000 square feet of floor space and i nc l udes severa l distinct areas . 
These a re the Crew Reception Area (CRA) , Vacuum Laboratory, Sample Laboratories 
{Physical and Bioscience),  and an admini strative and support area . Spec ia l  bu i lding 
systems are employed to maintain  a i r  fiow into sample hand l i ng areas and the CRA to 
steri l ize l i quid waste and to inci nerate contamination a i r  from the primary conta inment 
systems . 

The CRA provides biological containment for the fl ight c rew and 1 2  support personne l .  
The nomina l  occupancy is  about 1 4  days but the fac i l i ty is  designed and equipped to 
operate for considerab ly  l onger i f  necessa ry . 

The biomedical iaboratories provide for the requi red quarantine tests to determine the 
e ffect of l unar sampl es on terrestria l  l i fe .  These tests a re designed to provide data 
upon which to base the dec ision to re l ease l unar materia l  from quarantine . 

Among the tests: 

A .  Germ-free mice wi l l  be exposed to l una r materia ls and observed continuousl y  for 
2 1  days for any abnorma l changes . Periodica l l y ,  groups wi l l  be sacr ificed for pathologic 
observation . 

B .  Lunar material wi l l  be appl ied to 1 2  d i fferent cu l ture media and mai ntained under 
several environmenta l cond itions . The media wi I I  then be observed for bacterial or 
fungal growth . Deta i l ed inven1·ories of the mi crobiol f lora of the spacecraft and c rew 
have been maintained so that any l iv ing materia l found in the sample testi ng can be 
compared agai nst this l i st of potentia l contaminants taken to the moon by the crew or 
spacecraft . 
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C .  S ix types of human and animal tissue cu l ture ce l l s  w i l l  be ma inta ined in the 
laboratory and ,  together wi th embryonated eggs, w i l l  be exposed to the l una r materia l .  
Based on ce l l u lar and/or other changes, the presence of v i ra l  material can be estab-
1 ished so that specia l  tests can be conducted to identi fy and isolate the type of v i rus 
present . 

D .  Thi rty-three spec ies of plants and seed l i ngs wi l l  be exposed to l unar materia l . 
Seed germ ination, g rowth of plant ce l l s ,  or the hea l th of seed l i ngs w i l l  then be 
observed , and histo logica l , m ic robiologica l ,  and biochemica l techniques wi l l  be 
used to determine the cause of any suspected abnormal i ty . 

E .  A number of lower anima l s  w i l l be exposed to l unar mate ria l . These specimens 
i nc l ude fish, b i rds, oysters, shrimp, cockroaches, housefl ies, planaria ,  paramec ia,  
and euglena . I f  abnormal i t ies a re noted , further tests wi l l  be conducted to determi ne 
i f  the cond ition is transmiss ib le from one group to another. 

STE R IL IZAT ION AND RELEASE OF THE S PACECRAFT 

Postfl ight test ing and i nspection of the spacec raft is present l y  l imi ted to i nvest igation 
of anoma l ies which happened duri ng the fl ight . Genera l l y ,  thi s  enta i l s  some spec i fic 
testing of the spacec raft and remova l of certa in  components of systems for further 
ana l ys i s .  The tim ing of postfl ight testing is i mportant so that corrective action may be 
taken for subsequent fl ights . 

The schedu le  ca l l s  for the spacecraft to be returned to port where a team wi l l  deactivate 
pyrotechnics, fl ush and d ra in  fl u id  systems {except water) . This operation wi l l  be con
fined to the exterior of the spacec raft .  The spacecraft wi l l  then be flown to the LRL 
and placed i n  a spec ia l  room for storage ,  steri l izat ion ,  and postfl ight checkout . 
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CONT I NGENCY OPERAT IONS 

G E NERAL 

If  an anoma ly  occurs after l i ftoff that wou l d  prevent the space veh ic le  from fo l l owi ng 
i ts nominal fl i ght p lan,  an abort or an a l ternate mission wi l l  be i ni tiated . Aborts wi l l  
provide for an acceptab le  fl ight c rew and CM recovery wh i l e  a l ternate missions wi l l  
attempt to maximize the accompl ishment of mission ob jectives as we l l as prov id ing for 
an acceptable fl ight c rew and CM recovery . Fi gure 36 shows the Apol l o  1 1  conti ngency 
options . 

ABORTS 

The fol lowi ng sections descri be the abort procedures that may be used to return the 
CM to earth safe l y  fol l owing emergencies that wou l d  prevent the space vehic l e  from 
fo l lowi ng i ts norma l fl ight p lan . The abort desc riptions a re presented in the order of 
mission phase i n  which they cou l d  occur .  

Launch 

There a re six l aunch abort modes . The fi rst three wou l d  resu l t  i n  the termination of 
the launch sequence and a CM land ing in the launch abort a reas . 

Mode I - The Mode 1 abort procedure is designed for sa fe recovery of the CM 
fol l ow ing an abort i n i tiated between Launch Escape System arming and Launch 
Escape Tower jetti son . The procedure wou l d  consist of the Launch Escape Tower 
pu l l i ng the CM off the l aunch vehic l e  and prope l l i ng it a safe d istance downrange . 
The resu l t ing landing poi nt wou l d  l ie between the launch site and approx imate l y  
520 NM downrange . 

Mode I I  - The Mode I I  abort cou ld  be performed from the t ime the Launch Escape 
Tower is jettisoned ear ly duri ng second-stage burn unti l the fu l l - l i ft CM l and i ng 
point reaches 3200 NM downrange . The procedure wou ld consist of separating 
the CSM from the l aunch veh ic l e ,  separat ing the CM from the SM, and then 
l ett i ng the CM free fa l l  to entry . The entry wou ld  be a fu l l - l i ft ,  or maximum 
range tra jectory, with a landing on the ground track between 440 and 3200 NM 
downrange . 

Mode I l l - The Mode I l l  abort procedure cou ld  be performed from the t ime the 
fu l l -l i ft CM l and ing range reaches 3200 NM downrange unti l orbi ta l i nserti on i s  
achieved . The procedure wou l d  consist of  separat ing the CSM from the l aunch 
veh ic l e  and then, if necessary, performi ng a retrograde burn wi th the S PS so that 
the ha l f- l i ft CM l and ing poi nt is no farther than 3350 NM downrange . S i nce a 
ha l f- l i ft entry wou l d  be flown,  the CM landing point wou ld  be approximate l y  70° 
NM south of the ground track between 3000 and 3350 NM downrange . 
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These th ree descr iptions a re based on aborts i ni t iated from the nom ina l  launch tra jectory . 
Aborts from a d ispersed tra jectory w i l l  consist of the same procedures, but the times at 
which the various modes become poss ib le  and the resu l tant landing points may vary . 

The fol l ow ing launch abort procedures are essentia l l y a l ternate launch procedures and 
resul t in i nsertion of the spacecraft i nto a safe earth orbi t .  These procedures wou ld be 
used i n  preference to Modes I I  :md I l l  above un less i mmediate return to earth is necessary 
during the launch phase . 

Mode IV a nd Apogee K ick - The Mode IV abort procedure i s  an abort to earth 
parki ng orbit and cou l d  be performed any t ime after the S PS has the capabi l i ty to 
i nsert the CSM i nto orbi t .  This capabi l i ty begi ns approx imate ly  8 m inutes 30 
seconds GET . The procedure consi sts of separat ing the CSM from the launch vehic l e  
and , short l y  afterwords ,  performi ng a posigrode S PS burn to i nsert the CSM i nto 
earth orbit . This means that any time during the S- IV B burn port ion of the l aunch 
phose the CSM has the capabi l i ty to i nsert i tse l f  i nto orbit i f  the S- IVB shou ld  fa i l .  
Apogee kick is a variation of the Mode IV abort where in  the S PS burn to orbit 
wou ld be performed at,  or near,  the fi rst spacecra ft apogee . The main  di ffe rence 
between the two is the t ime at which the posigrade S PS burn is performed . 

S- IVB Ear ly Stag ing - Under norma l cond itions, the S- IVB is i nserted i nto orbit 
w i th enough fue l to perform the TL I  maneuver. This  capabi l i ty con be used , i f  
necessary, during the launch phase to i nsure that the spacecraft i s  i nserted into a 
safe park i ng orbi t .  Afte r approx imate l y  6 m inutes 30 seconds GET, the S - IVB  has 
the capabi l i ty to be staged ear ly and achieve orb i t .  The CSM/LM cou l d  then 
remai n  in earth orb i t  to ca rry out an a l te rnate mission, or, if necessary, return to 
the West Atlantic Ocean after one revol ution . 

S- IV B  Ear ly Staging to Mode IV - Shou ld  i t  become necessary to separate from a 
ma l function ing S - 1 1  stage , the S- IVB cou ld  import suffi c ient ve loc i ty and a l ti tude 
to the CSM to a l l ow the S PS to be used to place the CSM i nto an acceptab le  earth 
orb i t .  The procedure i s  a combination of  S- IV B  ea rl y staging and Mode IV pro
cedures . Th is means that at any time after 5 m inutes 30 seconds GET the S- IV B/SPS 
combination may be ut i l ized to boost the CSM into a sa fe earth orbi t .  

Earth Parki ng Orbit 

Once  the S- IVB;CSM i s  sa fe ly  i nserted into earth parking orb i t ,  a return-to-ea rth abort 
wou ld be performed by sepa rating the CSM from the S- IVB and then uti l iz ing the S PS 
for a retrograde burn to place the CM on an atmosphere-intersect ing tra jectory . After 
entry, the CM wou ld be guided to a prese l ected target point, i f  avai l ab le .  This pro
cedure wou ld be simi lor to the deorbit and entry procedure performed on the Apol l o  7 
and Apol l o  9 fl ights . 
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Transl unar In jection 

Ten-Minute Abort -There is  on l y  a remote poss ibi l i ty that an immediate return-to-earth 
wi l l  become necessary duri ng the re lat ive ly  short period of the TL I  maneuver.  However, 
if it shoul d  become necessary the 5- IVB  burn wou l d  be cut off ear ly and the crew wou ld  
in it iate an onboard-ca lcu lated retrograde S PS abort burn . The S PS burn wou ld be per
formed approximate l y  1 0  minutes after TL I  cutoff and wou ld  ensure a safe CM entry . 
The e lapsed t ime from abort in i t iation to land ing wou ld  vary from approximate l y  20 
mi-nutes to 5 hours, depend ing on the length of the TLI maneuver performed prior to 
S- IVB cutoff .  For aborts initiated during the latter portion of T L I ,  a second S PS burn 
ca l led a midcourse correction wou ld  be necessary to correct for d ispersed entry cond i
tions . S ince this abort wou ld  be used on ly i n  extreme emergenc ies with respect to crew 
surviva l ,  the landi ng point wou ld  not be considered i n  execut ing the abort . No mean
ingful land ing poi nt pred ictions can be made because of the mult ip le variab les i nvol ved 
inc l ud ing l aunch az imuth , location of TL I ,  the duration of the TLI burn prior to cutoff, 
and execution errors of the abort maneuvers . 

Ninety-Minute Abort - A more probab le si tuation than the previous case is that the TL I  
maneuver wou ld  be completed and then the c rew wou l d  begin  checking any ma l functions 
that may have been evident during the burn . I f, a fter the check ,  it becomes apparent 
that it is necessary to return to earth , an abort wou l d  be i ni tiated at approximate ly  TL I  
cutoff pl us 90 minutes . Un l i ke the previous procedure, this abort wou l d  be targeted to 
a prese lected l anding l ocation ca l l ed a recovery l ine . There are three recovery l i nes 
spaced around the ea rth as shown in Figure 37 . This abort wou l d  be targeted to either 
the Mid-Pacifi c  or the Atl ant ic  Ocean recovery l i ne . The abort maneuver wou ld be a 
retrograde S PS burn fol lowed by a midcourse correction, i f  necessary, to prov ide the 
proper CM entry condit ions . 

Trans l unar Coast 

The CSM/LM wi l l  be in the transl unar coast phase of the mission for approximate ly  3 
days . The abort procedure during this time wou l d  be simi lar  to the 90-minute abort . 
Abort i nformation specify ing a combination of S PS burn t ime and CSM attitude wou ld 
be sent to the crew to be performed at a specific  time . The longi tude of the land ing 
is determ ined by the time of abort and the abort tra jectory . Therefore ,  fixed times of 
abort that w i l l  resu l t  in a landing on the Mid-Pacific recovery l ine w i l l be se lected 
duri ng transl unar coast . Because of the earth 's rotation, a l and ing on the Mid-Pacifi c  
l i ne can be accompl ished onl y during one time i nterva l for each 24-hour period . For 
this reason, a time crit ical si tuation may d ictate targeting the abort to one of the other 
two recovery l i nes in order to minimize the e lapsed time from abort to landing . The 
order of priority for the recovery l i nes is: (I ) Mid-Paci fic l i ne, (2) At lantic Ocean 
l i ne ,  and (3} I ndian Ocean l ine . Al though the longitudes of the recovery l i nes are 
d i fferent, the latitude of land ing wi  II remain  at approximate ly the latitude at which 
TL I  occurred . 
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As the distance between the spacecraft and the moon decreases, the capabi l i ty for 
return to earth increases . This continues unti l some time after the spacecraft reaches 
the moon 's sphere of infl uence (basi ca l l y ,  the point in the tra jectory where the moon 's 
i nfl uence on the spacecraft equa l s  that of the earth) a fter which the return to earth 
becomes less for a c i rcuml unar abort than for a d i rect return-to-earth abort . 

Lunar Orbit Insertion 

Should earl y termination of the LOI burn occur, the resul t ing abort procedure wou ld  be 
one of three modes c lassi fied accord ing to length of burn before termination . Each 
abort mode wou ld  norma l l y  result in return of the CM to the Mid-Pacific  recovery I ine . 
These modes are briefl y  discussed be low . 

Mode I - The Mode I procedure wou ld  be used for aborts fol lowing S PS cutoffs from 
ignition to approximate ly  1 . 5 minutes into the LOI burn . This procedure wou ld 
consist of performing a posigrade D PS burn approximate ly  2 hours after cutoff to 
put the spacecraft back on a return-to-earth t ra jectory . 

Mode I I - The Mode I I  procedure wou ld  be used for aborts fol l owing S PS shutdown 
during the i nterval approximate ly  between LO I igni tion p lus 1 . 5 minutes and LOI 
ignition p lus 3 mi nutes . This abort maneuver is performed in two stages . Fi rst, 
a DPS burn wou ld be executed to reduce the l unar orbita l period and to i nsure 
that the spacecraft does not impact on the I unar surface . After one orbit, a 
second D PS burn wou ld  place the spacecraft on a return-to-earth tra jectory . 

Mode I l l  - The Mode I l l  procedure wou ld be used for aborts fol l owing shutdowns 
from approximate ly  3 minutes i nto the burn unt i l  nomina l  cutoff. After 3 minutes 
of LOI burn, the spacecra ft wi l l  have been inserted i nto an acceptab le l unar orb i t .  
Therefore ,  the abort procedure wou ld be to l et the spacecraft go through one or  
two l unar revol utions prior to doing a posigrade D PS burn at  pericynth ion . This 
wou ld  place the spacecraft on a return-to-earth tra jectory targeted to the Mid
Pacific recovery l ine . 

Lunar Orbit 

An abort from l unar orbit wou ld  be accompl ished by performi ng the TE l  burn ear ly . 
Shou ld  an abort become necessary during the LM descent, ascent, or rendezvous 
phases of the mission, the LM wou l d  make the burns necessary to rendezvous with the 
CSM . I f  the LM were unab le to compl ete the rendezvous, the CSM wou ld ,  i f  possi b le ,  
perform a rescue of  the LM . In  any case, the early TE l wou ld norma l l y  target the CM 
to the Mid-Pacific recovery I i ne . 
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Lunar Modu le  Powered Descent 

Aborts for the powered descent phase are control l ed by the Primary G uidance and 
Navigation System (PG NS) abort program or the Abort Guidance System (AGS) ,  
depending on the operational status of the D PS and the PG NS , I f  both the PG NS 
and D PS are operationa l ,  the abort is in i tiated by pushi ng the "Abort" button . The 
DPS abort w i l l  cont i nue under PG NS control unti l e i ther orbit i nsertion or engine 
cutoff due to D PS fa i lure or propel lant depletion . I f  D PS cutoff occurs and the 
ve locity-to-be-gai ned (VG) is less than 30 fps , the DPS wi l l  be staged manual ly and 
the RCS w i l l  be used to complete the orbit insertion of the LM . I f  VG is  greater than 
30 fps, the "Abort Stage " button is pushed . This stages the Descent Stage, and ignites the 
APS engine . The desi red i nsertion orb i t  w i l l  then be obta ined using the APS .  

I f  the DPS has fai l ed, the abort wi I I  be performed usi ng the APS. As above, the 
procedure is to push the "Abort Stage " button . 

If the PG NS is not operational , the abort is contro l l ed by the AGS .  For a n  opera
tional DPS, the thrust leve l is contro l l ed manua l l y, and the steeri ng is contro l led by 
the AGS .  If the DPS is not operationa l or becomes i noperative w i th a VG greater 
than 30 fps, the DPS wi l l  be staged manual ly, and the RCS wi l l  be used to i nsert 
the LM . 

If  both the PG NS and AGS have fai led, a manua l abort technique, using the horizon 
ang le  for a refe rence, wi l l  be used . 

Lunar Stay 

After LM touchdown i f  an early abort is requ i red there are two preferred l i ftoff times . 
The fi rst i s  actua l ly a 1 5-mi nute span of time begi nning at PD I  (touchdown to 
touchdown p lus 3 m inutes ) .  The second is  at PDI p lus 2 1  . 5  minutes (1-ouchdown p lus 
about 9 . 5  mi nutes) . Both of these aborts wi l l  p lace the LM i nto a 9 x 30-NM orbit  
acceptabl e  for LM-active rendezvous . Here again,  an extra orbit and CSM dwe l l  
orbit  are used to improve the rendezvous phasing and conditions i n  the former case and 
two revol utions are added in the l atte r  case . 

The above times may be ad j usted somewhat i n  rea l -time to account for possib le 
variations i n  the CSM orbit . Subsequent l y  duri ng the lunar stay, the preferred l i ftoff 
time is whenever the phasing is optimum for rendezvous . This occurs once each 
revolu tion short ly after the CM has passed over the site . The nomina l  rendezvous is 
performed with this phasing . 

I n  the un l i ke l y  event of a catastrophic APS fai lure ca l l i ng for an immediate l i ftoff, 
rendezvous fo l lowi ng l iftoff at any time cou ld  be performed within performance and 
time constraints . However, this conti ngency is  considered high ly  un l ike ly and the 
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rendezvous phasing is fai rly poor during some periods . Due to the low probabi l ity of 
such an abort, high ly developed operational plans for such are not being promu lgated . 

Aborts wi l l  proceed under the control of the PG NS, if operating, otherwise under con
trol of AG S. A manual guidance scheme is be ing developed to provide backup i n  the 
event of both PG NS and AG S fai lure .  This backup uses the Fl ight Di rector Attitude 
Indicator, if avai lable, for attitude reference; otherwise, the horizon is used for 
reference . 

Lunar Module Powered Ascent 

Three types of aborts are avai lable for the powered ascent phase . If the PG NS fai ls,  
the abort wi l l  require switching to the AGS. If the APS fai ls,  the abort wi l l  be 
performed using the RCS for i nsertion provided the engine fai l ure occurs within the 
RCS i nsertion capab i l i ty .  If both the PG NS and AGS fai l ,  the abort w i l l  be performed 
by the crew using manual control . 

Transearth Injection 

The abort procedures for early cutoff of the SPS during the TEl  burn are the inverse of 
the LOI abort procedures except that the abort would be performed by attempting to 
reigni te the SPS. For SPS cutoff during the interval between TEl  ignition and ignition 
plus I .5 minutes, the Mode I l l  LOI abort procedure would be used . For SPS cutoff 
between TEl  ignition plus I .5  minutes and TEl  ignition plus 2 minutes, the Mode I I  
LOI abort procedure wou ld be used . If the SPS should be shut down from TEl igni
tion plus 2 mi nutes to nominal end of  TE l ,  abort Mode I would be performed ,  except 
that the 2-hour coast period would be deleted . 

T ransearth Coast 

From TEl  unti l entry mi nus 24 hours, the only abort procedure that could be performed 
is  to use the SPS or the SM RCS for a posigrade or retrograde burn that wou ld respec
tive l y  decrease or increase the transearth fl ight time and change the longitude of 
landing .  After entry minus 24 hours, no further burns to change the l anding poi nt 
wi l l  be performed . Th is is to ensure that the CM maintains the desired entry velocity 
and flight path angle combination that wi l l  a l low a safe entry. 

If duri ng entry, the Guidance, Navigati on, and Control System (G NCS) fails,  a 
guided entry to the end-of-mission target point cannot be flown . In this case, the 
crew wou ld use their Entry Monitor System (EMS) to fly a 1285-NM range . The 
landing point would be approximately 39 NM uprange of the guided target poi nt and 
75 NM north of the ground track . If both the G NCS and EMS fai l ,  a "constant g "  
(constant dece leration) entry would be flown . The l andi ng point would be approximately 
240 NM uprange of the guided target point and 75 NM north of the ground track . 
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ALTER NATE MISS ION SUMMARY 

The two genera l categories of a l ternate missions that can be performed during the 
Apol lo  1 1  Mission are ( 1 ) earth orb i ta l ,  and (2) l unar. Both of these categories have 
severa l  variations which depend upon the nature of the anomaly caus i ng the a lternate 
mission and the resu l ti ng systems status of the LM and CSM .  A brief description of 
these a lternate m issions is contained i n  the fol l owing paragraphs . 

Earth Orbita l  Alternate Missions 

Alternate 1 - CSM-Onl y  Low Earth Orbit 

Condition/Malfunction : LM not extracted, or S-IVB fai led prior to 25, 000-NM 
apogee, or SPS used to achieve earth orb i t .  

Perform: SPS LOI s imu lation ( 1 00 x 400-NM orbit) ,  MCC's to approximate lunar 
time l i ne and for an approximate 1 0-day m ission with l anding i n  1 50°W Pac i fic  
recovery area . 

Alternate 2 - C SM-On ly  Semisynchronous 

Condi ton/Malfunction : S-IVB fai ls duri ng T U  wi th apogee �25,000 NM, LM 
cannot be extracted . 

Perform: SPS phasing maneuver for LOI tracking, LOI s imu lation, SPS phasing 
maneuver to p lace perigee over Pac i fi c  recovery zone at l ater t ime, SPS sem i
synchronous orb i t ,  and further MCC's to approximate l unar t ime l i ne .  

Alternate 3 - CSM/LM Earth Orbit  Combi ned Operations wi th SPS Deboost 

Condi t ion/Mal function : TLI does not occur or TL I  apogee <4000 NM, TD&E 
successfu I .  

Perform : SPS maneuver to raise or l ower apogee for orb i t  l i fetime requi rements 
i f  necessary, s imu lated LOI to raise or l ower apogee to 400 NM, s imu lated DOl 
(in docked configuration) ,  s imu lated PDI ,  S PS maneuver to c i rcu larize at 1 50 NM, 
a l imi ted rendezvous (poss ib ly CSM-active), and further SPS MCC's to complete 
l unar mission t ime l i ne . 
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Al ternate 4 - CSM/LM Earth Orbit Combined Operations with DPS/SPS Deboost 

Condition/Mal function: S-IVB fai ls during TL I ,  SPS and D PS in combination can 
return CSM/LM to low earth orbit wi thout sacri fic ing LM rescue (4000 NM <apogee 
� 1 0,000 NM) . 

Perform: SPS phasing maneuver, s imu lated DOl , PDI  to lower apogee to about 
4000 NM, SPS phasing (simu lated MCC) maneuver to i nsure tracki ng for LOI,  
SPS maneuver to c i rcu l arize at 1 50 NM, a l im i ted rendezvous (possib ly CSM-active),  
SPS maneuver to complete l unar m ission, time l i ne, and achieve nominal 90 x 240-NM, 
end-of-mission orb i t  for an approximate 1 0-day mission wi th l andi ng in 150°W 
Pac ific  recovery area .  

Al ternate 5 - CSM/LM Semisynchronous 

Condit ion/Mal function: SPS and DPS in combination cannot p lace CSM/LM in  
low earth orbit wi thout sacri fic ing LM rescue, SPS prope l lant not sufficient for 
CSM/LM circum lunar mission . 

Perform : SPS phasing maneuver (to p lace a later perigee over an MSFN site),  
SPS LOI (approximate l y  semisynchronous), SPS phasing maneuver i f  necessary to 
adjust semisynchronous orbit ,  docked DPS DOl ,  docked DPS PD I simu lation, 
SPS phasing to put perigee over or opposite recovery zone, SPS to semisynchronous 
orbit, and further MCC's to approximate l unar mission t ime l i ne .  

Lunar Al ternate Missions 

Al ternate l a  - DPS LOI 

Condi tion/Malfunction : Non-nominal T LI such that: continuation of nomina l  
m ission, inc luding CSM/LM LOI  and TE l  with SPS, i s  No-Go; but CSM/LM LOI 
Go with D PS LOJ-1 . 

Perform : TD&E, SPS free-return CSM/LM, DPS LOl - l , and SPS LOI-2 ,  after 
LOI-2 ,  p lane change for site coverage, photography and tracking of future 
l anding s i tes, h igh-inc l ination orb i t  determination, SPS DOl  with CSM/LM for 
three revo lutions . 

Alternate l b  - CSM Solo Lunar Orb i t  

Condit ion/Ma l function: Non-nomi na l  TLI such that :  CSM/LM LO I No-Go, 
CSM-on ly  LO I Go . 
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Perform :  TD&E ,  S PS free-return CSM/LM, LM testing dur ing T LC and D PS staging , 
S PS plane changes i n  l unar orbit for add it iona l s i te coverage, photography and 
track ing of future landing sites, h igh-i nc l i nation orb i t  determi nation, SPS to 60 x 

8-NM orbit for three revol utions . 

Al ternate l c - CSM/LM Fl yby 

Condit ion/Mal function : Non-nominal TLI , such that :  CSM/LM Fl yby Go, 
CSM/LM LOI No-Go, CSM-only LOI No-Go.  

Perform : TD&E , LM testing near pericynth ion , docked D PS maneuver to raise 
pericynthion, DPS staging, and S PS for fast return .  

Al ternate 2 - CSM-Onl y  Lunar Orbi t  

Condit ion/Ma l function: Fa i l u re to TD&E . 

Perform : CSM-on l y  l unar orb i t  mission, S PS plane change i n  l unar orb it for 
add it iona l s i te coverage, photography and tracking of future land ing s i tes, high
inc l i nation orbit determ ination, S PS to 60 x 8-NM orbit for three revol utions . 

Al ternate 3a - D PS TE l 

Cond ition/Mal function : LM No-Go for land i ng ,  but D PS Go for a burn . 

Perform :  S PS DOl  to p lace CSM/LM i n  60 x 8-NM orbit,  three revol utions of 
tracking and photography, S PS c i rcu larization i n  60 x 60-NM orbit, DPS TE l ,  
S PS MCC for fast return . 

Al ternate 3b - DPS No-Go for Burn 

Condit ion/Mal function : LM No-Go for landing, and D PS No-Go for a burn . 

Perform : CSM-only p lane change for s i te coverage . Then fol low same profi le  as 
Al ternate l b, above . 

Al ternate 4 - TE l  With Docked Ascent Stage 

Condit ion/Mal function : CSM communications fa i l u re in l unar orbi t .  

Perform : TE l and keep LM as communication system . I f  DPS avai lab le,  perform 
DPS T E l  as i n  Al ternate 3a . I f  Descent Stage jett isoned, perform SPS TE l  w i th 
Ascent S tage attached . 
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CON FIGURATION D I FFERE NCES 

The space veh ic le  for Apol l o  1 1  varies in i ts configuration from that flown on Apol l o  10 
and those to be flown on subsequent missions because of normal growth , planned changes, 
and experience gained on previous m issions . Fo l lowing is a l i st of the major configuration 
di fferences between AS-505 and AS-506. 

S PACE VEH ICLE 

Command/Service Module (CSM- 1 07) 

• Provided a short SPS mai n propel lant sump 
tank .  

• Changed insulation on  hatch tunne l . 

Lunar Modu le (Ascent Stage) (LM-5) 

• Provided for fi rst usage of EVA antenna 
(VH F) .  

• Incorporated Extravehicu lar Communication 
System (EVCS) into the PLS S .  

REMARKS 

To overcome potent ia l  de lay i n  
avai lab i l i ty of schedu led tank . 

Requi red for l unar land ing mission . 

Provides s imu l taneous and continuous 
te l emetry from two extraveh icu la r  
members, duplex vo ice communication 
between earth and one or both of the 
two extravehicu lar  members, and 
uninterruptabl e  voice  communicati ons 
between the c rew members . 

• Provided a Liquid Cool i ng Garment (LCG) Enhances mission success . 
heat remova I subsystem . 

• Modi fi ed 22 c ri ti ca l  stress corrosion fi ttings . Enhances mission success . 

Lunar Modu le (Descent Stage) 

• Modi fied the base heat shield . 

• Modi fied 1 1  c ri tica l  stress corrosion fi ttings . 

• Added RCS plume defl ectors for each of the 
lower four  RCS thrusters . 
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• Provided for first mission usage of erectable Lunar land ing mission requirement . 
antenna ($ -band) . 

• Provided a modified gimbal  drive actuator Enhances system performance . 
(pola rizer and armature removed, added a 
new brake materia l  and s leeve ) .  

Spacecraft-LM Adapter (S LA- 1 4) 

• (No signi ficant di fferences . )  

LAUNCH VEH ICLE 

Instrument Unit (S- IU-506) 

• (No significant d i fferences . )  

S - IYB Stage (SA-506) 

• (No significant d i ffe rences . )  

S - 1 1  S tage (S- 1 1 -506) 

• Deleted research and deve lopment (R&D) 
instrumentation and retained operationa l 
instrumentation onl y .  

S- IC S tage (SA-506) 

• Retained operational i nstrumentation only .  
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MISS ION SUPPORT 

GENERAL 

Mission support is provided by the Launch Control Center (LCC),  the Mission Control 
Center (MCC), the Manned S pace Fl ight Network (MS FN), and the recovery forces . 
The LCC is  essentia l l y concerned wi th pre launch checkout, countdown, and wi th 
launching the SV, wh i le  MCC located at Houston, Texas, provides centra l i zed mi ssion 
control from l i ftoff through recovery . The MCC functions w i th in  the framework of a 
Communications, Command, and Telemetry System (CCATS); Rea l-Time Computer Com
plex (RTCC); Voice Communi cations System; Display/Control System; and a Mission 
Operati ons Control Room (MOCR) supported by Staff Support Rooms (SSR' s) . These 
systems a l l ow the fl ight control personnel to remain in contact wi th the spacecraft ,  
receive te l emetry and operationa l data which can be  processed by the CCATS and 
RTCC for veri fication of a safe mission, or compute a l ternatives . The MOCR is  staffed 
wi th spec ia l i sts i n  a l l  aspects of the mission who provide the Mission Di rector and Fl ight 
D i rector wi th rea l -time eva l uation of mission progress . 

MANNED S PACE FLIGHT NETWORK 

The MS FN is  a worldwide communications and tracking network which i s  contro l l ed by 
the MCC during Apo l l o  missions . The network is composed of fixed stations ( Figure 38) 
and is suppl emented by mobi l e  stations {Tab le  5) which a re optima l l y l ocated with in a 
g loba l band extend ing from approximate ly 40° south latitude to 40° north latitude . 
Station capab i l i ties are summarized i n  Table  6 .  Figure 39 depicts communications 
during l unar surface ope rat ions . 

The functions of these stations are to provide tracking, tel emetry, updata , and voice com
munications both on an upl ink  to the spacecra ft a nd on a down l i nk to the MCC . Connection 
between these many MS FN stations a nd the MCC is  provided by NASA Communications 
Network (NASCOM) . More deta i l  on mission support is i n  the MOR Supplement . 

US NS VANGUARD 
US NS MERCURY 
US NS REDSTONE 
US NS HUNTSV I LLE 

TABLE 5 

MS FN MOBILE FAC I L IT IES 

Location 

25°N 49°W 
l 0°N 1 75 .2°W 
2 . 25°S 1 66 .  8°E 
3 . 0°N 1 54°E 

APOLLO RANGE I NSTRUME NTATION AI RCRAFT 

S upport 

I nsertion 
I n jection 
I n jection 
Entry (tentative) 

E ight Apo l lo  Range I nstrumentation Ai rc raft (ARIA) wi l l  be ava i lab le  to support the 
Apol lo 1 1  Mission in the Pac i fic sector . The m ission plan cal l s  for ARIA support of 
trans l unar i n jection on revol ution 2 or 3 and from entry (400, 000-foot a l t itude) to 
recovery of the spacecraft and crew after land ing . 
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TABLE 6 

MS FN CONFIG URATION, A POLLO 11  Ml S S  I ON 

I �  I � � l i I� I� 
� .:  

E lli ���� 1 2 l i ' �  I s � I �  l g  �� � I� � � l g  � ::;: "'� 3: 5 � I� g STATION TYPE AND NAME l tJ  I� I �  IB I� 3: "'� <( I �  � �N J:  i =  

TYPE EQUIPMENT 

TRI't"'I<I>Jr. 
C -Band Radar I X X IX I X I X X X I X X l_)< I X X l x l x l x l x 

-
USB l x l>< X X I X I X X l x � � � _K �- l><_ Lx: Lx IX l x l x l x l x 

T-ELEMETRY 

VHF Links l x I X l x lX l x X I X l x X X l_><_ _)<_ I X � X l x : x  )< I X 
USB l x I X IX l x  I X l x I X I X ' x  _)<_ � � l X l x X _)<_ l>< L)( l x  X X ' x  [ x  I X X 
Data I X I X lK l x lx l x l x I X X _)<_ � � _)(_ X )( IX IX X X X I X 
Data Kemoting I X I X lx lx lx I X I� I X l x l� _X l x I X I X lX IX I X I X IX I X I X l x 
Bio-Med ·�' "" lx lx l x l x l x l x l x l x IX I X I X X IX I X I X I X I X I X I X I X 
Display I X 

r 

USB Updata IX lx l x I X I �  L)(_ ! X __)< � l_l< LX X l_l< L>< IX l x lx X l x 
Cmd I X l x  l x l x X X I X l x [)( X l x I X __)< � L>< L><_ I X IX IX I X 
Cmd "U "" I X l x  X X l x � X  ! x l x X I X I X I_><_ __)< I X L>< ! X L><_ I X I X I X 
Cmd Destruct I X l x I X l x l x 

A/G VOICE 

VHF lx L>< I X ' x  I X I X I_>< X IX X X l x l x l x l x l x X 
USB l x I X l x l x l x l x l x l x I X l x I X X I X I X I X I X I X I X X l x I X l x l x X 

TV 

USB l x  l x [ x  l x I X I*> _X: I X I_><_ � l_l< � � lx r>< l>< � X �X I X I X 

SPAN I X l_)< 
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RECOVERY SUPPORT PLAN 

GENERAL 

The Apol l o  1 1  fl ight c rew and Command Module (CM) wi l l  be recovered as soon as 
poss ib le after land ing,  wh i le observing the constra ints requi red to main ta i n  biologi ca l 
i solation of the fl ight crew, CM, and materia l s  removed from the CM. After locating 
the CM, fi rst considera tion wi l l  be given to determi ning the condi tion of the astronauts 
a nd to p rovid ing fi rst-level medica l a i d  when requi red . T he second considera tion wi l l  
be the recovery of the astronauts and CM . Retrieva l of the CM ma in  parachutes , apex 
cover, and drogue parachutes, i n  that order, is h igh ly des i rab le  if feasib le and practica l .  
Specia l c lothi ng, procedures, and the Mobi le  Qua rantine Faci l i ty (MQF) wi l l  be used 
to p rovide biologica l  i solation of the astronauts and CM . The l unar sample rocks wi l l  
a I so be isolated and returned to the Manned Spacecraft Center with i n  30 hours as 
spec i fi ed by NASA . 

T he recovery forces wi l l  a lso be capable of sa lvaging portions of the space veh ic le  in  
case of a catastroph ic  fa i l ure i n  the v ic in i ty of the launch si te .  Spec ific components 
to be recovered wi l l  be identified after the fact. After a norma l launch ,  if i tems such 
as portions of the fi rst stage of the launch veh ic le or the Launch Escape System (LES) a re 
found, they shou ld  be recovered i f  poss ib le .  I f  i t  appears that the i tems a re too large 
or unsafe for retrieva l ,  the Mission Control Center wi l l  be contacted for gui dance before 
recovery i s  a ttempted . 

LAUNCH PHASE 

Duri ng the t ime between LES a rm ing and parking orbi t  i nsertion , the recovery forces a re 
requi red to p rovide support for land ings that wou ld  fol low a Mode I ,  I I ,  or I l l  launch 
abort 

Launch S i te Area 

The launch si te a rea inc ludes a l l  possib le CM land i ng poi nts wh i ch wou ld occur 
fol l owing aborts i n i tiated between LES a rming and approximately 90 seconds GET .  
F igure 4 1  shows the launch s i te a rea and recovery force dep loyment . Recovery forces 
i n  the launch site a rea wi l l  be capable of meeting a maximum access t ime of 30 mi nutes 
to any poi nt in the a rea . Th i s  support i s  requi red from the t ime the LES is armed unti l 
90 seconds after l i ftoff. However, prior to LES a rming, the launch site forces a re 
requi red to be ready to provide assi stance , i f  needed, to the Pad Egress Team,  and, 
after T p lus 90 seconds, they a re requi red to be prepared to provide assistance to the 
launch abort area recovery forces. I n add i tion to the 30-minute access time, the launch 
si te recovery forces a re requi red to have the capabi l i ty to: 

6/24/69 
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a .  Provide firefighting units that ore capable of conta i ni ng hypergo l i c  fue l  f ires. 

b .  Upright the CM. 

c .  T ransport the f l i ght  c rew from any point i n  the a rea to the Patric k  AFB hosp i ta l .  

d .  T ransport the CM to a deactivation s ite. 

e .  P rov ide debris location, mopp ing,  and recordi ng assistance for a sa lvage operation . 

Launch Abort Area 

The l aunch abort a rea i s  the a rea i n  wh ich the CM wou ld  land fol l owing on abort 
in i tiated duri ng the launch phose of fl ight, after approximate ly  90 seconds GET .  The 
launch abort a rea shown i n  Figure 42 i nc ludes a l l  poss ib le  CM land ing points fol lowi ng 
a launch abort from any launch azimuth . T he launch abort land ing a rea is d iv ided into 
two sectors: A and B .  These sectors ore used to differentiate the level of recovery 
support ava i lab le i n  the a rea . Sector A is  a l l  the a rea i n  the launch abort a rea that is 
between 4 1  and 1 000 nautica l  m i les (NM) downrange of the launch s i te . Sec tor B is a l l  
the a rea i n  the launch abort a rea that i s  between 1 000 and 3400 NM downrange of the 
launch s i te .  

The primary respons ib i l i ty of launch abort forces i s  to locate and recover the astronauts 
and retrieve the CM with i n  the requ i red access and retrieva l times shou ld  a landing 
occu r in the launch abort a rea . The forces requ i red, the i r  staging bases, and access 
t imes ore l i sted i n  Tab le 7. 

Two secondary recovery sh ips and three search and rescue a i rcraft wi l l  be posit ioned i n  
the launch abort a rea as shown in  Figure 42 . Sh ip  and a i rcraft stations i n  the launch 
abort a rea wi l l  sweep to the south each day during the launch wi ndow as the launch 
azimuth changes from 72° to l06° . Recovery ships and ai rcraft o re positioned for optimum 
coverage of the 72° launch azimuth . Launch abort a i rcraft o re requ i red to p rovide a 
4-hour a ccess time to any launch azimuth . Rt!trievo l  time in  Sector A wi l l  be 24 hours . 
Sector B wi l l  be considered as a contingency ret rieva l a rea; therefore , retrieva l wi l l  be 
as soon as possi b l e .  HC- 1 30 a i rcraft wi l l  be on sta tion ten m inutes prior to p redicted 
land ing time . Recovery forces provid ing immediate launch abort support wi I I  be re leased 
after tronsl uno r  i n jecti on (T LI ) .  

EART H PARKI NG ORBIT PHASE 

Earth pa rki ng orb i t  (EPO) secondary landing a reas (SLA 's) ore configured to inc lude 
target points and associated d ispersion a reas with l ow-speed entries from nea r-earth 
orb i ts . T hese a reas o re se lected to p rovide recovery support at su itab le time interva l s  
throughout the EPO phose of the mission . T he SLA i s  a 2 1 0-NM long by 80-NM wide 
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TABLE 7 

RECOVERY FORCE REQUIREMENTS 

LAUNCH ABORT AREA 

AREA ReTRIEVAL ACCESS 
OR TIME (HR) TIME (HR) SHI P  HC- 1 30 AIRCRAFT 

ZONE DESCRIPTION SHI P A/C ::iTA PU:SlTlUN TYPI:: ::iTA [ NU PU::ilTlUN 

L Sector A :  From launch s ite 24 4 1 2 8 °00 ' N  DD Al 1 32 ° 3S ' N  
A to 1000 NM downrange. SO NM 70 °00 ' W  7 1  °00 ' W  
u north of 072 ° azimuth and 
N SO NM south of 106 ° azimuth . 
c 
H 

A Sector B :  From 1000 NM to ASAP 4 2 2S 000 1 N  AIS Bl 1 3S000 ' N  
B 3400 NM downrange . SO NM 49°00 1 \V  49°0S ' W  
0 north of 072 ° azimuth and 
R SO NM south of 106 ° azimuth , Cl 1 27 °3S ' N  
T 28 °2S ' W  

NOTE 1 :  Ship positions shown are for 0 72 °  azimuth l aunch on 16 July. As l aunch az imuth increases , 
ships wi l l  proceed south . 

NOTE 2 :  Aircraft pos i tions shown are for 072 ° azimuth launch on 1 6  Jul y .  As launch azimuth increases , 
aircraft wi l l  proceed south and maintain their relative pos i t i on to the changing ground trac k .  
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d i spersion e l l ipse oriented a long the entry ground track  and centered on the target poi nt. 
For the Apo l lo  1 1  Mission, EPO S LA's  wi l l  be requi red for four revol utions and are 
se lected in two genera l  l ocations ca l led recovery zones . See Figure 43 for l ocations and 
Tab le 8 for access and retrieva l times and forces requi red . I f  the T LI maneuver is not 
completed and a long duration earth orbita l miss ion is flown, Zone 2, located in the 
East Atlantic Ocean, wi l l  a l so be activated . For l andi ngs during thi s  phase of the 
mission, one HC- 1 30 aircraft wi l l  be stationed 50 NM abeam of the target poi nt . 

The contingency landing area for this  phase inc ludes a l l  the earth ' s  surface between 
34° N and 34°S lati tude , except the launch abort, earth orb i ta l ,  and deep space SLA's ,  
and the end-of-mission p la nned landing area . The forces required, their staging bases, 
and access times are l i sted in Tab le 8 .  

DEEP SPACE PHASE 

Deep space SLA's  are designed to inc l ude the target point and d i spersion area associa ted 
with a high-speed entry from space . T hese areas are se l ected to prov ide recovery support 
at sui tab le  t ime i nterva ls  throughout the transl unar, l unar orbit, and transearth phases 
of the mission . Deep space SLA ' s  are located a l ong or near ship-supported recovery l i nes 
which are spaced to provide varying return times as shown in Fi gure 44. 

For the Apo l l o  1 1  Mission, these areas are defi ned as the areas where a landing cou l d  
occur fol lowi ng translunar  coast aborts targeted to the M id  Pacific L i ne (MPL) (l ine 4) , 
and any abort after T LI targeted to the At lant ic Ocean L ine (AOL) (l i ne 1 ) .  USS HORNET 
and two aircraft (HC- 1 30's) are required to provide secondary landing area support for 
the MPL, and USS OZARK and two ai rcraft (HC- l 30's) are requ i red for the AOL. The two 
ships wi l l  move a long l i nes 1 and 4 to mainta i n  the latitude of the moon ' s  dec l i nation i n  
the opposite hemisphere . Table 9 shows the approximate location of  this point for each 
day 's  launch window. Actua l posi tions requi red for each day wi l l  be publ ished in  the 
appropriate task force operati ons order. 

The on l y  t ime the ship ' s  position is  cri t ica l  is during the fi rst few hours after T LI . The 
min imum t ime between abort i ni tiation and landing for these aborts wi l l  be approx imate ly  
1 1  hours for the AOL and 1 3  hours for the MPL.  After these times, the return time 
becomes greater leaving suffi cient time to position the sh ip at the CM target poin t .  At 
entry mi nus 35 hours, if the CM is sti l l  targeted to the MPL, USS OZARK wi l l  be 
re leased . 

Aborts made to the MPL or AOL after T LI require ,  wi th in  the h igh-speed entry footpri nt, 
an access time of 1 4  hours and retrieva l t ime of 24 hours to any point in the area . 

For deep space aborts to the M PL, one HC- 1 30 aircraft w i l l  be stationed 200 NM up
range and 1 00 NM north of the ground track, one 200 NM north of ground track, and 
one abeam of the target point and 50 NM north of the ground track .  Minimum a l ert 
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RECOVERY ZONES 

300 NM radius of 
29°00 ' N ,  70°00 ' W  

510 NM radius of 
25°30 1 N, 148°00 ' W  

DESCRIPTION 

A l l  area outside the 
launch site , launch 
abort , primary and 
secondary landing 
areas between 40"N 
lS "S . For earth 
orbital phase, lati-
tude l imits are 34"N 
and 34 •s . 

\ 

TABLE 8 

RECOVERY FORCE REQUIREMENTS 

EARTH ORB ITAL PHASE 

SECONDARY LANDING AREAS 

RETRIEVAL 
TIME (HR) TIME (HR) SHI P  HC-130 AI RCRAFT 

SHIP A/C TYPE POS ITION NU _::;TAG!N(i 8A::;t:::; 

24 6 DD 32"31 1 N  2 Kindley AFB, Bermuda 
70"00 ' W  

24 6 DO 25"30 ' N  2 Hickam AFB ,  Hawaii 
148"00 ' W  

EARTH ORBITAL AND DEEP SPACE 

CONTINGENCY LANDING AREA 

ACCESS TIME A/C A/C 
HR A/C READ INESS NO . STAGING BASES 

1 8  See Tab A 2 Bermuda (May be released after TLI) 
to Appen- 2 Ascension I s land 
dix V I I  2 Lajes/Moron (May be released after 

TLI) 
2 Mauritius I s land 
2 Hickam AFB, Hawaii 
1 Andersen AFB , Guam (SAR Alert) 
2 Howard AFB , Canal Zone 
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posture for HC- 1 30 a i rcraft is l i sted i n  Table 1 0. Tab l e  1 1  shows the access and retri eva l 
times and forces requ i red to support the deep space SLA ' s .  

T he contingency landing a rea for the deep space phase of the mission is associa ted with 
very l ow probabi l i ty of a CM landing and requ i res land-based recovery ai rcraft support 
on ly .  For Apo l lo 1 1 ,  the deep space cont ingency landing a rea is a l l  the area in a band 
a round the earth between 40°N a nd ] 5° S  outside the p rimary and seconda ry landi ng 
a reas .  The forces requi red, the i r  staging bases, and  access times a re shown i n  Table 8. 

Launch Date 

1 6  Ju ly  

18  Ju ly  

2 1  Ju ly  

TABLE 9 

RECOVERY S H I P  LOCAT IONS ,  DEEP SPACE PHASE 

Mid-Pacif ic Line 
USS HORNET 

OJOOO 'S I 1 65°00 'W 

Atl antic Ocean L ine 
USS OZARK 

END-OF-MISS ION PHASE 

T he norma l end-of-mission (EOM) land ing a rea wi l l  be se lected on or nea r the MPL 
{l i ne 4) located in the Mid-Paci fic Ocean as shown in Figure 45 . The lati tude of 
the target poi nt wi l l  depend on the dec l i na tion of the moon at transearth i n jection and 
wi l l  be in the genera l range of l l0 N  to 29°N for the J u l y  launch window . The target 
poi nt wi l l  norma l ly be 1285 NM downrange of the entry poi nt .  Forces wi l l  be 
assigned to this a rea , as l i sted i n  Tab le 1 1 , to meet the speci fied access and retrieva l 
t imes . T hese forces wi l l  be on station not later than 1 0  mi nutes prior to predicted CM 
l andi ng time . 

I f  the entry range is  i nc reased to avoid bad weather, the a rea moves a long with the 
target point a nd conta i ns a l l  the h igh probabi l i ty land i ng poi nts as long as the entry 
range does not exceed 2000 NM.  Access and retrieva l times quoted for the primary 
land i ng a rea wi l l  not app ly i f  entry ranges greater than 2000 NM are f lown dur ing the 
mission . 
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TABLE 1 0  

HC-130 MINIMUM ALERT POSTU RE 

LAIINr.H TO PARKING ORBIT 
STAGING PARKING ORBIT INSERTION 

BASE INSERTION TO TLI AFTER TLI * REMARKS 

Pease Aircraft A air- l aircraft with Aircraft can be 
borne in LaWlch l/2 hr reaction released after 
Abort Area t ime . Aircraft TLI 

A or B can pro-
Kindley Aircraft B air- vide support Aircraft can be 

borne in Launch whi le returnin& released after 
Abort Area to home base TLI 

Lajes Aircraft C air- Aircraft re- Aircraft can be 
borne in LaWlch turning to home released after 
Abort Area base TLI 

Ascension Not Required 1 a ircraft with 2 aircraft with 1/2 Aircraft can return t o  home 
2 hr reaction hr reaction time base after TLI + 35 hours . 
t ime Wlti l  TLI + 4 hrs Aircraft can be released at 

entry minus 37 hours i f  CM 
i s  st i l l  t argeted to MPL .  

Mauritius Not Required l a ircraft with 1 aircraft with 6 Aircraft can be released at 
2 hr reaction hr reaction t ime entry minus 56 hours i f  CM 
time unt i l  TLI p lus 1 4  s t i l l  targeted t o  MPL .  

hrs 

*Reaction times are des i gned to provide required support during first few hours after TLI for 
any poss ible miss ion launched during the July launch window. After TLI the miss ion traj ectory 
wi l l  have been es tablished and more relaxed reaction times w i l l  be possible based on the min i 
mum return time . These minimum return t imes wi l l  be passed to recovery forces as they are 
identi fied .  

\ 
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RECOVERY ZONES 

A 1 2 5  NM circle cen-
tered 275 NM uprange 
A 1 2 5  NM circ le cen-
tered 25 NM uprange 
from the tar11et 
point connected by 
two tangential lines 

Same as Mid-Pacific 
Line 

MPL DESCRIPTION 

Same as Mid-
Pacific line 

TABLE l l  

RECOVERY FORCE REQUIREM ENTS 
DEEP SPACE PHASE 

MID-PAC I F I C  L I NE 4 

lll;'ilt1Jo VAL ACCl:.!;:S 
TIHE (HR) TUIE (I!R) SHI P  HC- 1 30 A I RCRAFT 

SH I P  A/C l'Y?E POSITION NO s·fAG I NG BASES 

24 1 4  CVS At TP, lat i - 2 Hickam AFB ,  Hawai i .  One 
tude dependent A/C 200 NM uprange and 
on launch day 100 NM north of ground 

trac k .  One A/C 200 NM 
downrange of TP and 100 
NM north of ground track . 

ATLANTIC OCEAN LINE 1 

24 14 MCS -2 Same as Mid- 2 Ascens ion .  One HC-130 
Pacific Line 200 NM uprange at TP and 

100 NM north of ground 
trac k .  One HC-130 abeam 
of TP and 50 NM north of 
2round track . 

DEEP SPACE PRIMARY LANDING AREA 

RETRIEVAL ACCESS DEPLOYMENT 
TIME (HR) TIME (HR) SHI P A I RCRAFT 

SHI P  A/C NO. TYPE POSITION NO . POSITION 

Crew 1 6  2 1 cvs At TP, lati· 4 llelos (*) 
CM 24 tude de- 2 HC- 1 30 (* ) 

pendent on 1 E - l B  (AIR BOSS) 
l aunch day 
(as updat ed, 

1 EC-135 (ARIA) 
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The recovery forces i n  the prima ry land ing a rea wi l l  be capab le  of meeting: 

• A maximum access time of 2 hours to any point in  the area . 

• A max imum crew retrieva l t ime of 1 6  hours to any point i n  the area . 

e A maxi mum CM retrieva l time of 24 hours to any poi nt i n  the a rea . 

The recovery forces assi gned to the pri mary landing area a re :  

• USS HORNET wi l l  be on the EOM target poi nt .  

• Three SARAH-equipped he l i copters, each earri ng a th ree-man swimmer team,  to 
conduct e l ectroni c sea rch a re requ i red .  At l east one of the swimmers on each team 
wi l l  be equipped w i th an underwater (Ca lypso) 35mm camera . NASA wi l l  furn ish 
the equ ipment a nd fi lm  and wi l l  brief the swimmers concern i ng emp l oyment and 
coverage requi red .  

• One he l i copter to carry photographers as designated by the NASA Recovery Team 
leader assigned to USS HORNET in the v ic i n i ty of the target poi nt .  

e One a i rcraft to function as commun ications re lay, sta ti oned overhead a t  the scene 
of action . 

e One fixed-wi ng or rotary-wing a i rcraft over USS HORNET to function as on-scene 
commander. 

• One HC- 1 30 ai rcraft w i th operationa l AN/ARD- 1 7  (Cook Tracker) , 3-man para
rescue team, and complete Apol lo  recovary equi pment w i l l  be stationed 200 NM up
range from the target poi nt and 1 00 NM north of the CM ground track at 25, 000 feet . 

• One HC- 1 30 ai rcraft w i th operationa l AN/ARD- 1 7, 3-man pararescue team, and 
comp le te Apo l l o  recovery equipment wi I I  be stati oned 200 NM downrange from the 
target poi nt a nd 1 00 NM north of the CM ground track at 25, 000 feet .  

• Prior to CM reentry , one EC- 1 35 Apo l lo Range I nstrumentation A i rcraft wi l l  be on 
station near the primary landing a rea for network support . 
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FLIGHT CREW 

FLIGHT CREW ASS I G NME NTS 

P ri me Crew (Figure 46) 

Commander (CDR) - Nei l  A .  Armstrong (Civ i l ian) 
Command Modu le  Pi l ot (CMP) - Michae l Col l i ns (Lt . Co lone l ,  USAF) 
Luna r  Modul e Pi l ot (LMP) - Edw in  E .  Al dri n ,  J r .  (Col one l ,  USAF) 

Backup Crew (Figure 47) 

Commander (CDR) - James A .  Love l l ,  J r .  (Capta i n ,  US N) 
Command Modu le  Pi l ot (CMP) - Wi l l iam A .  Anders (Lt . Colone l ,  USAF) 
Lunar Modul e Pi l ot (LMP) - Fred Wal l ace Haise , J r .  (C iv i l ian) 

The backup c rew fo l l ows c l ose ly the tra in ing schedu le  for the prime crew and functions 
in three signi ficant categories.  One , they a re fu l l y  informed assistants who he l p  the 
prime c rew organize the m issi on and check out the hardware . Two, they rece ive 
near ly  complete mission tra i n i ng which becomes a va l uab le  foundation for later assign
ments as a prime c rew . Three , shou ld  the prime crew become unavai lab l e ,  they are 
prepared to fly as prime c rew up unti l the l ast few weeks prior to launch . During the 
fi na l weeks before launch, the fl ight hardware and software , ground hardware and 
software , and fl ight c rew and ground c rews work as an i ntegrated team to perform 
ground simu lations and othe r  tests of the upcoming mission . It is necessary that the 
fl ight c rew that w i l l  conduct the mission take pa rt in these activ i t ies ,  which are not 
repeated for the benefit of the backup c rew . To do so would add an add it ional cost l y  
and t ime consumi ng period to the pre launch  schedu l e ,  which for a l unar mission wou ld  
requ i re reschedu l ing for a late r  l unar  launch w indow . 

PRIME CREW BIOG RAPH ICAL DATA 

Commander (CDR) 

NAME : Nei l  A .  Armstrong (Mr . )  

B IRTHPLACE A N D  DATE :  Wapakoneta , Ohio; 5 August 1 930 . 

PHYS ICAL DESCR IPT ION : B lond hai r; b l ue eyes; he ight:  5 ft . 1 1  i n . ;  weight :  
1 65 l b .  

EDUCAT ION:  Received a Bachelo r  of Sc ience degree i n  Ae ronautical Engineering 
from Purdue Univers i ty in 1 955 . Graduate School - Unive rs i ty of Southe rn 
Cal i fornia . 
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ORGANIZATIONS : Assoc iate Fe l low of the Society of Expe rimenta l  Test Pi l ots; 
Associate Fe l l ow of the American I nstitute of Aeronautics and Astronautics; 
and member of the Soaring Society of America . 

S PEC IAL HONORS :  Rec i pient of the 1 962 Institute of Aerospace Sciences Octave 
Chanute Award; the 1 966 A IAA Astronautics Award; the NASA Exceptiona l 
Serv ice Meda l ;  and the 1 962 John J .  Montgomery Award . 

EXPERIE NCE : Armstrong was a naval aviator from 1 949 to 1 952 . In  1 955 he 
joined NASA's Lewi s  Research Center (then NACA Lewis  Fl ight Propu lsion 
Laboratory) and l ater transferred to the NASA H igh Speed Fl ight Station (now 
F l ight Research Center) at Edwards Ai r Force Base, Ca l i fornia, as an aero
nautica l research pi lot for NACA and NASA.  In th is  capacity ,  he performed 
as an X- 15 project pi l ot ,  flying that ai rcraft to over 200,000 feet and approxi
mate ly  4000 mi les per hou r .  Other f l ight test work inc luded pi loting the X- 1  
rocket a i rplane , the F- 1 00, F- 1 0 1 ,  F- 1 02,  F- 1 04, F-5D, B-47, the parag l ider, 
the B-29 "drop" a i rplane, and othe rs .  

CURRENT ASS IG NME NT: Mr .  Armstrong was selected as an astronaut by NASA 
in  September 1 962 .  He served as the backup Command Pi l ot for the Gemini 5 
fl ight . 

As Command Pi l ot for the Gemini 8 Mission, which was launched on 1 6  March 
1 966, he performed the first successful dock ing of two vehic l es in space . The 
fl ight, orig ina l l y  schedu led to last 3 days, was terminated ear ly due to a 
ma l functioning attitude system thruster, but the crew demonstrated exceptiona l 
pi l oting ski l l  i n  overcoming this prob lem and bri ng ing the spacecraft to a safe 
land i ng . 

He subsequent ly  served as backup Command Pi lot for the Gemini 1 1  Mission 
and backup Commander for the Apol lo 8 Mission . In his  current assignment 
as Commander for the Apo l l o  1 1  Mission, he wi l l  probably be the fi rst human 
to set foot on the moon . 

Command Module Pi l ot (CMP) 

NAME : Michae l Col l ins (Lieutenant Colone l ,  USAF) 

B I RTH PLACE AND DATE : Rome , Ita ly; 3 1  October 1 930 . 

PHYS ICAL DESCRI PT ION:  Brown hai r; brown eyes; height: 5 ft . 1 1  in . ;  weight: 
1 65 l b .  

EDUCATION: Received a Bachelor o f  Sc ience degree from the Uni ted States 
M i l i tary Academy at West Poi nt, New York, in 1 952 . 
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ORGANIZAT IONS :  Member of the Society of Experimenta l Test Pi lots . 

S PECIAL HONORS :  Awarded the NASA Exceptional Service Meda l ,  the Air 
Force Command Pi l ot Wings, and the Ai r Force Distingui shed Fl ying Cross . 

EXPER IENCE : Col l ins chose an Ai r Force career fol l owing graduation from West 
Point.  He served as an experimenta l fl ight test officer at the Ai r Force Fl i ght 
Test Center 1 Edwards Air Force Base 1 Ca I i fornia . In that capacity, he tested 
performance 1 stab i l i ty 1 and control characteristics of Air  Force ai rcra ft -
primari l y  jet fighters .  

CURRE NT ASS IG NME NT: Lt . Colonel Col l i ns was one o f  the thi rd group of 
astronauts named by NASA in October 1 963 . H i s  fi rst ass ignment was as 
backup Pi l ot for the Gemini 7 Mission. 

As Pi lot of the 3-day, 44-revol ution Gemini 10 Mission, launched 18 Ju ly  
1 9661 Col l i ns shares w i th Command Pi l ot John Young i n  the accompl i shments 
of that record-setting f l ight - a  successful rendezvous and docking with a 
separate l y  l aunched Agena target vehic le  and , using the power of the Agena , 
maneuvering the Gemini spacecraft i nto another orbit  for a rendezvous with 
a second , passive Agena . The spacecraft landed 2 . 6  mi les from the USS 
GUADALCANAL and became the second in the Gemi ni Program to land 
wi thin eye and camera range of a primary recovery shi p .  

He  was assigned as Command Modu le  Pi l ot on the prime crew for the Apo l lo  8 
Mission but was replaced when spina l surgery forced a lengthy recuperation . 

Lunar Module Pi lot (LMP) 

NAME: Edwin  E .  A ldrin ,  J r .  (Colone l ,  USAF) 

B I RTHPLACE AND DATE : Montclair,  New Jersey; 20 January 1 930 . 

PHYS ICAL DESCRI PT ION:  B lond hair; b l ue eyes; height: 5 ft . 1 0  i n . ;  wei ght :  
1 65 l b .  

EDUCATION:  Received a Bachelor  o f  Science degree from the Uni ted States 
M i l itary Academy at West Point ,  New York, in 1 95 1  and a Doctor of Science 
degree in Astronauti cs from the Massachusetts Institute of Technology i n  1 963; 
reci pient of an Honorary Doctorate of Science degree from Gustavus Adol phus 
Col lege i n  1 967. 

ORGANIZAT IONS:  Fel low of  the American I nstitute of  Aeronautics and Astro
nautics; member of the Society of Experimenta l Test Pi l ots , S i gma Gamma Tau 
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(aeronautical engineering soc iety), Tau Beta Pi (national engineeri ng soc iety), 
and Sigma Xi (national science research society); and a 32nd Degree Mason 
advanced through the Commandery and Shrine . 

S PEC IAL HONORS :  Awarded the Distinguished F lyi ng C ross w i th one Oak Leaf 
Cl uster, the Air Meda l  wi th two Oak Leaf C l usters , the Ai r  Force Commendation 
Meda l ,  the NASA Exceptiona l Service Meda l and Ai r  Force Command Pi lot 
Astronaut Wings, the NASA G roup Achievement Award for Rendezvous Opera
tions Planning Team, an Honorary L ife Membership in the I nternational Associa
tion of Machinists and Aerospoce Workers, and an Honorary Membership in the 
Aerospace Medical Association . 

EXPE RI ENCE:  Aldrin was graduated th i rd i n  a c lass of 475 from the Uni ted States 
M i l i tary Academy at West Point in 1 95 1  and subsequent ly received his  w ings 
at Bryan,  Texas in 1 952 . 

He flew combat m issions in F-86 aircra ft whi l e  on duty in Korea w ith the 5 1 st 
Fighter I nterceptor Wing . At Nel l i s  Air Force Base , Nevada, he served as an 
aeria l gunnery i nstructor and then attended the Squadron Offi cers '  Schoo l at 
the Ai r University, Maxwe l l  Ai r Force Base, Alabama . 

Fol lowing his assignment as Aide to the Dean of Faculty at the Uni ted States 
Air Force Academy, Aldrin flew F- 1 00 ai rcra ft as a fl ight commander with 
the 36th Tactical Fighter Wing at Bitburg, Germany. He attended MIT 1 

receiving a doctorate a fter completi ng his thesis concerning guidance for 
manned orbi ta l  rendezvous, and was then assigned to the Gemini Target Office 
of the Ai r  Force Space Division, Los Angel es ,  Ca l i fornia . He  was later t rans
ferred to the USAF Fie l d  Office at the Manned S pacecraft Center which was 
responsib le  for i ntegrati ng DOD experiments i nto the NASA Gemini fl ights . 

CURRE NT ASS I G NMENT:  Colonel Aldrin was one of the thi rd group of astronauts 
named by NASA i n  October 1 963 . He has si nee served as backup Pi lot for 
the Gemini 9 Mission, prime P i lot for the Gemini 1 2  Mission , and backup 
Command Modu le  Pi lot for the Apol lo 8 Mission . 

BACKUP  C REW B IOG RAPH ICAL DATA 

Commander (CDR) 

NAME : James A .  Love l l ,  J r .  (Capta in ,  US N) 

B I RTHPLACE AND DATE:  C leveland ,  Ohio; 25 March 1 928 

PHYS ICAL DESCRI PT ION:  B lond hai r; b lue eyes; height: 5 ft . I I i n . ;  weight: 
1 70 l b .  
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EDUCATION:  Attended the Univers i ty of Wisconsin for 2 years; received a 
Bache lor of Science degree from the United S tates Nava l Academy in 1 952 . 

ORGANIZATIONS : Member of the Society of Experimenta l Test Pi lots and the 
Explorers C l ub.  

S PEC IAL HONORS :  Awarded the NASA Distinguished Service Meda l , two NASA 
Exceptiona l Service Meda l s ,  the Navy Astronaut Wings, two Navy Dist inguished 
F lying Crosses, and the 1 957 FAI Delavau ly and Gold Space Meda ls (Athens, 
G reece); co-reci pient of the 1 966 American Astronautica l Society F l i ght 
Achievement Award and the Harmon Internationa l Aviation Trophy in 1 966 
and 1 967; and rec ipient of the American Academy of Achievement Gold Plate 
Award and the New York State Medal for Val or in 1 969. 

EXPER I ENCE :  Love l l  received fl ight t ra i ning fol l owing graduation from Annapo l i s .  
He has had numerous assignments inc lud ing a 4-year tour as a test pi l ot at the 
Naval Ai r Test Center, Patuxent River, Mary land . Whi le there he served as 
program manager for the F4H weapon system eva l uation . A g raduate of the 
Aviation Safety School of the Unive rsity of Southern Ca l i fornia, he a l so 
served as a fl ight i nstructor and safety officer w i th Fighter Squadron 1 0 1  at 
the Nava l Ai r Station, Oceana , Vi rginia . 

CURRE NT ASS IGNME NT: Capta in  Love l l  was sel ected as an astronaut by NASA 
in September 1 962 . He has served as backup Pi l ot for the Gemini 4 f l ight 
and as backup Command Pi lot for Gemini 9 .  
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On 4 December 1 965, he and Command Pi l ot Frank Borman were l aunched 
i nto space on the h istory-making Gemi ni 7 Mission . The fl ight lasted 330 
hours 35 minutes, during which the fol l owing space " fi rsts " were accompl ished : 
l ongest manned space fl ight; fi rst rendezvous of two manned maneuverable 
spacecraft 1 as Gemini 7 was joi ned by Gemini 6; and longest mul t i  manned 
space fl ight . 

The Gemini 1 2  Mission , with Command Pi l ot Lovel l  and Pi lot Edwin Aldrin, 
began on 1 1  November 1 966. This 4-day 59-revol ution fl ight brought the 
Gemini Program to a successful c lose . 

Love l l  served as Command Modu le  Pi l ot for the epic 6-day journey of 
Apol lo 8 - man ' s  maiden voyage to the moon - 2 1 -27 December 1 968 . 
Apo l lo  8 was the first "manned spacecraft "  to be l i fted i nto near-earth orbi t 
by a 7 .5  mi l l ion pound thrust Saturn V Launch Veh ic le,  and every aspect of 
the mission went smooth l y  from l i ftoff to land ing . 
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Havi ng completed three space fl ights1 Captain Love l l  holds the endurance 
record for time i n  space with a tota l of 572 hours 1 0  mi nutes . 

Command Module Pi l ot (CMP) 

NAME: Wi l l iam A.  Anders ( Lieutenant Co l one l ,  USAF) 

B IRTH PLACE AND DATE : Hong Kong; 1 7  October 1 933.  

PHYS ICAL DESCR IPT ION:  Brown ha i r; b l ue eyes; height : 5 ft . 8 i n . ;  weight: 
1 45 l b .  

EDUCATION:  Received a Bache lor o f  Sc ience degree from the Uni ted States 
Nava l Academy i n  1 955 and a Master of Science degree i n  Nuc lear Engi neeri ng 
from the Ai r Force I nstitute of Technol ogy at Wright-Patterson Ai r Force Base1 
Ohio1 i n  1 962 . 

ORGANIZAT IONS : Membe r of the American Nuclear Society and Tau Beta Pi . 

S PECIAL HONORS :  Awarded the Ai r Force Commendation Medal 1 Air Force 
Astronaut Wings, the NASA Distinguished Service Meda l ,  and the New York 
State Meda l for Valor.  

EXPER I ENCE : Anders was commissioned i n  the Air  Force upon graduation from the 
Nava l Academy . After Ai r Force fl ight training, he served as a fighter pi l ot 
i n  a l l-weather i nterceptor squadrons of the Ai r Defense Command . 

After his  g raduate tra ini ng 1  he served as a nuc lear engi neer and instructor 
pi lot at the Ai r Force Weapons Laboratory, K i rt land Ai r Force Base , New 
Mexico, where he was responsib le  for technica l management of rad iation 
nuc lear power reactor shie ld ing and rad iation effects programs . 

CURRE NT ASS IG NME NT: Lt . Colonel Anders was one of the thi rd group of 
astronauts sel ected by NASA in Octobe r 1 963 . He has since served as back
up Pi lot for the Gemini 1 1  Mission . 
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Anders served as Lunar Module Pi lot for the Apol lo  8 Mission , which was 
launched 2 1  December 1 968 and returned from its voyage a round the moon on 
27 December 1 968.  This epic 6-day fl i ght was man ' s  maiden voyage to the 
moon . 

Lt . Colonel Anders has recentl y  been nominated by the President to be 
Executive Secretary of the Nationa l Aeronautics and Space Counci l .  
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Lunar Module Pi l ot (LMP) 

NAME :  Fred Wa l l ace Haise, J r .  (Mr. ) 

BI RTHPLACE AND DATE : Bi loxi , Mississ ippi; 14  November 1 933 . 

PHYS ICAL DESCRI PT ION:  Brown hai r; brown eyes; height: 5 ft . 9 . 5  i n . ;  
weight: 1 50 l b .  

EDUCAT ION:  Attended Perkinston Junior Col lege (Association o f  Arts); received 
a Bachelor of S cience with honors i n  Ae ronautica l Engi neering from the 
University of Ok lahoma . 

ORGAN IZATIONS : Member of the Soc iety of Experimenta l Test P i lots, Tau Beta 
Pi , S igma Gamma Tau, and Phi Theta Kappa . 

SPEC IAL HONORS :  Recipient of the A .  B .  Honts Trophy as the outstanding 
graduate of c l ass 64A from the Aerospace Research Pi lot S chool in 1 964; 
awarded the American Defense Ribbon and the Society of Expe rimenta l Test 
Pi l ots Ray E .  Tenhoff Award for 1 966. 

EXPE RI ENCE : Mr. Haise began his m i l i tary career in Octobe r 1 952 as a Nava l 
Aviation Cadet at the Nava l Ai r Station i n  Pensacola ,  Fl orida . 
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He served as a tactics and a l l -weather fl ight i nstructor i n  the U .S .  Navy 
Advanced Train ing Command at NAAS Kingsvi l le ,  Texas, and was assigned 
as a U .S .  Mari ne Corps fighter pi lot to VMF-533 and 1 14 at MCAS Cherry 
Point, North Caro l i na ,  from March 1 954 to September 1 956 . From March 
1 957 to September 1 9591 he was a fighter-i nterceptor pi lot w i th the 1 85th 
Fighter Interceptor Squadron in the Ok lahoma Ai r National Guard .  

He served with the U . s .  Ai r Force from October 1 96 1  to August 1 962 as a 
tactical fighter pi lot and as Chief of the 1 64th S tandard ization-Eva l uation 
Fl ight of the 1 64th Tactical Fighter Squadron dt Mansfie ld ,  Ohio. 

Haise was a research pi l ot at the NASA Fl ight Research Center at Edwards, 
Ca l i fornia, before coming to Houston and the Manned Spacecraft Center; and 
from September 1 959 to March 1 963, he was a research pi lot at the NASA 
Lewis  Research Center in C l eveland, Ohi o .  During this time h e  authored the 
fol l owing papers which have been publ ished : a NASA TND,  ent i t led "An 
Eval uation of the Fly ing Qua l i ties of Seven Genera l-Aviation Ai rcraft; " 
NASA TND 3380, "Use of Ai rcra ft for Zero G ravity Envi ronment, May 1 966; " 
SAE Business Ai rcraft Confe rence Paper, entit led "An Eval uat ion of Genera l 
Aviation Ai rc ra ft F lying Qua l i ties, " 30  March- 1 Apri l 1 966; and a paper 
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del ivered at the tenth symposium of the Society of Experimenta l Test P i lots, 
entit led "A Quantitative/Qual i tative Hand I ing Qua l i ties Eva luation of 
Seven Genera l -Aviation Ai rcraft , " 1 966. 

CURRE NT ASS IGNME NT: Mr. Haise is one of the 1 9  astronauts selected by 
NASA in Apri l 1 966 . Haise served as backup Lunar Modu le  Pi lot for 
Apo l l o  8 .  
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MISS ION MANAGEME NT RES PONS IB IL ITY 

Ti t le  Name Organization 

D i rector 1 Apol lo  Program Lt . Gen . Sam C .  Phi l l i ps NASA/OMS F 

D i rector, Mission Operations Ma j .  Gen .  John D .  Stevenson (Ret) NASA/OMS F 

Saturn V Vehi c le  Prog . Mgr. Mr.  Lee B.  James NASA/MS FC 

Apo l l o  Spacecraft Prog . Mgr. Mr.  George M .  Low NASA/MSC 

Apol lo Prog . Manager KSC R.  Adm . Roderick 0 ,  Midd leton NASA/KSC 

Mission Di rector Mr .  George H .  Hage NASA/OMS F 

Assistant Mission D i rector Capt . Chester M .  Lee (Ret) NASA/OMS F 

Assistant Mission Di rector Col . Thomas H .  McMul len NASA/OMS F 

D i rector of Launch Operations Mr.  Rocco Petrone NASA/KSC 

Di rector of F l i ght Operations Mr.  Chri stopher C .  K raft NASA/MSC 

Launch Operations Manager Mr. Pau l  C .  Donne l ly NASA/KSC 

F l ight D i rectors Mr .  C l i fford E .  Charl esworth NASA/MSC 
Mr.  Eugene F. Kranz 
Mr.  G l ynn S .  Lunney 
Mr. Mi l ton L .  Wind ie r  

Spacecraft Commander (Prime) Mr.  Nei l A. Armstrong NASA/MSC 

Spacecraft Commander (Backup) Capta in  James A .  Love l l ,  J r .  NASA/MSC 
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PROGRAM MANAGEME NT 

NASA H EADQUARTERS 

Office of Manned Space F l ight 

Manned Spacecraft Center 

Marsha l l  S pace F l ight Center 

Kennedy Space Center 

I 
SPACECRAFT TRACK ING AND DATA 

ACQUIS IT ION 

Marsha l l  Space Fl ight Center 
The Boe ing Co. (S-IC) 

Manned S pacecraft 
Center 

Kennedy Space Center 

North American Rockwe l l  
Corp . (S- 1 1 ) 

McDonne l l  Douglas Corp. 
(S- IV B) 

I BM Corp. ( IU)  
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North American 
Rockwel l  (LES , 
CSM , S LA) 

G rumman Aircra ft 
Engineering Corp . 

(LM) 
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Goddard Space F l ight Center 

Department of Defense 

MS FN 



AGS 
ALHT 
ALSCC 
AOL 
AOS 
APS 
APS 
ARIA 
AS 
AS 
B I G  
BPC 
CCATS 

CD 
CDH 
CDR 
CES 
CM 
CMP 
cor 
CRA 
CS I 
CSM 
DOI 
DPS 
DS 
EASEP 

E CS 
EDS 
E DT 
E I  
EMU 
EMS 
EOM 
EPS 
EPO 
EVA 
EVCS 
GET 
GHe 
GNCS 
GOX 
H 
IMU 
IS 
r u  
KSC 
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ABBREVIAT IONS AND ACRONYMS 

Abort Guidance System 
Apollo Lunar Handtools 

M-932-69- 1 1  

Apo l lo Lunar Surface Close-up Camera 
Atlanti c Ocean L ine 
Acquisition of Signal 
Ascent Propulsion System ( LM) 
Auxi liary Propulsion System ( S- IVB )  
Apollo Range Instrumentation Aircraft 
Ascent Stage 
Apollo/Saturn 
B i o logi cal Isolation Garment 
Boost Protection Cover 
Communi cati ons , Command , and Te lemetry 
System 
Countdown 
Constant De lta Height 
Commander . 
Control E le ctroni cs Sy-stem 
Command Module 
Command Module P i l ot 
Contingency Orbit Inserti on 
Crew Recepti on Area 
Concentri c Sequence Initi ation 
Command/Servi ce Module 
Descent Orbit Insertion 
Descent Propulsion System 
Descent Stage 
E arly Apollo S c i enti fi c Experiments 
P ack age 
Environmental Control System 
Emergency Dete cti on System 
E astern Day light Time 
Entry Interface 
Extravehi cular Mobi lity Unit 
Entry Monitor System 
End- of-Mission 
E le ctri cal P ower System 
E arth Parking Orbit 
Extravehi cular Activity 
Extravehi cular Communication System 
Ground E l apsed Time 
Gase ous Helium 
Guidance , N avigation , and Control System 
Gaseous Oxygen 
Hybrid Tra j e ctory 
Inertial Measurement Unit 
Instrumentation System 
Instrument Unit 
Kennedy Space Center 
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LC 
LCC 
LCG 
LES 
LET 
LH2 
LiOH 
LM 
LMP 
LOI 
LOX 
LPO 
LRL 
LRRR 
LTA 
LV 
MCC 
MCC 
MESA 
MOCR 
MOR 
MP L  
MQF 
MS C 
MSFN 
MSS 
NAS COM 
NM 
OPS 
PC 
PDI 
PGNS 
PLSS 
PRS 
PSE 
PTP 
RCS 
RR 
R&D 
RTCC 
S &A 
SAR 
S/C 
s cs 
SEA 
SEQ 
SEQ 
SHe 
S - I C  
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Launch Comp lex 
Launch Control Center 
Liquid Cooling Garment 
Launch Escape System 
Launch Escape Tower 
Liquid Hydrogen 
Lithium Hydroxide 
Lunar Module 
Lunar Module Pi lot 
Lunar Orbit Insertion 
Liquid Oxygen 
Lunar P arking Orbit 
Lunar Re ceiving Laboratory 
Laser Ranging Retro-Re flector 
Lunar Module Test Article 
Launch Vehic le 
Midcourse Corre ction 
Mission Control Center 
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Modulari zed Equipment Stm.,rage Assembly 
Mission Operations Control Room 
Mission Operation Report 
:Mid-Paci fic Line 
Mobi le Quarantine Facility 
Manned Spacecraft Center 
Manned Space Flight Network 
Mobi le Service Structure 
NASA Communications Network 
N autical Mi le 
Oxygen Purge System 
P l ane Change 
Powered Descent Initiation 
Primary Guidance and N avigation System 
Portable Life S upport System 
P rimary Re covery Ship 
Passive Seismic Experiment 
Pre ferred Targe t P oint 
Re action Control System 
Rende zvous Radar 
Research and Devel opment 
Real-Time Computer Complex 
S afe and Arm 
Search and Rescue 
Space craft 
Stabilization and Con trol System 
Sun E levation Angle 
Sequential System 
S cientific Equipment 
Supercritical Helium 
First Stage 
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S - I I  
S- IVB 
SLA 
SLA 
SM 
SPS 
SRC 
SRS 
SSR 
sv 
S XT 
swc 
TB 
TD&E 
T/C 
TEC 
TE I 
TLC 
TLI 
TPF 
TPI 
T-time 

TV 
USB 
VAB 
VG 
VHF 
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Se cond Stage 
Third Stage 
Space craft-LM Adapter 
Secondary Landing Are a 
Servi ce Module 
Servi ce Propuls ion System 
S amp le Re turn Container 
Secondary Re covery Ship 
S taff S upport Room 
Space Vehi c le 
Sextan t 
Solar Wind Compos i tion 
Time B as e  
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Transpos i tion , Docking , and E j ection 
Tele communications 
Transearth Coas t 
Transe arth Inje ction 
Trans lunar Coas t 
Trans lunar Inje ction 
Terminal Phase Finali zation 
Terminal Phase Initi ati on 
Countdown time ( re feren ced to li ftoff 
time ) 
Te levi s i on 
Uni form S-band 
Vehi cle As semb ly Bui lding 
Ve loci ty- to-be-Gained 
Very H i gh Frequency 
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