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Phone: (202) 755-8370

“ NATIONAL AERONAUTICS AND
“ s SPACE ADMINISTRATION
Washington, D. C. 20546
7

FOR RELEASE:

. THURSDAY A.M
Kenneth C. Atchison . "
(Phone: 202/755-3114) April 6, 1972

RELEASE NO: 72-64

APOLLO 16 LAUNCH APRIL 16

/Apollo 16( scheduled for an April 16 launch} will
devote its l2-day duration to gathering additional knowl-
edge about the environment on and around the Moon and about

our own planet Earth.‘

During the three days two Apollo 16 crewmen spend on the
lunar surface north of the crater Descartes, they will
extend the exploration begun by Apcllo 11 in the summer
of 1969 and continued through the Apollo 12, 14, and 15
lunar landing missions. In addition to gathering samples
of lunar gurface material for analysis on Earth, the crew
will emplace a fourth autcomatic scientific station.

- more -
March 22, 1972



An extensive array of scientific experiments in the
orbiting command/service module will search out and record
data on the physical properties of the Moon and near-lunar
space and photographic images to further refine mapping
technology. Additionally, the command module pilot will
photograph astronomical phenomena in the distant reaches

of space.

The Descartes landing site is a grooved, hilly region
which appears to have undergone some modification by vol-
canic processes during formation. The Descartes region is
in the southeast guadrant of the visible face of the Moon
and will offer an opportunity to examine several young,
bright-rayed craters created by impacts in the volcanic

terrain.

John W. Young is Apollo 16 mission commander, with
Thomas K. Mattingly flying as command module pilot and
Charles M. Duke, Jr. as lunar module pilot. Young is a
US Navy captain, Mattingly a Navy lieutenant commander,

and Duke a US Air Force lieutenant colconel.

-

- more =~



Young and Duke will climb down from the lunar module
onto the lunar surface for three seven-hour periods of explora-
tion and experimentation. A major part of the first EVA
will be devoted to establishing the nuclear powered, auto-
matic scientific station -- Apollo Lunar Surface Experiment
Package (ALSEP) -~ which will return scientific data to
Earth for many months for correlation with data still being

returned by the Apollo 12, 14 and 15 ALSEPs.

The second and third EVAs will be devoted primarily
to geological exploration and sample gathering in selected
areas in the vicinity of the landing site. As in past
missions, the crew's observations and comments will be
supplemented by panoramic, stereo, and motion picture photo-
graphic coverage and also by television coverage. Crew
mobility again will be aided by the use of the lunar roving

vehicle.

In lunar orbit, Mattingly will operate experiments
in the scientific instrument module (SIM) bay for measuring
such things as the lunar surface chemical composition,
and the composition of the lunar atmosphere. A high-reso-
lution camera and a mapping camera in the SIM bay will add
to the imagery and photogrammetry gathered by similar cameras
flown on Apollo 15, Mattingly will perform an inflight
EVA during transearth coast to retrieve film cassettes from

these cameras.

- mmore -



Using hand-held cameras, Mattingly will photograph such
phenomena in deep space as the Gegenschein, and looking

earthward, photegraph the ultraviolet spectra around Earth.

A second subsatellite, similar to the one flown on
Apolio 1%, will be ejected into lunar orbit to measure the
effect of the Earth's magnetosphere upon the Moon and to

investigate the solar wind and the lunar gravity field.

Apollo 16 is scheduled for launch at 12:54 pm EST
April 16 from the NASA Kennedy Space Center's Launch Complex
39, with lunar landing taking place on April 20. The landing
crew will remain at Descartes for 73 hours before returning
t+o lunar orbit and for rendezvous with the orbiting command
module on April 23. Earth splashdown will occur on April 28
at 3:30 pm EST at 5 degrees north latitude and 158.7 degrees
west longitude in the central Pacific just north of Christmas
Island. The prime recovery vessel, USS Ticonderoga, an
aircraft carrier, will be located near the splashdown point

to recover the crew and spacecraft.

- more -



Communications call signs to be used during Apocllo 16
are "Casper" for the command module and "Orion" for the
lunar module. The United States flag will be erected on the
lunar surface in the vicinity of the lunar module, and a
stainless steel plague engraved with the landing date and

crew signatures will be affixed to the LM front landing gear.

Apollo 16 backup crewmen are givilian Fred W. Haise, Jr.,
commander; USAF LtCel Stuart A. Roosa, command module
pilot; and USN Captain Edgar D. Mitchell, lunar module

pilot.

- more -



COUNTDOWN

The Apollo 16 launch countdown will be conducted by a
government-lndustry team working in two control centers at
the Kennedy Space Center (KSC).

J;Qverall space vehicle operations will be controlled
from Firing Room No.l in the Complex 39 Launch Control Cen-
ter. The spacecraft countdown will be run from an Accept-
ance Checkout Equipment control room in the Manned Space-
craft Operations (MSO) Building.

" Extensive checkout of the launch vehicle and spacecraft
components are completed before the space vehicle is ready
for the final countdown. The prime and backup crews parti-
cipate in many of these tests, including mission simulations,
altltude runs, a flight readiness test and a countdown de~
monstration test.

The Apollo 16 rollout -- the 5.5-kilometer (3,4-nautical-
mile) trip from the Vehicle Assembly Building {VAB) to the
launch pad -- took place Dec, 13, 1971. Due to a problem
associated with the fuel tank system in the command module
reaction control system, the space vehicle was returned to the
VAB on Jan. 27. The spacecraft was taken to the MSO Build-
ing for changeout of the tanks. After re-mating the space-
craft with the launch vehicle, the KSC team again rolled
Apollo 16 .back to Pad A on Feb. 9, 1972,

Apollo 16 will be the tenth Saturn V launched from Pad
A (eight manned). Apollo 10 was the only launch from Pad B,
whlch w1ll be used again in 1973 for the ‘S8kylab program.

_— The Apollo 16 precocunt activities will start.at T-6 days.
The early tasks include electrical connections and pyro-

" technic installation in the space vehicle. Mechanical build-

up of the spacecraft is completed, followed by servicing of

the various gases and cryogenic propellants {liguid oxygen

and liquid hydrogen) to the CSM and LM. Once this is accom-

plished, the fuel cells are activated.

The final countdown begins at T-28 hours when the flight

batteries are installed in the three stages and instrument
unit of the launch vehicle.

-more-—



At the T-9 hour mark,

a built-in hold of nine hours and

54 minutes is planned to meet contingencies and provide a
rest period for the launch crew. A one hour built-in hold
is scheduled at T-3 hourxs 30 minutes,

T-10 hours,

T-9

T-4
T-3
T-3

T-3

T-2
T-2

T-1

Following are some of the highlights of the latter part
of the count:

hours

hours,

hours,
hours,
hours,
hours,

hours,

hours,
hours,

hour ,

15 minutes

05

15
00

48
40
51

T-43 minutes

T-42 minutes

minutes

minutes
minutes
minutes
minutes

minutes

minutes
minutes

minutes

Start mobile service structure
move to park site.

Built-in hold for nine hours and
54 minutes. At end ¢f hold, pad
is cleared for LV propellant load-
ing.

Launch vehiclé propellant loading -
Three stages (LOX in first stage,
LOX and LH4 in second and third stages).
Continues thru T-3 hours 38 minutes.
Flight crew alerted.

Crew medical examination.

Crew breakfast.

One-hour built-in hold.

Crew departs Manned Spacecraft Oper-
ations Building for LC-39 via trans-
fer wvan.

Crew arrival at LC-39.

Start flight crew ingress.

Space Vehicle Emergency Detection
System test (Young participates a-
long with launch team).

Retract Apollo access arm to stand-
by position (12 degrees).

Arm launch escape system. Launch
vehicle power transfer test, LM
switch to internal power.

—more-—
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T-37 minutes Final launch vehicle range safety
checks (to 35 minutes).
T-30 minutes Launch vehicle power transfer test,
IM switch over to internal power.
T-20 minutes to T-10 Shutdown LM operational instrumen-
minutes tation.,
T=15 minutes Spacecraft to full internal power,
T-6 minutes Space vehicle final status checks.
T-5 minutes, 30 seconds Arm degtruct system.
T~5 minutes Apollo access arm fully retracted,
T-3 minutes, 6 seconds Firing command (automatic sequence).
T-50 seconds Launch vehicle transfer to internal
power.
T-8.9 seconds Ignition start.
T-2 geconds All engines running.
-0 Liftoff.

NOTE: Some changes in the countdown are possible as a result
of experience gained in the countdown test which occurs about
two weeks before launch.

- more -



LAUNCH WINDOWS

The mission planning considerations for the launch phase
of a lunar mission are, to a major extent, related to launch
windows. Launch windows are defined for two different time
periods: a "daily window" has a duration of a few hours
during a given 24-hour period; a "monthly window" consists
of a day or days which meet the mission operational constraints
during a given month or lunar cycle.

Launch windows are based on flight azimuth limits of
72° to 100° (Earth-fixed heading east of north of the launch
vehicle at end of the roll program), on booster and spacecraft
performance, on insertion tracking, and on Sun elevation
angle at the lunar landing site.

Launch Windows¥* SUN ELEVATION
LAUNCH DATE OPEN CLOSE ANGLE
April 16, 1972 12:54 pm 4:43 pm 11,99
May 14, 1972 12:17 pm 4:01 pm 6.8°
May 15, 1972 12:30 pm 4:09 pm 6.8°
May 16, 1972 12:38 pm 4:13 pm 18.6°
June 13, 1972%*%* 10:50 am 2:23 pm 13.0°
June 14, 1972%* 10:57 am 2:26 pm 13.09
June 15, 1972%%* { —————~ To Be Determined -----—- )
* April times are Eastern Standard Time; all others are

Eastern Daylight Time.
% Launch window times and Sun elevation angles for June

will be refined. The June 15, 1972 launch opportunity
is under review.

- more =«
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GROUND ELAPSED TIME UPDATE

It is planned to update, if necessary, the actual
ground elapsed time (GET) during the mission to allow the
major flight plan events to occur at the pre-planned GET
regardless of either a late liftoff or trajectory dispersions
that would otherwise have changed the event times.

For example, if the flight plan calls for descent orbit
insertion {(DOI) +to occur at GET 82 hours, 40 minutes and the
flight time to the Moon is two minutes longer than planned
due to trajectory dispersions at translunar injection, the
GET clock will be turned back two minutes during the trans-
lunar ccast period so that DOI occurs at the pre-planned
time rather than at 82 hours, 42 minutes. It follows that
the other major mission events would then also be accomplished
at the pre-planned times.

Updating the GET clock will accomplish in one adjustment
what would otherwise require separate time adjustments for
each event. By updating the GET clock, the astronauts and
ground flight control persgonnel will be relieved of the bur-
den of changing their checklists, flight plans, etc.

The planned times in the mission for updating GET will
be kept to a minimum and will, generally, be limited to three
updates. If required, they will occur at about 53, 97, and
150 hours into the mission. " Both the actual GET and the up-
date GET will be maintained in the MCC throughout the mission.

-more-—
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LAUNCH AND MISSION PROFILE

The Saturn V launch vehicle (SA~511l) will boost the
Apollo 16 spacecraft from Launch Complex 39A at the Kennedy
Space Center, Fla., at 12:54 p,m, EST April 16, 1972, on an
azimuth of 72 degrees.

The first stage (S-IC) will lift the vehicle 68.4
kilometers (37 nautical miles) above the Earth. After
separation the booster stage will fall into the Atlantic
Ocean about 668 km (361 nautical mi.) downrange from
Cape Kennedy, approximately nine minutes, 14 seconds
after liftoff.

The second stage (S-II)} will push the vehicle to an
altitude of about 173 km (93.6 nautical mi.). After
separation the S-II stage will follow a ballistic trajec-
tory which will plunge it into the Atlantic about 4,210 km
(2,273 nautical mi.) downrange about 19 minutes, 51 seconds
into the mission.

The single engine of the third stage (S-1IVB) will
insert the vehicle and spacecraft into a 173-km {93-~nautical
mi.} circular Earth parking orbit before it is cut off for
a coast period. When reignited, the engine will inject
the Apollo spacecraft into a trans-lunar trajectory.

- more -



APOLLO 16
FLIGHT PROFILE
™, SUBSATELLITE
EJECTION (REV 73)

~—TRANSEARTH
INJECTION (REV 76)

CSM ORBIT CHANGE
55 x 85 NM (REY 73)
IN-FLIGHT EVA-——n\
(REV 50)
LM/CSM DOCKING
(REV 51)
NT STAGE ———

ASCE
JETTISON (REV 53)
LM LANDING

CSM PLANE CHANGES
(REVS 40 & 61)

CSM ORBIT
CIRCULARIZATION
52 x 68 NM {REV 12)

90-NM EARTH
PARKING ORBIT
LAUNCH LM PDI (REV13)
SIM DOOR JETTISON :
'—\‘\\\\ ; CSM/LM SEPARATION
H {REV 12)
CSM/LM DOI
9 x 60 NM (REV 2)

- CSM/LM 101
~60 x 170 NM

EARTH QRBIT

CM/SM SEPARATION
INSERTION

Cid LAKDING
AND RECOVERY

S-IVB TMPACT
TRAJECTORY

S-1VB 2ND BURN CUTOFF
TRANSLUNAR INJECTION (TLI)
$-1VB APS
EVASIVE MANEUVER

5/C SEPARATION,

TRANSPOSITION,
DOCKING & EJECTION

174




APOLLO 16 vs APOLLO 15
OPERATIONAL DIFFERENCES

ITEM

LAUNCH AZIMUTH
INCLINATION
DOI TRIM MANEUVER

HIGH ALTITUDE LANDMARK TRACKING AND

TV OF LANDING SITE

PD1
SURFACE
SURFACE

EVA's:

STAY TIME
REST CYCLE

DURATION (HRS) (PLANNED)

SEVA
TRAVERSE STATION TIMES

SURFACE ACTIVITIES

LUNAR ORBIT PLANE CHANGES
EARTH RETURN INCLINATION

LANDING

APOLLO 16
72 - 100°
g°
NOT PLANNED
NO

REV 13

~73 HOURS

8 HOURS

(REST BEFORE LIFTOFF)

7-7-7
NO
9:40 (PLANNED)

ALSEP DEPLOYED FIRST
2
62°

PLAN TO RECOVER PARA-
CHUTES AND RETAIN RCS
PROPELLANTS ON BOARD

APOLLO 15
80 - 100°
26°
ACCOMPLISHED
YES

REV 14

66.9 HOURS

7 - 7 1/2 HOURS
(NO REST BEFORE
LIFTOFF)

7-7-6

YES

7:53 (PLANNED)

5:00 (ACTUAL)

TRAVERSE FIRST
1

40°

NEITHER APOLLO 16

TYPE EVENTS WERE
PLANNED

- €T -




APGLLO 11
APOLLO 12
APOLLO 14
APOLLO 15

APOLLO 16
(PLANNED)

COMPARISON OF APOLLO MISSIONS

PAYLOAD

DELIVERED TO EVA SURFACE DISTANCE SAMPLES
LUNAR SURFACE DURATION TRAVERSED RETURNED
K6 (LBS) (HR:MIN) wn KG  (LBS)
104 (225) 2124 .25 20,7  (46)
166 (365) 7:29 2.0 3.1 (75)
209 (460) 9:23 3.3 42,8 (94)
550 (1210) 18:33 27.9 76.6  (169)
558  (1228) 21:00 25.7 88,6 (195)

- 5T -




Time
Hrs Min Sec

00

00

00

00

00

00

00

00

00

00

* English measurements given in parentheses.

00

01

02

02

02

03

03

07

09

00

20

18

40

42

44

12 -

18

40

Event

First Motion

Maximum Dynamic Pressure

$-IC Center Engine Cutoff

$-IC Outboard Engines Cutoff

S-IC/8-I1 Separation

S-11 Ignition

S5-11 Aft Interstage Jettison

Launch Escape Tower Jettison

S-11 Center Engine Cutoff

$-1I Outboard Engines Cutoff

LAUNCH EVENTS

Vehicle Wt

Kilograms
(Pounds)*

2,920,956

(6,439,605)

1,853,350

(4,085,937)

1,084,409

(2,390,712

843,020

(1,858,541)

676,542

(1,491,519)

676,542

(1,491,519)

644,029

(1,419,840)

633,419

(1,396,451)

303,470

(669,037)

216,673

(477,682)

(continued)

Altitude

Meters
(Feet)*

60
(198)

12,646
(41,491)

47,153
(154,703)

67,371
(221,034)

69,094
(226,685)

70,645
(231,775)

95,024
(311,758)

99,428
(326,207)

174,389
(572,142)

174,130
(571,291)

Velocity
Mtrs/Sec

(Ft/Sec)*

0
(0)

481
(1,577)

1,712
(5,618)

2,369
(7,773)

2,375
(7,792)

2,369
(7,771)

2,474
(8,117)

2,503
(8,213)

5,201
(17,065)

6,568
(21,550)

Range

Kilometers

{(Naut' Mi)*

0
(0)

5
(3)

51
(27)

91
(49)

95
(51)

98
(53)

161
(87)

174
(94)

1,095
(591)

1,650
(891)

ST



Time

Hrs Min Sec

00 09

00

0o

00

02

02

02

* English measurements given in parentheses.

09

11

11

33

39

39

18

21

44

54

35

19

29

Event

S-11/5-1VB Separation

S~-IVB First Ignition

S$-IVB First Cutoff

Parking Orbit Insertion

S-IVB Second Ignition

S-IVB Second Cutoff

Trans-Lunar Injection

Vehicle Wt

Kilograms
{Pounds)*

170,989
(376,967)

170,947
(376,874)

140,103
{(308,873)

140,039
(308,734)

139,052
(306,557)

65,620
(144,666)

65,551
(144,514)

Altitude

Meters
(Feet)*

174,161
(571,395)

174,235
(571,637)

172,908
(567,282)

172,914
(567,302)

175,919
(577,162)

305,315

{1,001,688)

319,199

(1,047,241)

Velocity
Mtrs/Sec

(Ft/Sec)*

6,571
(21,558)

6,571
(21,559)

7,400
(24,279)

7,402
(24,284)

7,404
(24,292)

10,441
(34,256)

10,433
(34,230)

Range
Kilometers
{(Naut Mi)*

1,657
{895)

1,677
(905)

2,643
(1,427)

2,715
(1,466)

16,203
(8,749)

13,320
(7,192)

13,222
(7,139)

.-9'[_




ACTIVITY

—_)
—
=
rm

|

® VISUAL LIGHT FLASH
PHENOMENON,

¢ EYE SHIELDS TRANSLUNAR &

TRANSEARTH
® ALFMED TRANSLUNAR
® £ ECTROPHORETIC TRANSLUNAR
SEPARATION

PURPGSE

10 STUDY THE ORIGIN OF
VISUAL LIGHT FLASHES
OBSERVED BY ASTRONAUTS
ON PREVIOUS MISSIONS.

TO STUDY A PROCESS OF
MATERIALS PURIFICATION
WHICH MAY PERMIT PRO-
DUCTION SEPARATION OF
MATERIALS OF HIGHER
PURITY THAN CAN CURRENTLY
BE PRODUCED ON EARTH,

- (T -
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4 1/2 HOURS

/glM BAY DOOR
13.7 FPS

// JETTISON LOI-

i

S-1VB/IU IMPACT

74:30 GET



Events

Translunar injection
{5-IVB engine start}

CSM separation, docking
Ejection from SLA

S5-IVB evasive maneuver

S~-IVB residual propellant dump
APS impact burn

APS correction burn

Midcourse correction 1
Midcourse correction 2
Midcourse correction 3
Midcourse correction 4

5IM deor jettison

Lunar Orbit insertion

S-IVB impacts lunar surface

Descent orbit insertion

MISSION EVENTS

GET Velocity change
hrs:min Date/EST m/sec {ft/sec)
2:33 16/3:27 pm 3053 {10,018}
3:04 16/3:58 pm -—
3:59 16/4:53 pm .3 (1)
4:23 16/5:17 pm 3 (9.8)
4:44 16/6:38 pm
5:30 16/7:24 pm
9:30 16/11:24 pm
TLI+9 hr 17/00:33 am o*
TLI+28 hr 17/7:33 pm 0*
LOI-22 hr 18/5:23 pm o*
LOI-5 hr 19/10:23 am o*
LOI-4.5 hr 19/10:53 am 4.2 (13.7)
74:29 18/3:23 pm =-B855.6 (-2807)
74:30 19/3:24 pm
78136 19/7:30 pm  -62.8 (206)

= more -

Purpose and resultant orbit

Injection into translunar trajectory with 13 km
{71 nm) pericynthion

Mating of CSM and 1M
Separates CSM-LM from S-IVB/SLA

Provides separation prior to S-IVB propellant dump
and thruster maneuver to cause lunar impact

*These midcourse corrections have a nominal
velocity change of 0 m/sec, but will be calcu-
lated in real time to correct TLI dispersions;
Trajectory remains within capability of a
docked-DPS TEI burn should SPS fail to ignite.

- 6T -

Inserts Apolleo 16 into 108x316 km (58x170 nm)
elliptical lunar orbit.

Seigmic event for Apollo 12, 14 and 15 passive
seismometers. Target: 2.2 degrees south lati-
tude by 21.4 degrees west longitude.

SPS burn places CSM/LM into 20x10% km (11x59 nm)
lunar orbit.




Events
CSM/LM undocking

CSM circularization burn

LM powered descent

LM lunar surface tcuchdown

EVA~l begins
EVA-2 begins
EVA-3 begins
CSM plane chahge 1

LM ascent
Lunar orbit insertion
Terminal phase initiate

{(TP1} LM APS

Braking: 4 LM RCS burns

Docking

LM jettison, separation

GET

Velocity change

hrs:min Date/EST m/sec (ft/sec)
96:14 20/01:08 pm -—
97:42 20/2:36 pm  30.3  (99.6)
98:35  20/3:29 pm -2041 (6696)
98:46  20/3:41 pm ——
102:25  20/7:19 pm -—
124:50  21/5:44 pm ——
148:25  22/5:19 pm -
152:29  22/9:23 pm 48 (159}
171:45 23/4:39 pm 1,843 (6048)
171:52  23/4:46 pm
172:39  23/5:33 pm 15 50
173:20 23/6:14 pm 10 33
173:40  23/6:34 pm -—-
177:31 23/10:25 pm -

-~ more -

Purpose and resultant orbit

Inserts CSM into 96x111 km (52x60 nm; orbit
(SPS burn)

Three-phase DPS burn to brake LM out of trans-
fer orbit, vertical descent and lunar surface
touchdown.

Lunar exploration, deploy ALSEP, collect geclo-
gical samples, photography.

See separate EVA timelines
See separate EVA timelines
See separate EVA timelines
Changes CSM orbital plane by 1.7 degree to coin-

cide with LM orbital plane at time of LM ascent
from surface

_.oz_

Boosts ascent stage into 16.6x84 km (9x45.4 nm)
lungr orbit for rendezvous with CSM

Boosts ascent stage into 81.4x114.5 km (44x61.9 nn
catch-up orbit; LM trails CSM by 59.2 km (32 nm)
and 27.7 km {15 nm} below at TPI burn time

Line-cf-sight terminal phase braking to place
LM in 110.7x109.8 km (59.8x59.3 nm} orbit for
final approach, docking.

CDR and LMP transfer back to CSM

Prevents recontact of CSM with LM ascent stage
for remainder of mission




SUMMARY
TFI H H AV

EVENT HIN:SEC |V .FPS | FPS FT FPS
POWERED DESCENT INITIATION 0:00 { 5555 | -5 | 52700 0
THROTTLE TO MAXIMUM THRUST 0:26 | 5527 | -4 | 52600 28
YAW TO VERTICAL 3:00 | 4096 | -56 | uesuo | 1476
THROTTLE RECOVERY 7:20 | 188 | -91 | 24740 | 4559
HIGH GATE 9:20 342 |-174 7970 | 5602
LOW GATE 10:42 76 | -21 583 | 6246
LANDING 12:01.5 0| -5 0| 6697

_Tz_




ALTITUDE, 1000 FT.

APPROACH PHASE

WV TIME TO LANDING FROM HIGH GATE

TIME ALTITUDE | HORIZONTAL LPD ANGLE

v (SEC) RATE YELOCITY (DEG)
B (- FPS) (FPS)

1 0+ 174 320 -

2 2 134 23 41° '

3 40 85 184 41° v
" 4 &0 y 131 ©*

5 B0 ** 21 78 40°

3 102 10 38 9

7 122 5 9 -

8 162 #x* 0 0 -
B + HIGH GATE

*» LOW GATE
*+» LANDING

¢ 2 4 [ 8 10 12 " 16
RANGE, 1000 FT.



FIRST VIEW OF DESCARTES
[RIGH GATE + 8 SECONDS)

¢ FIELD OF VIEW OF CDR =9




Events

LM ascent stage deorbit
{RCS burn)

LM impact

CSM plane change 2
CSM shaping burm

Subsatellite jettison
Transearth injection {(TEI}

Midcourse correction 5

Transearth EVA
Midcourse correction 6
Midcourse correction 7
CM/SM separation

Entry interface
(121,9 kn, 400,000 ft)

Splashdown

GET

Veloecity change

nrs:min Date/EST m/sec {ft/sec)

179:16 24/00:10 am  -70 ({=-229)
179:39 24/00:33 am -—
193:14 24/2:08 pm 86 (282)
216:49 25/1:43 pm 11 (38)
218:02  25/2:56 pm ~——
222321 25/7:15 pm 379 {3212)
239:22 26/12:17 pm 0
241:57 26/2:51 pm ———

EI-22 hrs 27/5:17 pm a

EI-3 hrs 28/12:17 pm 0
290:08 28/3:02 pm -—
290:23 28/3:17 pm
290:36 28/3:30 po

- nere -

Purpose and resultant orbit

ALSEP seismometers at Apollo 16, 15, 14 and 12
1d#hding sites record impact.

Impact at about 1691 m/sec¢ (5550 fps) at -3.2
degree angle. 23 km (12 nm} west of Apolle
16 ALSEP.

Increase lunar surface photo coverage, changes
plane 3 dagrees.

Adjuéts CSM orbit for later subsatellite jettison
orbit: 102x147 km (55x85 nm).

Lunar orbit science experiments

Inject CSM into transearth trajectory

Transearth midcourse correcticons will be com-
puted in real time for entry corridor centrol

and recovery area weather avoidance.

Retrieve SM SIM bay filmi canisters.

_.bz-.

Command module oriented for Earth atmosphere entry

Command module enters Earth's atmosphere at
11,026 m/s (36,175 fps).

Landing 2111 km (ll4g-.nm) downrange from entry;
splash at 5 degrees north latitude by 158
degrees west longitude.




FILM RETRIEVAL FROM THE SIM BAY

EVA TIME LINE

START IN-FLIGHT EVA, EGRESS @ INGRESS FOR MEED/ATTITUDE MANEUVER
RETRIEVE PAN CAMERA CASSETIE @EGRESS/ACTIVATE @ INGRESS,
° MEED CLOSEOUT

@ RETRIEVE MAPPING CAMERA @ DEACTIVATE
]TTE 1 |1 H
30 40 50 1+00 1410

< —
s
S




APOLLO 16 RECOVERY
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APOLLO 16
CREW POST-LANDING ACTIVITIES

DAYS FROM RECOVERY _DATE ACTIVITY

SPLASHDOWN APRIL 28

R+1 APRIL 29 DEPART SHIP, ARRIVE HAWAII
R+ 2 APRIL 30 DEPART HAWAIT, ARRIVE HOUSTON

R+ 3 THRUR + 15 MAY 1-12 CREW DEBRIEFING PERIOD

_LZ -




APOLLO 16 ALTERNATE MISSIONS

@ EARTH ORBIT MISSION (NO TLID
® PHOTOGRAPHIC MISSION OVER U.S, OF ABOUT © DAYS DURATION, X-RAY
AND GAMMA RAY SPECTROMETERS WILL ALSO BE OPERATED, CMP EVA TO
RETRIEVE FILM CASSETTES.
® [UNAR ORBIT MISSIONS
o APPROXIMATELY © DAYS IN LUNAR ORBIT
® USE OF SIM BAY EXPERIMENTS
® SUBSATELLITE JETTISON REQUIRED
TYPES OF CONTINGENCIES
® (SM ALONE
® CSM/LM (OPERABLE AND INOPERABLE DPS CASES)

® FROM LM ABORTS

..83._
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EVA MISSION EVENTS

GET
Events hrs:min Date/EST

Depressurize LM for EVA 1 102:25 Apr 20/7:19 pm
CDR steps onto surface 102:40 20/7:34 pm
LMP steps onto surface 102:45 20/7:39 pm
Crew offloads LRV 102:53 20/7:47 pm
CDR test drives LRV 103:13 20/8:07 pm
LRV parked near MESA 103:15 20/8:09 pm
CDR offlocads, deploys_ far-UV camexra/

spectroscope 103:24 20/8:18 pm
LMP mounts LCRU, TV on LRV 103:25 20/8:19 pm
Crew loads geology equipment on LRV 103:37 20/8:31 pm
CDR deploys United States flag 103:50 20/8:44 pm
LMP carries ALSEP "barbell" to

deployment site 104:02 20/8:56 pm
CDR drives LRV to ALSEP site 104:12 20/9:06 pm
Crew begins ALSEP deploy 104:20 20/9:14 pm
ALSEP deploy complete 106:22 20/11:16 pm
Crew drives to station 1 (Flag Crater) 106:27 20/11:21 pm
Crew arrives at station 1 for rake/

soil sample, crater sample 106:39 20/11:33 pm
Crew drives to station 2 (Spook crater) 107:22 21/00:06 am
Crew arrives at station 2 for crater. area

sampling, magnetometer Site measurement 107:27 21/00:21 am
Crew returns to LM/ALSEP area

Station 3 108:23 Apr 21/1:17 am

= more =
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APOLLO 16 TRAVERSE COMPARISON WITH APOLLO 15

DURATION TRAVERSE STATION | LM/ALSEP AREA LRV DRIVING ~ JTRAVERSE DISTANCE
(HR:MIN) TIME CHR:MIND TIME (HR:MIND TIME (HR:MIN) (KM
PLAN | ACTUAL | PLAN [ ACTUAL | PLAN | ACTUAL | PLAN | ACTUAL | PLAN [ ACTUAL
EVA |
APOLLO 15 7:00 6:32 1:16 1:10 4:35 b4:14 1:08 1:08 8.2 10.3
APOLLD 16 7:00 - 1:53 - 4:41 - 126 - 3,2 -
EVA 11
APOLLO 15 7:00 7:12 3:32 2:37 1:9 3:11 1:58 1:24 | "14.3 12.5
APOLLO 16 7:00 - 4:11 - 1:30 - 1:19 - 9.5 -
EVA 111
APOLLO 15 6:00 4:49 3:.05 1:23 1:27 2:50 1:28 :36 { 10.5 51
APOLLO 16 7:00 - 3:36 - 1:40 - 1:44 - 12,6 -
TOTALS
APOLLO 15 | 20:00 | 18:33 7:53 5:00 7:31 | 10:15 4:35 3:08 33.0 27.9
APOLLO 16 § 21:00 - 9:40 - 7:51 - 3:29 - 25.2 -

- T -




APOLLO 16 LUNAR SURFACE TIMELINE

WAKE-UP UNDQCK T.D. N P
POSTTD. | oo POST EVA: EAT
eap | OON | PRE-NDOCK UNDOCK TO a‘é! 5 & EVA EVA-1 gg&n; Sghénc., :Eﬁ; st
£ TOUCHDOW (7 HOURS) - :
SUITS LM ACTIVITIES N CONFIG. PREP, . HOURS DEBRIEF PRE-
‘ SLEEP
7 T T 1 Y " 7 J 1
0 2 4 6 8 10 12 14 16 18 20 2 24
3 VA - 1
- POST EVA:
POST- | BRIEF CABIN CONFIG]  EAT. PLSS RCHG,
REST sueeps| & oon | EVA A s DOFF SUITS CONFERENCE, REST
(8 HOURS) gEAL | surs| PREP. ! DEBRIEF PRE-SLEEP
i T T T Y T T Y n
24 26 2 3 2 3 % 38 40 Q o4 %6 48
% : Ve A
' EQUIP, | DEBRF,
REST POST | BRIEF | ¢ya EVA-3 POST | . serr.  leAT s REST
(8 HOURS) SLEEP | & DON{ ppep, 7 HOURS) EVA % DOFF | PRE-
LEAT | SUITS suits | steep
X !
F T T T T T T e T T N | L n/“?-
48 50 52 54 56 58 60 62 64 66 68 0 72
L.O. DOCK
POST- | DON SBITS, | LIFT- TRANSFER EAT, SIM ;
RES T RS! SLEEP, | gauiP, OFF RNDZ | & STOW Cemsip ] BAYEXP & RS
PWR UP | JETT, PREP EQUY PMENT : PRESLEEP
& EAT v
Ei T T I T T T 1/| i T IA
72 74 76 18 &0 %4 84 86 88 90 /4 94 9




SUMMARY TIME LINE
FROM ALSEP OFFLOAD THROUGH ALSEP DEPLOYMENT

1:30 1:40 1:50 2:00 2:10 2:20 2:30 2:40 2:50
| ] l 1 | l ] 1 1
@ ALSEP ® ALSEP ® ALSEP @ CENTRAL STATION
CDR OFFLOAD TRAVERSE INTERCONNECT OFFLOAD ACTIVATION
@ PSE ® LM
DEPLOY DEPLOY
® ALSEP @ A SEP ® ALSEP ® HFE @ HFE PROBE @ HFE PROBE
LMP OFFLOAD TRAVERSE SITE EQUIP PREP  NO. 1 NO, 2
SURVEY
2:50 3,00 3:10 3:20 3:30 3:40 3:50 4:00 4:10
} | ] | ] ] i ! ]
®ASE ® ASE THUMPER ©® DEPLOY ASE @ CORE RECOVERY
GEOPHONE DEPLOY MORTAR PKG
ON BASE TRAVERSE TO STATION
® ASE ®ALSEP PHOTOS O DEEP CORE ® CORE RECOVERY
GEOPHONE DEPLOY  (COORDINATE WITH CDR DRILLING TRAVERSE TO STATION

DURING THUMPING)

_EE_



NEAR LM LUNAR SURFACE ACTIVITY

SOLAR WIND LRV _
COMPOSITION (60") oG~~~
FLAG ~ N
// - ]
- +Y
[¥8]
. [~
LM SHADOW BOUNDARY FAR UV CAMERA |
PR e STONAGE
~&~ALSEP PR O
DEPLOY AMERA (50")
23007 AL i COSMIC RAY EXPERIMENT
352R et __E%STONAGE

b
BATTERY LRV

OFFLOAD

~
~
~

ALSEP OFFLOAD
AREA OF ACTIVITY
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GET
Events hrs:min Date/EST

Crew arrives at station 3 to retrieve

deep core, Comprehensive sampling,

arm mortar package, pexrform LRV

"Gran Prix". 108:30 21/1:24 am
Crew returns to LM 108:44 21/1:38 anm
Crew arrives at LM 108:45 21/1:39 am
LMP deploys solar wind composition

experiment 109:02 21/1:56 am
CDR offlocads geology equipment, film mags 109:05 21/1:59 am
LMP ingresses LM 109:15 21/2:09 am
CDR ingresses LM 109:22 21/2:16 am
Repressurize LM, end EVA 1 109:25 21/2:19 am
Depressuxrize LM for EVA 2 124:50 Apr 21/5:44 pm
CDR steps ontc surface 125:10 21/5:59 pm
LMP steps onto surface 125:10 21/6:04 pm
Crew completes loading LRV for geology

traverse 125:30 21/6:24 pm
Crewmen load geological gear on each

other's PLSS 125:32 21/6:26 pn
Crew drives to station 4 (upper slope

of Stone Mountain) 125:40 21/6:34 pm
Crew arrives at station 4 for rake soil,

documented } and double core samples,

photo panorama, penetrometer reading 126:15 21/7:09 pm
Crew drives to station 5 (on slope of

Stone Mountain) 127:1¥% 21/8:07 pm
Crew arrives at station 5 for documented

samples, photo panorama 127:19 21/8:13 pm

- more- -
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GET
Events hrs:min Date/EST

Crew drives to station 6 (at base of

Stone Mountain) i27:59 Apr 21/8:53 pm
Crew arrives at station 6 for documented

samples, photo panorama 128:02 21/8:56 pm
Crew drives to station 7 (Stubby Crater,

base of Stone Mountain) 128:22 21/9:16 pm
Crew arrives at station 7 for documented

samples, photo panorama 128:26 21/9:20 pm
Crew drives to station 8 (rays from

South Ray Crater) 128:41 21/9:35 pm
Crew arrives at station 8 for rake soil,

documented double core samples, photo

panorama 128:46 21/9:40 pm
Crew drives to station 9 (Cayley Plains) 129:45 21/10:3¢ pm
Crew arrives at Station 9 for surface and

core samples, photo panorama 129:50 21/10:44 pm
Crew drives to station 10 (LM/ALSEP area) 130:15 21/11:09 pm
Crew arrives at gtation 10 for soil mech-

anics investigation, double core, radial

sample, photo panorama 130:36 21/11:30 pm
Crew drives back to LM 131:09 22/00:03 am
Crew arrives at LM 131:10 22/00:04 am
Crew unloads LRV, packs sample containers,

clean-up 131:20 22/00:14 am
LMP ingresses LM 131:37 22/00:31 am
CDR ingresses LM 131:48 22/00:42 am
Repressurize LM, end EVA 2 131:50 22/00:44 am

- more -
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GET
Events hrs:min Date/EST

Depressurize LM for EVA 3 148:25 Apr 22/5:19 pm
CDR steps onto surface 148:40 22/5:34 pm
LMP steps onto surface 148:46 22/5:40 pm
Crew completes loading LRV, PLSSs for

geology traverse 149:02 22/5:56 pm
Crew drives to station 11 (South rim,

North Ray Crater) 149:10 22/6:04 pm
Crew arrives at station 11 for polari-

metric photos, documented samples,

photo panorama 149:54 22/6:48 pm
Crew drives to station 12 (North Ray,

Crater, southeast rim, large block

area) 150:49 22/7:43 pm
Crew arrives at station 12 for rake/soil

and documented samples, photo panorama 150:52 22/7:46 pm
Crew drives to station 13 {outer ejecta

blanket, North Ray Crater) 151:47 22/8:41 pm
Crew arrives at station 13 for rock/soil

samples, photo panorama 151:52 22/8:46 pm
Crew drives to station 14 (Smoky Mountain) 152:02 22/8:56 pm
Crew arrives at station 14 for rake/soil,

double core, documented samples,

photo panorama 152:09 22/9:03 pm
Crew drives to station 15 (Cayley Plains) 152:49 22/9:43 pm
Crew argyives at station 15 for magnetometer

measurements, rock/soil sample, photo

panorama 153:00 22/9:49 pm
Crew drives to station 16 (Dot Crater) 153:10 22/15:04 pm
Crew arrives at station 16 for magnetometer

measurement, rock/soil samples, photo

panorama 153:19 22/10:13 pm

= nore =
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GET
Events hrs:min Date/EST

Crew drives to station 17 (NE rim, Palmetto

Crater) 153:29 Apxr 22/10:23 pm
Crew arrives at station 17 for rake/soil

and documented samples, magnetometer

readings, photo panorama 153:34 22/10:28 pm
Crew drives back to LM 154:12 22/11:06 pm
Crew arrives at LM 154:30 22/11:24 pm
Crew transfers samples, film packs, etec,

stowage in LM; close-out final EVA 154:36 22/11:30 pm
LMP ingresses LM 155:19 23/00:13 am
CDR ingresses LM 155:23 23/00:17 am
Repressurize LM, end EVA 3 155:25 23/00:19 am

- more -



APOLLO 18
WALKING TRAVERSE
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APOLLO 16 MISSION OBJECTIVES

Apollo 16 astronauts will explore the Descartes
region, man's first opportunity to explore the lunar high-
lands. The site is some 2,250 meters (7,400 feet) higher
than the Apollo 11 site and is representative of over three-
fourths of the lunar surface. Preliminary geclogical analy-
sis of the highlands indicates that the Moon's crust undex-
went modification early in its history. By studying these
modification processes, we hope to achieve a better under-
standing of the development of this portion of the Moon's
surface as well as the development of the Earth's crust,
its continents, and ocean basins.

The three basic objectives are to explore and sample
the materials and surface features, to set up and activate
experiments on the lunar surface which will continue to
relay data back to Earth after the crew has returned, and
to conduct inflight experiments and photographic tasks.

The lunar roving vehicle, used for the first time on
Apollo 15, will extend the range of the exploration and
geological investigations that Young and Duke will make
during their three seven-hour EVAs. The Apollo lunaxr
surface package (ALSEP) which the crew will set up and place
into operation will, with the Apollo 12, 14 and 15 ALSEPs,
become the fourth in a network of lunar surface scientific
stations. '

The scientific instrument module (SIM) bay in the service
module is the heart of the inflight experiment effort on
Apollo 16. Quitersimilar to the SIM bay flown on Apocllo 15,
the bay contains high~resolution and mapping cameras and
scientific sensors for photographing and measuring properties
of the lunar surface and the environment around the Moon.

While in lunar orbit, command module pilot Mattingly
will have the responsibility for operating the inflight
experiments during the time his crewmates are on the lunar
surface. During the homeward coast after transearth injection,
Mattingly will exit through the command module crew hatch
and maneuver hand~over-hand to the SIM bay where he will
retrieve film cassettes, pass them back into the cabin for
return to Earth and emplace a medical experiment for exposure
to the solar-space environemnt., Mattingly also will take
photographs aimed at gathering knowledge of astronomical
phenomena such as Gegenschein from lunar orbit and ultraviolet
photography of both the Earth and the Moon.

- More -
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Engineering and operational tasks the Apollo 16 crew
will carry out include further evaluation of the lunar
roving vehicle and Skylab crew equipment, and use of the
SIM bay subsatellite as a navigation tracking aid. Other
medical experiments include biostack, ALFMED, and the passive
bone mineral measurement.

- more -
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SCIENTIFIC RESULTS OF APOLLO 11, 12, 14 and 15 MISSIONS

The Apollo 14 and Apcllo 15 missions have clearly
demonstrated that the major scientifiec returns from the
Apollo program are to be expected from the later Apollo
missions. The scientific results from the Apcllo 15
mission have advanced the science of understanding the Moon
from the stage characterized by interesting and stimulating
speculations to one characterized by scientific hypotheses.
The hypotheses which lead to specific experiments that,
in turn, give answers that rapidly reduce the uncertainty
regarding many basic questions concerning the origin and
evolution of the Moon. The extended stay times and extended
mobility available on the lunar surface and the wide-array
of instrumentation g¢arried in the SIM bay of the command
and service module have already provided a rich harvest
of gcientific information from the first J mission.

Samples from the first two lunar landings showed us
that most of the surface of the Moon dates back to a time
when the terrestrial geologic record is just barely deci-
pherable. They show that the lunar maria that covers about
1/3 of the side of the Moon viewed from Earth largely con-
sists of an iron-rich volcanic rock produced from a partially
molten shell 100-200 miles beneath the surface of the Moon,
The soil samples from these two sites also included a variety
of intriguing fragments clearly distinguishable from the
mare basalts. These soil samples became the basis of
widespread speculation on the composition and origin of the
lunar highlands that make up most of the backside and approx-
imately 2/3 of the front side of the Moon. Both the samples
and the results of experiments flown in the Apollo 15 CSM
have shown that these intriguing bits of rock are indeed
representative of the large areas of the Moon that contain
the bulk of the early history of the planet.

The measurement of gamma rays, produced by minute
amounts of radiocactive substances in the lunar soil, and
characteristic x-rays, induced by the high energy solar
radiation impinging on the sunlit side of the Moon has
shown that much of the northwestern gquadrant of the Earth
side of the Moon is probably underlain by a very old (probably
first formed 4.4-4.5 billion years ago) uranium—~ and thorium-
rich volcanic rock and that most of the backside of the Moon,
along with the eastern highland regions on the front side,
appears to be made up of an aluminum- and calcium-rich rock
(anorthosite) that was first observed in the Apollo 11 soil
samples.

- more -
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The widespread occurrence of both of these rock types
tells us a great deal about the early history of the Moon.
The aluminum~rich rocks suggest that the primitive Moon
had a liquid outer shell that may have been 50-80 miles
thick that gave rise to a lunar crust almost simultaneously
with the formation of the Moon itself. The o0ld uranium-rich
volcanic rocks both limit the thickness of this early
ligquid laver and tell us something about the composition
of the solid interior very early during lunar history.

In particular, they suggest that the Moon was formed from
material that Jdondensed at temperatures much higher than
previousliy thought out of the primitive dust cloud that
surrounded the early Sun.

In addition to the chemical study of the lunar surface,
the Apollo 15 mission returned excellent photographs of more
than 10 percent of the surface of the Moon which reveal
geological features as small as the size of the LM. Like
the rock samples returned from :this and previous missions,
these photographs will provide a source of data for scientists
for generations to come,

A subsatellite left behind by the Apollo 15 mission
has measured the present magnetic field over a large per-
centage of the Moon's surface. These magnetic field
measurements, along with studies of the magnetization of
lunar rocks, indicate that the Moon's magnetic field 3 bil-
lion years ago must have been 100 to 1,000 times stronger
than it is today. The subsatellite and altimeter have also
shown that the mascons discovered by Lunar Orbiter space-
craft consist of circular plates of very dense rocks which
£ill the deep circular basins produced by collisions of
asteroid-size objects with the Moon.

Most of the experiments deployed on the lunar surface
during the Apollo 12, 14, and 15 missions continue to func-
tion well, but more important -- they have provided informa-
tion regarding geological processes that are still going
on today and have shown us that the interior of the Moon can
ber investigated with present instrumentation. The impact
of the Apollo 15 SIVB was recorded by both the Apollo 14 and
Apollo 12 seismometers. Sound waves from this impact pene=-
trated about 80 kilometers (50 miles) into the lunar
interior. The relatively high sound velocity found at these
depths was a complete surprise to seismologists and lunar
scientists., The sound velocity profile in the upper 80
kilometers (50 miles) indicates that the concept of the lunar
crust derived from mineralogy and chemistry of rocks was well-
founded. Ultrasensitive thermometers implaced in two holes
on the lunar surface showed that the amount of heat escaping
from the lunar interior exceeds even the highest =stimates made
by scientists who speculated on the content of radicactive
elements found in the Moon.

- more -
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During the week of January 10, approximately 700 scien-
tists, 15 from foreign countries including three scientists
from the Soviet Union, gathered at the Manned Spacecraft
Center to present and summarize. results cbtained by the
Apollo 14, Apollo 15, and Luna 16 migsions. In addition
to the conclusions and ideas already mentioned here, studies
of Apollo 14 samples have shown that the largest collision
with an asteroidal object recorded on the surface of the Moon
took place about 4 billion years ago. This was much later
than had been anticipated from various theories dealing
with the formation of large planetary objects. It raises
the possibility that major collisions of asteroid-sized
objects and the Earth continued more than 1 billion years
after the planet was formed.

The relatively small Luna 16 samples provided a sur-
prising number of extremely interesting results +that indicate
that unmanned sampling of the Moon is, indeed, a usefnl
augmentation of the manned program.

As we enter into the homestretch of the Apollo program,
it is clear that a successful Apocllo 16 and 17 added to the
missions already flown will produce a chapter in the history
of science that will be a permanent and living testimony
to this undertaking.

- More -



APOLLO 16 LANDING SITE

A hilly region north of the Descartes c¢rater in a
highlands area of the southeastern guadrant of the visible
face of the Moon is the landing site chosen for Apollo 16.

The Descartes site appears to have structural charac-
teristics similar to vulcanism sites on Earth, and has two
separate volcanic features —-- Cayley Plains and the Descartes
mountains ~- which will be extensively explored and sampled
by the Apolloc 16 crew.

The Cayley Plains segment of the landing site is
characterized by terrain ranging from smooth to undulating;=--
possibly as a result of fluid volcanic rock flow. The
Descartes Mountains, part of the Kant Plateau are characterized
by hilly, furrowed highland plateau material that is thought
to have come from a more viscous volcanic flow. Additionally,
the Descartes larding site provides an opportunity to study
the evolution of voung, bright-rayed craters and to extend
age-dating to similar craters in other regions of the Moon.

The landing site has two basic areas which will be
explored and sampled: Cayley Plains, including North Ray
and South Ray craters; Stone Mountain and Smoky Mountain of
the South and North Descartes Mountains.

The low crater density in the Cayley Plains suggests
an Imbrian age for the rolling, ridged portion of Cayley
in the Apollo 16 traverse area. Stone and Smoky mountains,
on the other hand, appear to have shapes typical of wvolcanic
formations on Earth -- shapes that might be formed by move-
ment of rather viscous material.

North and South Ray craters appear to penetrate deeply
into the Cayley formation and reveal the sequence of layering,
perhaps through an overlap of both the Cayley and Descartes
formations.

Smaller, subdued craters in the landing site seem to
have a characteristic concave bottom, which suggests that
the substrata underlying the crater impact were more resis-
tant than in other crater fields on the Moon.

- more -
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SITE LAT. LONG. TERRAIN FEATURES SCIENTIFIC INTEREST
APOLLO 1N 0°41'N, 23°26'E. } MARE: LARGE SUBDUED CRATERS (200- | MARE MATERIAL AGE AND
(SEA OF TRANQUILITY) 600 METERS DIAMETER), INTERMEDIATE { COMPOSITION, GEOPHYSICAL DATA.
CRATERS (50-200 METERS DIAMETER).
APOLLO 12 3°12'S, 23°24'W | MARE: SAME AS APOLLO 11. MATERIAL AGE AND COMPOSITION
(OCEAN OF STORMS) FOR COMPARISON WITH APOLLO 11,
SURVEYOR DATA.
FRA MAYRQ 3°40°S, 17°2g8'W | UPLAND: DEEP-SEATED EJECTA EJECTA AGE, COMPOSITION AND
(APOLLO 14) BLANKET. STRUCTURE, GEOPHYSICAL DATA.
HADLEY~APENNINES 26°04'N, | 3°39'F MARE/HIGHLAND: V-SHAPED SINUOUS BASIN AND RILLE ORIGIN AND
(APOLLO 15) RILLE, RILLE FLOOR BLOCKS; AGE; HIGHLANDS COMPOSITION,
APENNINE HIGHLANDS, GEOPHYSICAL DATA
DESCARTES 10°00'S, | 16°00'E | HIGHLAND/HIGHLAND BASIN FILL VOLCANICS AND PLAINS STRUC-
TURE, HIGHLAND AGE AND COM-
POSITION, VOLCANISM TIME
SPAN AND COMPOSITIONAL
TRENDS, GEOPHYSICAL DATA.

APOLLO LANDING SITES

....Lp_
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ILunar Surface Science

The ALSEP array carried on Apollo 16 has four experiments:
heat flow, lunar surface magnetometer, passive seismic and
active seismic.

Six additional experiments will be conducted on the
Descartes landing area: far ultraviolet camera/spectroscope,
portable magnetometer, cosmic ray detector (sheets), solar
wind composition, lunar geology investigation, and soil
mechanics.

Pasgive Seismic Experiment (PSE): The PSE measures seismic
activity of the Moon and gathers and relays to Earth informa-
tion relating to the physical properties of the lunar crust

and interior. The PSE reports seismic data on man-made impacts
{LM ascent stage), natural impacts of meteorites, and moon-
quakes. Dr. Gary Latham of the Lamont-Doherty Geological
Observatory (Columbia University) is responsible for PSE

design and experiment data analysis.

Three similar PSEs, deployed as a part of the Apollo 12,
14 and 15 ALSEPs, have transmitted to Earth data on lunar
surface seismic events since deployment. The Apollo 12, 14,
15 and 16 seismometers differ from the seismometer left at
Tranquillity Base in July 1969 by the Apollo 11 crew in
that the later PSEs are continuously powered by SNAP-27 radio-
isotope thermoelectric generators, The Apollo 1l seismometer,
powered by solar cells, transmitted data only during the
lunar day and is no longer functioning.

After Apollo 16 trans-lunar injection, the Saturn V's
spent S-IVB stage and instrument unit will be aimed to impact
the Moon. This will stimulate the passive seismometers left
on the lunar surface during! previous Apollo missions.

The S-IVB/IU will be commanded to hit the Moon 250 kilo-
meters (135 nautical miles) west of the Apollo 12 ALSEP site,
at a target point 2.2 degrees south latitude by 31.4 degrees
west longitude, near Lansberg Craters F and D in the Ocean of
Stoxms.

After the spacecraft is ejected from the launch vehicle,
a launch vehicle auxiliary propulsion system (APS) ullage
motor will be fired to separate the vehicle a safe distance from
the spacecraft, Residual liguid oxygen in the almost spent
§~IVB/IU will then be dumped through the engine with the
vehicle positioned so the dump will slow it into an impact
trajectory. Mid-course corrections will be made with the
stage's APS ullage motors if necessary.

-more-



APOLLO M1SSIONS

11 12 14 15 16 17
ALSEP EXPERIMENTS
5-031 LUNAR PASSIVE SEISMOLOGY X X X X X
$-033 LUNAR ACTIVE SEISMOLOGY X X
$-034 LUNAR TRI-AXIS MAGNETOMETER X X X
$-035 SOLAR WIND SPECTROMETER X X
S-036 SUPRATHERMAL ION DETECTOR X X X
S$-037 LUNAR HEAT FLOW X X X
$-038 CHARGED PARTICLE LUNAR ENVIRONMENT X
$-058 COLD CATHODE GUAGE X X X
$-202 LUNAR EJECTA AND METEORITES X
$-203 LUNAR SEISMIC PROFILING X
$-205 LUNAR ATMOSPHERIC COMPOSITION X
S-207 LUNAR SURFACE GRAVIMETER X
M-515 LUNAR DUST DETECTOR X X X X
OTHER EXPERIMENTS
S-059 TLUNAR GEOROGY INVESTIGATION X X X X X X
$-078 LASER RANGING RETRO-REFLECTOR X X X
S-080 SOLAR WIND COMPOSITION X X X X X
S-151 COSMIC RAY DETECTOR (HELMET) X
5-152 COSMIC RAY DETECTOR (SHEETS) X
S-184 LUNAR SURFACE CLOSE-UP CAMERA X X F
$-198 PORTABLE MAGNETOMETER X X
S-199 LUNAR GRAVITY TRAVERSE X
$-200 SOIL MECHANICS X X X X
$-201 FAR UV CAMERA/SPECTROSCOPE X
$-204 SURFACE ELECTRICAL PROPERTIES X

F - FACILITY EQUIPMENT

LUNAR SURFACE SCIENCE EXPERIMENT ASSIGNMENTS
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The S-IVB/IU will weigh 13,973 kilograms (30,805 pounds)
and will be traveling 9,223 kilometers an hour (4,980 nautical

mph) at lunar impact.
impact equivalent to about 1l tons of TNT.

It will provide an energy source at

After Young and Duke have completed their lunar surface
operations and rendezvoused with the command module in lunar
orbit, the lunar module ascent stage will be jettisoned and
later ground-commanded to impact on the lunar surface west

of the Apollo 16 landing site at Descartes.

The stage will

impact the surface at 1.692 m/s (5,550 fps)} at a =-3.2° angle.

Impacts of these objects of known masses and velocities
will assist in calibrating the Apollo 16 PSE readouts as well
as in providing comparative readings between the Apocllo 12, 14,
15 and 16 seismometers.

ALSEP to Impact Distance Table

Apollo 12 ALSEP ({3.03°sS,

Apollo
Apollo
Apollo
Apcllo
Apollo
Apollo
Apollo
Apollo

12
13
14
14
15
15
16
16

LM A/S Impact
5~IVB Impact
$~IVB Impact
LM A/S Impact
S-IVB Impact
IM A/S Impact
5-IVB Impact
IM A/S Impact

Apollo 14 ALSEP (3.67°3,

Apollo
Apollo
Apollo
Apollo
Apollo

14 LM A/S Impact

15
15
16
16

S5-IVB Impact
IM A/S Impact
S-IVB Impact
IM A/S Impact

Apollo 15 ALSEP (26.10°N,

Apollo 15 LM A/S Impact
Apollo 16 S-IVE Impact
Apolloc 16 LM A/S Impact

23.4°W) to:

17.45°W) to:

3.65°E) to:

-more-

Approximate Distance

Kilometers

Nautical miles

72
137
175
114
354

1130
252
1173

68
184
1048
433
992

92
1347
1129

39
74
95

191
610
136
633

37

565
234
536

50+
727
609
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Approximate Distance

Kilometers Nautical Miles

Apollo 16 ALSEP (9.09s, 15.52CE) to:

Apollo 16 LM A/S Impact 23 12
Apollo 16 S-IVB Impact 2,398, 319y
Apollo 16 LM A/S Impact 9.4895, 14.%870E

There are three major physical components of the PSE:

1. The sensor assembly is conprised of 3 long pericd (LP)
and a short period (SP) seismometer, an electrical power and
a data subsystem, and a thermal control system. In the LP
seismometer, low frequency (approximately 250 to 0.3 second
periods) motion of the lunar surface caused by seismic activ-
ity is detected by tri~axial, oxrthogonal displacement ampli-
tude type sensors. In the SP seismometer, the higher frequen-
cy (approximately 5 to 0.04 second periods) vertical motion
of the lunar surface is detected by a displacement velocity
sensor.

2, The external leveling stool allows manual leveling of
the sensor assembly by the crewman to within +5 degrees.
Final internal leveling to within +3 arc seconds is accomp-
lished by control motors.

3. The five-foot diameter hat-shaped thermal shroud covers
and helps stabilize the temperature of the sensor assembly.
The instrument uses thermostatically controlled heaters to
protect it from the extreme cold of the lunar night.

The Lunar Surface Magnetometer (LSM)}: The scientific object~
ive of the magnetometer experiment 1s to measure the magnetic
field at the lunar surface. Charged particles and the mag-
netic field of the solar wind impact directly on the lunar
surface. Some of the solar wind particles are absorbed by
the surface layer of the Moon. Others may be deflected a-
round the Moon. The electrical properties of the material
making up the Moon determine what happens to the magnetic
field when it hits the Moon. If the Moon is a perfect insul-
ator the magnetic field will pass through the Moon undisturbed.
If there is material present which acts as a conductor,
electric currents will flow in the Moon. A small magnetic
field of approximately 35 gammas , one thousandth the size

of the EFarth's field was recorded at the Apollo 12 site.

-more-



Fields recorded by the portable magnetometer on Apollo 14
were about 43 gammas and 103 gammas in two different loca-
tions. ( Gamma is a unit of intensity of a magnetic field.
The Earth's magnetic field at the Equator, for example, is
35,000 gamma. The interplanetary magnetic field from the
Sun has been recorded at 5 to 10 gamma.)

Two possible models are shown in the next drawing. The
electric current carried by the solar wind goes through the
Moon and "closes" in the space surrounding the Moon (figure a).
This current (E) generates a magnetic field (M) as shown.

The magnetic field carried in the solar wind will set up a
system of electric currents in the Moon or along the surface.
These currents will generate another magnetic field which
tries to counteract the solar wind field (figure b). This
results in a change in the total magnetic field measured at
the lunar surfac..

The magnitude of this difference can be determined by
independently mensuring the magnetic field in the undisturbed
solar wind nearby, vet away from the Moon's surface. The
value of the magnetic field change at the Moon's surface can
be used to deduce information on the electrical properties
of the Moon. This, in turn, can be used to better understand
the internal temperature cf the Moon and contribute to better
understanding of the origin and history of the Moon.

The principal invesitgator for this experiment is
Dr. Palmer Dyal, NASA Ames Research Center, Mountain View,
California.

The magnetometer consists of three magnetic sensors
aligned in three orthogonal sensing axes, each located at
the end of a fiberglass support arm extending from a central
structure. This structure houses both the experiment elec-
tronics and the electro-mechanical gimbal/flip unit which
allows the sensor to be pointed in any direction for site
survey and calibration modes. The astronaut aligns the mag-
netometer experiment to within +3 degrees east-west using a
shadowgraph on the central structure, and to within +3 degrees

of the vertical using a bubble level mounted on the Y sensor
boom arm

»

-nore-
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Size, weight and power are as follows:

Size deployed 102 cm (40 inches) high
with 152 cm (60 inches)
between sensor heads

Weight {pounds) 8 kilograms (17.5 1lbs)

Peak Power Requirements (watts)

Site Survey Mode 11.5

Scientific Mode 6.2
12.3 (night)

Calibration Mode 10.8
The magnetometer experiment operates in three modes:

Site Survey Mode -- An initial site survey is performed
in each of the three sensing modes for the purpose of locating
and identifying any magnetic influences permanently inherent
in the deployment site so that they will not affect the inter-
pretation of the LSM sensing of magnetic flux at the lunar
surface.

Scientific Mode -- This is the normal operating mode
wherein the strength and direction of the lunar magnetic field
are measured continously. The three magnetic sensors provide
signal outputs proportional to the incidence of magnetic field
components parallel to their respective axes. Each sensor
will record the intensity three times per second which is fast-
er than the magnetic field is expected to change. All sensors
have the capability to sense over any one of three dynamic
ranges with a resolution of 0.2 gamma.

-100 to +100 gamma

=200 to +200 gamma

-400 to +400 gamma
Calibration Mode =-- This is performed automatically at
18-hour intervals to determine the absolute accuracy of the

magnetometer sensors and to correct any drift from their lab-
oratory calibration.

-more-—
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Magnetic Lunar Sample Returned to the Moon

In the study of returned lunar samples it has been found
that there are commonly two components of remanent magnetiza-
tion. The first of these is quite soft and can be removed
by cleaning in alternating fields of about 50 to 100 ocersteds.
The second component is quite stable and is hardly affected
by alternating fields up to 500 ocexrsteds. It is this stable
component which is most likely to represent ancient lunar
magnetic fields and on which most attention has been focused.
It can be simulated in the laboratory by allowing the sample
to cool in the presence of a weak field from above its Curie
point -- about 780 degrees Centigrade (1,400 degrees Fahrenheit)
in the case of lunar samples.

The soft component can also be simulated in the laboratory
by exposing lunar samples to steady magnetic fields of about
10 to 50 oersteds. The field required to do this is much
greater than the Earth's field which is only about 0.5 ocersteds.
One possibility, therefore, is that this magnetization was
acquired on the return journey to Earth either in the space-
craft or in Earth laboratories. Another possibility is that
this magnetization is truly of lunar origin, perhaps related
to thermal fluctuations in the presence of a weak, solar wind
field. It is important to establish the origin of this soft
component and two steps are being taken to do this.

At the last lunar portable magnetometer (LPM) station a
documented sample (preferably igneous) will be picked up and
placed on the LPM after the first reading is taken. It will
be documented in place on the magnetometer and the LPM reading
retaken. If the intensity of magnetization of the soft com-
ponent is like that seen in the returned samples it should be
measurable at the level of several gammas. On return tc Earth
this same sample will be placed on the back-up flight model LPM
in the shielded room in the LRL and the same procedure repeated.
This will tell if additional magnetization has been acguired
on the return journey.

The second step consists of taking a lunar sample back to
the Moon. The sample chosen is Apollo 12 sample 12002,78.
Weight is 4 grams (0.14 ounces). This sample has been thoroughly
tested magnetically and has a very clear stable component of
magnetization. wWheu first received in the laboratory it also
had a soft component of magnetization which has been removed.
Upon return to Earth it will be tested once again to see if it
has reacquired the soft component. If it has, the soft remanence
is not of lunar origin. The sample will be placed in a bag,
sewn inside an interim stowage assembly bag and returned to
Earth stowed as on Apollo 12.

e - more -~
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Lunar Heat Flow Experiment (HFE): The scientific objective
of the heat flow experiment 1s to measure the steady-state
heat flow from the lunar interior. Two predicted sources

of heat are: (1) original heat at the time of the Moon's
formation and (2) radicactivity. Scientists believe that
heat could have been generated by the infalling 'of material
and its subsequent compaction as the Moon was formed. More-
over, varying amounts of the radiocactive elements uranium,
thorium and potassium were found in the Apollo 11, 12, 14,
and 15 lunar samples which if present at depth, would supply
significant amounts of heat. No simple way has bheen devised
for relating the contribution of each of these sources to
the present rate of heat flow. In addition to temperature,
the experiment is capable of measuring the thermal conduc-
tivity of the lunar rock material.

The combined measurement of temperature and thermal
conductivity gives the net heat flux from the lunar interior
through the lunar surface., .Similar measurements on Earth
have contributed basic information to our understanding of
volcanoes, earthguakes and mountain building processes. 1In
conjuction with the seismic and magnetic data obtained on
other lunar experiments the values derived from the heat flow
measurements will help scientists to build more exact models
of the Moon and thereby give us a better understanding of
its origin and history.

The heat flow experiment consists of instrument probes,
electronics and emplacement tocl and the lunar surface drill.
Each of two probes is connected by a cable to an electronics
box which rests on the lunar surface. The electronics, which
provide control, monitoring and data processing for the ex-
periment, are connected to the ALSEP central station,

Each probe consists of two identical 51 cm (20 in.)
long sections each of which contains a "gradient" sensor
bridge, a "ring" sensor bridge and two heaters, Each bridge
congists of four platinum resistors mounted in a thin-walled
fiberglass cylindrical shell. Adjacent areas of the bridge
are located in sensors at opposite ends of the 51 cm (20 in.)
fiberglass probe sheath. Gradient bridges consequently mea-
sure the temperature difference between two sensor locations.

In thermal conductivity measurements at very low values

a heater surrounding the gradient sensor is energized with
0.002 watts and the gradient sensor values monitored. The

~more-
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rige in temperature of the gradient sensor is a function of
thermal conductivity of the surrounding lunar material. For
higher range of values, the heater is energized at 0.5 watts
of heat and monitored by a ring sensor. The rate of temper-
ature rise, monitored by the ring sensor is a function of
the thermal conductivity of the surrounding lunar material.
The ring sensor, approximately 10 cm (4 in.) from the heat-
er, is alsoc a platinum resistor. A total of eight thermal
conductivity measurements can be made. The thermal condug-
tivity mode of the experiment will be implemented about 240
days (500 hours) after deployment. This is to allow suffi-
cient time for the perturbing effects of drilling and empla-
cing the probe in the borehole to decay; i.e., for the probe
and casings to come to equilibrium with the lunar subsurface.

A 9.1 meter (30-ft.) cable connects each probe to the
electronics box. The cable contains four evenly spaced
thermocouples: at the top of the probe; at 66 cm (26 in.},
114 cm (45 in.) and 168 cm (66 in.). The thermocouples will
measure temperature transients propagating downward from
the lunar surface. The reference junction temperature for
each thermocouple is located in the electronies box. In
fact, the feasibility of making a heat flow measurement de-
pends to a large degree on the low thermal conductivity of
the lunar surface layer, the regolith. Measurement of lunar
surface temperature variations by Earth-based telescopes as
well as the Surveyor and Apollo missions show a remarkably
rapid rate of cooling. The wide fluctuations in tempera-
ture of the lunar surface are to influence only the upper
one meter { three f£t.) and not the bottom one meter {(three ft.)
of the borehole.

The astronauts will use the Apollo lunar surface drill
(ALSD) to make a lined borehole in the lunar surface for the
probes. The drilling energy will be provided by a battery-
powered rotary percussive power head. The drill borestem
rod consists of fiberglass tubular sections reinforced with
boron filaments, one section 137 cm (54 in) long and two
sections each 71 cm (28 in) long. A closed drill bit,
placed on the first drill rod, is capable of penetrating the
variety of rock including 95 cm (3 ft.) of vesicular basalt
(40 percent porosity). As lunar surface penetration pro-
gresses, additional drill rod sections will be connected to
the drill string. The drill string is left in place to serve
as a hole casing

-more-
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An emplacement tool is used by the astronaut to in-
sert the probe to full depth. Alignment springs position
the probe within the casing and assure a well-defined ra-
diative coupling between the probe and the borehole, Ra-
diation shields on the hole prevent direct sunlight from
reaching the bottom of the hole.

As a part of the field geology experiment, the astro-
naut will drill a third hole near the HFE, using corestem
drill sections and a coring bit, and obtain cores of lunar
material for subseguent analysis of thermal properties and
composition. Total available core length is 2.5 m (100 in.).

The heat flow experiment, design, and data analysis are
the responsibility of Dr. Marcus Langseth of the Lamont-
Doherty Geclogical Observatory.

Active Seismic Experiment: The ASE will produce data on the
physical structure and bearing strength of the lunar sur-
face by measuring seismic waves. Two types of man-made seis-
mic sources will be used with the ASE: a crew-actuated
pyrotechnic "thumper” and a mortar-like device from which
four rocket propelled projectiles can be launched by com-
mand from Earth. Naturally produged seismic events will be
detected passively by the ASE (the ASE geophones will be
turned on remotely for short listening periods). The seis-
mic waves are detected by geophones deployed by the crew.
Data on wave penetration, frequency spectra, and velocity

to lunar depths of 152 meters (500 ft.) will be obtained
and passed to the ALSEP central station for transmittal to
the Earth. Dr. Reobert Kovach of Stanford University is the
Principal Investigator.

The mortar like device will be deployed, aligned and
activated about 15 meters (48 ft.) north of the ALSEP central
station. The four grenade-like projectiles will be launch-
ed sometime after the crew returns and at a time specified
by the principal investigator, but no sconer than the third
lunation.

The crew will deploy three geophones at 3.5, 45.7 and
91.4 meters (10, 150, 300 f£t.) from the ALSEP ' central station.
Enroute back to the central station, the crewm will fire
19 "thumper" charges at 4.5 meters (15 ft.) intervals along
the geophone line. The thumper serves as a storage and
transport rack for the geophones and their connecting cable.

-more-—
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The two major components of the ASE are:

1. The thumper-geophone assembly measuring 1,13 m
(44.5 in.) when deployed and weighing 3.2 kg. {7 lbs.) in-
cluding three geophones and cable. Each geophone is 12.2 cm
(4.8 in.) high, 4.1 cm {1.6 in.) in diameter and weighs less
than 0.4 kg. (1 1b.}.

2, The package projectile launch assembly weighs 6.8 kg.
(15 1bs.} (including four projectiles) and is 24 cm (9.5 in.)
high, 10.2 cm (4 in.) wide and 38 cm (15.6 in.) long. The
mortar-like launching device is made of fiberglass and mag-
nesium, and contains firing circuitry and a receiver antenna.
The projectile launch assembly is enclosed in a box and con-
sists of four fiberglass launch tubes and four projectiles.
The projectiles vary in length and weight according to the
propellant and explosive charges. Radic transmitters in
each projectile furnish start-and-stop flight time data for
telemetry back to Earth., Thus, with the launch angle known,
range can be calculated. The gecphones provide information
on seismic wave travel time. Correlation of this time with
range will establish wave velocity through the lunar surface.

ALSEP Central Station: The central station serves as a pow-
er-distribution and data-handling point for experiments car-
ried on the ALSEP. <Central station components are the data
subsystem, helical antenna, experiment electronics, and pow-
er conditioning unit. The central station is deployed after
other experiment instruments are unstowed from the pallet.

The central station data subsystem receives and decodes
uplink commands, times and controls experiments, collects
and transmits scientific and. engineering data downlink, and
controls the electrical power subsystem through the power
distripbution and signal conditioner.

The modified axial-helix S-band antenna receives and
ansmits a right-hand circularly-polarized signal. The
antenna is manually aimed with a two-gimbal azimuth/elevation
aiming mechanism.

The ALSEP electrical power subsystem draws electrical

power from a SNAP-27 (Systems for Nuclear Auxiliary Power)
radioisotope thermoelectric generator,

-more-
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SNAP-27~-Power Source for ALSEP

A SNAP-27 unit, similar to three others deployed on
the Moon, will provide power for the ALSEP package. SNAP-27
is one of a series of radioisotope thermoelectric generators,
or atomic batteries, developed by the Atcmic Energy Commission
under its space SNAP program.” The SNAP (Systems for
Nuclear Auxiliary Power) program is directed at development
of generators and reactors for use in space, on land, and
in the sea.

SNAP-27 on Apollo 12 marked the first use of a nuclear
power system on the Moon. The nuclear generators are re-
quired to provide power fox periods of at least one year.
Thus far, the SNAP-27 unit on Apollo 12 has operated over two
years: and the SNAP-27 unit on Apollo 14 has operated a
little over a year.

The basic SNAP-27 unit is designed to produce at least
68 watts of electrical power. The SNAP-27 unit is a
cylindrical generator, fueled with the radioisotope plutonium-238.
It is about 46 cm (18 inches) high and 41 em (16 inches) in
diameter, including the heat radiating fins. The generator,
making maximum use of the lightweight material beryllium,
weighs about 12.7 kilograms (28 pounds) without fuel,

The fuel capsule, made of a superalloy material, is
42 cm (16.5 inches) long and 6.4 cm (2.5 inches) in diameter.
It weighs about 7 km (15.5 pounds), of which 3.8 km (8.36
pounds) represent fuel. The plutonium-238 fuel is fully oxidized
and is chemically and biologically inert.

The rugged fuel capsule is stowed within a graphite fuel
cask from launch through lunar landing. The cask is designed
to provide reentry heating protection and containment for
the fuel capsule in the event of an aborted mission. The
cylindrical cask with hemispherical ends includes a primary
graphite heat shield, a secondary beryllium thermal shield,
and a fuel capsule support structure. The cask is 58.4 cm
(23 inches) long and 20 cm (eight inches) in diameter and
weighs about 11 km (24.5 pounds). With the fuel capsule installed,
it weighs about 18 km{40 pounds). It is mounted on the
lunar module descent stage.

—-more-—
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Once the lunar module is on the Mcon, an Apollo
astronaut will remove the fuel capsule from the cask and
ingert it into the SNAP-27 generator which will have been
placed on the lunar surface near the module.

The gpontaneous radiocactive decay of the plutonium-238
within the fue]l capsule generates heat which is converted
directly into electrical energy-—-at least 68 watts. Units
now on the lunar surface are producing 72 to 74 watts.
There are no moving parts.

The unique properties of plutonium-238, make it an
excellent isotope for use in space nuclear generators. At
the end of almost 90 years, plutonium-238 is still supplying
half of its original heat. In the decay process, plutonium-
238 emits mainly the nuclei of helium (alpha radiation),

a very mild type of radiation with a short emission range.

Before the use of the SNAP-27 system was authorized
for the Apollo program a thorough review was conducted to
assure the health and safety of personnel involved in the
launch and of the general public. Extensive safety analyses
and tests were conducted which demonstrated that the fuel
would be safely contained under almost all credible accident
conditions.

-nore-—
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Soil Mechanics: Mechanical properties of the lunar soil,
surface, and subsurface will be investigated through trenching
at various locations and through use of the self~recording
penetrometer. The self~recording penetrometer measures the
characteristics and mechanical properties of the lunar surfac
material. The penetrometer consists of a 76 cm (30-in) pene-
tration shaft and recording drum. Three interchangeable
penetration cones 1.3, 3.2 and 6.4 cm2(0.2, 0.5 and 1.0 in) 2
cross sections and a 2.5 x 12.7 cm (1 x 5-in.) pressure plate
may be attached to the shaft. The crewman forces the pene-
trometer into the surface and a stylus scribes a force vs.
depth plot on the recording drum. The drum can record up to
24 force-depth plots. The upper housing containing the
recording drum is detached at the conclusion of the experi-~
ment for return to Earth and analysig by the principal investi-
gator. This experiment will be documented with the electric
Hasselblad and the l16mm data acguisition cameras.

Soil behavior characteristics are also determined from
interactions of LRV wheels, LM footpads, and footprints with
the lunar soil.

Lunar Portable Magnetometer: (LPM)v The Apollo 16 crew will
4se the LPM during EVAs 1l and 3 for measuring variations in
the lunar magnetic field at several points during the geology
traverses. Data gathered will be used to determine the loca-
tion, strength, and dimensions of the magnetic field, as well
as knowledge of the local selenological structure. The LPM
experiment was also flown on Apollo 14.

The LPM will be carried on the LRV aft pallet and consists
of a flux-gate magpetometer sensor head mounted on a tripod
and an electronics data package. The sensor head is connected
to.the data package by a 15.2-meter (50 ft.}; flat cable, and
after the crewman aligns the sensor head at least 14 meters
{46 ft.) from the data package, he returns to the LRV and
relays readouts to Earth by voice.

The sensor head is sensitive to magnetic interference
from the crew's portable life support systems, the geology
tool, and the LRV, hence the need for emplacing and aligning
the sensor well away from them. The mercury-cell powered
electronics package has a range of +256 gamma. Readings are
displayed in three digital meters---one for each axis (ortho-
gonal X, Y and 2). At each traverse location for LPM measure-
ments, the crew will call out the meter readings on each axis.

-more-—
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Dimensions of the LPM components are 10.2 x 19 x 12.7 cm
(4 x 7 1/2 x 5 inches) for the data package and 8.6 x 14.4 x
6.7 cm ( 3 3/8 x 5 11/16.x 2 5/8 inches) for the sensor head.
The sensor head tripod is 45.7 cm {18 inches) long when re-
tracted and extends to 78.7 c¢m (31 inches). The principal
investigator is Dr. Palmer Dyal, NASA Ames Research Center,
Mountain View, Calif.

Far Ultraviolet Camera/Spectroscope: Deep-space concentrations
of hydrogen in interplanetary, interstellar and intergalactic
regions will be mapped by this experiment'using an instrument
which gathers both photographic images and spectroscopic data
in the far ultraviolet spectrum. The experiment will be the
first such astronomical observation emplaced on the lunar
surface,

Farlier spectrographic searches for hydrogen sources
in space from Earth-orbiting astronomical satellites were
impaired by the "masking" effect of the Earth's corona. The
instrument will be pointed toward such targets as sta® ¢louds,
nebulae, galaxy clusters and other galactic objects; iszex-
galactic hydrogen, the solar bow cloud and solar wind, Iunar
atmosphere and any possible lunar volcanic gases, and the
Earth's atmosphere and corona. Several astrophysicists have
speculated that extremely hot hydrogen exists in intergalactic
space and that hydrogen clusters may be detected between
galaxies by an instrument such as the far UV camera spectro-
sgope.

The experiment includes a 75mm (3~in) electronographic
Schmidt camera with a potassium bromide cathode and 35mm film
magazine and transport. FEmplaced on a tripod in the LM shadow,
the instrument is provided with'a battery pack which is placed
in the Sun at the end of its connecting cable. The spectro-
scope is fitted with lithium fluoride and calcium fluoride
filte§s4for detectina hydrogen Lyman~alpha radiation in the
1216 (angstrom) wavelength.

Measurements will range from §00 to 1550 } for spectro-
scopic data and from 1050 to 1550 and 1230 to 1550 in
photographic imagery. Hydrogen gas clouds will be detected
through differential measurements of the photoimagery.

Using the elevation/azimuth adjustments on the instrument
mount, the crew will align the camera/spectroscope toward
specific targets periodically during the three EVAs. Near
the end of EVA 3, the camera film cassette will be retrieved
for return to Earth.

more-
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Experiment principal investigator is Dr. George R.
Carruthers of the E.O. Hurlburt Center for Space Research,
Naval Research Laboratory, Washington, D.C.

Solar Wind Composition EXperiment (SWC): The scientific
objective of the solar wind composition experiment is to
determine the elemental and isotopic colmposition of the noble
gases in the solar wind.

As in Apollos 11, 12, 14 and 15, the SWC detector will
be deployed on the 1unar surface and brought back to Earth
by the crew. The detector will be exposed to the solar wind
flux for 46 hours compared to 41 hours on Apollo 15, 21 hours
on Apollo 14, 18 hours on Apocllo 12 and two hours on Apcllo 1l1.

The solar wind detector consists of an aluminum and plati-
nun foil .37 square meters ( 4 sguare f£t.) in area and about
0.5 mils thick rimmed by Teflon for resistance to tearing
during deployment. The platinum foil strips have been added
to the experiment on Apollo 16 to reduce contamination. This
will allow a more accurate determination of solar wind, con-
stituents. A staff and yard arrangement will be used to
deploy the foil and to maintain the foil approximately per-
pendicular to the solar wind flux. Solar wind particles will
penetrate into the foil, while cosmic rays pass through. The
particles will be firmly trapped at a depth of several hundred
atomic layers. After exposure on the luanr surface, the foil
is rolled up and returned to Earth, Professor Johannes Geiss,
University of Berne, Switzerland, is principal 1nvestlgator.
Professor Geiss is sponsored and funded by the Swiss Committee
for Space Research.
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Cosmic Ray Detector

A four-panel detector array is mounted on the lunar
module descent stage for measuring the charge, mass and
energy of cosmic ray and solar wind particles impacting
the detector array on the way to the Moon and during the
stay on the lunar surface. The detector array will be
brought back to Earth for analysis.

Energy ranges for the two types of particles to be
measured are from 0,5 to 10 thousand electron volts/nucleon
and from 0.2 to 200 million electron volts/nuclecn. Addi-
tionally, various types of glass detectors will be evaluated
and lunar surface thermal neutron flux will be measured.

Cosmic ray and solar wind particles will impact three
portions of the detector during translunar coast, and the
fourth panel will be uncovered early in the first lunar
surface EVA to gather data on lunar cosmic ray and solar
wind particles. The detector will be folded and bagged
during the third EVA and returned to Earth,

Detector panel 1 is a sandwich of 31 shaets of Lexan,
each 0.025 cm thick, and covered by perforated aluminized
Teflon.

Panel 2 is almost identical to panel 1, exeept that
two plastic sheets are pre-irradiated for data analysis
calibration.

Panel 3 is made up of 40 layers of 0.2-cm-thick Kodacel
cellulose triacetate sheets, overlaid on the upper half
by 10 five-micron thick Lexan sheets. Five specimens of
glass are imbedded in the panel's lower portion.

Panel 4 is similar in makeup to panel 3, except that’
the sheets in the lower part of the panel may be shifted.
A 0.076-cm~thick aluminum plate, to which are bonded small
fragments of mica, glass and natural crystals, covers the
lower quarter of the panel. The next highest quarter of
the panel is covered by a bonded 2-micron thick foil. A
lanyard~actuated slide made of 0.0005-cm thick aluminum
foil bonded to a platinum base covers the upper half of
panel four, The panel upper half is exposed to the lunar
environment when the crewman pulls the lanyard during EVA 1.

Principal investigators for the experiment are Dr. R. L.
Fleischer, General Electric Co., Dr. P. B. Price, University
of California at Berkely, and Dr. R. M. Walker, Washington
University.

- more -~



- 75 =~

Lunar Geology Investigation

The fundamental objective of the lunar geclogy investi-
gation lexperiment is to provide data in the vicinity of the
landing site for use in the interpretation of the geologic
history of the Moon. Apollo lunar landing missions offer
the opportunity to correlate carefully collected samples
with a variety of observational data on at least the
upper portions of the mare basin filling and the lunar
highlands, the two major geologic subdivisions of the Moon.
The nature and origin of the maria and highlands will bear
directly on the history of lunar differentiation and dif-
ferentiation processes. From the lunar bedrock, structure,
land forms and special materials, information will be gained
about the internal processes of the Moon. The nature and
origin of the debris layer (regolith) and the land forms
superimposed on the maria and highland regions are a record
of lunar history subsequent to their formation. This later
history predominately refletts the history of the extra-
Iunar environmment., Within and on the regolith, there will
also be materials that will aid in the understanding of
geologic units elsewhere on the Moon and the broader aspects
of lunar history.

The primary data for the lunar geology investigation
experiment come from photographs, verbal data, and returned
lunar samples. Photographs taken according to specific
procedures will supplement and illustrate crew comments,
record details not discussed by the crew, provide a frame-
work for debriefing, and record a wealth of lunar surface
information that cannot be returned or adequately described
by any other means.

In any Hasselblad picture taken from the lunar surface,
as much as 90 percent of the total image information may be
less than 100 feet from the camera, depending on topography
and how far the camera is depressed below horizontal. Images
of distant surface detail are so foreshortened that they are
difficult to interpret. Therefore, it ig important that
panoramas be taken at intervals during the traverse and at
the farthest excursion of the traverse. This procedure will
extend the high resolution photographic coverage to the
areas examined and discussed by the astronaut, and will
show the regional context of areas of specific interest
that have been discussed and photographed in detail.
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The polarizing filters will permit the measurement of
the degree of polarization and orientation of the plane of
polarization contained in light reflected from the lunar
surface, Different lunar materials (i.e., fine-grained
glass and/or fragments, strongly shocked rocks, slightly
shocked rocks and shock-lithified fragmental material)
have different polarimetric functions, in other words, dif-
ferent polarimetric "signatures.® Comparison of the polari-
metric function of known material, such as returned samples
and close-up lunar surface measurements, with materials
photographed beyond the traverse of the astronaut will
allow the classification and correlatiorn of these materials
even though their textures are not resolvable. The polari-
metric properties of lunar materials and rock types are a
useful tool for correlation and geologic mapping of
each landing site, and for extrapolation of geologic data
from site to site across the lunar surface,

The "in situ’ photometric properties of both fine-
grained materials and coarse rock fragments will sexrve as
a basis for delineating, recognizing, describing, and clas-
sifying lunar materials. The gnomon, with photometric
chart attached, will be photographed beside a representa-
tive rock and, if practical, beside any rock or fine-grained
material with unusual features.

The long focal length (500 mm) lens with the HEDC will
be used to provide high resolution data. A 5 to 10 centi-
meter resolution is anticipated at a distance of 1 to 2 km
(0.6 to 1.2 mi.). The high degree of resolution will make
it possible to analyze the stratigraphic layering in North
Ray Crater walls and potential outcrops and exposed bedrock
in distant areas.

Small exploratory trenches, several centimeters deep,
are to be dug to determine the character of the regolith
down to these depths. The trenches should be dug in the
various types of terrain and in areas where the surface
characteristics of the regolith are of significant interest
as determined by the astronaut crew. The main purpose of
the trenches will be to determine the small scale strati-
graphy (or lack of) in the upPer few inches of the regolith
in terms of petrological characteristics and particle size.

- more -
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The organic control sample, carried in each sample
return case {(SRC) will be analyzed after the mission in the
Lunar Receiving Laboratory to determine the level of conta-
mination in each SRC. This will then be compared to an
organic control sample which was removed from the SRC prior
to the SRC being shipped te KSC for loading onto the LM.

In order to more fully sample the major geological
features of the Apollo 16 landing site, various groupings
of sampling tasks are combined and will be accomplished in
concentrated areas. This will aid in obtaining vertical
as well as lateral data to be obtained in the principal
geological settings. Thus, some trench samples, core tube
samples and lunar environmental soil samples will be col-
lected in association with comprehensive samples., In addi-
tion, sampling of crater rims of widely differing sizes in
a concentrated area will give a sampling of the deeper
stratigraphic divisions at that site. Repeating this sampling
technique at successive traverse stations will show the
continuity of the main units within the Cayley formation.

Sampling and photographic techniques used to gather
data in the bescartes region include:

* Documented samples of lunar surface material which,
prior to gathering, are photographed in color and stereo --
using the gnomon and photometric chart for comparison of
position and color properties -- to show the sample's rela-
tion to other surface features.

* Rock and soil samples of Imbrian age rocks from deep
layers, and soil samples from the regolith in the immediate
area where the rocks are gathered.

* Radial sampling of material on the rim of a fresh
crater -- material that should be from the déepest strata.

* Photopanoramas for building mosaics which will allow
accurate control for landing site map correlation.

* Polarimetric photography for comparison with known
materials.

* Double drive tube samples to depths of 60 cm (23.6 in.)
for determining the stratigraphy in multi-layer areas.
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* Single drive tube samples to depths of 38 cm (15 in.)
in the comprehensive sample area and in such target of oppor-
tunity areas as mounds and fillets.

* Drill core sample of the regolith which will further
spell out the stratigraphy of the area sampled.

* A small exploratory trench, ranging from 6 to 24 cm
(2.4 to 9.7 in.) in depth, to determine regolith particle
size and small-~scale stratigraphy.

* Large equidimensional rocks ranging from 15 to 24 cm
(6 to 9.4 in.) in diameter for data on the history of solar
radiation. Similar sampling of rocks from 6 to 15 cm
(2.4 to 6 in.) in diameter will also be made.

* Pillet sampling which may reveal a relationship between
fillet volume and.rock size to the length of time the £illet
has been in place.

* Vacuum-packed lunar environment soil and rock samples
kept biologically pure for postflight gas, chemical and
microphysical analysis.

* Special surface samples to determine properties of
the upper 10 - 108 microns of the lunar surface.
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Apolloc Lunar Geology Hand Tools

Sample scale - The scale is used to weigh the loaded sample
return containers, sample bags, and other containers to
maintain the weight budget for return to Earth. The scale
hasg graduated markings in increments of 5 pounds to a
maximum capacity of 80 pounds. The scale is stowed and
used in the lunar module ascent stage.

Tongs =~ The tongs are used by the astronaut while in a
standing position to pick up lunar samples from pebble
size to fist size. The tines of the tongs are made of
stainless steel and the handle of aluminum. The tongs
are operated by squeezing the T-bar. grips at the top of
the handle to open the tines. In addition to picking up
samples, the tongs are used to retrieve equipment the
astronaut may inadvertantly drop. Thig tool is 81 om (32
inches) long overall.

Lunar rake - The rake is used to collect discrete samples
of rocks and rock chips ranging from 1.3 cm (one-half inch)
to 2.5 em (one inch) in size. The rake is adjustable for
ease of sample collection and stowage. The tines, formed
in the shape of a scoop, are stainless steel. A handle,
approximately 25 om (10 inches) long, attaches to the ex-
tension handle for sample collection tasks.

Adjustable scoop ~ The gsampling scoop is used to collect
soil material or other lunar samples too small for the rake
or tongs to pick up. The stainléss Steel pan of the scoop,
which is 5 em (2 inches) by 11 cm (41/2 inches) by 15 cm

(6 inches) has a flat bottom flanged on both sides and a
partial cover on the top to prevent loss of contents. The
pan is adjustable from horizontal to 55 degrees and 90
degrees from the horizontal for use in scooping and
trenching. The scoop handle is compatible with the extension
handle.

Hammer - This tool serves three functions; as a sampling
hammer to chip or break large rocks, as a pick, and as a
hammer to drive the drive tubes or other pieces of lunar
equipment. The head is made of impact resistant tool steel,
has a small hammer face on one end, a broad flat blade on the
other, and large hammering flats on the sides. The handle,
made of aluminum, is 36 cm (14 inches) long; its lower

end fits the extension handle when the tool is used as a hoe.

more=
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Extension handle - The extension handle extends the astronaut's
reach to permit working access to the lunar surface by
adding 76 cm (30 inches) of length to the handles of the
sceop, rake, hammer, drive tubes, and other pieces of lunar
equipment. This tool is made of aluminum alloy tubing
with a malleable stainless steel cap designed to be used

as an anvil surface. The lower end has a quick-disconnect
mount and lock designed to resist compression, tension,
torsion, or a combination of these loads. The upper end

is fitted with a sliding "T" handle to facilitate any
torqueing operation.

Drive Tubes - These nine tubes are designed to be driven or
augured into soil, loose gravel, or soft rock such as pumice.
Each is a hollow thin-walled aluminum tube 41 cm (16 inches)
long and 4 em (1.75 inch) diameter with an integral coring
bit. Each tube can be attached to the extension handle

to facilitate sampling. A deeper core sample can be
obtained by joining tubes in series of two or three. When
filled with sample, a Teflon cap is used to seal the open
end of the tube, and a keeper device within the drive tube
is positioned against the top of the core sample to preserve
the stratigraphic integrity of the core. Three Teflon caps
are packed in a cap dispenser that is approximately a 5.7 cm
(2.25 inch) cube.

Gnomon and Color Patch - The gnomon is used as a photographic
reference to establish local vertical Sun angle, scale,

and lunar color. This tool consists of a weighted staff
mounted on a tripod. It is constructed in such a way that
the staff will right itself in a vertical position when the
legs of the tripod are on the lunar surface. The part of the
staff that extends above the tripod gimbal is painted with

a gray scale from 5 to 35 percent reflectivity and a color
scale of blue, orange, and green. The color.patch,

similarly painted in gray scale and color scale, mounted on
one of the tripod legs provides a larger target for accurately
determining colors in color photography.
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Apollo Lunar Hand Tool Carrier -~ This is an aluminum framework
with a handle and legs that unfold to provide a steady

base. The tools described above may be stowed in special
fittings on this framework during lunar surface EVAs. The
framework also provides support positions for two sample
collection bags and a 20-bag documented sample bag dispenser.
The hand tool carrier mounts on the Quad III LRV pallet

during launch and stays on that pallet when it is transferred
to the aft end of the lunar roving vehicle.

-~ Several different types of bags are furnished
for collecting lunar surface samples. The Teflon documented
sample bag (DSB), 19 by 20 cm {7-1/2 by 8 inches) in size,
is prenumbered and packed in a 20-bag dispenser that can
be mounted on the hand tool carrier or on a bracket on the
Hasselblad camera. Documented sample bags (140) will be
available during the lunar surface EVAs. The sample
collection bay (SCB), also of Teflon, has interior pockets
along one side for holding drive tubes and exterior pockets
for the special environmental sample container and for a
drive tube cap dispenser. This bag is 17 by 23 by 41 cm
(6-3/4 by 9 by 16 inches) in size (exclusive of the exterior
pockets) and fits inside the sample return containers.
During the lunar surface EVAs this bag is hung on the hand
tool carrier or on the portable life support system tool
carrier. Four SCBs will be carried on Apollo 16. The
extra sample collection bag (ESCB) is identical to the
SCB except that the interior and exterior pockets are
omitted. During EVAs it is handled in the same way as an
SCB. Four ESCB bags will be carried on the mission.

A sample return bag, 13 by 33 by 57 am (5 by 13 by 22.5 inches)
in size, replaces the third sample return container and is
used for the samples collected on the third EVA. It hangs

on the LRV pallet during this EVA.

A special type of sample bag, the padded sample bag, is
carried on Apollo 16. Although generally similar to the

DSB, it has an inner padding of knit Teflon that forms

an open-topped box 6 cm (2-1/2 inches) thick and a

velcro strap to insure satisfactory closure for return to
Earth. Only two of these special purpose bags will be carried
on the flight.
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Sample Return Container - This container maintains a
vacuum environment and padded protection for lunar
samples. It is an aluminum box 20 by 28 by 48 cm (8 by
11.5 by 19 inches) in size, with a knife-edge indium-
silver geal, a strap latch system for cleosing, and a lever
and pin system to support the container in the LM and
CM stowage compartments under all vibration and g-force
conditions. The drive tubes, special environmental
sample container, and the core sample vacuum container
as well as some pther specialized pieces of equipment
are flown outbound and inbound within the sample return
containers, two of which will be carried on Apcllo 16.

Special Environmental Sample Containers - This container is
used to protect the vacuum environment of selected samples
of lunar soil orx rocks to be studied in specific experiments
upon return to Earth. It is a thin-walled stainless

‘steel can with a knife edge at the top and three-legged
press assembly attached to the lid to effect a vacuum-proof
seal when used on the lunar surface. Until used upon
collection of the sample, the seal surfaces are covered
with Teflon protectors that are then discarded.

Core Sample Vacuum Container - The core sample vacuum container
1s a receptacle for vacuum storage and transport to Earth

of a lunar surface drive tube. The core sample vacuum
container is about twice as long as the special environmental
sample container and includes an insert to grip the drive

tube, providing lateral and longitudinal restraint.

Surface Sampler Tool - The purpose of the surface sampler

tool 1s to capture and return to Earth for analysis a

sample from the very top of the lunar surface. The surface

sampler tool hopefully will capture 300 to 500 milligrams of
material only 100 to 500 microns deep. Each sampler consists

of a 1.25-cm (1l/2-inch) deep box which attaches to the universal
hand tool. The 11,25-by-12.5-cr (2.5-by-5-inch) boxes each contain
a plate which is floating in channels inside the box. One plate

is covered with a deep pile velvet cloth and the other plate

will be covered with either beta cloth or a thin layer of grease.

The astronaut will open the spring-locaded door at the box
bottom and gently lower the box until the floating plate
touches the lunar surface. The lunar surface grains will

be trapped in the fabric pile or grease. The astronaut will
lift the box, close the lid, and place the box in a numbered
bag for return to Earth.
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LUNAR ORBITAL SCIENCE

Service Module Sector 1 houses the Scientific Instru-
ment Module (SIM) bay. Eight experiments are carried in
the SIM bay: X-ray fluorescence spectrometer, gamma ray
spectrometer, alpha-particle spectrometer, panoramic camera,
76-millimeter (3-inch) mapping camera, laser altimeter
and a mass spectrometer; a subsatellite carries three inte-
gral experiments (particle detectors, magnetometer and S-band
transponder) comprising the eighth SIM bay experiment and
will be placed into lunar orbit.

Gamma-Ray Spectrometer: On a 7.6 meter {(25-foot) extendable
boom, the gamma-ray spectrometer measures the chemical
composition of the lunar surface in conjunction with the

X-ray and alpha-particle experiments to gain a compositional
"map" of the lunar surface ground track. It detects natural
and cosmic rays, induced gamma radicactivity and will operate
on the Moon's dark and light sides. Additionally, the experi-
ment will be extended in transearth coast to measure the radia-
tion flux in ¢islunar space and record a spectrum of cosmologi-
cal gamma-ray f£flux. The device can measure energy ranges between
0.1 to 10 million electron volts. The extendable boom is con-
trollable from the command module cabin. Principal investi-
gator is Dr. James R. Arnold, University of California at

San Diego.

X-Ray Fluorescence Spectrometer: This geochemical experiment
measures the composition of the lunar surface from orbit,

and detects X-ray fluorescence caused by solar X-ray inter-
action with the Moon. It will analyze the sunlit portion of
the Moon. The experiment will measure the galactic X-ray

flux during transearth coast. The device shares a compartment
on the SIM bay lower shelf with the alpha-particle experiment,
and the protective door may be opened and closed from the
command module cabin, Principal investigator ig Dr. IXsidore
Adler, NASA Goddard Space Flight Center, Greenbelt, M4.

Alpha-Particle Spectrometer: This spectrometer measures mono-
energetic alpha particles emitted from the -lunar crust and
fissures as products of radon gas isotopes in the energy range
of 4.7 to 9.3 million electron volts. The sensor is made up of
an array of 10 silicon surface barrier detectors. The experi-
ment will consturct a "map" of lunar surface alpha-particle
emissions along the orbital track and is not constrained by
solar illumination. It will also measure deep-space alpha-
particle background emissions in lunar orbit and in transearth
coast. Protective door operation is controlled from the cabin.
Principal investigator is Dr. Paul Gorenstein, American Science
and Engineering, Inc., Cambridge, Mass.
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Mass Spectrometer: This spectrometer measures the composi-
tion and distribution of the ambient lunar atmosphere, identi-
fies active lunar sources of volatiles, and pinpoints con-
tamination in the lunar atmosphere. The sunset and sunrise
terminators are of special interest, since they are predicted
to be regions of concentration of certain gases. Measure-
ments over at least five lunar revolutions are desired. The
mass spectrometer is on a 7.3-meter (24-foot) extendable boom,
The instrument can identify species from 12 to 28 atomic masg
units (AMU) with the No. 1 ion counter, and 28-66 AMU with the
No. 2 counter. Principal investigator is Dr. John H. Hoffman,
University of Texas at Dallas.

Panoramic Camera: 610mm (24-inch) SM orbital photo task:
The camera gathers mono or stereo high-resolution {2m) photo-
graphs of the lunar surface from orbit. The camera produces
an image size of 28 x 334 kilometers (17 x 208 nm) with a
field of wview 11° along the track and 108° cross track. The
rotating lens system can be stowed face-inward to avoid con-
tamination during effluent dumps and thruster firings. The
33-kilogram (72~pound) film cassette of 1,650 frames will be
retrieved by the command module pilot during a transearth
coast EVA. The camera works in conjunction with the mapping
camera and the laser altimeter to gain data to construct a -
comprehensive map of the lunar surface ground track flown

by this mission --~about 2.97 million square meters (l1.16
million square miles) or 8 percent of the lunar surface.

Mapping Camera 76mm (3~inch): Combines 20-meter resolution
terrain mapping photography on five-inch film with 76mm

(3-inch) focal length lens with stellar camera shooting the

star field on 35mm film simultaneously at 96° from the surface
camera optical axis. The stellar photos allow accurate orien-
tation of mapping photography postflight by comparing simulta-
neous star field photography with lunar surface photos of

the nadir (straight down). Additionally, the stellar camera
provides pointing vectors for the laser altimeter during dark-
side passes. The mapping camera metric lens covers a 74° square
field of view, or 170 x 170 km (92 X 92 nm) from 111.5 km (60 nm)
in altitude. The stellar camera is fitted with a 76mm (3-inch)
£f/2.8 lens covering a 24° field with cone flats. The 9-kg
{(20-1b) film cassette containing mapplng camera film (3,600
frames) and the stellar camera film will be retrieved durlng
the same EVA described in the panorama camera discussion.

The Apollo Orbital Science Photographic Team is headed by
Prederick J. Doyle of the U.S. Geological Survey, McLean, Va.
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Laser Altimeter: This altimeter measures spacecraft altitude
above the lunar surface to within two meters. The instrument
is boresighted with the mapping camera to provide altitude
correlation data for the mapping camera as well as the pan-
oramic camera. When the mapping camera is running, the laser
altimeter automatically fires a laser pulse to the surface
corresponding to mid-frame ranging for each frame. The

laser light source is a pulsed ruby laser operating at 6,943
angstroms, and 200-millijoule pulses of 10 nanoseconds dura-
tion. The laser has a repetition rate up to 3.75 pulses per
minute, The laser altimeter working group of the Apollo
Orbital Science Photographic Team is headed by Dr. William M,
Kaula of the UCLA Institute of Geophysics and Planetary
Physics.

Subsatellite: The subsatellite is ejected into lunar orbit
from the SIM bay and carries three experiments, The sub-
satellite is housed in a container resembling a rural mailbox
and when deployed,is spring-ejected out-~of-plane at 1.2 meters
per second (4 feet per second) with a spin rate of 140 revolu-
tions per minute. After the satellite booms are deployed, the
spin rate is stabilized at about 12 rpm. The subsatellite is
77 centimeters (30 inches)long, has a 35.6 cm (l14-inch hexa-
gonal diameter and weighs 40 kg (90 pounds). The folded booms
deploy to a length of 1.5 m (five feet). Subsatellite electri-
cal power is supplied by a solar cell array outputting 24 watts
for dayside operation and a rechargeable gilver-cadmium battery
for nightside passes.

Experiments carried aboard the subsatellite are: S-band
transponder for gathering data on the lunar gravitational field,
especially gravitational anomalies such as the so-called mascons
particle shadows/boundary layer for gaining knowledge of the
formation and dynamics of the Earth's magnetosphere, interaction
of plasmas with the Moon and the physics of solar flares using
telescope particle detectors and spherical electrostatic particle:
detectors; and subsatellite magnetometer for gathering physical
and electric%l property data on the Moon and of plasma inter-
action with the Moon using a biaxial flux~gate magnetometer
deployed on one of the three 1,5-m (5-foot) folding booms.
Principal investigators for the subsatellite experiments are:
particle shadows/boundary layer, Dr. Rinsey A. Anderson, Uni-
versity of California Berkeley: magnetometer, Dr. Paul J.
Coleman, UCLA; and S-band transpender, Mr. william Sjogren,

Jet Propulsion Laboratory.

-more-—
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Other CSM orbital science experiments and tasks not in
SIM bay include UV photography-Earth and Moon, Gegenschein
from lunar orbit, CSM/LM S-band transponder (in addition to
that in the subsatellite), bistatic radar, Apollo window
meteoroid experiments, microbial response, Skylab contami-
nation, and visual flash phenomenon.

UV Photography-Earth and Moon: This experiment is aimed
toward gathering ultraviolet photos of the Earth and Moon

for planetary atmosphere studies and investigation of lunar
surface short wavelength radiation. The photos will be made
with an electric Hasselblad camera bracket-mounted in the
right side window of the command module. The window is fitted
with a special quartz pane that passes a large portion of the
incident UV spectrum. A four-filter pack---three passing UV
electromagnetic radiation and one passing visible electro-
magnetic radiation---is used with a 105mm lens for black and
white photography; the visible spectrum filter is used with
color film.

Gegenschein from Lunar Orbit: This experiment involves long
exposures with a 3bmm camera with 55mm £/1.2 lens on high speed
black and white film (ASA 6,000). All photos must be made
while the command module is in total darkness in lunar orbit.

The Gegenschein is a faint light source covering a 20°
field of view along the Earth-Sun line on the opposite side
of the Barth from the Sun {anti-solar axis), One theory on
the origin of Gegenschein is that particles of matter are
trapped at the moulton point and reflect sunlight. Moulton
point is a theoretical point located 15,131,000 km (817,000 nm)
from the Earth along the anti-solar axis where the sum of all
gravitational forces is zero. From lunar orbit, the moulton
point region can be photographed from about 15 degrees off
the Earth~Sun axis, and the photos should show whether Gegen-
schein regults from the moulton point theory or stems from
zodiacal light or from some other source. The experiment was
conducted on Apollo 14 and 15. The principal investigator is
Lawrence Dunkelman of the Goddard Space Flight Center.

~more-—
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CSM/LM S-Band Transpender: The objective of this exper-
iment is to detect variations in lunar gravity along the
lunar surface track. These anomalies in gravity result in
minute perturbations of the spacecraft motion and are
indicative of magnitude and location of mass concentrations
on the Moon. The Spaceflight Tracking and Data Network (STDN)
and the Deep Space Network (DSN) will obtain and record
S-band doppler tracking measurements from the docked
CSM/ILM and the undocked CSM while in lunar orbit; S-band
doppler tracking measurements of the LM during non-powered
portions of the lunar descent; and S-band doppler track-
ing measurements of the LM ascent stage during non-powered
portions of the descent for lunar impact. The CSM and LM
S-band transponders will be operated during the experiment
period. The experiment was conducted on Apollo 14 and 15.

S-band doppler tracking data have been analyzed from
the Lunar Orbiter missions and definite gravity variations
were detected. These results showed the existence of mass
concentrations (mascons) in the ringed maria. Confirmation
of these results has been obtained with Apollo tracking
data.

With appropriate spacecraft orbital geometry much
more scientific information can be gathered on the lunar
gravitational field. The CSM and/or LM in low-altitude or-
bits can provide new detailed information on local gravity
anomalies. These data can also be used in conjunction with
high-altitude data to possibly provide some description on
the size and shape of the perturbing masses. Correlation
of these data with photographic and other scientific records
will give a more complete picture of the lunar environment
and support future lunar activities. Inclusion of these
results is pertinent to any theory of the origin of the
Moon and the study of the lunar subsurface structure.
There is alsoc the additional benefit of obtaining better
navigational capabilities for future lunar missions in
that an improved lunar gravity model will be known.
William Sjogren, Jet Propulsion Laboratory, Pasadena,
California is principal investigator.

~more-
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Bistatic Radar Experiment (BRE): The downlink bistatic radar
experiment seeks to measure the electromagnetic properties of
the lunar surface by monitoring that portion of the space-
craft telemetry and communications beacons which are reflected
from the Moon.

The CSM S-band telemetry beacon (f = 2.2875 gigahertz),
the VHF voice communications link (£ = 259.7 megahertz), and
the spacecraft omni-directional and high gain antennas are
used in the experiment. The spacecraft is oriented so that
the radio beacon is incident on the lunar surface and is
successively reoriented so that the angle at which the sgignal
intersects the lunar surface is varied. The radio signal
is reflected from the surface and is monitored on Earth,

The strength of the reflected signal will vary as the angle
at which it intersects the surface isg varied.

The electromagnetic properties of the surface can be
determined by measuring the reflected signal strength as a
function of angle of incidence on the lunar surface. The
angle at which the reflected signal strength is a minimum is
known as the Brewster angle and determines the dielectric
constant. The reflected signals can alsc be analyzed for data
on lunar surface roughness and surface electrical conductivity.

The S~band signal will primarily provide data on the
surface., However, the VHF signal is expected to penetrate the
gardened debris layer (regolith) of the Moon and be reflected
from the underlying rock'strata. The reflected VHF signal
will then provide information on the depth of the regolith over
the Moon.

The S-band BRE signal will be monitored by the 210-foot
antenna at the Goldstone, California site and the VHF portion
of the BRE signal will be monitored by the 150-foot antenna
at the Stanford Research Institute in California. The experi-
ment was flown on Apollos 14 and 15.

Lunar bistatic radar experiments were also performed
using the telemetry beacons from the unmanned Lunar Orbiter I
in 1966 and from Explorer 35 in 1967. Taylor Howard, Stanford
University, is the principal investigator.

Apollo Window Meteorcid: This is a passive experiment in which
command module windows are scanned under high magnification pre-
and postflight for evidence of meteorcoid cratering flux of one-
trillionth gram or larger. Such particle flux may be a factor
in degradation of surfaces exposed to space environment.
Principal investigator is Burton Cour-Palais, NASA Manned
Spacecraft Center.

-more-
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MEDICAL EXPERIMENTS AND TESTS

Apcllo 16 will carry four medical experiments and tests, two
of which are passive and require no crew manipulation and two
in which the crew participates. The experiments are: micrcbial
response in space environment, visual light flash phenomenon,
biostack and bone mineral measurement.

Microbial Response in Space Environment: A rectangular con-
tainer with same 60 million micrcbial passengers aboard will be
attached to the command module hatch camera boom for a 10-minute
pericd during the OMP's transearth EVA. The experiment will
measure the effects of reduced oxygen pressure, vacum, zero—g
and solar ultraviclet irradiation upon five strains of bacteria,
fungi and viruses. Specific strains chosen for the experiment
are Rhodotorula rubra, bacillus thuringiensis, bacillus subtilis,
aeramanas proteolytica and chaetomium glcbosum. None of these
bacteria are harmful to man.

The 11.6x11.6x24.8 an (4.5x4.5x9.75 inch) container---—
microbial ecology evaluation device (MEED)---contains three
separate trays, each with 280 chambers for temperature sensors,
ultraviolet measuring solutions, and the microorganisms. 2About
two~thirds of the microorganisms will be in a dry state while the
remainder will be in water suspension. The MEED will be opened
and pointed toward the Sun for the 1l0-minute test period, then
capped and returned to Earth for analysis.

Micrabial experiments run on Geminis 9 and 12, Biosatellite 2
and in the Soviet Union's Vostok spacecraft suggest that perhaps
zero—g coupled with a reduced partial pressure of oxygen has an
effect upon growth and mutation rates of microorganisms.

Experiment principal investigators are: Dr, Paul Volz,
Eastern Michigan University, Ypsilanti, Mich.; Dr. Bill G. Foster,
Texas A&M University, College Station, Tex.; and Dr. John Spizien,
Scripps Clinic and Research Foundation, La Jolla, Calif.

Visual Light Flash Phenomenon: Mystericus specks of light
penetrating closed eyelids have been reported by crewmen of every
Apollo lunar mission since Apollo 11. Usually the light specks
and streaks are cbserved in a darkened command module cabin while
the crew is in a rest period. Averaging two flashes a minute, the
phenomena was observed in previous missions in translunar and trans-
earth coast and in lunar orbit.

—more-—
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Two theories have been proposed on the origin of the flashes.
One theory is that the flashes stem from visual phosphenes induced
by cosmic rays. The other theory is that Cerenkov radiation by
high-energy atamic particles either enter the eyeball or ionize
upon collision with the retina or ocerebral cortex.

The ZApollo 16 crew will run a controlled experiment during
translunar and transearth coast in an effort to correlate light
flashes to incident primary cosmic rays, One crewman will wear
an emilsion plate device on his head called the Apollo light flash
moving emalsion detector (ALFMED), while his crewmates wear eye
shields, The ALFMED emulsion plates cover the front and sides
of the wearer's head and will provide data on time, strength, and
path of high~energy atomic particles penetrating the emulsion plates.
This data will be correlated with the crewman's verbal reports '
on flash dbservations during the tests.

Dr. R. E. Benson of the NASA Manned Spacecraft Center
Preventive Medicine Division is the principal investigator.

Biostack: The German biostack experiment is a passive exper-
iment requiring no crew action. Selected biological material will
be exposed to high-energy heavy ions in cosmic radiation and the
effects analyzed postflight. Heavy ion energy measurements cannot
be gathered from ground-based radiation sources.

The experiment results will add to the knowledge of how
these heavy ions may present a hazard for man during long space
flights.

Alternate layers of biological materials and radiation track
detectors are hermetically sealed in a cylindrical aluminum container
12.5 cm in diameter by 9.8 am high (3.4 x 4.8 inches) and weighing
2.4 kg (5.3 lbs). The biostack container will be mounted in the
command module in a position to minimize shielding to cosmic
radiation. This container has no organisms harmful to man.

After command module recovery, the container will be returned
to the principal investigator, Dr. Horst Bucker, University of
Frankfurt, Frankfurt am Main, Federal Republic of Germany, whose
participation is funded and sponsored by the German Ministry for
FEducation and Science. Dr. Bucker will be assisted in his investi-
gations by scientists at the University of Strasboury, France, and
at the Aerospace Medicine Research Center in Paris, The experiment
is endorsed by the Working Party on Space Biophysics of the Council
of Europe's parliamentary Committee on Science and Technology.

=more—
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Bone Mineral Measurcment: Mineral changes in human bones
caused by reduced gravity are measured in this passive experiment.
X-ray absorption techniques pre~ and post-flight will measure
bone mineral content of the radius, ulna, and os calcis (heel) for
camparisons.

Principal investigator is Dr., J. M. Vogel, U.S. Public Health
Service Hospital, San Francisco, Calif.

~ore~
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ENGINEERING/OPERATIONAL TESTS AND DEMONSTRATION

Four tests aimed at gathering data for improving
operations in future space flight missions will be flown
aboard Apollo 16, An investigation into external space-
craft contamination and an evaluation of the Skylab food
packaging system will provide data useful to next year's
Skylab series of long~duration missions., Tests of an
improved gas/water separator for removing hydrogen gas
bubbles from potable water generated as a fuel cell byproduct
and evaluation of a new type of fecal collection bag also
will be conducted. An electrophoresis separation demon-
stration will also be conducted.

§§¥1ab Contamination Study: Since John Glenn reported
seeing "fireflies™ outside the tiny.window of his Mercury
spacecraft Friendship 7 4 decade ago, space crews have noted
light-scattering particles that hinder visual observations
as well as photographic tasks. Opinions on the origin of
the clouds of particles surrounding spacecraft have ranged
from ice crystals generated by water vapor dumped from the
spacecraft to a natural phenomenon of particles inhabiting
the space environment.

The phenomenon could be of concern in the Skylab mis-
sions during operation of the solar astronomy experiments.
The Apollo 16 tests will attempt to further identify the
sources of contamination outside the spacecraft. The crew
will use a combination of photography and visual observa-
tions to gather the data, which in turn will serve as base-
lines for predicting contamination in the vicinity of the
Skylab space station and for devising methods for minimizing
contaminate levels around the Skylab vehicle.

Skylab Food Package: Since the Skylab orbital work-
shop must carry enough food to last nine men for 140 days,
the methods of packaging the food must be somewhat dif-
ferent than the methods used in packaging food for the rela-
tively short Apollo missions.

Packed in with the Apollo 16 crew's regular fare of
meals will be several Skylab food items for the crew to
evaluate. Among the types of packaging to be checked are
two sizes of snap-top cans containing foods ranging from
dried peaches and puddings to peanuts, wet-pack spoon-bowl
foods, postage-stamp size salt dispensers, and plastic-
bellows drink containers.

- more -
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The Apollo 16 crew will take still and motion pictures
of the food packages in use and make subjective comments
on ease of handling and preparation of the food.

Improved Gas/Water Separator: During transearth coast
the Apollo 16 crew will unstow an improved gas/water
separator and use it on the food preparation water spigot
for one meal period. Command modéle potable water is a
byproduct of the fuel cell powerplants and contains hydro-
gen gas bubbles which cause crew discomfort when ingested.
Gas/water separators flown previously have had leaks around
the seals and have not adequately separated gas bubbles
from the water,

The improved separator is expected to deliver bubble-
free drinking and food preparation water.

Improved Fecal Collection Bag: Defecation bags used
in previous Apollo missions are virtually identical to
the Gemini "blue bags". During previous missions, the crews
have experienced some difficulty in attaching the bag to
the body, in post-defecation sealing, and personal hygiene
clean-up. The improved fecal collection bag has been re-
designed for better fit and sealing.

Electrophoretic Separation Demonstration: The Apolloc 16
astronauts will use the natural weightless environment in
space flight to again demonstrate an improved process in
materials purification which may permit separation of
materials of higheér purity than can now be produced on
Earth,

The space demonstration is called electrovhoretic
separation, referring to the movement of electrically charged
particles under the influence of an electric field.

Most organic molecules become electrically charged
when they are placed in a solution and will move through
such a solution if an electric field is applied. Since
molecules of different size and shape move at different
speeds, the faster molecules in a mixture will "outrun"
the slower ones as they move from one end of ‘the solution
to the other.,

Thus, like particles separate into bands as they drift
towards the attracting electrode. Separation is accomplished
by removing the desired bands of particles.

- more -
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On Earth the purification or separation process is
generally performed with filters or other supporting
devices because materials of any significant size rapidly
sink or settle in the solution before separation occurs.
Additionally, light materials remaining are easily mixed
by convective currents, thus reducing purity.

The Apollo 14 electrophoretic separation demonstration

experienced some technical problems which prohibited obtaining

information on two ¢of the three samples. Results with the
third sample (a mixture of red and blue dyes) indicated the
feasibility of obtaining sharper separations in space than
on Earth. The Apollo 16 demonstration has been modified to
overcome the problems encountered with the Apollo 14 demon-
stration and will use polystyrene particles to simulate
separation of large bioclogical particles. The Apollo 16
demonstration will allow a more accurate evaluation of the
separation process.

If successful, the demonstration could show that one
of the practical uses for future manned space stations may
be to economically produce vaccine and medical preparations
of very high purity.

- more -—
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LUNAR ROVING VEHICLE

The lunar roving vehicle (LRV) will transport two
astronauts on three exploration traverses of the Moon's
Descartes region during the Apollo 16 mission. The LRV
will also carry tools, scientific and communications
equipment, and lunar samples.

The four—whei}, lightweight vehicle greatly extends
the lunar area that can be explored by man. It is the
first manned surface transportation system designed to
operate on the Moon, and it represents a solution to
challenging new problems without precedent in Earth-bound
vehicle design and operation.

The LRV must be folded into a small package within a
wedge-shaped storage bay of the lunar module descent stage
for transport to the Moon. After landing, the wvehicle
must be unfolded from its stowed position and deployed
on the surface. It must then operate in an almost total
vacuum under extremes of surface temperatures, low gravity,
and on unfamiliar terrain.

The first lunar roving vehicle, used on the Apollo 15
lunar mission, was driven for three hours during its
exploration traverses, covering a distance of 27.8 kilo-
meters (17.3 statute miles) at an average speed of 9.2
kilometers an hour (5.7 miles an hour).

General Description

The LRV is 3.1 meters long (10.2 feet); has a 1.8-
meter (six-foot) tread width; .-is 1.14 meters high (44.8
inches); and has a 2.3-meter wheel base {7.5 feet).
Each wheel is powered by a small electric motor. The
maximum speed reached on the Apollo 15 mission was
about 13 km/hr (eight mph).

Two 36-voli batteries provide vehicle power, and
either battery can run all systems. The front and rear
wheels have separate steering systems; if one fails it
can be disconnected and the LRV will operate with the
other system,

- more -
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Weighing about 208 kilograms (457 pounds), Eartk
weight when deployed on the Moon, the LRV can carry a
total payload of about 490 kilograms (1,080 pounds),
more than twice its own weight. The payload includes
two astronauts and their portable life support systems
{about 363 kilograms; 800 pounds), 45.4 kilograms (100
pounds) of communications equipment, 54,5 kilograms (120
pounds) of scientific equipment and photographic gear,
and 27.2 kilograms (60 pounds) of lunar samples.

The LRV is designed to operate for a minimum of 78
hours during the lunar day. It can make several explora-
tion sorties to a cumulative distance of 92 kilometers
(57 miles). The maximum distance the LRV will be permitted
to range from the lunar module will be approximately 9.7
kilometers (six miles), the distance the crew could safely
walk back to the IM in the unlikely event of a total LRV
failure. This walkback distance limitation is based upon
the quantity of oxygen ana coolant available in the astro-
nauts’ portable life support systems. This area contains
about 292 sguare kilometers (113 sguare miles) available
for investigation, 10 times the area that can be explored
on foot.

The vehicle can negotiate obstacles 30.5 centimeters
(one foot) high, and cross crevasses 70 centimeters wide
(28 inches). The fully loaded vehicle can climb and
descend slopes as steep as 25 degrees, and park on slopes
up to 35 degrees. Pitch and roll stability angles are
at least 45 degrees, and the turn radius is three meters
(10 feet).

Both crewmen sit so the front wheels are visible during
normal driving. The driver uses an on-board dead reckoning
navigation system to determine direction and distance
from the lunar module, and total distance traveled at any
point during a traverse.

The LRV has five major systems: mobility, crew
station, navigation, power, and thermal control. Secondary
gystems include the deployment mechanism, LM attachment
equipment, and ground support equipment,

= more -



- 109 -

The aluminum chassis is divided into three sections
that support all equipment and systems. The forward and
aft sections fold over the center one for stowage in the LM.
The forward section holds both batteries, part of the navi-
gation system, and electronics gear for the traction drive
and steering systems. The center section holds the crew
station with its two seats, control and display console,
and hand controller. The floor of beaded aluminum panels
can support the weight of both astronauts standing in lumar
gravity., The aft section holds the scientific payload.

Auxiliary LRV egquipment includes the lunar communica-
tions relay unit (LCRU) and its high and low gain antennas
for direct communications with Earth, the ground commanded
televigion assembly (GCTA), a motion picture camera,
scientific equipment, tools, and sample stowage bags.

Mobility Svstem

The mobility system is the major LRV system, containing
the wheels, traction drive, suspension, steering, and drive
control electronics subsystems.

The vehicle is driven by a Teshaped hand controller
located on the control and display console post between
the crewmen. Using the controller, the astronaut maneuvers
the LRV forward, reverse, left and right.

Each LRV wheel has a spun aluminum hub and a titanium
bump stop (inner frame) inside the tire (outer frame).
The tire is made of a woven mesh of zinc-coated piano wire
to which titanium treads are riveted in a chevron pattern
around the outer circumference. The bump stop prevents
excessive inflection of the mesh tire during heavy impact.
Each wheel weighs 5.4 kilograms (12 pounds) on Earth and is
designed to be driven at least 180 kilometers (112 miles).
The wheels are 81,3 centimeters (32 inches) in diameter
and 22.9 centimeters (nine inches) wide.

A traction drive attached to each wheel has a motor
harmonic drive gear unit, and a brake assembly. The harmonic
drive reduces motor speed at an 80-to-1 rate for continuous
operation at all speeds without gear shifting. The drive
has an odometer pickup (measuring distance traveled) that
sends data to the navigation system. Each motor develops
0.18 kilowatt (l/4-horsepower) and operates from a 36-volt
input,

- Inore -
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Each wheel has a mechanical brake connected to the hand
controller. Moving the controller rearward de-energizes
the drive motors and forces brake shoes against a drum,
stopping wheel hub rotation. Full rear movement of the
controller engages and locks a parking brake.

The chassis is suspended from each wheel by two paral-
lel arms mounted on torsion bars and connected to each trac-
tion drive. Tire deflection allows a 35.6=centimeter
{(l4-inch) ground clearance when the vehicle is fully loaded,
and 43.2 centimeters (17 inches) when unlaaded.

Both front and rear wheels have independent steering
systems that allow a "wall-to-wall" turning radius of
3.1 meters (122 inches), exactly the vehicle length., If
either set of wheels has a steering failure, its steering
system can be disengaged and the traverse can continue with
the active steering assembly. Each wheel can also be
manually uncoupled from the traction drive and brake to
allow "free wheeling" about the drive housing.

Pushing the hand controller forward increases forward
speed; rear movement reduces speed. Forward and reverse
are controlled by a knob on the controller's vertical stem.
With the knob pushed down, the controller can only be
pivoted forward; with it pushed up, the controller can be
pivoted to the rear for reverse.

Crew Station

The crew station consists of the control and display
console, seats, seat belts, an armrest, footrests, inboard
and outbcocard handholds, toeholds, floor panels, and fenders.

The control and display console is separated into two
main parts: The top portion holds navigation system dis-
plays; the lower portion contains monitors and controls.
Attached to the upper left side of the console is an
attitude indicator that shows vehicle pitch and roll.

At the console top left is a position indicator. Its
outer circumference is a large dial that shows wvehicle
heading {(direction) with respect to lunar north. Inside
the @ial are three digital indicators that show bearing and
range to the LM and distance traveled by the LRV. In the
middle of the console upper half is a Sun compass device that
is used to update the LRV's navigation system. Down the
left side of the console lower half are control switches for
power distribution, drive and steering, and monitors for
power and temperature. A warning flag atop the console
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HAND CONTROLLER OPERATION:
T-HANDLE PIVOT FORWARD - INCREASED DEFLECTION FROM NEUTRAL [NCREASES FORWARD SPEED.
T-HANOLE PIVOT REARWARD - INCREASED DEFLECTION FROM NEUTRAL "INCREASES REVERSE SPEED.

T-HANOLE PIVOT LEFT - JNCREASED DEFLECTION FROM NEUTRAL INCREASES LEFT STEERING ANGLE.
T-HANDLE PIVOT RIGHT - INCREASED DEFLECTION FROM NEUTRAL INCREASES RIGHT STEERING ANGLE.

T-HANDLE DISPLACED REARWARD - REARWARD MOVEMENT INCREASES BRAKING FORCE. FULL 3 INCH
REARWARD APPLIES PARKING BRAKE. MOVING INTO BRAKE

POSITION DISABLES THROTTLE CONTROL AT 15° MOVEMENT
REARWARD,

REVERSE INHIBIT SWITCH
{DOWN FOR REVERSE
INHIBIT)

- €TT -

PARKING BRAKE
CONTINGENCY
RELEASE RING

HAND CONTROLLER
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The LRV seats are tubular aluminum frames spanned by
nylon webbing. They are folded flat during launch and
erected by crewmen after deployment. The seat backs sup-
port the astronaut portable life support systems. Nylon
webbing seat belts, custom fitted to each crewman, snap
over the outhoard handholds with metal hooks,

The armrest, located directly behind the LRV hand
controller, supports the arm of the driving crewman.
The footrests, attached to the center floor section, are
adjusted before launch toc fit each crewman. Inboard hand-
holds help crewmen get in and out of the LRV, and have
receptacles for a 16 mm camera and the low gain antenna
of the LCRU.

The lightweight, fiberglass fenders keep lunar dust
from being thrown on the astronauts, their equipment,
sensitive vehicle parts, and from obstructing vision while
driving., Front and rear fender sections are retracted
during flight and extended by crewmen after LRV deployment
on the lunar surface.

Navigation System

The navigation system is based on the principle of
starting a sortie from a known point, recording speed,
direction and distance traveled, and periodically calculating
vehicle position.

The system has three major components: a directional
gyroscope to provide vehicle headings; odometers on each
wheel's traction drive unit to give speed and distance
data; and a signal processing unit (a small, solid-state
computer} to determine heading, bearing, range, distance
traveled, and speed.

All navigation system readings are displayed on the
control conscle., The system is reset at the beginning of
each traverse by pressing a system reset button that moves
all digital displays and internal registers to zero,

The directional gyroscope is aligned by measuring the
inclination of the LRV (using the attitude indicator) and
measuring vehicle orientation with respect to the Sun (using
the Sun compass). This information is relayed to ground
controllers and the gyro is adjusted to match calculated
values read back to the crew.

- more -
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Each LRV wheel revolution generates odometer magnetic
pulses that are sent to the console displays.

Power System

The power system consists of two 36-volt, non-recharge-
able batteries and equipment that controls and monitors
electrical power. The batteries are in magnesium cases,
use plexiglass monoblock (common cell walls) for internal
construction, and have silver-zinc plates in potassium
hydroxide electrolyte. Each battery has 23 cells and a
121-ampere-hour capacity.

Both batteries are used simultaneously with an approx-
imately egual load during LRV operation. Each battery can
carry the entire electrical load; if one fails, its load
can be switched to the other,

The batteries are activated when installed on the LRV
at the launch pad about five days before launch. During
LRV operation all mobility system power is turned off if a
stop exceeds five minutes, but navigation system power
remains on throughout each sortie., The batteries normally
operate at temperatures of 4.4 to 51.7 degrees C. (40-125
degrees F.).

An auxiliary connector at the LRV's forward end supplies

150 watts of 36-volt power for the lunar communications
relay unit.

Thermal Control

The basic concept of LRV thermal control is heat
storage during vehicle operation and radiation cooling when
it is parked between sorties. Heat is stored in several
thermal control units and in the batteries. Space radiators
are protected from dust during sorties by covers that are
r anually opened at the end of each sortie; .when battery
temperatures cool to about 7.2 degrees C. (45 degrees F.},
the covers automatically close.

= more -
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A multi-layer insulation blanket protects forward
chassis components. Display console instruments are mounted
to an aluminum plate isclated by radiation shields and fiber-
glass wounts. Console external surfaces are coated with
thermal control paint and the face plate is anodized, as
are handholds, footrests, tubular seat sections, and center
and aft floor panels.

Stowage and Deployment

Space support equipment holds the folded LRV in the
lunar module during transit and deployment at three
attachment points with the wvehicle's aft end pointing up.

Deployment is essentially manual. One crewman releases
a cable attached to the top (aft end) of the folded LRV
as the first step in the deployment. This cable is held
taut during deployment, until all four LRV wheels are on the
lunar surface.

One of the crewmen then ascends the LM ladder part way
and pulls a D-~ring -on the side of the descent stage. This
releases the LRV, and lets the vehicle swing out at the top
about 12.7 centimeters (five inches) until it is stopped
by two steel cables. Descending the ladder, the crewman
walks to the LRV's right side, takes the end of a deploy-
ment tape from a stowage bag, and pulls the tape hand-over~
hand. This unreels two support cables that swivel the
vehicle outward from the top., As the aft chassis is
unfolded, the aft wheels automatically unfold and deploy,
and all latches are engaged. The crewman continues to
unwind the tape, lowering the LRV's aft end to the surface,
and the forward chassis and wheels spring open and into place.

When the aft wheels are on the surface, the crewman
removes the support cables and walks to the vehicle's
left side. There he pulls a second tape that lowers the
LRV's forward end to the surface and causes telescoping
tubes to push the wvehicle away from the LM. The two crew-
men then deploy the fender extensions, set up the control
and display console, unfold the seats, and deploy other
equipment.

One crewman will board the LRV and make sure all
controls are working. He will back the vehicle away slightly
and drive it to the LM guadrant that holds the auxiliary
equipment. The LRV will be powered down while the crewmen
load auxiliary equipment aboard the vehicle.

- more =



LRV DEPLOYMENT SEQUENCE

RIGHT HAND TAPE

0 DEPLOYMENT 1
CABLE
"
®AFT CHASSIS UNFOLDS

@ ASTRONAUT LOWERS LRV

® LRV STOWED IN QUADRANT
® ASTRONAUT REMOVES INSULATION FROM STORAGE BAY WITH ®REAR WHEELS UNFOLD
BLANKET, OPERATING TAPES RIGHT HAND TAPE @ AFT CHASSIS LOCKS In
® ASTRONAUT REMOTELY INITIATES POSITION
DEPLOYMENT

& FORWARD CHASSIS UNFOLDS

® ASTRONAUT DISCONNECTS

® AND 10CKS
® FRONT WHEELS UNFOLD SPACE SUPPORT EQUIPMENT(SSE)
® ASTRONAUT LOWERS LRV

TO SURFACE WITH LEFT
HANN TADF
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LUNAR COMMUNICATIONS RELAY UNIT (LCRU)

The range from which an Apollc crew can operate from the
lunar module during EVAs while maintaining contact with the
Earth is extended over the lunar horizon by a suitcase-size
device called the lunar communications relay unit (LCRU). The
LCRU acts as a portable relay station for voice, TV, and tele-
metry directly between the crew and Mission Control Center
instead of through the lunar module communications system.
First use of the LCRU was on Apollo 15.

Completely self-contained with its own power supply and
erectable hi-gain S-Band antenna, the LCRU may be mounted on
a rack at the front of the lunar roving vehicle (LLRV) or hand-
carried by a crewman. In addition to providing communications
relay, the LCRU receives ground-command signals for the ground
commandea television assembly (GCTA) for remote aiming and
focusing the lunar surface color television camera. The GCTA
is described in another section of this press kit.

Between stops with the lunar roving vehicle, crew voice
is beamed Earthward by a wide beam-width helical $-Band antenna.
At each traverse stop, the crew must boresight the high-gain
parabolic antenna toward Earth before television signals can be
transmitted. VHF signals from the crew portable life support
system (PLSS) transceivers are converted to S-band by the LCRU
for relay to the ground, and conversely, from S-Band to VHF on
the uplink to the EVA crewmen.

The LCRU measures 55.9 x 40.6 x 15.2 cm (22 x 16 x 6 inches)
not including antennas, and weighs 25 Earth kg (55 Earth pounds)
(9.2 lunar pounds). A protective thermal blanket around the
LCRU c¢an be peeled back 50 vary the amount of radiation surface
which consists of 1.26 m~ {196 square inches) of radiating mirrors
to reflect solar heat. Additionally, wax packages on top of the
LCRU enclosure stabilize the LCRU temperature by a melt-freeze
cycle. The LCRU interior is pressurized to 7.5 psia differential
(one-half atmosphere).

Internal power is provided to the LCRU by a 19-cell silvar-
z*nc battery with a potassium hydroxide electrolyte. The battery
weighs 4.1 kg (nine Earth pounds) (1.5 lunar pounds) and measures
11.8 x 23.9 x 11.8 cm (4.7 x 9.4 x 4.65 inches). The battery is
rated at 400 watt hours, and delivers 29 volts at a 3.l-ampere
current load. The LCRU may alsc be operated from the LRV bat-
teries. The nominal plan is to operate the LCRU using LRV bat-
tery power during EVA-1 and EVA-2. The LCRU battery will provide
the power during EVA-3.
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Three types of antennas are fitted to the LCRU system:
a low-gain helical antenna for relaying voice and data when
the LRV igs moving and in other instances when the high-gain
antenna is not deployed; a .76 m (three-foot) diameter para-
bolic rib-mesh high-gain antenna for relaying a television
signal; and a VHF omni-antenna for receiving crew voice and
data from the PLSS transceivers. The high~gain antenna has
an optical sight which allows the crewman to boresight on
Earth for optimum signal strength. The Earth subtends one-
half degree angle when viewed from the lunar surface.

The LCRU can operate in several modes: mobile on the

LRV, fixed base such as when the LRV is parked, or hand-
carried in contingency situations such as LRV failure.

-more-—
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TELEVISION AND
GROUND COMMANDED TELEVISION ASSEMBLY

Two different color television cameras will be used
during the Apollo 16 mission. One, manufactured by Westing-
house, will be used in the command module. It will be
fitted with a 5 c¢cm (2 in) black and white monitor to aid the
crew in focus and exposure adjustment.

The other camera, manufactured by RCA, is for lunar
surface use and will be operated from three different positions-—-~
mounted on the LM MESA, mounted on a tripod and connected to
the LM by a 30.5 m (100 ft} cable, and installed on the LRV
with signal transmission through the lunar communication relay
unit rather than through the LM communications system as in
the other two positions.

While on the LRV, the camera will be mounted on the ground
commanded televigion assembly (GCTA). The camera c<an be aimed
and controlled by astronauts or it can be remotely controlled
by personnel located in the Mission Control Center. Remote
command capability includes camera "on” and "off", pan, tilt,
zoom, iris open/closed (f2.2 to £22) and peak or average
automatic light control.

The GCTA is capable of tilting the TV camera upward
85 degrees, downward 45 degrees, and panning the camera
340 degrees between mechanical stops. Pan and tilt rates
are three degrees per second.

The TV lens can be zoomed from a focal length of 12.5mm
to 75mm corresponding to a field of view from three to nine
degrees.

At the end of the third EVA, the crew will park the LRV
about 91.4 m (300 ft) east of the LM so that the color TV camera
can cover the LM ascent from the lunar surface. Because of
a time delay in a signal going the quarter million miles out
to the Moon, Mission Control must anticipate ascent engine
ignition by about two seconds with the tilt command.

The GCTA and camera each weigh approximately 5.9 kg (13 1b).
The overall length of the camera is 46 cm (18.0 in) its width
is 17 em (6.7 in), and its height is 25 em (10 in). The GCTA
and LCRU are built bv RCA.

--more-—



APOLLO 16 TELEVISION EVENTS

DATE TIME TIME DURATION EVENT
(GET) (EST) (HRS :MIN)
APRIL 16 3:05 1559 0:19 TD & E
APRIL 20 102:25 1919 6148 Eva-1
APRIL 21 124:50 1744 6:30 EVA-2
APRIL 22 148:25 1718 ' 6:40 EVA-3
APRIL 23 171:40 1634 0:14 LM LIFT-OFF
173:20 1814 0:06 i RENDEZVOUS
173:44 1838 0:07 DOCKING
APRIL 20 241:55 1449 1:10 CMP EVA
= | | | Toonsr
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PHOTOGRAPHIC EQUIPMENT

Still and motion pictures will be made of most space-
craft maneuvers and crew lunar surface activities. During
lunar surface operations, emphasis will be on documenting
placement of lunar surface experiments, documenting lunar
samples, and on recording in their natural state the lunar
surface features.

Command module lunar orbkit photographic tasks and
experiments include high-resolution photography to support
future landing missions, photography of surface features of
special scientific interest and astronomical phenomena
such as solar corona, Gegenschein, zodiacal light, libra-
tion points, and galactic poles.

Camera equipment stowed in the Apcllo 16 command
module consists of one 70mm Hasselblad electric camera, a
1lémm Maurer motien picture camera, and a 35mm Nikon F
single-lens reflex camera. The command module Hasselblad
electric camera is normally fitted with an 80mm f/2.8 Zeiss
Planar lens, but a bayonet-mount 250mm lens can be fitted
for long-distance EBarth/Moon photos. A 105mm f/4.3 Zeiss
UV Scnnar is provided for the ultraviclet photography
experiment.

The 35mm Nikon F is fitted with a 55mm £/1.2 lens for
the Gegenschein and dim~light photographic experiments.

The Maurer 16mm motion picture camera in the command
module has lenses of 10, 18 and 75mm focal length available,
Accessories include a right-angle mirroxr, a power cable
and a sextant adapter which allows the camera to film
through the navigation sextant optical system.

Cameras stowed in the lunar module are two 70mm Hassel-~
blad data cameras fitted with 60mm Zeiss Metric lenses, an
electric Hasselblad with 500mm lens and two lémm Maurer
motion picture cameras wWwith lO0mm lenses. One of the
Hasselblads and one of the motion picture cameras are
stowed in the modular equipment stowage assembly (MESA)
in the LM descent stage.

The LM Hasselblads have crew chest mounts that fit
dovetail brackets on the crewman's remote control unit,
thereby leaving both hands free. One of the LM motion
picture cameras will be mounted in the right-hand window
to record descent, landing, ascent and rendezvous. The
l6mm camera stowed in the MESA will be carried aboard the
lunar roving vehicle to record portions of the three EVAs,

- more -
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Descriptions of the 24-inch panoramic camera and the
3-inch mapping/stellar camera are in the orbital science
section of this press kit.

- more -



TV AND PHOTOGRAPHIC EQUIPMENT

NOMENCLATURE

- 125 -~

CSM AT
LAUNCH

LM AT
LAUNCH

M TO

LM TO
CM

CM AT
ENTRY

TV, COLOR, ZOOM LENS
WITH CM SYSTEM)

(MONITOR

CAMERA, DATA ACQUISITION, 16 MM
LENS - 10 MM

- 18 MM

- 75 MM
FILM MAGAZINES

b

l_]

CTAMERA, 35 MM NIKON
LENS - 55 MM
CASSETTE, 35 MM

O [ e e ]

wikrrlwur Pe e

CAMERA, 16 MM,
RAT'TERY OPERATED
LENS - 10 MM

FILM MAGAZINES

(LUNAR SURFACE)

OAMERA, HASSELBLAD, 70 MM
LLECTRIC
LENS - 80 MM
- 250 MM
- 105 MM UV (4 BAND-PASS
FILTERS)
TLM MAGAZINES

T
FILM MAGAZINE, 70 MM UV

-

H<S RHP

L I

o~

C&AMERA, HASSELBLAD

ELECTRIC DATA (LUNAR SURFACE)
LENS - 60 MM
FILM MAGAZINES
POLARIZING FILTER

11
4

11

11

11

FI°M MAGAZINE (EVA TRANSFER)

JAMERA, 24-IN. PANORAMIC (IN SIM) 1

i .AMERA, LUNAR SURFACE ELECTRIC
LENS - 500 MM
FILM MAGAZINES

CF4TRA,

{EVA TRANSFER)

3-IN MAPPING STELLAR(SIM)
FILM MAGAZINE CONTAINING 5-IN.
MAPPING AND 35 MM STELLAR FILM

-

CAMERA, ULTRAVIOLET, LUNAR
SURFACE
FILM MAGAZINE, UV, LS




- 126 -

ASTRONAUT EQUIPMENT

Space Suit

Apollo crewmen wear two versions of the Apollo space
suit: the command module pilot version (A-7LB-CMP} for
intravehicular operations in the command module and for
extravehicular operations during SIM bay film retrieval
during transearth coast; and the extravehicular version
(A-7LB~EV) worn by the commander and lunar mcdule pilot for
lunar surface EVAs.

The A~-7LB-EV suit differs from Apcollo suits flown prior
to Apollo 15 by having a waist Jjoint that allows greater
mobility while the suit is pressurized~--stooping down for setting
up lunar surface experiments, gathering samples and for
sitting on the lunar roving vehicle.

From the inside out, an integrated thermal meteroid suit
cover layer worn by the commander and lunar module pilot starts
with rubber-coated nylon and progresses outward with layers
of nonwoven Dacron, aluminized Mylar film and Beta marguisette
for thermal radiation protection and thermal spacers, and
finally with a layer of nonflammable Teflon-coated Beta
cloth and an abrasion-resistant layer of Teflon fabric--a
total of 18 layers.

Both types of the A-7LB suit have a pressure retention
portion called a torso limb suit assembly consisting of
neoprene coated nylon and an outer structural restraint layer.

The space suit with gloves, and dipped rubber convolutes
‘which serve as the pressure layer liguid cooling garment,
portable life support system (PLSS), oxygen purge system, lunar
extravehicular visor assemblv, and lunar boots make up the
extravehicular mobility unit (EMU). The FMIT nrovides an
extravehicular crewman with life support for a seven-hour
migsion outside the lunar module without replenishing expendables.

Lunar extravehicular visor assembly - The assembly consists
of polycarbonate shell and two visors with thermal control and
optical coatings on them. The EVA visor is attached over the
pressure helmet to provide impact, micrometeoroid, thermal
and ultraviolet-infrared light protection to the EVA crewmnen.

—“more-—
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After Apollo 12, a sunshade was added to the outer portion of
the LEVA in the middle portion of the helmet rim.

Extravehicular gloves - Built of an outer shell of
ChromeIl-R fabric and thermal insulation the gloves provide
protection when handling extremely hot and cold objects. The
finger tips are made of silicone rubber to provide more sensitivity.

Constant-wear garment - A one-piece constant-wear garment,
similar to "long johns", 1s worn as an undergarment for the
space suit in intravehicular-and on CSM EV operations, and with
the inflight coveralls. The garment is porous-knit cotton
with a waist~to neck zipper for donning. Biomedical harness
attach points are provided.

Liguid-cooling garment - The knitted nylon-spandex garment
includes a network of plastic tubing through which cooling water
from the PLSS is circulated. It is worn next to the skin and
replaces the constant-wear garment during lunar surface EVA.

Portable life support system (PLSS) - The backpack supplies
oxygen at 3.7 psi and cooling water to the liquid cooling
garment. Return oxygen is cleansed of solid and gas contaminants
by a lithium hydroxide and activated charcoal canister. The
PLSS includes communications and telemetry equipment, displays
and contrcls, and a power supply. The PLSS is covered by a
thermal insulation jacket, (two stowed in LM).

Oxygen purge system (OPS) - Mounted atop the PLSS, the
oxygen purge system provides a contingency 30-75 minute supply
of gaseous oxygen in two bottles pressurized to 5,880 psia,

(a minimum of 30 minutes in the maximum flow rate and 75 minutes
in the low flow rate}). The system may alsc be worn separately
on the front of the pressure garment assembly torso for
contingency EVA transfer from the LM to the CSM or behind the
neck for CSM EVA, It serves as a mount for the VHF antenna for
the PLSS, (two stowed in 1LM).

Coveralls - During periods out of the space suits, crewmen
wear two-piece Teflon fabric inflight coveralls for warmth and
for pocket stowage of personal items.

Communications carriers - "Snoopy hats" with redundant
microphones and earphones are worn with the pressure helmet:
a light-weight headset is worn with the inflight coveralls,

“more=-
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Water Bags - .9 liter (1 gt.) drinking water bags are
attached to the inside neck rings of the EVA suits. The
crewman can take a sip of water from the 6-by-8-inch bag
through a 1/8-inch-diameter tube within reach of his mouth.
The bags are filled from the lunar module potable water

dispenser.

Buddy Secondary Life Support System - A connecting hose
system which permits a crewman with a failed PLSS to share
cooling water in the other crewman's PLSS. The BSLSS lightens
the load on the oxygen purge system in the event of a total
PLSS failure in that the OPS would supply breathing and
pressurizing oxygen while the metabolic heat would be removed
by the shared cooling water from the good PLSS. The BSLSS
will be stowed on the LRV.

Lunar Boots - The lunar boot is a.thermal and abrasion
protection device worn over the inner garment and boot assemblies.
It is made up of layers of several different materials beginning
with Teflon coated beta cloth for the boot liner to Chromel
R metal fabric for the outer shell assembly. Aluminized
Mylar, Nomex felt, Dacron, Beta cloth and Beta marquisette
Kapton comprise the other layers. The lunar boot sole is made
of 'high-gtrength silicone rubber.

-more-
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Personal Hygiene

Crew personal hygiene equipment aboard Apollo 16 includes
body cleanliness items, the waste management system, and one
medical kit.

Packaged with the food are a toothbrush and a two-
ounce tube of toothpaste for each crewman. Each man-meal
package containg a 3.5-by-4-inch wet-wipe cleansing towel.
Additionally, three packages of 12-by-12-inch dry towels are
stowed beneath the command module pilot's couch. Each
package contains seven towels. Also stowed under the command
module pilot's couch are seven tissue dispensers containing
53 three-ply tissues each.

Solid body wastes are collected in plastic defecation
bags which contain a germicide to prevent bacteria and gas
formation. The bags are sealed after use, identified, and
stowed for return to Earth for post-flight analysis.

Urine collection devices are provided for use while
wearing either the pressure suit or the inflight coveralls.
The urine is dumped overboard through the spacecraft urine dump
valve in the CM and stored in the LM, On Apollo 16 urine
specimens will be returned to Earth for analysigs.

Survival Xit

The survival kit is stowed in two rucksacks in the right-
hand forward equipment bay of the CM above the lunar module
pilot.

Contents of rucksack No. 1 are: two combination survival
lights, one desalter kit, three pairs of sunglasses, one
radio beacon, one spare radio beacon battery and spacecraft
connector cable, one knife in sheath, three water containers-
two containers of Sun lotion, two utility knives, three
survival blankets and one utility netting.

Rucksack No. 2: one three-man life raft with CO, in-
flater, one sea anchor, two sea dye markers, three sunbonnets,
one mooring lanyard, three manlines and two attach brackets.

The survival kit is designed to provide a 48-hour post-

landing (water or land) survival capability for three crew-
men between 40 degrees North and South latitudes.

-more=-
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MEDICAL KITS

The command module crew medical supplies are contained
in two kits. Included in the larger medical accessories kit
are antibictic ointment, skin cream, eye drops, nose drops,
spare biomedical harnesses, oral thermometer and pills of the
following types: 18 pain, 12 stimulant, 12 motion sickness,
24 diarrhea, 60 decongestant, 21 sleeping, 72 aspirin and
60 each of two types of antibiotic. A smaller command module
auxiliary drug kit contains 80 and 12 of two types of pills
for treatment of cardiac arrythymia and two injectors for
the same symptom.

The lunar module medical kit contains eye drops, nose
drops, antibiotic ointment, bandages and the following pills:
4 stimulant, 4 pain, 8 decongestant, 8 diarrhea, 12 aspirin
and 6 sleeping. A smaller kit in the LM contains 8 and 4 units
of injectable drugs for cardiac arrythymia and 2 units for
pain suppression.

= more -
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Crew Food System

The Apollo 16 crew selected menus for their flight from
the largest variety of foods ever available for a U.S.
manhed mission, However, some menu constraints have been
imposed by a series of medical reguirements. This has
limited to some degree the latitude of crew menu selection.
For the first time since the flight of Gemini 7 in December
1965, the preflight, inflight, and postflight diets are
being precisely controlled to facilitate interpretation of
the most extensive series of medical tests to be performed
on an Apcllo mission.

Menus were designed upon individual crew member physio-
logical requirements in the unique conditions of weightless-
ness and one-sixth gravity on the lunar surface. Daily
menus provide 2750, 2500, and 2650 calories per day for the
Commander, Command Module Pilot, and Lunar Module Pilot,
respectively.

Food items are assembled into meal units and identified
as to crew member and sequence of consumption. Foods stored
in a "pantry" section may be used as substitutions for
nominal meal items so long as the nutrient intake for a
24~hour period is not altered significantly.

There are various types of food used in the menus.
These include freeze-dried rehydratables in spoon-bowl
packages; thermostabilized foods (wet packs) in flexible
packages and metal easy-open cans; intermediate moisture
foods; dry bite-size cubes, and beverages.

Water for drinking and rehydrating food is obtained
from two sources in the command module -- a portable dispenser
for drinking water and a water spigot at the food preparation
station which supplies water at about 145 degrees and 55 degrees
Fahrenheit. The potable water dispenser provides a continuous
flow of water as long as the trigger is held down, and the
food preparation spigot dispenses water in one-ounce increments.

A continuous flow waker dispenser similar to the one in

the command module is used aboard the lunar module for cold
water reconstitution of food stowed aboard the lunar mocdule.

= more -
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Water is injected into a food package and the package
is kneaded and allowed to sit for several minutes. The
bag top is then cut open and the food eaten with a spoon.
After a meal, germicide tablets are placed in each bag to
prevent fermentation and gas formation. The bags are then
rolled and stowed in waste disposal areas in the space-
craft.

Several prototype food packages which are intended
for use in Skylab missions in 1973 will be tested by the
Apollo 16 crew. These include an improved beverage package
design, a salt dispenser, and an improved rehydratable package
design. Functional aspects of the package and the behavior
of liquid food during extended periods of weightlessness
will be observed.

The in-suit drink device, which was used for water
previously only on the Apollo 15 mission, will contain a spe-
cially formulated beverage powder which will be reconstituted
with water prior to extravehicular activities on the lunar
surface. This beverage will provide the crewman with fluid,
electrolytes (especially potassium), and energy during each
of the 3 scheduled EVAs. As on Apollo 15, the crewmen on
the lunar surface will have an in-suit food bar to snack
on.

New foods for the Apollo 16 mission are limited to
thermostabilized ham steak, rehydratable grits, and an
intermediate moisture cereal bar.

= more -



MEAL Day 1F S5%¥, g, 13%*

A Peaches+ WP
Scrambled Eggs RSB
Bacon Squares (8) IMB
Grits RSB
Crange Juice R
Cocoa R
{+Peaches~Day 13 RSB)

DB
IMB

RSB
WP
RC
SHD

£37

Chicken & Rice Soup RSB
Hamburger &
White Bread (1) WP

Pears IMB
Inst. Breakfast R
Cereal Bar DB
Ciltrus Beverage R
Cr. Tomate Scup RSB

Spaghetti/Mest SauceRSB

Peach Ambrosia RSB
Apricot Cereal

Cubes {4) DB
Pecans (6) DB
Cocoa R

Dry Blte

Rehydratable

Wet Pack
Rehydratable Can

nmow o,

0

Meal C only
Meal A only
Meal B and C only

Rehydratable Spoon Bowl

APOLIO 16 MENU - BLUE

Day 2, 10

Frult Cocktall
Sausage Patties
Spiced Fruit Cereal
Orange Juice

Cocos,

Corn Chowder

Turkey & Gravey

Venilla Pudding

White Bread (1) &
Peanut Butter
Apple Food Bar  (2)
Orange Drink

Cr. Potato Soup
Frankfurters (4)

_Chocolate Pudding

Orange-Grapefrult
Drink

Intermediste Moisture Bite

Skylab Beverage Dispenser

Day 3, 11

R Peaches

R Scrambled Eggs

Racon Squares (8)

R Grits

R Oreange Julce
Cocoa

Lobster Bisque
WP Bread Rye (2)
WP Tuns Spread

RSB
RSB
IMB
RSB

RSB

WP

Cherry Food Bar (2) IMB
WP Graham Cracker. Cubes (6)DB

Citrus Beverage

Romegine Soup

Beef Stesak

WP Chicken & Rlce
Pin., Fruitcake (4)
Pecans (6)

R Grape Drink

3B SKYLAB MEAL

Turkey & Rice S
Rye Bgéad 23 oup
Chicken Spread (1/3)
Peaches

Pegnuts

Crange Beverage

R

RSB

RSB
B
DB

RC

WP
CAN
SED

Day k4, %%, 12

Mixed Frult®

Ham Steak

Cornflakes

White Bread (1), Jellyt++

Orange Juice

Cocoa

E+Fruit Cocktall-Day 12
++Delete on Day 12)

Pea Soup

Meatballs w/Sauce

Lemon Puddingt

Sugar Cookies (4)

Peaches

Oreange=~Grapefrult Drink

(+Pork and Scalloped
Potatoes-Day 8 & 12

Beef & Gravy
Chicken Stew
Butterscoteh Pudding
Chocolate Bar
Gingerbread (4)
Citrus Beverage

-1 Y-

L

RSB !
DB ~
DB &




IM MENU (continued)

APQLLO 16 - IM1] MENU (Blue Velcro LMP, Charles M. Duke)

MEAL DAY 5 DAY 6 DAY 7 DAY 8
B Cream of Tomatc Soup RSB A Peaches (39 gms) IMB A Peaches (39 gnms) IMB A Peaches (39 gms) M
Rye Bread (2) Ham Steak WP Beef Stesk WP Ham Steak WE
Tuna Spread WP Scrambled Eggs RSB Bacon Squares (8) IMB Scrambled Eggs RSE
Apple Food Bar (2) IMB Cinn. Toasted Bread Spiced Fruit Cereal RSB  Cereal Bar DL
Chocolate Bar DB Cubes (6) IB Instent Breakfast R Apricot Cereal Cubes (6) DO
Orange=Grapefruit Instant Breakfast R QOrange-Grapefruit Orange Beversge R
Beverage R Orange-Grapefruit Beversge R Cocoa R
Beverage R Cherry Food Bar (2) IMB
Lemon Food Bar {2) IMB
c Shrimp Cocktail RSB B Pea Souwp RSB B Romalne Soup RSB
Turkey & Gravy WP Salmon Salad RSB Turia Salad RSB
Chocolate Pudding RSB Frankfurters (4) WP Meatballs w/Sauce WP
Graham Cracker Peach Ambrosis RSB Chicken &-Rice RSB
Cubes (6) DB Pears IMB Butterscotch Pudding RSB
Cocoa R Cereal Bar D8  Gingertread (6) DB !
Citrus Beversage R Citrus Beverage R Citrus Beverage R -
Cocoa R Cocoa R o
!
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2-72 APOLLO XVI

PANTRY STOWAGE ITEMS P/N: 14-0123
Line Items 17W & 17X

BEVERAGES QIY  SOUPS/SALADS/MEATS rY

Cocoa 6 Salmon Salad 3

Coffee (B) 16 Tuna Salad 3

Instant Breakfast 12 Shrimp Cocktail 3

Grapefruit Drink 6 Romaine Soup 3

Orange Beverage 6 Potato Soup 3

Orange-Grapefruit Beverage 6 Pea Soup 3

Orange Juice 12

Orange-Pineapple Drink 6 Spaghetti w/Meat Sauce 3
Chicken Stew 3

BREAKFAST ITEMS SANDWICH SPREADS

Bacon Squares (8) 6 Peanut Butter 3

Spiced Fruit Cereal 3 Jelly 3

Cornflakes 3 Ham Salad 1

Scrambled Eggs 6

Grits 3 Catsup* 7

Peach Ambrosia 3 Mustard* 7

Sausage Patties 3

SNACK ITEMS ACCESSORIES

Pecans (6) 3 Wet Skin Cleaning Towels 9

Apricots (IMB)(38.5 gm) 6 Contingency Feeding System

Peaches (IMB) (39 gm) 8 3 Food Restrainer Pouches

Pears (IMB) (42 gm) 6 3 Beverage Packages

Apricot Food Bar (1)(26 gm) 9 1 Valve Adapter (pontube)

Apple Food Bar (1) (26 gm) 9 Germicidal Tablets

Lemon Food Bar (1) {26 gm) 9 Index Card

Cherry Food Bar (1) (26 gm) 9

Cereal Bar 6

Chocolate Bar 3

Sugar Cookies (4) 3

Graham Crackers (6) 3

Cheese Cracker Cubes (4) 3

*Stowage locations TBD
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APOLLO 16 FLAGS, LUNAR MODULE PLAQUE

The United States flag to be erected on the lunar surface
measures 78 by 125 cm (30 by 48 inches) and will be deployed on
a two-piece aluminum tube 2.1 meters {(eight feet) 1ong. The nylon
flag will be stowed in the lunar module descent stage modularized
eguipment stowage assembly.

Also carried on the mission and returned to Earth will be
25 United States flags, 50 individual state flags, flags of
United States territories, flags of other national states which
are generally accepted as independent in the world community,
and flags of the United Nations and other international organ-
izations. These flags are 10 by 15 cm (four by six inches).

An 18 by 23 cm (seven by nine inch) stainless steel plague,
similar to that flown on Apollo 15, will be fixed to the LM
front leg. The plague has on it the words "Apollo 16" with
"April 1972" and the signatures of the three crewmen located
beneath.

-more-
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SATURN V LAUNCH VEHICLE

The Saturn V launch vehicle (SA-511) assigned to the
Apollo 16 mission is very similar to the vehicles used for
the missions of Apello 8 through Apocllo 15.

First Stage

The five first stage (S-1C) F~1 engines develop about
34 million newtons (7.7 million pounds) of thrust at launch.
Major stage components are the forward skirt, oxidizer tank,
intertank structure, fuel tank, and thrust structure. Pro-
pellant to the five engines normally flows at a rate of about
13,300 kilograms (29,300 pounds; 3,390 gallons) a second.
One engine is rigidly mounted on the stage's centerline;
the outer four engines are mounted on a ring at 90-degree
angles around the center engine. These outer engines are
gimbaled to control the vehicle's attitude during flight.

Second Stage

The five second stage (8~II) J~2 engines develop a total
of about 5.15 million newtons (1.15 million pounds) of thrust
during flight., Major components are the forward skirt, liquid
hydrogen and liquid oxygen tanks (separated by an insulated
common bulkhead), a thrust structure, and an interstage section
that connects the first and second stages. The engines are
mounted and used in the same arrangement as the first stage's
F-1 engines: four outer engines can be gimbaled; the center
one is fixed.

Third Stage

Major components of the third stage (S-IVB) are a single
J-2 engine, aft interstage and skirt, thrust structure, two
propellant tanks with a common bulkhead, and forward skirt.
The gimbaled engine has a maximum thrust of 1.01 million
newtons (230,000 pounds), and can be restarted in Earth orbit.

1 .strument Unit

The instrument unit (IU) contains navigation, guidance
and control equipment to steer the Saturn V into Earth orbit and
translunar trajectory. The six major systems are structural,
environmental control, guidance and control, measuring and
telemetry, communications, and electrical.

-more-—
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INSTRUMENT UNIT {IU)

———
i Diameter: 6.6 meters (21.7 feet)
3 Height: 0.9 meters (3 feet)
E Weight: 2,040 kilograms (4, 500 pounds)
o
8 THIRD STAGE (S-IVB)
(3]
§ INSTRUMENT Dia:meter: 6.6 meters (21. 7 feet)
¥ —~ UNIT Height: 18.1 meters (59.3 feet)
— Weight: 118,161 kg. fueled (260,500 1bs.)
11,340 kg. dry (25,100 Ibs.)
THIRD STAGE Engine: One J-2
(S-1VB) Propellants: Liquid Oxygen (77, 590 liters; 20, 500 gals.)
Liquid Hydrogen (243,000 liters; 64,100 gals.)
Thrust: 920, 000 newtons {207,000 1bs.)
Interstage: 3,674 kg. (8,100 lbs.)

g SECOND STAGE (S-II)

& SECOND STAGE

wy {S~11) Diameter: 10.1 meters (33 feet)

< \ Height: 24.8 meters (8l.5 feet)

5 1 Weight: 505,750 kg. fueled (1,115,000 lbs.}

s W m\“ 37,820 kg. dary {83,400 lbs.)

(] i Engines: Five J-2

5 : Propellants: Liquid Oxygen (340,270 liters; 89,900 gals.)
5 Liquid Hydrogen (1,033, 300 liters; 273, 000 gals.
= Thrust: 5,150, 000 newtons (1,150,000 lbs.}

g Interstage: 4,581 kg. (10,100 1bs.)

< FIRSTSTAGE [ ipsT STAGE (5-1G)

(S-1C}

‘ i Diameter: 10.1 metexrs (33 feet)
Height: 42.1 meters (138 feet)
Weight: 2,245,280 kg. fueled (4,950,000 Ibs.)
130, 641 kg. dry {288,000 1%s.)
‘. Engines: Five F-1
i Propellants: Liquid Oxygen (1, 300, 900 liters; 343, 700 gals.}
RP-1 Kerosene {802, 420 liters; 212,000 gals.)
— Thrust: 34,356,850 newtons (7,723,726 lbs.)at lift-ofli

NOTE: Weights and measures given above are for the nominal vehicle configura-
tion for Apollo. The figures may vary slightly due to changes before launch
to meet changing conditions. Weights of dry stages and propellants do not equal
total weight because frost and miscellaneous smaller items are not included in

chart,
SATURN V LAUNCH VEHICLE

=more-—
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The IU's inertial guidance platform provides space-fixed
reference coordinates and measures acceleration during flight.
If the platform should fail during boost, systems in the Apollo
spacecraft are programmed to provide launch vehicle guidance.
After second stage ignition, the spacecraft commander can
manually steer the vehicle if its guidance platform is lost.

Propulsion

The Saturn V has 31 propulsive units, with thrust ratings
ranging from 311 newtons (70 pounds) to more than 6.8 million
newtons (1.53 million pounds). The large main engines burn
liguid propellants; the smaller units use solid or hypergolic
(self-igniting) propellants.

The five F-1 engines give the first stage a thrust range
of from 34,356,850 newtons (7,723,726 pounds) at liftoff to
40,576,160 newtons (9,121,883 pounds) at center engine cutoff,
Each F-1 engine weighs almost nine metric tons (10 short tons),
is more than 5.5 meters long (18 feet), and has a nozzle exit
diameter of nearly 4.6 meters (14 feet). FEach engine uses
almost 2.7 metric tons (3 short tons) of propellant a second.

J=-2 engine thrust on the second and third stages averages
960,000 newtons (216,000 pounds) and 911,000 newtons (205,000
pounds) respectively during flight. The 1,590-kilogram (3,500~
pound) engine uses high-energy, low-molecular-weight liguid
hydrogen as propellant.

The first stage has eight solid-fuel retro-rockets that
fire to separate the first and second stages. Each rocket
produces a thrust of 237,000 newtons (75,800 pounds) for 0.54
seconds.

Four retrorockets, located in the third stage's aft inter-
stage, separate the second and third stages. Two jettisonable
ullage rockets settle propellants before engine ignition. 8ix
smaller engines in two auxiliary propulsion system modules on
the third stage provide three-axis attitude control.

S8ignificant Vehicle Changes

Saturn vehicle SA-511 is similar in configuration to the
Apollo 15 launch vehicle. The first stage (S-1C) has eight retro-
rocket motors, double the number on the S2A-510 vehicle, because
flight evaluation of the Apollo 15 mission revealed that the
separation distance between the first and second stages was
less than predicted. Eight retrorockets will give a greater
safety margin should one motor fail during separation.

-more-



- 141 -

APOLLO SPACECRAFT

The Apollo spacecraft consists of the command module,
service module, lunar module, a spacecraft lunar module
adapter {SLA), and a launch escape system. The SLA houses
the lunar module and serves as a mating structure between
the Saturn V instrument unit and the SM.

Launch Escape System (LES) -- The function of the LES
is to propel the command module to safety in an aborted
launch. It has three solid-propellant rocket motors: a
658,000-newton (147,000-pound)-thrust launch estape system
motor, a 1l0,750-newton (2,400-pound)-thrust pitch control
motor, and a 141,000 newton ({31,500-pound)-thrust tower
jettison motor. Two canard vanes deploy to turn the com-
mand module aerodynamically to an attitude with the heat-
shield forward. The system is 10 meters (33 feet) tall
and 1.2 meters (four feet) in diameter at the base, and
weighs 4,158 kilograms {9,167 pounds).

Command Module (CM) ~- The command module is a pres-
sure vessel encased 1in heat shields, cone-shaped, weighing
5,543.9 kg (12,874 1lb.) at launch.

The command module consists of a forward compartment
which contains two reaction control engines and components
of the Earth landing syvstem; the crew compartment or inner
pressure vessel containing crew accommodations, controls
and displays, and many of the spacecraft systems; and
the aft compartment housing ten reaction control engines,
propellant tankage, helium tanks, water tanks, and the
CSM3umbi1ical3cable. The crew compartment contains
6 m> {210 ft.”) of habitable wvolume,

Heat-shields around the three compartments are made
of brazed stainless steel honeycomb with an outer layer
of phenolic epoxy resin as an ablative material.

The CSM and LM are equipped with the probe-and-drogue
docking hardware. The probe assembly is a powered folding
coupling and impact attentuating device mounted in the CM
tunnel that mates with a coniecal drogue mounted in the LM
docking tunnel. After the 12 automatic docking latches
are checked following a docking maneuver, both the probe
and drogue are removed to allow crew transfer between the
CSM and LM,

- more -
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Service Module (SM) -- The Apollo 16 service module will
weigh 24,514 kg (54,044 1b.) at launch, of which 18,415 kg
(40,594 1b.) is propellant for the 91,840-newton (20,500-
pound) ~thrust service propulsion engine: (fuel: 50/50
hydrazine and unsymmetrical dimethyl-hydrazine; oxidizer:
nitrogen tetroxide). Aluminum honeycomb panels 2.54 centi-
meters (one inch) thick form the outer skin, and milled
aluminum radial beams separate the interior into six sec-
tions around a central cylinder containing service pro-
pulsion system (SPS) helium pressurant tanks. The six
sectors of the service module house the following components:
Sector I -~ oxygen tank 3 and hydrogen tank 3, J-mission
SIM bay; Sector II -- space radiator, +Y RCS package, SPS
oxidizer storage tank; Sector III -~ space radiator,
+Z RCS package, SPS oxidizer storage tank; Sector IV --
three fuel c¢ells, two oxygen tanks, two hydrogen tanks,
auxiliary battery; Sector V -- space radiator, SPS fuel
sump tank, -Y RCS package; Sector VI -- space radiator,

SPS fuel storage tank, —Z RCS package.

Spacecraft-LM adapter (SLA)Structure -- The space-
craft-LM adapter 1s a truncated cone 8.5 m (28 ft.)
long tapering from 6.7 m (21.6 ft,) in diameter at the
base to 3.9 m (12.8 £t.) at the forward end at the service
module mating line. The SLA weighs 1,841 kg (4,059 1b.)
and houses the LM during launch and the translunar injec-
tion maneuver until CSM separation, transposition, and
LM extraction. The SLA quarter panels are jettisoned at
CSM separation.

- more -
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Lunar Module (LM)

The lunar module is a two-stage vehicle designed for
space operations near and on the Moon. The lunar module
stands 7 m (22 ft. 11 in.} high and is 9.5 m (31 ft.} wide
(diagonally across landing gear). The ascent and descent
stages of the LM operate as a unit until staging, when
the ascent stage functions as a single gpacecraft for
rendezvous and docking with the CM.

Ascent Stage -—- Three main sections make up the
ascent stage: the crew compartment, midsection, and aft
equipment bay. Only the crew compartment and midsection
are pressurized 337.5 grams per square centimeter (4.8
pounds per sgquare inch gauge). The cabin volume is 6.7 cubic
meters (235 cubic feet). The stage measures 3.8 m (12 ft.
4 in.) high by 4.3 m (14 ft. 1 in.) in diameter. The
ascent stage has sgix substructural areas: crew compartment,
midsection, aft eguipment bay, thrust chamber assembly
cluster suppcrts, antenna supports, and thermal and micro-
meteoroid shield.

The cylindrical crew compartment is 2.35 m (7 f£t. 10 in.)
in diameter and 1.07 m 3 ft. 6 in.) deep. Two flight
stations are equipped with control and display panels,
armrests, body restraints, landing aids, two front windows,
an overhead docking window, and an alignment optical tele-
scope in the center between tge two flight stations.

The habitable volume is 4.5 m~ (160 fi.7).

A tunnel ring atop the ascent stage meshes with the
command module docking latch assemblies. During docking,
the CM docking ring and latches are aligned by the LM
drogue and the CSM probe.

The docking tunnel extends downward into the mid-
section 40 cm (16 in.}. The tunnel is 81 cm (32 in.) in
diameter and is used for crew transfer between the CSM
and LM. The upper hatch on the inboard end of the docking
tunnel opens inward and cannot be opened without equalizing
pressure on both hatch surfaces.

A thermal and micrometedroid shield of multiple layers
of Mylar and a single thickness of thin aluminum skin
encases the entire ascent stage structare,

= Mmore -
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Descent Stage —-- The descent stage center compartment
houses the descent engine, and descent propellant tanks
are housed in the four bays around the engine. Quadrant
II contains ALSEP. The radioisotope thermoelectric genera-
tor (RTG) is externally mounted. Quadrant IV contains the
MESA. The descent stage measures 3.2 m {10 ft. 7 in.)
high by 4.3 m (14 f£ft. 1 in.) in diameter and is encased
in the Mylar and aluminum alloy thermal and micrometecroid
shield. The LRV is stowed in Quadrant TI.

The LM egress platform or "porch" is mounted on the
forward outrigger just below the forward hatch. A ladder
extends down the forward landing gear strut from the porch
for crew lunar surface operations.

The landing gear struts are released explosively and
are extended by springs. They provide lunar surface landing
impact attenuation, The main struts are filled with crush-
able aluminum honeycomb for absorbing compression loads.
Footpads 0.95 m (37 in.) in diameter at the end of each
landing gear provide vehicle support on the lunar surface.

Each pad (except forward pad) is fitted with a 1.7-m
(68-~in.} long lunar surface sensing probe which upon con-
tact with the lunar surface signals the crew to shut down
the descent engine.

The Apollo LM has a launch weight of 16,429 kg (36,218
1b.). The weight breakdown is as follows:

kilograms pounds
1. Ascent stage, dry* 2,134 4,704
2. APS propellants {(loaded) 2,378 5,242
3. Descent stage, dry 2,759 6,083
4. DPS propellants (loaded) 8,872 19,558
5. RCS propellants (loaded) 286 631

16,429 kg 36,218 1bs

* Includes water and oxygen; no crew.

- more -
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON, D, €, 20546

BIOGRAPHICAL DATA

NAME: John W. Young (Captain, USN)
Apollo 16 Mission Commandex
NASA Astronaut

BIRTHPLACE AND DATE: Born in San Francisco, California,
on September 24, 1930. His parents, Mr. and Mrs.
William H. Young, reside in Orlando, Florida.

PHYSICAL DESCRIPTION: Brown hair; green eves, height:
5 feet 9 inches; weight: 165 pounds.

EDUCATION: Graduated from Orlando High School. Orlando,
Florida; received a Bachelor of Science degree in
Aeronautical Engineering from the Georgia Institute
of Technology in 1952; recipient of an Honorary
Doctorate of Laws degree from Western State Univer-
sity College of Law in 1969, and an Honorary Doc-

torate of Applied Science from Florida Technological
University in 1970.

MARITAL STATUS: Married to the former Susy Feldman of
St. Louis, Missouri.

CHILDREN: Sandy, April 30, 1957; John, January 17, 1959
(by a previous marriage).

RECREATIONAL INTERESTS: He plays handball, runs and works
out in the full pressure suit to stay in shape.

ORGANIZATIONS: Fellow of the American Astronautical
Scciety, Associate Fellow of the Society of
Experimental Test Pilots, and Member of the
American Institute of Aercnautics and Astronautics.

SPECIAL HONORS: Awarded the NASA Distinguished Service
Medal, two NASA Exceptional Service Medals, the
MSC Certificate of Commendation (1970), the Navy
Astronaut Wings, the Navy Distinguished Service
Medals, and three Navy Distinguished Flying Crosses.

= more -
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EXPERIENCE: Upon graduation from Georgia Tech, Young
entered the U.S. Navy in 1952; he holds the rank of
Captain in that service.

He completed test pilot training at the U.S. Naval

Test Pilot School in 1959, and was then assigned

as a test pilot at the Naval Air Test Center until

1962. Test projects in which he participated

include evaluations of the F8D "Crusader” and

F4B "Phantom" fighter weapons systems, and in

1962, he set world time-to-climb records to 3,000

and 25,000 meter altitudes in the Phantom. Priorx

to his assignment to NASA, he was maintenance

officer of All-Weather-Fighter Squadron 143 at

the Naval Air Station, Miramar, California. He

has logged more than 5,900 hours flying time, including
more than 4,900 hours in jet aircraft, and completed three
space flights totaling 267 hours and 42 minutes. Captain
Young was selected as an astronaut by NASA in September 1962.
He served as pilot with command pilot Gus Grissom
on the first manned Gemini flight -~ a 3-orbit
migsion, launched on March 23, 1965, during which
the crew accomplished the- first manned space-
craft orbital trajectory modifications and lifting
reentry, and flight tested all systems in Gemini 3.

After this flight, he was backup pilot for Gemini 6.

On July 18, 1966, Young occupied the command pilot
seat for the Gemini 10 mission and, with Michael
Collins as pilot, effected a successful rendezvous
and docking with the Agena tarxget vehicle. The
large Agena main engine was subsequently ignited,
propelling the docked combination to a record
altitude of approximately 475 miles above the earth,
the first manned operation of a large rocket engine
in space. They later performed a completely optical
rendezvous (without radar) on a second, passive
Agena which had been placed in orbit during the
Gemini 8 mission. After the rendezvous, Young flew
formation on the slowly rotating passive Agena
while Collins performed extra-vehicular activity

to it and recovered a micrometeorite detection
experiment, accomplishing an in-space retrieval of
the detector which had been orbiting the earth for
three months. The flight was concluded, after 3
days and 44 revolutions, with a precise splashdown
in the West Atlantic, 2.6 miles from the recovery
ship USS GUADALCANAL.
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He was then assigned as the backup command module
pilot for Apollo 7.

Young was command module pilot for Apollo 10,

May 18-26, 1969, the comprehensive lunar-orbital
qualification test of the Apollc lunar module.

He was accompanied on the 248,000 nautical mile
lunar mission by Thomas P, Stafford (spacecraft
commander) and Eugene A. Cernan (lunar module pilot).
In achieving all mission objectives, Apollo 10
confirmed the operational performance, stability,
and reliability of the command-service module/lunar
module configuration during translunar coast, lunar
orbit insertion, and lunar module separation and
descent to within 8 nautical miles of the lunar
surface. The latter maneuvers employed all but the
final landing phase and facilitated extensive
evaluations of the lunar module landing radar
devices and propulsion systems and lunar module

and command-service module rendezvous radars in

the subsequent ‘lunar rendezvous., In addition to
discovering unexpectedly that the lunar gravitational
field targeted the lunar module over 4 miles south
of the Apollo 11 lunar landing site, Apollo 10
photographed and accurately located this site for
the lunar landing.

Captain Young served as backup spacecraft commander
for Apollo 13,

He was assigned as spacecraft commander for the
Apollo 16 flight March 3, 1971,

- end -
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON, D. C. 20546

BIOGRAPHICAL DATA

NAME: Thomas K. Mattingly II (Lieutenant Commander, USN)
Apollo 16 Command Mcodule Pilot
NASA Astronaut

BIRTHPLACE AND DATE: Born in Chicago, Illinois, March 17,
1936. His parents, Mr. and Mrs. Thomas K. Mattingly,
now reside in Hialeah, Florida.

PHYSICAL DESCRIPTION: Brown hair; blue eyes; height:
5 feet 10 inches; weight: 140 pounds.

EDUCATION: Attended Florida elementary and secondary
schools and is a graduate of Miami Edison High
School, Miami, Florida; received a Bachelor of
Science degree in Aeronautical Engineering from
Auvburn University in 1958,

MARITAL STATUS: Married to the former Elizabeth Dailey
of Hollywood, California.

RECREATIONAL INTERESTS: Enjoys water skiing and playing
handball and tennis.

ORGANIZATIONS: Member of the American Institute of
Aeronautics and Astronautics and the U.S. Naval
Institute.

SPECIAI, HONORS: Presented the MSC Certificate of Commen-
dation (1970).

EXPERIENCE: Prior to reporting for duty at the Manned
Spacecraft Center, he was a student at the Air
Force Aerospace Research Pilot School.

He began his Naval career as an Ensign in 1958 and
received his wings in 1960, He was then assigned
to VA-35 and flew AlH aircraft aboard the USS
SARATOGA from 1960 to 1963. In July 1963, he
served in VAH-11 deployed aboard the USS FRANKLIN D.

ROOSEVELT where he flew the A3B aircraft for two years.

He logged 4,200 hours of flight time -- 2,300 hours
in jet aircraft.

- more -
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Lt. Commander Mattingly is one of the 19 astro-

nauts selected by NASA in April 1966, He served as

a member of the astronaut support crews for the Apollo
8 and 9 missions.

He was then designated command module pilot for
Apolle 13 but was removed from flight status 72
hours prior to the scheduled launch due to exposure
to the german measles. Mattingly was replaced on
the flight of Apollo 13, April 13-17, 1970, by
backup command module pilot John L. Swigert, Jr.

He was designated to serve as command module pilot
for the Apollo 16 flight March 3, 1971.

- end -
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHIMGTON, 0, C. 20546

BIOGRAPHICAL DATA

NAME: Charles Moss Duke, Jr. (Lieutenant Colonel, USAF)
Apollo 15 Lunar Module Pilot
NASA Astronaut

BIRTHPLACE AND DATE: Born in Charlotte, North Carolina,
on Octcber 3, 1935. His parents, Mr., and Mrs.
Charles M. Duke, make their home in Lancaster,
South Carolina.

PHYS ICAL DESCRIPTION: Brown hair; brown eyes; height:
5 feet 11 1/2 inches; weight: 155 pounds.

EDUCATION: Attended Lancaster High School in Lancaster,
South Carolina, and was graduated valedictorian
from the Admiral Farragut Academy in St. Petersburg,
Florida:; received a Bachelor of Science degree in
Naval Sciences from the U.S. Naval Academy in 1957
and a Master of Science degree in Aeronautics and
Astronautics from the Massachusetts Institute of
Technology in 1964.

MARITAL STATUS: Married to the former Dorothy Meade
Claiborne of Atlanta, Georgia; her parents are
Dr. and Mrs. T. Sterling Claiborne of Atlanta.
CHILDREN: Charles M., March 8, 1965; Thomas C., May 1, 1967.

RECREATIONAL INTERESTS: Hobbies include hunting,
fishing, reading, and playing golf.

ORGANIZATIONS: Member of the Air Force Association, the
Society of Experimental Test Pilots, the Rotary
Club, the American Legion, and the American Fighter
Pilots Association.
SPECIAL HONORS: Awarded the MSC Certificate of Commendation (1970}.

- mere -
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EXPERIENCE: When notified of his selection as an astro-
naut, Duke was at the Air Force Aerospace Research
Pilot School as an instructor teaching control
systems and flying in the F-104, F-101, and T-33
aircraft. He was graduated from the Aerospace
Research Pilot School in September 1965 and stayed
on there as an instructor.

He is an Air Force Lt. Colonel and was commissioned
in 1957 upon graduation from the Naval Academy.
Upon entering the Air Force, he went to Spence
Air Base, Georgia, for primary flight training

and then to Webb Air PFPorce Base, Texas, for basic
flying training, where in 1958 he became a distin-
guished graduate. He was again a distinguished
graduate at Moody Air Force Base, Georgia, where
he completed advanced training in F-86L aircraft.
Upon completion of this training he was assigned
to the 526th Fighter Interceptor Squadron at Ram~
stein Air Base, Germany, where he served three
years as a fighter interceptor pilot.

He has logged 3,000 hours flying time, which
includes 2,750 hours in Jjet aircraft.

Lt. Colonel Duke is one of the 19 astronauts

selected by NASA in April 1966, He served as a
member of the astronaut support crew for the Apollo 10
flight and as backup lunar module pilot for the
Apollo 13 flight,

He was designated March 3, 1971 to serve as lunar
module pilot for the Apollo 16 mission.

- end -
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON, D. C, 20544

BIOGRAPHICAL DATA

NAME: Fred Wallace Haise, Jr. (Mr.)
Apollo 16 Backup Commander
NASA Astronaut

BIRTHPLACE AND DATE: Born in Biloxi, Mississippi, on
November 14, 1933; his mother, Mrs. Fred W. Haise, Sr.,
resides in Biloxi.

PHYSICAL DESCRIPTION: Brown hair; brown eyes, height:
5 feet 9 1/2 inches; weight: 155 pounds.

EDUCATION: Graduated from Biloxi High School, Biloxi,
Mississippi; attended Perkinston Junior College
(Association of Arts); received a Bachelor of
Science degree with honors in Aeronautical Engineering
from the University of Oklahoma in 1959, and an
Honorary Doctorate of Science from Western Michigan
University in 1970,

MARITAL STATUS: Married to the former Mary Griffin Grant
of Biloxi, Mississippi. Her parents, Mr. and Mrs.
William J. Grant, Jr., reside in Biloxi.

CHILDREN: Mary M., January 25, 1956; Frederick T.,
May 13, 1958; Stephen W., June 30, 1961; Thomas J.,
July 6, 1970,

ORGANIZATIONS: Fellow of the American Astronautical Society,
and member of the Society of Experimental Test
Pilots, Tau Beta Pi, Sigma Gamma Tau, and Phi
Theta Kappa.

SPECIAL HONORS: Awarded the Presidential Medal for Freedom
(1970), the NASA Distinguished Service Medal, the
AIAA Haley Astronautics Award for 1971, the American
Astronautical Society Flight Achievement Award for
1970, the City of New York Gold Meddl in 1970, the
City of Houston Medal for Valor in 1970, the Jeff
Davis Award (1970), the Mississippi Distinguished
Civilian service Medal (1970), the Z..erican Defense
Ribbon, the Society of Experimental Test Pilots Ray E.
Tenhoff Award for 1966, and the A.B. Honts Trophy as
the outstanding graduate of Class 64A from the Aerospace
Research Pilot School in 1964.
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EXPERIENCE: Haise was a research pilot at the NASA Flight
Research Center at Edwards, California, before
coming to Houston and the Manned Spacecraft Center;
and from September 1959 to March 1963, he was a
research pilot at the NASA Lewis Research Center in
Cleveland, Ohic. During this time he authored the
following papers which have been published: a
NASA TND, entitled "An Evaluation of the Flying
Qualities of Seven General-Aviation Aircraft";

NASA TND 3380, "Use of Aircraft for Zero Gravity
Environment, May 1966"; SAE Business Aircraft Con-
ference Paper, entitled "An Evaluation of General-
Aviation Aircraft Flying Qualities, March 30 -
April 1, 1966"; and a paper delivered at the Tenth
Symposium of the Society of Experimental Test
Pilots, entitled "A Quantitatiwve/Qualitative
Handling Qualities Evaluation of Seven General-
Aviation Aircraft, 1966,"

He was the Aerospace Research Pilot School's
outstanding graduate of Class 642 and served with
the U.S. Air Force from October 1961 to August 1962
as a tactical fighter pilot and as chief of the
164th Standardization-Evaluation Flight of the
164th Tactical Fighter: Squadron at Mansfield, Ohio.
From March 1957 to September 1959, Haise was a
fighter interceptor pilot with the 185th Fighter
Interceptor Squadron in the Oklahoma Air National
Guard.

He also served as a tactics and all weather flight
instructor in the U.S. Navy Advanced Training
Command at NAAS Kingsville, Texas, and was assigned
as a U.S. Marine Corps fighter pilot to VMF-533

and 114 at MCAS Cherry Point, North Carolina, from
March 1954 to September 1956,

His military career began in October 1952 as a
Naval Aviation Cadet at the Naval Air Station in
Pensacola, Florida.

He has accumulated 6,700 hours flying time, including
3,300 hours in jets.
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Mr. Haise is one of the 19 astronauts selected by
NASA in April 1966, He served as backup lunar
module pitot for the Apollo 8 and 11 missions.

Haise was lunar module pilot for Apollc 13, April 11-17,
1970. Apollo 13 was programmed for ten davs and

was committed to our first landing in the hilly,

upland Fra Mauro region of the Moon; however, the
original flight plan was modified enroute to the

Moon due to a failure of the service module

cryogenic oxygen system which occurred at approximately
55 hours into the flight. Haise and fellow crewmen,
James A. Lovell (spacecraft commander)‘ and John L.
Swigert (command module pilot), working closely

with Houston ground controllers, converted their

lunar module "Aguarius" into an effective lifeboat.
Their emergency activation and operation of lunar
module systems conserved both electrical power and
water in sufficient supply to assure their safety

and survival while in space and for the return to
Earth.

In completing his first space flight, Mr. Haise
logged a total of 142 hours and 54 minutes in
space.

He was designated as backup spacecraft commander
for the Apollo 16 mission March 3, 1971.

- end -
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