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14.1 Introduction 

MAR 6 19n 

The 14th Science Working Panel (SWP) Meeting was convened on Honday, February 7, 
1972, at the Lunar Science Institute, Houston, Texas, by Acting Chairman David 
Strangway (TN4). Chairman James A. Lovell (TA) subsequently took over the chair. 
Attendees are listed in Enclosure 1 and the meeting agenda is included as 
Enclosure 2. 

D. Strangway stated that the session would essentially be a wrap-up for Apollo 16 
since final crew training would begin that week, and it would be very difficult 
from that point on to make any changes. The discussions at the session were 
centered mainly around lunar surface activities which establish the basis for 
crew training procedures. R. Pepin (Univ. of Minn.) advised the group that a 
meeting of the. Samples Subcommittee was scheduled for that evening and that dis-
cussion of boulder protocol and special samples as shown on the agenda would have 
to await the outcome of that meeting. 

D. Strangway mentioned that the Apollo 17 site selection decision was to be made 
that week. At this session, it was planned that SWP would hear presentations on 
new experiments which, if included, would maximize the science return from the 
last planned Apollo mission. 

Discussions of presentations in the first and second (executive) sessions are 
summarized in Paragraph 14.2. SWP decisions in the form of recommendations and 
assignment of further action are summarized in Paragraph 14.3. It is emphasized 
that, unless specifically noted within, the decisions and recommendations of SWP 
contained in these minutes represent the official position of the Science and 
Applications Directorate (S&AD) and may be used as such by other mission planning 
and implementing organizations of MSC with regard to procedures, experiment/ 
hardware procurement, priorities, and the like. 

D. Strangway introduced R. Parker (CB) who will be acting as Crew Scientist on 
Apollo 17. 
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14.2 

14.2.1 

Agenda Items - Session of February 7 

Apollo 16 Science Planning 

a) Surface Sampler Report: An action item from the 13th SWP Meeting: 
Noel Hinners (Bellcomm) reported that equipment design was com-
pleted and selection of materials for the collection surface was 
being recommended to SWP. Procedure for use of -the Surface Sampler 
Device (SSD) requires the crewman to reach over a small boulder to 
collect the samples in order to preclude the possibility of kicking 
dust into the sampling area. It -vms decided that if no such boulder 
could be found, the crewman would \valk as carefully as possible to 
minimize possible contamination. The first sample would be taken 
with the beta cloth, letting the weight of the device alone provide 
the contact pressure. The crewman would then raise the device and 
close the cover, keeping the sample surface' facing away from him 
at all times. The second sample would be taken with the velvet 
cloth from a spot approximately half a meter from the first ·sample. 
The crewman would exert slight pressure to overcome a 1-pound spring 
force built into the assembly. Both samples will be stowed iri a 
Sample Collection Bag. 

Approval of the materials selection was scheduled for the Executive 
Session. N. Hinners further recommended that Sl~ prepare a letter 
of recommendation for inclusion of the SSD on Apollo 17. Decision 
action would be taken at the Executive Session. 

b) Boulder Protocol Definition/Priorities: Discussion of this item 
was postponed until after the planned meeting of the Samples 
Subcommittee that evening. It will be carried on the agenda for 
the Executive Session. 

c) Lunar Surface Planning: J. R. Sevier (PD4) presented the latest 
LRV traverse plan noting that plans for changes were presently in 
work. He mentioned that there were considerable changes to the 
plan as presented at the 13th SWP Meeting. These changes were made 
to better order the higher priority stations by going to them first; 
to use the outbound legs for reconnaissance of stations on the 
return trip and to reduce the anxiety level of the crew through 
more rational planning. It was noted that by overlapping the out-
bound and inbound legs of the north and south traverses, there 
would be fewer westerly located stations on EVA II and III. 

It was felt that this implied that more emphasis should be given to 
reaching Flag Crater at Station 1 on EVA I since this was now the 
only station located on unambiguous Cayley formation. A motion was 
made that priorities be set such that Stations 1 and 2 were of equal 
and highest priority with Station 3 being the lowest priority on EVA 
I. The motion was voted on and carried. Contingency plans for EVA I 
shouid,therefore, rearrange station activities according to their 
relative priorities when delays force traverse changes. J. Sevier 
stated that contingency plans as formulated would drop Station 1 and 
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merge those activities at Station 2 if the activities drop 15 
minutes behind the timeline. If the cre\vmen get further behind, 
the Lunar Portable Magnetometer (LP}1) site measurement \vill be 
dropped from Station 2. If the crewmen are as much as 1 hour 
and 15 minutes behind, they plan to drop the LPM measurement 
entirely as well as the Soil Mechanics Experiment trench and 
penetrometer readings. W. O'Bryant (MAL) questioned the con-
flict with the wording in the Mission Implementation Plan (HIP) 
regarding the highest priority station. It was moved that the 
words in the Mission Requirements Document (MRD) be revised to 
reflect that the highest priority item on EVA I is the collection 
of an adequate documented sample. The motion was carried. A 
proposal was made to amend the motion to define adequate as 
meaning that the prescribed 55 minutes of activity associated 
with collection of this sampling activity would be preserved. 
The motion was carried. This will require a change in the HIP 
priority list v7hich will then in turn be reflected in the MRD. 

The priorities for EVA II resulted in a contingency plan to first 
drop Station 9, then 10, 6, and 7, in that order and finally, to-
reduce Station 8 to a 30-minute stop. The objective is to pre-
serve an hour and a half on Stone Mountain as a last resort. 
Possible changes include ~onsideration of moving Station 9 to a 
different location to permit special sampling in an area not on 
a ray. Since SSD and Core Sample Vacuum Container (CSVC) samples 
are being taken at Station 8, the time there will be increased to 
60 minutes, and Station 10 is being expanded from 15 to 25 minutes. 
The added time at these stations is being taken from Stations 5 
and 6. 

The walking traverses are now in work. Presently, it appears that 
EVA I will go to Stations 2 and 3; EVA II will be to Stations 6, 
8 and 10; and EVA III will be to Station 17 with anotl1er stop on 
the south rim of Palmetto Crater. There was discussion on v1hether 
t_o carry the 500-nun camera on the vmlking traverse, but no resolu-
tion was achieved. It was stated that there is a need to identify 
the prime scientific activities for the walking traverses. 

d) Special Surface Samples Hardware Wrap-up: J. Peacock (PD12) ex-
pounded on the current status of the SSD hardware. A letter dated 
26 January 1972 from J. McDivitt (PA) (vrritten by A. Cohen) to A. 
Calio (TA) requesting SWP concurrence on (1) choice of materials 
for the surface sampler, and (2) the use of LRL facilities for 
postflight soil recovery and analysis vras discussed. G. Wasserburg 
(Caltech) proposed that a specific individual be named to work with 
the Curator and have assigned responsibility for proper care and 
handling of these samples. Further discussion of the motion was 
planned for the Executive Session. 
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14.2.2 

e) Special Samples: As stated in the introduction, this item was 
postponed until the following day (8 February 1972). 

Apollo 17 Science Planning 

a) Site Selection: Noel Hinners ·presented the results of a meeting 
by an Ad Hoc Committee on site selection which was held on 13 
January 1972 at HSC (Enclosure 3). Five candidate sites were 
discussed although only three of them (Alphonsus, Taurus-Littrow, 
and Gassendi) presented practical possibilities. A summary of the 
science requirements was submitted to various people for comments. The 
Ad Hoc Committee was asked to assign priorities to the objectives 
in relation to each of the sites. There was a clear consensus that 
the pre-Imbrium areas should be given the highest priority. There 
is a desire to get away from the Imbrium for some new experiments. 
It was agreed that "young" volcanic units were the next priority. 
It was noted that all three of these sites repeat Apollo 15 and 16 
tracks, although Gassendi gives a bit more coverage from orbit. 
Taurus-Littrow duplicates Apollo 15 while Alphonsus duplicates· the 
Descartes path. 

In summary, the Ad Hoc Committee voted for first, second, and 
third choice for the three sites as follmvs: Taurus-Littrow -
4, 2, 0; Gassendi - 2, 3, 1; Alphonsus - 0, 1, 5. Final choice 
is to be made by the Site Selection Board which will meet Friday, 
11 February 1972. 

F, Doyle (USGS) presented charts showing the impact of the various 
orbits on photographic coverage. He stated that 84 percent of 
Taurus-Littrow coverage would be redundant of Apollo 15 and 16 
flights. Alphonsus would be somewhat worse except for an area on 
the west side. (Enclosure 4). 

b) Experiment Priorities: R. Baldwin (TD12) presented a summary of 
the past and current status of orbital and surface experiment 
priorities for Apollo 17 (Enclosure 5), A breakdown of the 
weights of the various components of the surface payload was 
also included. He explained that there were new orbital experi-
ments· being considered and new surface experiments that were 
being added, Priorities to establish where these new experiments 
would fit in the modified list is needed, 

Separate voting ballots for the lunar surface experiments and lunar 
orbit experiments would be made available for voting by SWP members 
at the Executive Session. It was explained that this was the con-
text in which the later experiment presentations were to be 
viewed, 

c) Handtools/Containers and Special Samples: J. Peacock (PD12) dis-
cussed the schedule problems in terms of providing final instructions 
to Grumman Aircraft Company (GAC) by that week. These instructions 
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are in the form of a go-ahead on tests. GAC design lead time is 
the pacing item, and firm information to GAC is now approximately 
one month late. This \vill- be the last shot at Apollo 17 hardware 
for stowage purposes, and a firm list must be developed by the 
evening of 8 February 1972. This list will be presented at the 
MSC/CCB meeting scheduled .for 24 February 1972. R. Pepin pre-
sented a list of the handtool/container requirements for Apollo 
17. These requirements would include (based on 4 EVA's for 
planning procurement purposes): 2 SRC's; 6 upper and 6 lower 
drive tubes; rake; second extension handle; scoop (large); tongs 
(2); 140 DSCB's; surface sampler device; padded bags; same con-
figuration of SESC and CSVC (1 each); film requirements for 12 
magazines, 6 B\\1 and 6 color; and 500-mm ca.'11era sys tern plus 
additional magazines. There was discussion of the problems with 
the "yo-yo" and binding encountered on Apollo 15 in use of the 
tongs. It was stated that the yo-yo problem had been solved and 
a new cotter pin introduced to alleviate the binding. This 
latter situation may have been the result of jamming the tongs 
into the soil when the yo-yo failed to retract properly. The 
LRV Sampler \vas discussed, and J. Peacock stated that there was 
not a good solid engineering design for this device at the 
present time. The crew is involved in working on new techniques 
for sampling from the LRV; GAC has been given dimensions of a 
stowage envelope and plans are proceeding to include it on Apollo 
17. The comment was made that there should be a back-up for the 
CSVC. W. Huehlberger (USGS) discussed film requirements stating 
that the plan called for 2 magazines per crewman per EVA for a 
total of 12 magazines. Based upon the rate of usage for Apollo 
16; he requested that one more magazine be added. He also requested 
three BW rolls for the DAC. 

J. Sevier pointed out that weight will be more critical on Apollo 17 
than it was on Apollo 16, because of the lower performance engine. 
H. Schmitt (CB) stated that more film would be required because of the 
geophysical experiments; therefore, W. Huehlberger's estimate of 
film requirements might be underestimated. 

SHP Recommendati-on for Maximum Science Return: 
the Samples Subpanel by R. Pepin was postponed 
1972 to follow the planned evening meeting. 

Presentation of 
until 8 February 

Since the landing site had not been selected for Apollo 17, the 
Traverse Planning Subpanel considered possible traverse routes at 
the potential sites. Since Taurus-Littrow appears to be the 
current forerunner, J, Head (Bellcomm) gave a description of the 
lunar terrain and surface features in the general area. He dis-
cussed possible sampling areas and directions which the traverses 
might take. The major items of interest appear to be generally 
west of the landing area. EVA I would include sampling of the 
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dark mantle materials. The Surface Electrical Properties 
Experiment is to be deployed on EVA II which would cut down 
on the available station time. At least one EVA should be 
to the north massif. It is desired to take five or more 
gravimeter readings per traverse. 

P. Coleman (UCLA) informed the group that no meeting of the 
ALSEP and Traverse Experiments Subpanel had been convened 
to discuss new experiments. One proposal had been submitted 
which was essentially a Gemini retread. It concerned long-
term lunar experiments ~.;hich he believed were not worth pre-
senting at this meeting because of the sparsity of information. 
The topic was measurement of space micrometeorites, and success 
of the experiment would be dependent upon retrieval on a later 
mission within a meaningful time period. J. Lovell noted that 
there would be a management decision on adding science experi-
ments at the Executive Session. P. Coleman suggested that some 
of the unanswered questions relative to this experiment sho~ld 
first be answered if it was to be considered. 

J. Lovell received a letter from D. Burnett (Caltech) in which 
it was reported that the Neutron Flux Honitor Experiment was 
presently in good shape and requested that SWP support this 
experiment. It was note~ that the relative priority would be 
established by vote at the Executive Session. 

J. Trombka (GSFC) reported on the results of the Lunar Orbital 
Science Subpanel discussion regarding the proposed Farside 
Gravity Determination and the Interplanetary and Moon H and He 
Experiments. The general consensus was that the experiments 
were inadequately developed and overlapped currently planned 
experiments to some degree. There were serious doubts about 
whether hardware could be developed, procured, and demonstrated 
in time to meet Apollo 17 schedule requirements. There was no 
recommendation for the panel to give further consideration to 
these experiments. The attempt to determine He would give 
better spatial resolution, but much the same information would be 
provided from the Far UV Spectrometer Experiment. Since there is 
insufficient time for integration, a formal rejection by HQ is in 
process. The Farside Gravity Subsatellite has also been turned 
off because of lack of time to develop and a formal rejection is 
being processed. 

e) Apollo 17 Experiment Presentations: 

Far UV Spectrometer Experiment 

W. Fastie (John Hopkins Univ.) made an oral presentation cGncerning 
description and operation of the Far UV Spectrometer Experiment. 
The purpose of this experiment is to determine the atomic compo-
sition, density, and scale height for each constituent in the lunar 
atmosphere and to investigate far UV radiation from the lunar sur-
face and galactic sources. The instrument will be operated in the 
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60 x 60 and 60 x 9 NM lunar orbits and during transearth coast. 
Lunar atmospheric species expec~ed to be detected in

0
the 

spectral range of 1100 to 1200 A include: H2 (1216 A), 
0 0 0 0 0 

C (1657 A); N (1200 A); 0 (1304 A); Kr (1236 A)c and Xe (1479 A). 

The instrument is to be operated in seven modes: experiment 
operation in Mode I and II (SIM bay aligned to nadir; S/C 
oriented in +X and -X directions~ respectively) will permit 
observation of the lunar atmosphere during predawn and post-
sunset periods. These are conditions whereby the lunar atmos-
phere is illuminated, the lunar surface is not, and resonantly 
scattered radiation can be observed. This operation period will 
also yield data relative to the measurement of the lunar albedo, 
and possibly, lunar fluorescence. 

Mode III .operation, an inertial hold attitude which enables the 
instrument to look along a long atmospheric path against the 
galactic background, will be done in the 60 x 9 NM lunar orbit 
to maximize path length and instrument signal strength. 

Mode IV operation \.;rill direct the instrument toward the earth 
while the spacecraft is in the shadow of the moon, so as to 
observe far UV emission from the earth. 

The operation of the instrument in Mode V will consist of several 
continuous sweeps of the sky on the lunar darkside, each sweep to 
be conducted with the instrument axis at a different angle to the 
orbital plane. The objective is to view approximaLely half the 
celestial sphere while the CSM is in lunar shadow, to monitor 
solar system, galactic, and extragalactic sources of far UV 
emission. 

For Mode VI operation the instrument will view eight celestial 
target areas, each from a different inertial attitude, during 
transearth coast. Mode VII will also be performed during TEC, 
but will occur during periods of passive thermal control. Both 
of these modes are designed to investigate the presence and dis-
tribution of atomic hydrogen between the earth and moon, as well 
as to determine the UV emission of galactic and extragalactic 
sources. 

The spectrometer is mounted in the bottom shelf of the SIM bay 
and is provided with an optics protective cover that is opened 
and closed by command from the CH. 

IR Scanning Radiometer Experiment 

W. Mendell (TN4) made a presentation (Enclosure 6) of the IR 
Scanning Radiometer Experiment to be operated from lunar orbit 
on Apollo 17. 
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The purpose of this experiment is to m-easure the thermal emission 
at the orbiting spacecraft from the lunar surface to obtain a 
high resolution surface temperature map (l°K accuracy). This 
temperature map will permit the calculation of cooling curves for 
various lunar regions and, hence, the characterization of such 
lunar surface physical parameters as the thermal conductivity, 
the bulk density, and the spec1fic heat. Emission data will be 
obtained from the lunar dark side which has never before been 
surveyed in the IR spectrum. 

These cooling curves will also be used to locate, identify, and 
study anomalously hot or cold regions at high spatial resolution 
(~2.2 km) over relatively long term surface cooling periods. Such 
regions may be indicative of surface rock fields, crustal struc-
tural differences, volcanic activity, fissures, and the like. 
Internal heat source identification, if any, will also be possible. 

The radiometer is housed in the bottom shelf of the CSM SIM bay and 
scans 162° transverse to the spacecraft ground track. This provides 
horizon-to-horizon scanning capability. Deep space is scanned at 
the beginning of each scan period as a calibration reference. A 
protective cover opened and closed by command from the CM is pro-
vided to protect the radiometer optics. 

Lunar Sounder Experiment 

R. Phillips (JPL) made a presentation (Enclosure 7) of the Lunar 
Sounder Experiment to be operated from lunar orbit on Apollo 17. 

The purpose of this experiment is to obtain stratigraphic, struc-
tural, te~tonic, and topographic data via electromagnetic soundings 
of the lunar surface and subsurface; to obtain measurements of 
ambient electromagnetic noise levels in the lunar environment; and 
to measure the lunar occultation of electromagnetic waves. 
Electromagnetic sounding will be performed at two frequencies in 
the HF band (5 and 15 MHz) and one frequency in the VHF band 
(150 }lliz). All data will be acquired in the 60-NM circular lunar 
orbit. 

Because of the significant E~H generated by the sounding radar, 
especially with the CSM high-gain antenna and scientific data 
system, the other SIM-bay experiments and the Surface Electrical 
Properties (SEP) Experiment cannot be operated when the sounding 
radar is on. The Lunar Sounder is operated in the passive or 
"listening" mode when the SEP is operating to determine the manner 
in which the moon occults the SEP electromagnetic waves at 15 MHz. 

The Lunar Sounder data will permit the development of a cislunar 
geological model to a depth of 1.3 kilometers. This model derived 
from these electromagnetic soundings will yield a cross-sectional 
physical model of scattering centers derived from contrasts in 
lunar electrical conductivity, dielectric constant, and magnetic 
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14.2.3 

permeability. Parameter interpretation will be performed by 
analyzing the amplitude, time delay, pulse distortion,_ and 
vhase shift of the transmitted and reflected signals. 

The Lunar Sounder consists of threi functional parts: the 
coherent synthetic aperture radar (CSAR), an optical recorder, 
and sounding antennas. The CSAR is mounted·in the SIM bay on 
the second shelf below the panoramic camera. The optical 
recorder (cassette retrieved by-crewman EVA during transearth 
coast) is mounted on the bottom Sllf shelf adjacent to the IR 
Scanning Radiometer. 

The HF antennas mounted 180° apart at the base of the CSM form 
a dipole, 80 feet in length. These ant.ennas may be extended 
and retracted by CM controls as required. The VHF antenna 
approximately 9 feet in length is a yagi configuration which 
is deployed automatically from the base of the CSM when the 
spacecraft SLA panels are jettisoned during translunar coast. 
CM controls are also provided to perform the other Lunar 
Sounder functions as well. 

Solar Wind Composition Experiment 

D. Strangway (TN4) discussed a proposed Solar Wind Composition 
Experiment for Apollo 17 'iJhich would be somewhat different from 
a similar experiment performed on all the Apollo lunar landing 
missions thus far. 

The experiment concept consists of exposing on the lunar surface 
an expanse of aluminum and platinum foil facing the solar wind 
as performed on Apollo 15 and as planned for Apollo 16. A 
"Swiss clock" mechanism would be used in conjunction with a 
rolling mechanism to partially roll the foil every 6 hours for 
a total of 6 to 8 exposures during the surface stay time. This 
procedure would result in about two-thirds of the foil being ex-
posed for the complete surface stay with the remaining one-
third of the foil incurring varying periods of exposure time. 
The experiment would weight 1.3 pounds. The object of this pro-
cedure is to study the time-varying components of the solar wind. 
The majority of SWP comme~ts were directed to the point that the 
solar wind time variations for the measurement period were not 
significant and the experiment was not justified. 

Executive Session - Tuesday, 8 February 1972 

Voting members present at this session were: 

F. Doyle 
L. Silver 
W. Muehlberger 
D. Strangway 
J. Trombka 

P. Dyal 
J. Mitchell 
R. Pepin 
H. Howard 
R. Kovach 

N. Hinners 
G. Wasserburg 
W. 0 1 Bryant 
W. Phinney 
P. Gast 
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a) Lunar Sounder Priori_!y: W. O'Bryant questioned whether the 
priority for the Lunar Sounder should not be higher than the 
SM Orbital Photographic Tasks objective since this would be 
the .first and only time that the Lunar Sounder Experiment 
would be flown. The data collected will be important from 
the contribution toward development of similar equipment for 
the Mars missions. A counterargument was given that the pur-
pose of the mission was to collect information about the moon 
rather than to test or develop equipment. It was stated that 
photographs provide much more data.since they can be readily 
correlated with other mission photographs and experiment data. 

b) Gamma-Ray and X-Ray Experiments: The group discussed the 
present status of the Gamma-Ray and X-Ray Experiments and the 
possibility of including them on the Apollo 17 flight. W. 
O'Bryant stated that the HQ position is that the SIM-bay pay-
load is not open for addition of new experiments even if 
something else is removed. A motion was made that SWP recommend 
that the Gamma-Ray package be added to the SIM-bay experiments 
on Apollo 17, and, if possible, the X-Ray experiment. A vote 
was taken (10 for, 1 against, and 2 abstaining). 

c) Apollo 17 Orbital Experiment Priorities: Ballots for the 
orbital experiment priorities were distributed and voting in-
structions were given. Results of the voting and established 
priorities are as follows: 

Experiment 

1) SM Orbital Photographic Tasks 
2) Lunar Sounder (S-209) 
3) IR Scanning Radiometer (S-171) 
4) S-Band Transponder (CSH/LM) (S-164) 
5) Far UV Spectrometer (S-169) 

Point Score 

59 
56 
40 
35 
19 

A motion was made to recommend, if feasible, that the Gamma-Ray 
and X-Ray Experiments be made numbers 3 and 4 in priority, 
respectively. A vote was taken (8 for, 3 against, and 2 ab-
staining). With the change, the recommended priority list is 
as follows: 

Experiment 

1) SM Orbital Photographic Tasks 
2) Lunar Sounder (S-209) 
3) Gamma-Ray (S-160) 
4) X-Ray (S-161) 
5) IR Scanning Radiometer (S-171) 
6) S-Band Transponder (CSM/L~) (S-164) 
7) Far UV Spectrometer (S-169) 
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d) Apollo 17 Surface Experiment Priorities: It.was noted that the 
Soil Mechanics Experiment has been ruled by HQ to be completely 
passive on this mission:. Since it requires no crew action of 
time, there is no requirement for an assigned priority. 
Consequently, it was deleted from the ballot. 

It was proposed that the Solar Wind Composition (S-080) be 
deleted from consideration for Apollo 17 since the increment of 
data to be gained beyond that from Apollo 16 was not judged to 
be worth the additional effort. A motion to this effect was 
made and a vote taken. The results were 11 for, 1 against, and 
2 abstaining. 

A motion was made that the second extension handle and the rake 
be included as tools in the Lunar Geology Investigation rather 
than as separate iteMs on the ballot. Inclusion of these items 
is yet to be approved by the CCB for Apollo 17. The vote was 
13 for, 0 against, and 1 abstaining. 

J. Peacock discussed the LRV Sampler and stated that the design, 
although not yet firm, appears promising Hith the goal of being 
able to take eight samples with one minute stops each. A motion 
was made that SWP recommend continuance of vigorous development 
effort on the LRV Sampler,_ including a study of operational 
feasibility and stowage. The vote was 14 for, 0 against, and 0 
abstaining. It was decided that the LRV Sampler is also to be 
treated as a geology tool and was therefore not to be considered 
on the priority list. 

J. Lovell stated that since the 500-mm camera system covered a 
separate group of tasks on the mission and still needed CCB 
approval, he would prefer to treat it as a separate facility 
for voting purposes. This left 12 items on the ballot. 

The advisability of breaking geology into separate pieces was 
discussed for priority purposes. Since the site has not been 
selected at this time and tasks have not been defined, it was 
deemed impractical to follow this approach. A request was made 
that separate time be included as blocks in the timeline for 
crew observations. N. Hinners pointed out that one of the 
difficulties in establishing pribrities was the fact that there 
was no mechanism available for dropping experiments once they 
had been approved, even though later information made this 
course of action appear desirable. It was stated that as a 
ground rule, the geophysics experiments on Apollo 17 should be 
integrated over the mission, not be assigned to special stations 
as is being done with geology on Apollo 16. 

The ballots were marked and evaluated for priority of surface 
experiments with the following results: 
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Experiment 

1) 

2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

.10) 
11) 
12) 

Documented Samples at Highest Priority 
Traverse Station (part of S-059) 
Heat Flow (S-037) 
Drill Core Sample (part of S-059) 
Lunar Geology Investigation (S-059) 
Lunar Seismic Profiling (S-203) 
Lunar Surface Gravimeter (S-207) 
Lunar Atmospheric Composition (S-205) 
Surface Electrical Properties (S-204) 
Neutron Flux Monitor 
500-mm Camera System 
Lunar Ejecta and Meteorites (S-202) 
Traverse Gravimeter (S-199) 

Point Score 

179 

162 
134 
127 
116 
114 

78 
75 
63 
so 
49 
24 

e) Core Stems and Bore Stems: A prese~tation was given concerning the 
current status of the core stems and bore stems for Apollo 16. It 
was noted that the core stem caps had been painted and there was 
orange paint on the bore stems. Both the caps and bore stems are 
being cleaned and treated with UV and ultrasonic methods. The first 
problem is to remove the paint, and the second problem is to then 
remove the solvent. The nylon storage bag is also being cleaned. 
Samples of the paint, bag, and lubricant are being sent to LRL for 
analysis. All parts will be freon-cleaned before final stowage. An 
action item was assigned to the Samples Subcommittee to assure that 
a similar situation is avoided on Apollo 17 by providing explicit 
instructions regarding painting. 

f) Priorities Rationale: W. O'Bryant voice an op1n1on that since the 
priorities as recommended by SHP v.1ere different from the HQ/HAL 
Memo (12 December 1971), some rationale for the changes should be 
provided. W. Huehlberger pointed out that the present priority list 
was essentially the same as that offered in the 5th SWP Meeting 
(14 December 1970) with the exception that the Contingency Sample 
has been deleted, and Items 9 and 10 had been added. The main 
points of difference were that SWP recow~ended the Drill Core Sample 
and Lunar Geqlogy as the 3rd and 4th priority items above the ALSEP 
experiments and dropped the Lunar Ejecta and Meteorites to next to 
last place after the Neutron Flux Monitor and 500-mm Camera. 

The logic behind this was given as follows: the 500-mm Camera will 
be a very valuable tool at any of the prospective landing sites to 
obtain pictures of distant unreachable features. The purpose 
of the Neutron Flux :-.1onitor Experiment is to measure the neutron 
capture rate of a Gadolinium isotope as a function of depth beneath 
the lunar surface, and to calculate from this rate the energy 
of Gadolinium. Much about the mixing history of the lunar 
regolith can be inferred from these measurements and calculations. 
These data will be valuable in supporting interpretation of 
results of other experiments. These two items were added. 
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R. Kovach (Stanford Univ.) commented that the Traverse Gravimeter 
was a short baseline experiment which needed a tie point to relate 
all the random sample points. There has not yet been a good 
presentation on the experiment to SWP, and the feeling is that 
the returns are not \vorth the hour to be spent performing the 
experiment. Thus, this experiment was put in last place, 

The Lunar Ejecta and Meteorites has been flown in many orbits 
already and has little to do with the moon, per se, as far as 
meteorites are concerned. The probability of obtaining data 
on the ejecta is very low, and the information obtained from 
earth orbit is not transferable. For these reasons, this ex-
periment was delegated to next to the last in priority. 

g) Surface Sampler Materials: SWP concurred in the choice of 
materials (Teflon-coated beta yarn and white nylon velvet) for 

.the Surface Sampler Device and the use of the LRL for postflight 
soil recovery. It was again pointed out that there should be 
a special person designated to watch this particular sample. 
R. Pepin, as a member of LSAPT, will report to S'i\fP on 10 March 
1972 on how this team will insure that the sample will be prop-
erly handled. It was suggested that D. Burnett be the person 
in charge, with R. Pepin performing coordination. 

h) Surface Fixation Experiment: S\.JP felt that although this is an 
important experiment, it was somewhat impractical. A motion 
was made that SI-JP recommend that further efforts on this experi-
ment be discontinued, The vote was 10 for, 0 against, and 1 
abstaining. 

i) Long-term Experiments: The value of these experiments depends 
upon the capability to recover the materials, if and when there 
is another lunar landing mission. It was recommended that a sub-
group be formed to examine and report back on hard\.;rare presently 
being left on the lunar surface which might be suitable for these 
purposes. The subgroup, to be chaired by D. Strangway, will 
generate t\vo lists: one res trained to using present hard\vare and 
one unrestrained. An inventory will be compiled of all materials 
left on the lunar surface by Apollo 17 and other missions. The 
vote on the recommendation was 14 for, 1 against, and 0 abstaining. 

j) Special Samples Priorities: R. Pepin reported that the Samples 
Subgroup had failed to reach unanimous agreement on the priorities. 
The procedures as presented by F. Harz (TI.\16) had been reviewed and 
appropriate corrections were made. F. Harz is to reissue his memo 
in accordance \vith these modifications. The suggested priorities 
were listed and after a somewhat lengthy discussion, J. Lovell 
called for a vote of the SWP. TI1e results of the vote were 
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8 for, 2 against, and 2 abstaining. The priority list approved 
was 

1) Split Boulder Sample 
2) Giant Igneous Boulder 
3) Radial Sampling of Fresh Crater (20-50 m) 
4) Ultraclean Soil (CSVC) 
5) Soil Surface (Beta Cloth/Velvet) 
6) Fillet Sample 
7) Permanently Shadowed Soil 
8) E-W Split Boulder 

Three other items; Pristine Rock Surfaces (padded bags), 
Glass-Coated Rocks, and Boulder Dust were not included in 
the priority list since it was felt that they were already 
covered as part of other items. 

k) Apollo 16 TravPrse Plans: Tentative traverse plans for Apollo 16 
were introduced on the first day of the SWP meeting. The Samples 
Subgroup .further considered these plans at their evening meeting. 
J. Sevier presented the results of these discussions for Sl~ 

approval. He stated that the medical people and D. Slayton (CA) 
felt that the plans that were proposed were much too tightly 
scheduled based upon Apollo 15 experience. To correct this situ-
ation, it was directed that EVA I must be unloaded. J. Sevier's 
proposal was to modify the station times on EVA I as follows: 
Station 1 was 30 minutes, now 41 minutes; Station 2 was 31 

-minutes, now 56 minutes; and Station 3 was 50 minutes, now 
14 minutes. Previously scheduled activities at Station 3 
were moved to Station 10 on EVA II. The net result is that 
the LPM site reading was moved from Station 1 to Station 2, 
and the LPM point reading that was at Station 2 is dropped. 
The rake/soil sample, deep-drill core, penetrometer measure-
ments, soil mechanics trench, and samples are to- be accomplished 
at Station 10. Radial sampling planned for Station 10 pre-
viously will be dropped. This still leaves radial samples to 
be taken at Stations 4, 5, 14, and 17. Rim samples will be 
taken at Stations 1, 2, 7, 15, and 16. SWP accepted Sevier's 
proposal. It was noted that for contingency planning Station 
10 activities are highly vulnerable if the cre\.;r falls behind 
the timeline. 
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14.3 Action Items 

Action: SWP recommends that the MIP priority list be changed by NASA/ 
Headquarters to define "adequate" as meaning that the prescribed 
55 minutes of activity associated with an adequate documented 
sample will be obtained during EVA I. This would then subsequently 
be reflected in the HRD. 

Action: Samples Subcommittee assigned to assure that a situation regarding 
the painting of the bore stems for Apollo 16 be avoided on Apollo 17. 

Action: R. Pepin will report to SWP on 10 March 1972 on how LSAPT will 
insure that top-layer surface samples will be properly handled. 

Action:· D. Strangway will chair a subgroup to generate two lists of hard-
ware left on the lunar surface which could be recovered on future 
missions for fruitful scientific analyses: one restrained to using 
present hardware and the other is to be unrestrained. 

F. Harz is to re-issue memo on Surface Sample Priorities with 
mples Subgroup modifications. 

TD12:RRBaldwin:eh:WRandall (TD12/TRW):2-25-72:5425 
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I. INTRODUCTION Chairman, J, A. Lovell 

II. APOLLO 16 SCIENCE PLANNING 

A. Surface Sampler* 

1. Requirements 

2. Sample Collection Technique 

B. Boulder Protocol Definition/Priorities* 

C. Lunar Surface Planning 

1. Traverses 

2. Contingency 

D. Special Surface Samples Hardware Wrap-up 

E. Special Samples 

III. APOLLO 17 SCIENCE PLANNING 

A. Site Selection 

B. Experiment Priorities 

C. Handtools/Containers and Special Samples 
Requirements 

N. W. Hinners 

R. 0. Pepin 

J. R. Sevier 

J. 11. Peacock 

F, Horz 

N, w. Hinners 

R, R. Baldwin 

R, o. Pepin/ 
w. Huehlberge1 
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IV. 

D. SWP Recommendations for Maximum Science Return* 

1. Samples Subpanel (includes LRV sampler, and 
rock and soil fixation) 

2. Traverse Planning Subpanel 

3. ALSEP and Traverse Experiments Subpanel 
(includes proposed Neutron Flux Monitor 
and Long-Term Lunar Surface Experiments) 

4. Lunar Orbital Science Subpanel (includes 
proposed Farside Gravity Determination 
and Interplanetary and Moon H and He 
Experiments) 

E. Experiment Presentations 

1. Far UV Spectrometer (S-169) 

2. IR Scanning Radiometer (S-171) 

3. Lunar Sounder (S-209) 

4~ Solar Wind Capture (proposed by Geiss/ 
Cameron) 

EXECUTIVE SESSION 

A. Recommendations and Decisions 

1. Apollo 17 Priorities 

2. Apollo-17 Lunar Surface Payload 

3. Other 

B. Action Items Summary 

*Action Items from 13th S~~ Meeting. 
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AD HOC SITE EVALUATION COMMITTEE MEETING 
MSC, JANUARY 13, 1972 

o ATTENDANCE 

• 

P. GAST 
N. HINNERS 

H.MASURSKY 
R. PHINNEY 

L. SILVER 

J. WOOD 

H. SCHMITT (OBSERVER) 

REVIEW RESPONSE TO SITE EVALUATION DOCUMENT SET TO 32 
LUNAR SCIENTISTS 

TAURUS-LITTROW (10) 
GASSENDI (6) 
ALPHONSUS (2} 
SW OF CRISJUM {1) 
COPERNICUS (0) 

NO OPINION (6} 
NO ANSWER (2) 
AD HOC COMM. (5) [CONSIDERED SEPARATEL YJ 

PRE-IMBRIUM HIGHLANDS TOP PRIORITY- FAR FROM IMBRIUM 

"YOUNG" VOLCANICS SECOND 

ORBITAL COVERAGE THIRD 
TRAVERSE GEOPHYSICS FOURTH 
NO CLEAR CONSENSUS ON ALSEP EXCEPT HIGH PRIORITY FOR HFE. 

' 

' 





; 

• DISCUSSION 

SIGNIFICANCE OF HIGHLANDS 
DISTANCE FROM IMBRIUM 

X-RAY, ')'-RAY DATA 

COMPLEXITY 
RELATIVE AGE 
FRONT VS. CENTRAL PEAKS 

"YOUNG'" VOLCANICS 
SIGNIFICANCE {YOUNG. DEEP, VOLA TILES} 
EVIDENCE {CRATER COUNTS, COPERNICUS H, OVERLAP) 

PROBABILITY OF SUCCESS..( UNALTERED MATERIAL) 
CONES VS. HALO CRATERS VS. BLANKETS 

GEOPHYSICS 
HEAT FLOW PRIME- TIED TO SAMPLING 

SEISMIC NET 
TRAVERSE 

MISSION RELATED 
EFFICIENCY 
SCIENCE-ASTRONAUT 

DUAL OBJECTIVES 

TRAVERSE PLANNING 

ORBITAL COVERAGE 
ORIENTALE 





AD HOC SITE EVALUATION COMMITTEE 

ALPHONSUS . GASSENDI . T AURUS-LITTROW COMMENTS (DETERMIN lNG) 

R. PHINNEY 3 2( 1) 1(2) HEAT-FLOW IS ONLY GEOPHYSICAL EXP. 
REALL V WORTH WORRYING ABOUT. HEAT-
FLOW TIED CLOSELY TO·SAMPLING. GAS-
SENDI AND T-L BETTER FOR SEISMIC 
NET. & HEAT-FLOW. A PRIORI KNOWLEDGE 
OF SITE GEOMETRY & GEOLOGY IMPORT-
ANT TO INTERPRETATION OF GEOPHYSICS 
T-L BEST FOR THIS. Gt>.SSENDI VERY CLOSE 
TOT-LIN RANKING 

L. SILVER 3 2(1) 1 (2) BOTH GASSENDI AND TAURUS-LITTROW 
ARE GOOD SITES. GASSENDI HIGHLANDS 
IN PEAKS MAY STAND GREATER CHANCE 

l 

OF BEING Dl FFERENT THAN IMBRIUM l 
MATERIAL. WORRIED ABOUT HIGHLANDS l AT T-L. T-L PROBABLY A MORE ~FFICIENT 
MISSION. ORBITAL PHOTOGRAPHY BEST 
AT GASSENDI 

J. WOOD .3 2 1 TAURUS-LITTROW OFFERS BEST HIGH-
LANDS SAMPLING {SERENITATIS +EJECTA)-
A LA A-15. TWO OBJECTIVES AT T-L. 

·.WORRIED ABOUT METAMORPHISM OF CEN-
· TRAL PEAK MATERIAL (OBLITERATING 

PRIOR RECORD) 

j 
l 

c 





P. GAST 

N. HINNERS 

H. MASURSKY 

AD HOC SITE EVALUATION COMMITTEE 

ALPHONSUS GASSENDI TAURUS-LITTROW 

2 1 

3L 2 1 

3L 1- 2 

COMMENTS (DETERMINING) 

POSSIBLE YOUNG VOLCANICS AT TAURUS-
LITTROW AND ALPHONSUS ARE HIGH 
PRIORITY. T-L LOOKS TO BE MORE EFFI-
CIENT IN TERMS OF MISSION 

DUAL-IMPORTANT OBJECTIVES AT T-L 
DOMINATE. ALPHONSUS STILL QUESTION-
ABLE RE MANTLING. TRAVERSE GEO-
PHYSICS AND GEOLOGIC VARIETY AT T-~ 
BETTER THAN EITHER ALPHONSUS OR 
GASSENDI 

ORBITAL PHOTOGRAPHY COVERAGE OF 
ORIENTALE IS srGNIFICANT PLUS FOR 
GASSENDI. T-L IS A FRONT-TYPE MISSION. 
WE SHOULD DO A CENTRAL PEAKS TYPE 
SAMPLING. GASSENDI FARTHEST FROM 
IMBRIUM l 

l 

l 

.. 





• SUMMARY 

TAURUS-LITTROW (4- 2- 0) 

GASSENDI (2- 3- 1} 

ALPHONSUS {0- 1 - 5) 

STRONG FOR TAURUS-LITTROW 
{GAST, HINNERS, WOOD) 

STRONG FOR GASSENDI 
(MASURSKY) 

50-50 
(PHINNEY, SILVER) 

r 

. 

l 
j 





Program--------------------~----------------------------------------

MAXIMUM EXTfNT OF MAI'PING CAMERA/RECTI FlED PANORAMIC CAM~RA COVERAOE FOR APOLLO Hi 
AND Hl AND I"OR A f>OHNTIAL APOLLO 17 MISSION TO ALI>HONSUS. SHADED 
AAEA REPRESENTS NEW A[GIONS I'HOTOGf\APHA'BLE ON Al'l ALPHOl~SUS M1S510N 

Sequence No.-----
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MAXIMUM EXTENT OF MAPPING CAMERAIRECTIFIEO PANORAMIC CAMERA COVERAGE FOR APOLLOS 15 
ANO Hl AND FOR POTENTIAl APOLLO MISSIONS TO OASSENOI AND TAURUS/LITIAOW 

\'a"&'~ ~/"'7-:1 ADDITIONAL AREA COVERED BY MAPPING CAMERA FOR APOLLO 17 TO OASSENOI 

~~~ ADDITIONAL AREA COVERED SY MAPPING CAMERA FOR APOLLO 17 TO TAURUS/UTTROW 
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APOLLO J-MISSION ORBITAL COVERAGE 

()(10 6 KM 2 ):: 

APOLLO 15 APOLLO 
APOLLO 

16 
17 

AREA OVERFLOWN BETWEEN 

ALPHONSUS GASSENDI TAURUS/LITTROW 

LOI - TEI 6.75 (17.5%) 3. 0 (8.0%) 4.1 (10 •. 8%) 5.4 (14.2%) 5 ;15 (13.5\) 

NEW AREA OVERFLOWN 1. 7 5 (4.6%) 

TOTAL NON-REDUNDANT 
AREA OVERFLOWN ON 8.50 (22.1%) 
APOLLO J-MISSIONS 

·MAX I MUM EXTENT MC COVERAGE 3.94 (10.3%) 2.34 (6.2%) 2.62 (6.9%) 3.68 (9:7\) 3.26 (8.6%) 

NEW AREA OVERFLOWN 1. 74 (4.5%) .47 (1.2%) 1. 83 (4.8%) .54 (1.4\) 

TOTAL NON-REDUNDANT 
AREA OVERFLOWN ON 5.68 (14.8%) 6.15 (16.2%). 7.51 (19.7\) 6.22 (16.tt%) 
APOLLO J-MISSIONS 

AREA OF MOON - 3 8 x 10 6 KM 2 

NUMBERS IN PARENTHESIS REFER TO PERCENT OF ENTIRE MOON. 





APOLLO 17 

EXPERIMENTS PRIORITY AND WEIGHT SUMMARY 
14TI-f SCIENCE WORKING PANEL MEETING 

FEBRUARY 7, 1972 

RICHARD R. BALDWIN/TD12 

N 





EXPERIMENT/OBJECTIVE 
~hl1E AND NilllBER 

PRIORITIES 
5TH S~~ (14 DEC 70) HQ/MAL MEMO (4 MAY 71) HQ/MAL MEMO (21 DEC 71) 

SM ORBITAL PHOTOGRAPHIC TASKS 1 1 1* 
.. :~ 

LUNAR SOUNDER (S-209) 2 2 2* 

S-Blli~D TRfu~SPONDER (CSM) (S-164) 3 3 3 

FAR UV SPECTROHETER ·(s-169) 4 4 1f 4 

• IR SCfu~NING RADIOMETER (S-171) 5 5 5 

*PRIORITIES SUBJECT TO REVIEW ;~ 

fu~D COULD CHANGE ,.., .. 

COMMAND MODULE ORBITAL OBJECTIVES 

• CM PHOTOGRAPHIC TASKS (DEPENDS ON SPECIFIC TASKS) 

FEBRUARY 7, 1972 

SERVICE MODULE ORBITAL EXPERIMENTS/OBJECTIVES 

-1-
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J-3 MISSION EXPERIMENT/OBJECTIVE PRIORITIES 

SURFACE EXPERIMENTS/OBJECTIVES 

EXPERIMENT/OBJECTIVE 
NANE A..ND NUMBER 

5TH SWP (14 DEC 70} 
PRIORITIES 

HQ/MAL MEMO (4 MAY 71) HQ/MAL MEMO (21 DEC'71)

• 
• 

CONTINGENCY SAMPLE 
DOCL~ffiNTED S&~PLES AT HIGHEST PRIORITY 

1 

2 

1 

2 

DELETED 

1 

o 

• 
• 
• 
• 
• 
• 
• 
• 
o 

e 

TRAVERSE STATION (P/0 S-059) . 
HEAT FLOW (S-037)* 
LUNAR SURFACE GRAVIMETER (S-207)* 
LUNAR SEISHIC PROFILING (S-203)* 
LUNAR ATMOSPHERIC COMPOSITION (S-205)* 
LUNAR EJECTA k~D METEORITES (S-202)* 
DRILL CORE SA~LE (P/0 S-059) 
LUNAR GEOLOGY INVESTIGATION (S-059) 
SURFACE ELECTRICAL PROPERTIES (S-204) 
SOLAR WIND COMPOSITION (S-080)** 
TRAVERSE GRAVIMETER )S-199) 
SOIL MECWU~ICS (S-200) 

3 
6 

7 

9 
11 

4 

5 

8 

10 

3 
4 
5 

6 

7 
8 

9 

10 
11 
12 
13 

2 
3 
4 
5 

6 

7 
-·

8 

9 ...... 

10 
11 

 

*PART OF ALSEP 
**RECOtlliENDED BY S&AD.- PENDING LEVEL I CCBD FLIGHT ASSIGNMENT 





1. 

2. 

3. 

4. 

5. 

14TH_ SCIENCE __ WO~_K_l~G PANEL __ 

BALLOT 

ORBITAL 

EXPERIMENT PRIORITY 

SM ORBITAL PHOTOGRAPHIC TASKS 

LUNAR SOUNDER (S-209) 

S-BAND TRANSPONDER (CSM) (S-164) 

FAR UV SPECTROMETER (S-169) 

IR SCANNING RADIOMETER (S-171) 

-3-
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N 





1. 

2. 

3. 
4. 
5. 

6. 

7. 

8. 

9. 

10. 
11~ 

12. 
13. 
14. 
15. 
16. 
17. 

14TH SCIENCE WORKING PANEL 

BALLOT 
SURFACE 

EXPERIMENT 

DOCUMENTED SAMPLES AT HIGHEST PRIORITY 
TRAVERSE STATION (P/0 S-059) 
HEAT FLOW (S-037) 
LUNAR SURFACE GRAVIMETER (S-207) 
LUNAR SEISMIC PROFILING (S-203)_ 
LUNAR ATNOSPHERIC COMPOSITION (S-205) 
LUNAR EJECTA &~D METEORITES (S-202) 
DRILL CORE SAMPLE (P/0 S-059~ 
LUNAR GEOLOGY INVESTIGATION (S-059) 
SURFACE ELECTRICAL PROPERTIES (S-204) 
TRAVERSE GRAVIMETER (S-199) 
SOIL MECHANICS (S-200) 
SOLAR WIND COMPOSITION (S-080) 
NEUTRON FLUX HONITOR 
LRV SM-IPLER 
EXTENSION HANDLE 
RAKE 

500-MM CAMERA SYSTEM 

·pRIORITY 





' 

' 

FEBRUARY 7, 1972 

J-3 SCIENCE AND SUPPORT EQUIPMENT PAYLOAD AT EARTH LIFT-OFF 

ITEMS 
PLANNED 

(LB) 
PROPOSED 

LM ASCENT STAGE 

SCIENCE EQUIPMENT PAYLOAD 
PHOTOGRAPHIC EQUIPMENT PAYLOAD 
SUPPORTING EQUIPMENT PAYLOAD 

0.5 
9.8 

14.8 

LM DESCENT STAGE 

SCIENCE EQUIPMENT PAYLOAD 
PHOTOGRAPHIC EQUIPMENT PAYLOAD 
SUPPORTING EQUIPMENT PAYLOAD 
LUNAR ROVING VEHICLE 

494.4 
15.0 

163.0 
514.5 

STATUS 1212.0 1212.0 

CONTROL WEIGHT 1200.0 

MARGIN -12.0 

ADDITIONAL ITEMS PROPOSED +31.7 

NEW STATUS 1243.7 

CONTROL WEIGHT 1200.0 

NEW MARGIN -43.7 . 

-5-

·. 

N 





FEBRUARY 7, 1972 

J-3 SCIENCE EQUIPMENT PAYLOAD AT EARTH LAUNCH (LM DESCENT STAGE) 

PRIORITY CURRENT WEIGHT (LB) 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

DOCUMENTED SAMPLE COLLECTION* 
FUEL CASKET ASSEMBLY 
PALLET ASSEMBLY 
S-037 HEAT FLOW 
S-207 LUNAR SURFACE GRAVIMETER 
S-203 LUNAR SEISMIC PROFILING 
S-205 LUNAR ATMOSPHERE COMPOSITION 
S-202 LUNAR EJECTA AND METEORITES 
DRILL CORE SAMPLE COLLECTION 
S-059 LUNAR GEOLOGY INVESTIGATION 
S-204 SURFACE ELECTRICAL PROPERTIES 
S-199 LUNAR GRAVITY TRAVERSE 
S-200 SOIL MECHANICS 

TOTAL 

54.3 
142.7 
41.6 
28.5 
55.5 
20.0 
15.7 

72.4 
35.2 
28.5 

494.4 

DISCUSSION ITEMS 

NEUTRON FLUX MONITOR 
SOLAR WIND COMPOSITION 
LRV SAMPLER 
SECOND EXTENSION HANDLE 
RAKE 
50D-MM CAMERA SYSTEM WITH 1 MAGAZINE** 

• 

TOTAL 

5.0 (1.0) 
1.2 (0.6) 
5.0 (TBD) 
1. 8 
3.3 

13.8 
30.1 ( 1 . 6) 

*PART·OF LUNAR GEOLOGY INVESTIGATION 
**12 MAGAZINES APPROVED· (6 COLOR AND 6 B&W) 

N 
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J-3 SCIENCE/PHOTOGRAPHIC/SUPPORT EQUIPMENT PAYLOAD AT EARTH LIFT-OFF 
LM ASCENT STAGE 

SCIENCE EQUIPMENT PAYLOAD 

SAMPLE SCALE 

PHOTOGRAPHIC EQUIPMENT PAYLOAD 

CAMERA 16-MM DATA ACQUISITION 
LENS, 10 MM 
CAMERA LS ELECTRIC HASSELBLAD 
LENS, 60 Mt1 
PROTECTIVE COVER, RESEAU 
TRIGGER, E.H.C. 
HANDLE, E.H.C. 
BRACKET, WEDGE, 16-MM CAMERA 
BRUSH, LENS 
POLARIZING FILTER 
BRACKET, CAMERA MOUNT 
ADAPTER ASSY, 20DSBD-70-MM CAMERA 

SUPPORTING EQUIPMENT PAYLOAD 

FLAG KIT, STANDARD 
INTERIM STOWAGE ASSY. 
WEBBING, CONTINGENCY TIEDOWN 
HOLDER, LRV MAP 
SUPPORT ASSY. EQUIPMENT 
BAG, STOWAGE, 70-MM MAGAZINE 

TOTAL· 

TOTAL 

-7-

WEIGHT (LB) 

0.5 

1.7 
0.5 
3.1 
1. 7 
0.2 
0.2 
0.5 
0.7 
0.3 
0.2· 
0.5 
0.2 
9.8 

0.8 
6.4 
0.4 
0.5 
6.1 
0.6 

14.8 
n 





J-3 PHOTOGRAPHIC/SUPPORT EQUIPMENT PAYLOAD AT EARTH LIFT-OFF 

LM DESCENT STAGE 

PHOTOGRAPHIC EQUIPMENT ·PAYLOAD. 
CAMERA LS ELECTRIC HAZZELBLAD 
LENS, 60 MM 
PROTECTIVE COVER, RESEAU. 
TRIGGER, E.H.C. 
HANDLE, E.H.C. 
CAMERA/POWER PACK ASSY, 16-MM LS 
BRACKET, CAi~ERA MOUNT 
STAFF, 16-t1fvl CAMERA/PP 

SUPPORTING EQUIPMENT PAYLOAD 
TV SYS, LM COLOR 
TV CONTROL UNIT 
STOWAGE MT ASSY (CTVC) 
LCRU, LUNAR COMM RELAY UNIT 
STWG. CONT. LCRU ANCILLARY ITEMS 
LCRU BATTERIES 
ANTENNA, HIGH GAIN (CABLE + MAST) 
ANTENNA, Lm~ GAIN (CABLE + MAST) 
FLAG KIT, LUNAR SURFACE 
TRIPOD, TV 
PALLET, LRV AFT CHASSIS 
VISE DEVICE, DRILL STRING 
BAG, SAMPLE CONTAINMENT (6) 
CONTAINER, CORE STEM STOWAGE 
CONTAINER, BORE/CORE STEM STOW 
COVER, BORE/CORE STEM STOW 
RETAINER ASSY, LOWER 
RETAINER ASSY, UPPER 
COVER ASSY, RETAINER 
ADAPTER, TRANSPORT MODULE 

TOTAL 

TOTAL 

-.R-

FEBRUARY 7, 1972 

WElGHT (LB) 
3.1 
1. 7 
0.2 
0.2 
0.5 
8.0 
0.5 
0.8 

15.0 

12.8 
12.5 

1. 7 
54.4 
8.7 
8.9 

10.6 
2.5 
2.5 
1. 3 

37.4 
0.3 
3.6 
1.0 
0.2 
0.2 
1. 3 
1. 2 
0.9 

. 1. 0 
163.0 

\.!""' 





J-3 SCIENCE EQUIPMENT WEIGHT AT EARTH LIFT-OFF 
(S-059 LUNAR GEOLOGY INVESTIGATION) 

ITEM DESCRIPTION SRC NO. 1 (LB) SRC NO. 2 (LB) 
·=· 

EQUIPMENT (LB) 

SAMPLE RETURN CONTAINER 
BAG, SAMPLE COLLECTION 
SES CONTAINER 
20-BAG DSB DISPENSER 
DRIVE TUBES 
CAPS AND DISPENSER 
ORGANIC SAMPLE 
PACKING FRAME 

TOTAL 

15.3 
1. 6 
0.8 
2.9 (3) 
2.0 (3) 
0.5 (2) 
0.2 
0.2 

23.5 

15.3 
1.7 
0.8 
3.9 (4) 
4.1 (6) 
0.7 (3) 
0.2 

26.7 

TOTAL OF SRC 1 .& 2 50.2 

ITEM DESCRIPTION 

TOOL EXTENSION 
TONGS (2) 
GNOMON 
TOOL, ASSY, DRIVE TUBE 
SCOOP, ADJ. SAMPLING 
HAMNER 
BAG, EXTRA COLLECTION (4) 
BAG, SAMPLE COLLECTION (2) 
BAG, SAMPLE RETURN 
CORE STEMS (3) 

TOTAL 22.2 

1. 8 
2.0 
S.6 
0.1 
0.9 
2.8 
4.8 
3.4 
3.2 
2.6 

22.2 

,

S-059 TOTAL 72.4 

DISCUSSION ITEMS 
RAKE 
TOOL EXTENSION 
LRV SAMPLER 

3.3 
1. 8 
5.0* 

10.1 

*ESTIMATED WEIGHT 
-9-

FEBRUARY 7, 1972 

OTHER S-059 





FEBRUARY 7, 1972 

J-3 SCIENCE HARDWARE WEIGHT AT LUNAR LIFT -.OFF {LM ASCENT STAGE) 

ITEM SRC NO. 1 (LB) SRC NO. 2 (LB) 

SAMPLE RETURN CONTAINER 14.6 14.6 

SAMPLE COLLECTION BAG 1.6 1.7 

DOCUMENTED SAMPLE BAGS 2.2 3.0 

SESC . 0. 7 .7 

DRIVE TUBES WITH CAPS 1.7 4.1 

ORGANIC SAMPLE 0.2 0.2 

TOTAL WEIGHT 21.0 24.3 

l 

i 





FEBRUARY 7, 1972 

J-3 SUPPORT EQUIPMENT PAYLOAD· AT LUNAR LIFT-OFF (LM ASCENT STAGE) 

SUPPORTING EQUIPMENT PAYLOAD 

STANDARD FLAG KIT 

INTERIM STOWAGE ASSEMBLY 

XFER BAG 16-MM MAG 

XFER BAG 70-MM MAG 

XFER BAG 16-MM MAG 

XFER BAG 70-MM MAG 

SAMPLE CONTAINMENT BAGS 

XFER BAG 70-MM MAG (2) 

CORE STEM STOWAGE CONTAINER 

-11-

WEIGHT {LB~ 

0.8 

6.4 

0~3 

0.5 

0.1 

0.5 

3.6 

0.6 

1.0 

TOTAL 13.8 

N 
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Figure 5. Geometry defining calculation of A., the angle from nadir to lunar horizon 
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ROTATING 
ASSEMBLY 

INCOMING RADIATION 

Figure I. Optical Schematic of Infrared Scanning Radiometer 
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SYSTG-1 PEHFO:~.Y~~CE 
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UJ!l'\R ORBITAL INFPJ~~ED Rf.IJ)IO"·'ETffi EXPERif~[]fr 

<LOIRE) 

I NSTRI1'1ENT OBJECTIVE: 

Enclosure 6 
§,.Page 8 of 9 

o OBTAIN f\ fiLliP OF Tlf ]1ffi't\l.. 811SS!ON FRCT111-1E WN!u~ SURFACE 
OVERFWi~J BY 11-lE SPACECR!fl. C0Vffi6DE HILL EXlFJ'-LO 
FR0\1 HJRILO:·~ TO HORIZQ\l /\CROSS TI-lE ORBITAL TR!~CI<. 

SCIENTIFIC REn.JRNS: 
o LDCATiat RESDLIJfiGt NID INTERPRciATIO~ OF 11-lEf~\V\L ANJ,V\LIES. 

o. A'W\LYSIS Cf lliE STPJcnJPE OF lliE REGOLITH TiiRVJGH GENEPJ\TICN 

0 

0 

. OF 1/QX)Llt\G OJ:NES11 FR0'1i APPROPRH\TE AREAS I 

INTRINSIC ~T &lURCES - DETECTI~~ lliEf<f(f I OR UPFtR LHt!IT 
Q~ SIZE NID INTH!SITY. 

FIRST Il~Fffi1~TICN a~ 11iE PHYSICAL ffiOrtHTIES Cf BACKSIDE FEA11JRES. 

o ffiNTINUOJS r;tlJPPING Cf OOIRE FLIGHT PAllt BOTH IWJ·HNATED A\TI 
JY-\RJ( HEMISPHEHES. 
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EXPERIMENT REQUIREMENTS, S171 

SIM BAY ALTITUDE 

! 3.0 DEGREE DEADBAND 

0.1 DEGREE/SECOND DRIFT RATE 

60 NAUTICAL MILE NOMINAL ALTITUDE 

(40 NM MINIMUM WITH LOSS OF CONTIGUOUS SCANS BUT 

HIGHER SPATIAL RESOLUTION) 

Enclosure 6 
Page 9 of 9 

MINIMUM DATA: 2 CONSECUTIVE ORBITS ONCE A DAY FOR DURATION 

ON MISSION. 

NO DUMPS.AND MINIMUM JET FIRINGS DURING DATA TAKING 

CONTN~INATION COVER CLOSED DURING DUMPS AND CSM MANEUVERS 

SCIENTIFIC DATA SYSTEM MUST BE OPERATING PRIOR TO APPLYING 

POWER TO THE SENSOR 

MIRROR TO BE ROTATING DURit~G SII~ DOOR JETTISON 
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Figure C. 1. Examples of si.gnal fUm and image fi.lm for an array of poi.nt targets. The signal 

fi.lm i.n· C. 1. 1 sho,vs the Fresnel zone patterns produced by sweeping the transmitter frequency 

and by the Doppler frequency modulation caused by flying past the targets. The image fi.lm in 

C. l. 2 shows the output of the optical processo.r which has focused the l=i'resnel Zone plates to 
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LASER 

CSM 114 SIM CDR 

LUNAR SOUNDER SIGNAL FLOW 

5.0 5.533 MHz 

TRANSMITTER 
....... _ 240 ll SEC _......,. 

--j X r- RECEIVER 

OPTICAL PROCESSING 
FilM .. 

----it> 

COHERENT 
LIGHT 

• 

~ LENS & LIGHT INTENSITY 
SHAPING IN DISPLAY PLANE 
FILTERS _j_ . / 

+-=::q~ 
A/D CONVERTERS 

+ COMPUTING 

+ INTERPRETATION 

. 
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CSM 11-4 SIM CDR 

LUNAR SOUNDER CONFIGURATION 

--,------. 
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\ CSM 114 SIM CDR 

LUNAR SOUNDER 

t • DIELECTRIC CONSTANT 
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LUNAR SOUNDER (S-209) PARM~ETERS 

PULSE WIDTHS PULSE REPETITION 
• FREQUENCY BANDS (MHz) (MICROSECONDS) FREQUENCIES 

5·to 5.5 MHz 7 2000 

15 to 18.5 MHz 70 400 

150 to 165 MHz 240 400 

• TRANSMITTER PEAK POWER - 100 WATTS 

• DATA ON 5 and 15 MHz ARE ACQUIRED SH1ULTANEOUSLY 

• NOMINAL OPERATION REQUIRES: 2 CONSECUTIVE ORBITS IN THE HF MODE 
2 ORBITS FOR COOLING 
2 CONSECUTIVE ORBITS IN THE VHF MODE 

• THE HF ANTENNA IS A DIPOLE 30M TIP-TO-TIP 

• THE VHF ANTENNA IS A VAGI-POINTED 20 DEGREES OFF VERTICAL IN 
CROSSTRACK 

• THE DATA IS RECORDED ON AN OPTICAL RECORDER, THE FILM CASSETTE 
IS RECOVERED DURING THE EVA. 
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CSM 114 SlM CDR 

LUNAR SOUNDER 

OBJECTIVES: DEVELOP A GEOLOGICAL MODEl OF THE LUNAR SURFACE 
& SUBSURFACE STRUCTURE TO A DEPTH OF ONE KILOMETER 

REQUIREMENTS: -PULSED HF & VHF RADAR 

ORB IT - 68 x 52 N M I 

. 
l 

DURATION - WITH SURFACE ELECTRICAL PROPERTIES EXP- OFF 
2 CONSECUTIVE ORBITS OF HF 
2 CONSECUTIVE ORBITS OF VHF 

. 2 ORBITS RECEIVE ONLY 

- WITH SURFACE ELECTRICAL PROPERTIES EXP- ON 
2 ORBITS RECEIVE ONLY REQUESTED 

DATA - EVA RETRIEVAL OF OPTICAL RECORDER FILM 
OPERATIONAL STATUS MEASUREMENTS ON TM 
OTHER SIM EXPERIMENTS INO.PERATIVE DURING 

LUNAR SOUNDING PERIODS 

FREQUENCIES: 5 MHz, 15 MHz, 150 MHz CHIRP RATIO 100:1 
100 WATT PEAK PULSE POWER 

--------------------------~----------------------------------0~ 

91APII1040 
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ACCO~?LISH~E~T OF OBJECTIVES 

~Enclosure 7 
·Page 14 of 15 

1) ~ DISCO~TI~~!TY IX ELEC:RICAL PARAMETERS IS NEEDED 
·":-'\I ·•, ~ 
r\KUu,\LJ 

2) 7~iS CGXTRAS7 :s C~~SE~ BY A CHANGE IN ROCK TYPE 

-·' ~) 't.:. -:- ·:r:: ~C'' f' \1 _,...; 
, ..._, •- ;.),_,;L,_j-,f I\.) POINTS ON THE STRUCTURE, 

OF T~E ORBIT, MAPS THE 

~??A~E~~ GEO~E7~Y OF 7~E S7RUCTURE 

r ' '-r) 

5) THE STRE~GTH OF THE REFLECTION IS DETERMINED BY 

~T THE DISCO~TI~~ITY 

5) MEAS~RE~E~T OF A~?LITJDE A~D PHASE OF THE RETURNED 
.... ;..- , -~ 
~ J .. ~ 

'-",' . , ..:: ·-• 
7) A~O~ALO~S REFLEC::G~S C~~ I ~:FER \\ATER, MET ALL Ij:S, ETC. 
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SCIENTIFIC OBJECTrVES OF THE ALSE 

FUNDAMENTAL: DEVELOPMENT OF A CIRCUMLUNAR 

SPECIFICS: 

GEOLOGICAL ~ODEL OF THE LUNAR 

INTERIOR TO A DEPTH OF APPROXI-

MATEL Y l. 3 Km 

INTERIOR s:RUCTURE 

WATE-R 

REGOL :r:.; DE?TH 

PROFILE (FIGURE) 

IMAGE 

ALSO: COS~IC ~~D OTHER NOISE SOURCES 
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REPLY TO 
ATTN OF: TD5 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 77058 

MEMORANDUM: APR 1 o 1972 

TO: Distribution 

FROM: TA/Chairman, Science Working Panel 

SUBJECT: Minutes of the 15th Science Working Panel 

15.1 Introduction 

The 15th Science Working Panel (SWP) Meeting was convened on Thursday, March 16, 
1972, at the Lunar Science Institute, Houston, Texas, by Chairman James A. Lovell 
(TA). Chairman Lovell introduced Dr. Jim Meyer (MIT) who was representing 
G. Simmons (MIT) on the panel. Dr. David Carrier (TN4) represented J. Mitchell 
(UC/Berkeley). Only lunar surface members of SWP were in attendance due to the 
nature of the agenda items. Attendees are listed in Enclosure 1 and the meeting 
agenda is included on Enclosure 2. 

The agenda items were presented in the agenda order listed with the exception of 
the Apollo 17 item - Hardware Recommendations for Long-Term Lunar Experiments -
which was given first in order to give the presentee, D. Strangway (TN4), a chance 
to meet other commitments. 

Discussions of presentations made in the first and second (executive) sessions 
are contained in Paragraph 15.2. SWP decisions in the form of recommendations 
and assignment of further action are summarized in Paragraph 15.3. It is 
emphasized that, unless specifically noted within, the decisions and recommendations 
of SWP contained in these minutes represent the official position of the Science 
and Applications Directorate (S&AD) and may be used as such by other mission plan-
ning and implementing organizations of MSC with regard to procedures, experiment/ 
hardware procurement, priorities, and the like. 

15.2 

15.2.1 

Agenda Items - Session of March 16 and 17 

Apollo 16 Science Planning 

a) Lunar Surface Traverses Summary: J. Sevier (PD4) distributed an 
Apollo 16 Traverse Planning Kit (Enclosure 3) which he referred to 
during the course of his presentation. This kit contains descriptions, 
maps, assumptions, tables, timelines, planning guidelines, and crew 
cuff checklist cues for nominal LRV and contingency walking traverse 
situations. The first items addressed were the three changes in 



2 

the nominal LRV traverses incurred since the 14th SWP Meeting. 
These were: 

1) Performance of the Soil Mechanics activities at Station 3 
during EVA 1 have been moved to Station 10 (same location 
as Station 3) on EVA 2. 

2) Radial crater sampling previously performed during EVA 2 
is now performed at Station 17 on EVA 3. 

3) Special soil surface grain samples and the pristine core 
tube sample have been moved from Station 8 to Station 9 
on EVA 2. 

The nominal LRV traverse stations are indicated on page 11 of 
Enclosure 3. 

b) Lunar Surface Contingency Activities: In order to lend per-
spective to the necessity of having a complete overall under-
standing of the relative priority of traverse stations as a group, 
traverse stations within each of the three traverses, and the 
activities planned for a particular station, J. Sevier presented 
four hypothetical situations which would demand such a broad 
assessment. These were: 

1) After landing, a leak develops in the 1M descent stage water 
tank, thereby reducing the lunar surface stay time from 73 
hours to 30 hours. This results in time for a single EVA 
only (see page 90 of Enclosure 3). What activities should 
be undertaken? 

2) After landing, the 1M descent stage fuel tank fails to vent. 
A burst disc designed to relieve this pressure buildup will 
result in fuel venting into the ALSEP bay. Since there is 
a three hour uncertainty in the time of vent, a possibility 
exists that the burst disc will rupture while the crewmen are 
unloading ALSEP. The effect of this contingency is to plan 
other surface activities to be performed until the burst disc 
ruptures. The crew can then return to the 1M for unloading 
and deployment of ALSEP. What would be the most effective 
surface plan for this anomaly? 

3) The high pressure line used to recharge the crew's backpack 
(PLSS) becomes inoperative. The reduced PLSS capability 
correspondingly foreshortens the EVA time for EVA's 2 and 
3 from seven hours each to four hours each. Again, how 
should EVA 2 and 3 be replanned to maximize science return? 
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4) Landing is performed one revolution later than planned 
resulting in five hours being allotted to EVA 1 ac-
tivities rather than the nominal seven hours (Page 92 
of Enclosure 3). What guidelines govern replanning EVA 1 
and subsequent EVA's? 

These contingency situations illustrate the chaos that 
could exist in real-time replanning of surface activities 
if the relative importance of traverse station and activity 
priorities are not clearly understood prior to flight. 

J. Sevier then presented a proposed list of station priorities 
for each of the three planned EVA's. The list presented is a 
change to those listed on page 111 of Enclosure 3. The proposed 
list was: 

STATION 

PRIORITY EVA 1 EVA 2 EVA 3 

1 1-2 4-5 11-12 
2 3 8 14 
3 6 13 
4 10 17 
5 9 16 
6 7 15 

There was no objection by SWP to these priorities. A formal 
vote was deferred to the Executive Session. 

The overall station priorities for the landing site was then 
presented. The list will become a part of page 111 of Enclosure 
3. The proposed list was: 

PRIORITY STATION 

1 1-2 
2 ALSEP 
3 4-5 
4 11-12 

There was no objection by SWP to this priority list with the 
understanding that the deep drill core sample is to be con-
sidered as part of the ALSEP site. A formal vote was deferred 
to tne Executive Session. 

J. Sevier next addressed the most likely contingency planning 
situation - that of falling behind in the nominal timeline. 
This was illustrated by reference to the EVA 1 Off-Nominal 
Planning Guide illustrated on Page 97 of Enclosure 3 that was 
prepared by R. Zedekar (CG3). Mr. Sevier went over this guide 
in detail. One question was raised by SWP as a result of this 
review. 



• Should the crew go back for 14 additional 
"thumps" to be taken with the Active Seismic 
Experiment (ASE) "thumper" on EVA 2 if the 
required five "thumps" for ASE geophone calibration 
were obtained on EVA 1, especially if it competes 
in obtaining the deep drill core sample? 

W. O'Bryant (MAL) mentioned that the "thumper" portion of the ASE 
was a low priority part of the experiment when originally approved 
by NASA Headquarters for implementation on the Apollo missions. 
SWP concurred that five thumps for ASE geophone calibration was a 
legitimate requirement to warrant a return to the ALSEP site on 
EVA 2 if required. It was evident from the discussion that it 
would be desirable to spread out the five "thumps" in approximately 
equal intervals along the geophone line to maximize the distance-
time response profile but "thumps" performed in the vicinity of the 
three geophones would be entirely adequate. A SWP vote on the 14 
"thumps" issue was deferred to the Executive Session. 

The next item discussed by J. Sevier was the matter of walking 
traverses used in the event of an inoperable LRV. This section 
begins on Page 49 of Enclosure 3 with the walking traverses illus-
trated on Page 52. Walking traverses are further constrained by 
the amount of equipment that the crew can carry. In particular, the 
following equipment will not be carried: portable magnetometer, 
penetrometer, scoop (rake is carried which can also be used to perform 
the scoop functions), padded bags, polarizing filter, and the 500-mm 
camera (to be carried on EVA 3, however). Mr. Sevier mentioned that 
Station E on EVA 2 had been designated as the surface sampler station 
(analogous to Station 9 of the LRV EVA 2 traverse). It was mentioned 
by SWP that it is not necessary to carry the surface sampler devices, 
the special environment sample container (SESC), and the core 
sample vacuum container (CSVC) on the walking traverses. These 
samples may be taken in a sheltered area in the vicinity of the 
ALSEP site such as on the "lee" side of a large boulder which has 
been sheltered from the "blast" of the LM descent engine. 
Mr. Sevier then mentioned that Station E would be eliminated and 
sampling times reallocated to incorporate SWP's comments. A SWP 
vote on the walking traverses was deferred to the Executive Session. 

Mr. Sevier then concluded his presentation by mentioning two other 
contingency situations that illustrate how one can get into a bind 
by adhering rigorously to a set of experiment priorities and end up 
with little in the way of meaningful science return. His point was 
that there are situations that develop whereby lower priority 
experiments and activities must be moved ahead of higher priority 

: 

• 
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items in order to get the 11most 11 out of the time period avail-
able. Again, this involves a complete understanding and 
synthesis of the prioritization process. The illustrations 
used were: 

1) Lunar Surface Stay Limited to a 3-Hour EVA 1 Only: One 
planning concept for this situation might be to deploy 
the Passive Seismic Experiment (PSE), the Lunar Surface 
Magnetometer (L~l), and the Heat Flow Experiment (drilling 
only one of two heat probe holes but deploying both probes). 
The Active Seismic Experiment would not be deployed. These 
activities would require 1-1/2 hours with 30 minutes utilized 
for geological sampling. The remaining time would be devoted 
to EVA closeout and overhead activities. Studies indicated 
that no significant additional time could be allocated to 
geological sampling unless the Heat Flow Experiment was 
dropped, By eliminating the Heat Flow Equipment (highest 
priority ALSEP experiment) a full hour could be devoted to 
geological sampling, thus giving a better mix of activities 
for science return in this contingency situation. 

2) Lunar Surface Stay Limited to a 5-Hour EVA 1 Only: The 
planning concept for this situation would be to deploy the 
LRV for a drive to Spook Crater in order to achieve a break-
even point for science return. This concept also considers 
the deployment of the ALSEP PSE and LSM as well as the Heat 
Flow Experiment (RFE) with one of two heat flow probes im-
planted. In this case a portion of the higher priority HFE 
is retained in conjunction with the geological benefits of 
sampling and photography performed in the Spook Crater locale 
to achieve the best representative science "mix." 

Some discussion followed this presentation with respect to the 
relative value of emplacing the second HFE probe over that of 
obtaining the deep drill core. The HFE principal investigator, 
M. Langseth, stated that the benefit of the second probe is 
that it adds confidence to measurements obtained with the first 
probe. The resolution of this issua was deferred to the Execu-
tive Session. 

c) Lunar Surface Sampler Wrap-Up: N. Hinners (Bellcomm) presented 
the status of the lunar surface sampler (Enclosure 4). SWP 
had recommended the beta cloth and velvet cloth samplers at the 
last meeting for Apollo 16 although adhesive surfaces were pre-
ferred. Problems were experienced, however, in identifying a 
proper solvent to meet all requirements for use with the adhesive 
surface. Hencet the cloth samplers evolved. The velvet cloth 
sampler is apparently adequate for the task of obtaining a 

·"thick" surface grain layer. 



6 

15.2.2 

Some problems were apparent with the beta cloth sarnpler,however, 
principally by its susceptibility to contamination by other 
extraneous and undesirable lunar dust particles, edge effects 
that would hinder the sampler plate from achieving full contact 
with the lunar surface (in addition to the "three-point effect), and 
uncertainty of particle adherence. 

Because of beta cloth problems, some attention was given to the use 
of a grease (Apiezon-1) suggested by G. Wasserburg (Cal Tech). At 
the time of this presentation, the grease appeared to be satisfactory, 
Testing was underway to determine the effect of solvents on its 
optical properties. LSAPT recommended that: 

1) The grease sampler is not to be stowed outbound or inbound in 
a container '>vhich would hold any other lunar sample. 

2) 

3) 

4) 

The grease sampler is. to have its own stowage bag. 

When the grease sampler stovmge bag is opened on the lunar 
surface, the grease must not come in contact with the crewman's 
glove. 

The grease sampler is not to be returned in any bag or container 
that would be opened in the LRL nitrogen processing line. 

J. Goree (PG) stated that MSC thermal/vacuum tests \~ere currently 
being conducted on a grease sample, beta cloth sample, and a clean 
metal plate to be concluded the next day. It was also mentioned that 
a firm decision must be made soon as stm..:rage of the LH descent stage 
was to be completed the following Saturday. SWP decided that a SWP 
member (G. Hasserburg) snould observe the current MSC tests undenvay 
and formulate a suitable recommendation. J. Goree indicated that 
ASPO would incorporate: the recommendation of this member as to the 
use of a grease sampler, beta cloth sampler, or a second velvet cloth 
sampler. This recommendation was deferred to the Executive Session. 

Apollo 17 Science Planning 

a) Mission Implementation Plan/Experiment Priorities: N. Hinners 
(Bellcomm) presented the previous Apollo 17 Hission Implementation 
(MIP) priorities with a change to the No. 1 priority (Enclosure 5). 
The No. 1 priority is now to obtain documented samples of highland 
material. NASA Headquarters has not incorporated the SWP priority 
recommendations made at the last SWP meeting into the MJP because 
the Apollo 17 landing site had not been selected at that time. 
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b) 

Headquarters does not want to implement these recommendations until 
the surface traverse experiment principal investigators (PI's) for 
Apollo 17 have had a chance to explain the significance and utili-
zation of their experiment as it relates to the recently selected 
Taurus-Littrow landing site. The SWP chairman mentioned that the 
surface traverse experiment PI's would be on the agenda for the 
next SWP meeting for presentations related to this issue. 

Site Selection Status: N. Hinners (Bellcomm) presented a vu-graph 
(Enclosure 6) depicting the sequence and manner in which the Taurus-
Littrow site was selected. There was no comment from SWP. 

J. Head (Bellcomm) then presented some mapping camera photographs 
(Enclosure 7) made of the Taurus-Littrow area on Apollo 15 and 
discussed in a general manner, the geological setting of this area. 
The landing site nomenclature is derived from its location at the base 
of the Taurus Mountains and proximity (southwest) to the Littrow 
Crater. 

The formation of the early circular lunar basins are characterized 
by the existence of "ringed" perimeters composed of massifs and 
mountain fronts created by material upheaval during basin formation. 
Mountain fronts created by local events are especially evident on 
the perimeters of the ringed Mare Crisium and Mare Imbrium basins. 
The massif units (Taurus Mountains) at the eastern rim of the Mare 
Serenitatis are composed of uplifted material associated with the 
Pre-Serenitatis events, the Serenitatis event, and ejecta from events 
associated from the formation of other nearby ringed basins in the 
post-Serenitatis time period. 

The filling of the large lunar circular-rimw£d basins was done by 
early plains-type units that are preserved on the basin edges. These 
gently rolling units are composed of intermediate albedo and densely 
cratered material. These units are often penetrated by the lunar 
rills. At the Taurus-Littrow site these units exist over a wide area. 
In later times these basins begin to fill with a lower albedo 
material known as the mare-type fill. Subsequent to basin filling, 
a dark, mantle-type material covered the low-lying topography at 
Taurus-Littrow. This material is suspected of being pyroclastic 
(volcanic) in origin. 
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The major g~ological features to be considered in the synthesis of 
detailed traverse and sampling plans for exploration of the Taurus-
Littrow area lnclude: 

1) Mdsoil units located to the north and south of the landing 
point 

2) The dark mantle material blanketing the landing area and lightly 
covering portions of the exposed massif units 

3) Hastfl r'iLl plain units lying beneath the dark mantle (unit is 
exposed in the large craters in the landing area) 

4) A J.'.1Jris slide of massif material located southwest of the 
landing point 

5) A scarp unit spanning the valley betweeri the north and south 
massif units 

6) Dark halo craters distributed throughout the landing area 

c) Preliminary LRV Traverses: \v. Jaderlund (PD4) discussed preliminary 
trwerse planning (Enclosure 8) conducted to date for the Taurus-
Littrow site. The three traverses are "strawrnan" concepts formulated 
by the Lunar Geology Planning Team. Two options (IIA and liB) were 
considered Eor the second traverse. The traverses were formulated 
from geological sampling considerations only and have not incorporated 
requirements and inputs from the Apollo 17 Geophysical Traverse 
Experiment PI's. These requirements will have to be factored into 
th·~ planning scenario for future derived traverse schemes. 

d) U1 Spent Asce•1t Stage Impact: R. Baldwin (TD12) mentioned that 
t!1 ~ resolution of this issue could not be made at this meeting 
be::ause the Lunar Seismic Profiling (LSP) and Lunar Surface 
Gravimeter PI's who would be interested in monitoring this event 
coJld not attend. The impact event is especially useful to the LSP 
PI (R. Kovach/Stanford University) for the in situ calibration of the 
ex1eriment geophones. It was mentioned that flight planning (which 
ha::: not begun) might dictate that the ascent stage be carried for 
:.;e·reral extra orbi.ts after rendezvous \vhich would possibly impair 
the avility to deorbit the ascent stage to impact the lunar sur-
fa.~e close enough to the LSP geophones to achieve a detectable 
si~nal. Such a situation might develop in order not to incur an 
ex~eptionally long workday for chc crew. It was the general feel-
in; of SWP tbat the requirements tu impact the jettisoned ascent 
stCJ.ge might become a significant issue if it resulted in such things 
as a long workday, a foreshortened EVA l, etc. This item will re-
appear on the agenda at the next SWP meeting. 
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e) SESC/CSVC Sample Requiremen.t~: R. Pepin (University of Minnesota) 
presented the desire of LSAPT (Lunar Samples Analysis Planning 
Team) to carry one SESC and one CSVC on the Apollo 17 mission. 
Currently two SESC's are authorized for this mission. It was 
mentioned that approximately eight minutes of crew time is required 
to obtain the CSVC sample. The SWP endorsement of this recommenda-
tion was deferred to the Executive Session. 

f) LRV Sampler Design Status: F. Laurentz (PG) presented the engineer-
ing concepts (Enclosure 9) and current status of the LRV Sampler 
proposed for use on Apollo 17. The purpose of the sampler is to enable 
a crewman to obtain representatiave lunar soil samples without dis-
mounting from the LRV thus resulting in a significant savings in 
"overhead" time. These samples are especially valuable on the two 
long LRV traverses in identifying the manner by which unit 
transition occurs (i.e., transitioning from a mare unit to a highland 
or plains unit) such as a geological contact. The samples must be 
separately contained but are undocumented and may be taken either 
within or outside the LRV wheel tracks. 

ASPO has been authorized to proceed with the design and fabrication 
of a prototype unit. Grumman Aircraft Company has been given 
direction to provide crew training hardware and to allocate 1M 
stowage space. The existing sampling requirements are 16 samples/ 
mission corresponding to eight samples/traverse for two traverses. 

Two engineering concepts are being evaluated. The first concept is 
a multiple sample, drum-type configuration to be used in a "stabbing" 
maneuver similar to the use of a bayonet. Each individual sample is 
similar to a small core tube sample. There have been some problems 
with this device in adequately retaining and sealing the sample 
prior to indexing the drum to obtain the next sample. This sampler 
will be the most complex design considered. 

The second concept, devised as an alternate to the bayonet concept, 
utilizes a scooping action. A container mounted at the end of a 
scooping tool obtains the sample. The container is then disconnected 
from the tool, stowed, and a new container attached for the next 
sampling stop. 
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The tentative development schedule for these concepts is: 

• Mockup for crew pressure suit tests - April 1 

• Prototype hardware - April 28 

• Crew checks for fit (CCFF) with the U1 12 descent stage -
August 8 

J. Laurentz (PG) and H. Greider (ED3) represent ASPO and the Lunar 
Surface Project Office (LSPO), respectively, for sampler development. 
Chairman Lovell appointed D. Carrier (TN4) to represent SWP with 
regard to sampler requirements. 

It '.vas mentioned that H. Schmitt (CB) Hill be evaluating a third 
concept in a pressure suit test whereby a conventional documented 
sample bag (DSB) is secured to the end of the tongs and the sample 
obtained with a scooping motion. The DSB is then removed, sealed, 
and stowed. R. Parker (CB) and 1tJ. Phinney (TN6) will coordinate 
these tests for SWP. 

g) Hardware Recommendations for Long-Term Lunar Experiments: 
:U. Strangway (Tl'J4) summarized the result~ (Enclosure 10) of an 
iP.vited group \vhicl-J. convened on Harch 15 to discuss the concept 
and implementation of long-term lunar experiments on Apollo 17. A 
more detailed report of this meeting to sw~ is included as 
Enclosure 11. The participants of this meeting and those who 
telephoned or wrote in coroments and recommendations relative to 
this subject were very enthusiastic about the science information 
which experiments of this nature could yield. Long-Term Lunar 
Experiments are l:Josely defined as those experiments which could be 
ir1plemented on tile lunar surface during the J-3 jVj_ssion and which 
woulc be retrieved on some fut1..:re lunar miss ion occuring, say, cen 
to twenty years later. 

Because of the constraints at~ached to the J-3 Mission, it was 
necessary to establish the following ground rules for the implemen-
tation ·..Jf such experiments: 

1) Maximum considera"cion given to materials and parts already 
.Left on the moore and \vhich would be emplaced on Apollo 17 

2) If new experiment packages are developed, weight must be 
minimized 
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Most experiment concepts discussed were related to the measurements 
of particle flux rates over long time periods (10 years or more). 
Three study areas were proposed: 

1) Solar wind and solar flare studies 

2) Meteorite impact studies 

3) Lunar dust transport and erosion studies 

In the category of meteorite impact studies, it was felt that impact 
diameters in the ranges of 0.15\J and 5-50\l would require special 
detection surfaces. Lunar dust transport and erosion studies 
would be primarily directed to answering the question of dust 
accumulation rate. Other remarks related to these as well as the 
Solar Wind and Solar Flare Study Categories appear in Enclosure 11. 

Existing hardware considered that could provide detection surfaces 
include the LEAM (Lunar Ejecta and Meteorites) Experiment (a descrip-
tion of which is also included in Enclosure 11), the mirrored sur-
faces of the LRV (Lunar Roving Vehicle), thermal blankets, and 
camera lenses. In almost all cases, large areal detection surfaces 
would be required. 

Special detection surfaces to be used in the "new" hardware develop-
ment option included: 

1) Solar Wind Panel 

2) Solar Flare Panel 

3) Special Inserts (phosphors and foils) 

4) Nuclear Reaction Products Panel 

5) Micrometeorites Panel 

When integrated together as an experimental package, all surfaces 
are expected to require a volume of less than 200 cubic centimeters 
(less volume requirements of mounting and support structure). 

D. Strangway concluded his presentation by mentioning a three-step 
recommendation from this group that would be drafted into a formal 
proposal to SWP to be voted upon during the Executive Session. 
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This recommendation formalized in Enclosure 11 dealt with: 

1) The study of other hardware concepts and detection surfaces 
to fulfill the experimental objectives established 

2) The appointment of a team and/or team leader to provide di~ection 
to experiment development and integration 

3) The fabrication of an experimental package to be carried to the 
moon on Apollo 17 and emplaced. 

SWP comments to this presentation dealt with such matters as: 

1) Candidate detection surfaces need to be inventoried, "scanned" 
if possible to determine present surface conditions, anc repre-
sentative samples of such surfaces be placed in the Lunar 
Receiving Laboratory (LRL) as control surfaces for the future 
when the returned specimens are to be analyzed. Also need to 
establish requirements for material protection and contra:. 

2) Experiment package needs to be prioritized. 

3) Detection surfaces of the experiment package need to be examined 
to ascertain if there is any posc:ibility of cross-contamination 
with each other. 

4) Experiment needs to be confined to those areas affording the 
most promise. 

5) A team and team leader need to be appointed now. Potential 
members to compose such an experiment team are easily 
identifiable. A candidate team leader, however, has not 
yet materialized. 

6) Only five months remain to develop the experiment and/or 
experiment package. 

h) Neutron Flux Monitor Status: H. Eichelman (TD4) presented a brief 
report concerning the development of the proposed Neutron Flux 
Monitor Experiment todate. The test model is now composed of two 
sections, each section about 48 inches long, which is assembled as 
one unit OG the lunar surface. The time for deployment has increased 
due to the necessity of assembling the two sections. The probe, 
when assembled, is inserted into the hole from which the deep drill 
core sample was obtained. A prototype unit is scheduled for comple-
tion on 28 April. Testing is currently underway at the Martin Co. 
on inserting and retrieving the unit from holed drilled by the 
lunar surface drill in six different types of lunar soil simulants. 
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15.3 

15.3.1 

Executive Session 

Recommendations and Decisions 

The Executive Session was conducted on Friday, March 17, 1972, 
following the conclusion of carry-over Apollo 17 presentations 
from the Thursday session. SWP voting members attending the 
Executive Session were: 

D. Carrier (for J. Mitchell) J. Lovell R. Pepin 
J. Goree J. Meyer (for G. Simmons) w. Phinney 
N. Hinners w. Muehlberger J. Sevier 
M. Langseth w. O'Bryant G. Wasserburg 

The following recommendations were acted upon: 

a) Continued Study of Long-Term Lunar Surface Experiments Using 
Existing Hardware or Newly-Developed Hardware or Both: A motion 
to this effect carried. Chairman Lovell recommended that 
D. Strangway represent SWP in the coordination of this experiment 
with ASPO. D. Lockard (PG) will be the ASPO contact on this ex-
periment. Chairman Lovell also recommended that D. Strangway ap-
point a third member to the experiment team from the science com-
munity. 

b) Overall Apollo 16 Traverse Station Priorities: A motion to approve 
the Apollo 16 Traverse Station Priorities as presented by J. Sevier 
(PD4) during the Thursday session was made. This motion passed 
with the understanding that the deep drill core sample is included 
as a part of the ALSEP station. 

c) Apollo 16 Traverse Station Priorities for Each Traverse: A motion 
was made and passed to approve the traverse station priorities for 
each of the three Apollo 16 Traverses as presented by J. Sevier in 
the Thursday session. 

d) Apollo 16 Walking Traverses: A motion was made and passed to ap-
prove the walking traverses as presented by J. Sevier in the Thurs-
day session. This motion carries the understanding that Station E 
on EVA 2 will be eliminated and the scheduled surface sampler 
activities here will be performed in the ALSEP locale at some 
sheltered site such as a large boulder. It was restated that the 
CSVC and SESC also need not be carried on the walking traverses. 
These samples may also be taken in a sheltered location in the 
proximity of the ALSEP site. 



e) ALSEP PI Participation at the ALSEP EVA 1 Contingency SIM: 
A motion was made by G. Wasserburg (Cal tech) to have SWP 
invite the ALSEP PI's to attend the subject SIX on 21 March 
in order that they would better underf:-~tand the contingency 
aspects associated with ALSEP deployment. The motion passed 
(it was announced later in the session that they had already 
been extended such an invitation). 

f) Priority·- ASE "14-Thump" Issue.: The follovJing illation for ASE 
thumper operation in the indicated contingency mode was made 
and passed: 

1) If the five geophone calibration "thumps" are obtained on 
EVA 1, EVA 2 will not be used to obtain the 14 additional 
"thumps". 

2) If no "thumps" are obtained on EVA 1, then the five cali-
bration thumps (and no raore) will be obtained on EVA 2. 

g) Priority - Deep Core Drilling Versus the ASE 14 "Thumps": The 
motion was made and passed that the deep drill core drilling 
operation be placed higher in priority than the additional ASE 
14 "thumps" if these operatic:ns competco against each other in 
the EVA 1 timeline. 

h) Priority - Deep Drill Core Sample Versus a Second Heat Flow Probe: 
The motion was made and passed that in the event that it is possible 
to emplace either the two heat flow probes and obtain no deep drill 
core or emplace one heat flow probe and obtain the deep drill core, 
the latter situation will have priority.-- Prior to taking the vote, 
the HFE PI stated that the second probe would indicate the lateral 
variability of lunar soil conductivity. 

i) Grease-Coated Surface Collector Plate for Apollo 16: N. Hinners 
(Bellcomm) moved that in vieT,, of the MSC thermal/vacuum chamber 
tests indicating the possibility of vapor transport of grease 
(Apiezon-1) under lunar conditions tind with further consideration 
of the brief time remaining before the Apollo 16 launch, that 
the grease sampler collection plate for the Surface Sampler Device 
be dropped from further consideration for the J-2 Mission, The 
motion passed. 

T ' 

.. 
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15.3.2 

j) Beta Cloth Surface Sampler Collector Plate for Apollo 16: 
G. Wasserburg (Caltech) moved that the beta cloth-covered 
collector plate for the second surface sampler device for 
Apollo 16 be dropped from the mission due to the unaccept-
ability of the present design. In the discussion that en-
sued, J. Goree (PG) stated that the beta cloth sampler could 
be redesigned within the present time frame to overcome SWP 
objections to the present design within the realm of uncer-
tainties known to exist at present. It was also suggested 
that a slight plate "bow" or convex plate surface be con-
sidered to eliminate the edge effect problem of the present 
design. The motion failed. Chairman Lovell appointed R. 
Pepin (U. Minn.) to coordinate with ASPO for SWP on there-
design of an acceptable beta cloth sampler. (It has since 
been learned that an acceptable beta cloth sampler design* 
now exists and will be a part of the Apollo 16 lunar sur-
face science equipment.) 

k) Special Sample Containers for Apollo 17: R. Pepin (U. Minn.) 
made a motion based upon a recommendation from LSAPT that one 
SESC and one CSVC be carried on Apollo 17 as for Apollo 16 
(Apollo 17 currently is authorized two SESC's only). The 
motion passed. 

This then concluded the voting portion of the Executive Session. 
The following action items for the 16th SWP Meeting were dis-
cussed and then assigned by Chairman Lovell. 

Action Item Summary 

a) Revised SWP Membership: It was mentioned that the SWP member-
bership for the Apollo 17 Mission should be revised to include 
a better representation of the Apollo 17 PI's and, possibly, 
drop some of the present PI membership representing the Apollo 
16 Mission only. Chairman Lovell will take the necessary ac-
tion prior to the next meeting of SWP. 

*~evised beta cloth surface sampler now incorporates the use of RTV (silicone) 
o~ the slots and edges of the sampler plate to achieve the desired bevel 
(convex) surface which eliminates the undesirable edge effects inherent in 
the previous design. Velvet cloth layers have also been placed on the inner 
side of the hinged sampler lid to preserve the surface layer orientation when 
the sampler lid is closed after sample acquisition. 
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b) SWP Access to Apollo 17 Site Photograpb_y: G. Wasserburg (Cal-
tech) expressed an interest in obtaining sharp, detailed photog-
raphy of the Apollo 17 landing site well in advance of the mission 
to enable him to better express judgements relative to traverse 
planning, important geological features, etc. Other members of 
SWP agreed that this was a good idea. W. Muehlberger (USGS) 
mentioned that Apollo 15 photography of the Taurus-Littrow site 
provided one rnetri c camera frame and t1,ro panoramic camera frames 
(stereo) imagery). High and low contrast frames are available 
from the pan frames. 

W. Huehlberger, as requested, took the necessary action to 
select the best frames of site photography from the MSC 
Mapping Science Laboratory and the best site topographic map 
available. These i terns \Wuld then be provided to S&AD for 
dis tribu tlon to the SWP membership. (To be rnai led out appro;:i-
rnately 3 April.) 

c) Preliminary Apollo 17 Sample Requirernen ts: R. Pepin (U. Minn.) 
will make a presentation on this subject al thtc· 16th (next) 
meeting of SWP. 

d) Possible Lead Contamination of Drill Core Stern Joints: R. Pepin 
mentioned that there is a suspicion (not yet c~nfirrned) of lead 
contamination at the joints where the core stern sections are 
joined. This seems to exist at the first five junctions but not 
at the bottom joint. The joint lubricant (teflon embedded in 
ti taniurn) is the potential source of this contamination. 
J. Goree (PG) will have this lubricant analyzed and report the 
results back to SWP at the next meeting. 

e) Apollo 17 Traverse Experiment PI Review of Proposed Apollo 17 
Traverses: Chairman Lovell stated that the Apollo 17 Traverse 
Experiment PI's should review tl1e "stra\vrnan" Apollo 17 traverses 
presented by W. Jaderlund (PD4) at this meeting and be prepared 
to make an experiment presentation at the next meeting of SWP. 
This presentation slwuld be addressed to the subject of how 
their experiment requirements can be best met with the "straw-
man" traverses and, correspondingly, what traverse changes are 
needed to maximize experiment results. 

f) Possible Lengthening of Drill Core Stem: G. Wasserburg (Caltech) 
stated that the Apollo 1) deep drill core stratigraphy patterns 
look good. However, he inquired into the technical feasibility 
of adding an additional 10-20 centimeter section to the core stem. 
This is desirable in order to determine at what depth the end of 
the cosmic ray exposure strata occurs. SWP said that this was 
technically feasible. D. Beattie (HQ/~~) stated that this equip-
ment "delta" must be justified with a suitable rationale in order 
to form the basis for a hardware/crew timeline versus science 
return decision. Chairman Lovell suggested that this request be 
put in writing. 
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Chairman Lovell announced that the most probable date for 
th 16th meeting of SWP would be Monday, April 24. The 

ting was then adjourned. 

:RRBaldwin:ss:JSKennoy(TD12/TRW):3-30-72:5851 
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3.6 LUNAR SURFACE TRAVERSES 

Descartes Landing Site 
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Page 1 of 161 

The regional setting of the Descartes landing site is shown in 
Figure 3.6-1. The arrow points to the landing area, the coordinates 
of which are 9°00 • Ol 11 S and 15030 1 59 11 E. ·The names of major craters 
are indicated on the figure for purposes of orientation. 

Figure 3.6-2 is a detailed view of that portion of the Descartes 
area which will be under investigation during the Apollo 16 LRV 
traverses. The photo covers about 13 kilometers north to south and 
15 kilometers east to west. The landing point is marked by an X 
and the bright-rayed crater in the center of the southern margin is 
South Ray. On the previous figure (3.6-1), South Ray is the bright 
dot just under the arrow. 

Crater names and names of other topographic features in the area of 
interest to the traverses are shown in Figure 3.6-3 superimposed on 
the photograph of the landing area. 

EMU Consumables Data for Traverse Planning 
r' 

The initial quantities of PLSS consumables (water, oxygen, and 
electrical power) and the rate at which they are depleted (metabolic 
rate, heat leak, suit leak, etc.) have a direct influence on the 
nominal traverse design. In addition, the traverse must always 
accommodate two contingencies: walkback from any point in the tra-
verse after an LRV failure and driveback from any point in the tra-
verse after one crewman•s PLSS failure (using the Buddy-SLSS mode). 
Tables 3.6-1 through 3.6-4 present the basic EMU data used in 
Apollo 16 traverse planning. Details of the particular traverse 
evaluation relative to the consumables margin for the nominal and 
contingency cases are shown in a later section. 
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Figure 3.6-1. - Regional setting of the Descartes area. 
• 

Arrow points to the landing site. 



Fioure 3.6-2. - Detailed view of the Descartes area. 
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Figure 3.6-3. - Photograph of Descartes area with major 
feature names. 



TABLE 3.6-1 PLSS CONSUMABLES 

Primary Oxygen 

Total usable: EVA I 1 . 403 1 b 

EVA II & III 1.353 lb 

02 usage rate (lb/hr) = 1.627 x 10-4 x metabolic rate (BTU/hr) 

+ EMU leak rate (lb/hr) 

Feedwater 

Total usable: EVA I 11.21 lb 

EVA II & II I 11 . 64 1 b 

F d t t (lb/h ) 1. 26 t b 1' t (BTU/h ) ee wa er usage ra e r = 1038 x me a o 1c ra e r 

+ EMU heat leak (BTU/hr) 153 
1038 + 1038 

Electrical Power 

Total usable: 21.37 amp/hr 

Usage rate: 2.6 amp 

5 
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TABLE 3.6-2 OXYGEN PURGE SYSTEM CAPABILITY 

Usable: High flow purge 5.07 1 b 

Low flow purge 5.37 1 b 

Make-up mode 5.67 lb 

L;fetime: •d gh flow purge 39 min 

Low flow purge 80.5 min 

Operational Allowances: 

Buddy-SLSS hook-up time 5 min 

LM ingress time 13 min 

Time limit for walkback 10 min 
to LRV (OPS low purge) 
for B-SLSS hook-up 

6 
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TABLE 3.6-3 CONSUMABLES LEAK RATES 

EMU 02 Leak 

EVA I 0.020 1b/hl~ 

EVA II 0.028 1b/hr 

EVA III 0. 035 1 b/hr 

EMU Heat Leak 

EVA I -75 BTU/hr 

EVA II +125 BTU/hr 

EVA III +180 BTU/hr 

7 
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TABLE 3.6-4 METABOLIC RATES 

Activity 

LRV riding: 550 BTU/hr 

LM overhead and ALSEP activity: 1050 BTU/hr 

Traverse station activity: 950 BTU/hr 

Contingency walkback: 
* (a) Up to l hr return time: 1560 BTU/hr 

(3.6 km/hr walking rate) 
* (b) Over l hr return time: 1290 BTU/hr 

(2.7 km/hr walking rate) 

* 

Enclosure 3 
Page 8 of l~l 

Includes 20 percent uncertainty over estimated metabolic rate. 
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3. 6.1 LRV Traverses 
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The LRV traverses are designed to concentrate on two major geologic 
objectives: the Cayley formation typified by the landing area 
itself and the Descartes Mountains typified by Stone Mountain to 
the south of the landing area and Smoky Mountain to the north. 
Figure 3.6.1-1 shows the planned LRV traverses superimposed on a 
photograph of the Descartes site. A topographic map of the area 
is shown in Figure 3.6.1-2. The EVA I traverse is relatively short 
since a significant portion of the EVA is spent in performing tasks 
in the LM vicinity including ALSEP deployment. It is devoted 
entirely to sampling the Cayley Formation. The traverses on EVA II 
and III divide the time between the Cayley Formation and the 
Descartes Mountains. 

Details of the station time allotments, the station activities, 
PLSS consumables margins (for both the nominal and contingency walk-
back cases) appear in the following sections. It should be under-
stood that the station times available and the list of activities 
at each station represent a highly success-oriPnted estimate of 
achievement. This approach is taken consciously in order that 
training of the crew and ground support elements will encompass the 
most optimistic estimate of accomplishment. Achieving the pre-
planned EVA durations will depend to a large extent on accurately 
estimating PLSS consumables usage rates; achieving the preplanned 
times for the traverse will depend upon the other EVA activities 
such as LRV deployment and ALSEP deployment going precisely as 
planned; achieving the preplanned station times will depend directly 
on making good the premission estimates of LRV speed; and finally, 
achieving the many preplanned station tasks will depend on a rather 
complex set of interrelated activities meshing exactly as planned; 
moreover, on-the-scene observations by the crew (in consultation 
with the science support team on the ground) will probably result 
in reordering of scientific tasks and reapportionment of times. In 
order to be able to respond to the various non-nominal situations, 
priorities of traverse stations and priorities of station tasks are 
established beforehand to serve as guidelines when the situations 
occur during the mission. These guidelines appear in Section 3.6.3. 

Details of the three LRV traverses appear in Sections 3.6.1 .1, 
3.6.1 .2, and 3.6.1 .3. For each EVA, a narrative description is 
presented followed by a station timeline in which the individual 
activities of the two crewmen are presented in a simplified bar 
chart form. The actual division and interrelationship of the crew's 
activities will be more complex than it is practical to show in this 
type format. Following the bar chart station timeline, the appro-
priate pages from the crew cuff check list are presented for each 
station. Finally, details relative to EMU consumables are pre-
sented for both the nominal case and for the traverse contingency 

9 
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cases (walkback from failed LRV and dri /Phack us1ng 8uddy-SLSS). 
The calculated data for each traverse are presented and are fol-
lowed by the input data on which the calculations were based. The 
figure at the end of each section shows graphically the walkback 
distance as a function of EVA time relative to the PLSS consumabl? 
margins. 
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- LRV TRAVERSES 

r SOUTH RAY 
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FIG. 3.6.1-2.- TOPOGRAPHIC MAP Pag
OF THE DESCARTES AREA WITH LRV TRAVERSES SUPERIMPOSED. 

CONTOUR INTERVAL IS 10 METERS 
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3.6.1.1 EVA I 

Traverse Description 

Enclosure 3 
Page 13 of 161 

On EVA I, the initial period of activity in the LM vicinity occupies 
about 1-1/2 hours, during which time the LRV is deployed and equip-
ment is loaded on the LRV in preparation for the traverse. In addi-
tion, the far UV camera is set up near the LM and the first of 
several exposures of various astronomical tdrgets is accomplished. 
Near the end of this period, the ALSEP is off-loaded and transported 
to its deployment site about 100 meters west of the LM. For 
approximately the next 2-1/2 hours, the crewmen are occupied at the 
ALSEP site setting up and activating the vaious ALSEP experiments. 
Activity at the ALSEP site is concluded with the drilling of the 
2.6-meter core and its recovery. The drill stems from the core are 
separated into their two sections and are left at the site for 
retrieval later in the EVA. The LRV navigation system is initia-
lized, and the geology traverse begins at 4 hours 02 minutes into 
the EVA. 

Approximately 2-l/2 hours is available on EVA I for the geology 
traverse. This time is spent in investigating and sampling the 
Cayley Plains in the area west of the landing site. Three stations 
are planned: the first at Flag crater about 1.6 kilometers west of 
the landing site; the second near Spook crater about 0.9 kilometer 
west of the landing site; and the third back in the LM/ALSEP area. 
Details of the station activities appear in the following section. 
Activities at and in the vicinity of Spook and Flag craters are 
designed to gain a better understanding of the Cayley areally, as 
well as with depth. Material ejected from these craters may have 
been derived from depths as great as 60 meters. Observations of 
any stratigraphy in the crater walls coupled with samples from the 
excavated materials will also be important in the interpretation of 
the Active Seismic, Magnetometer, and Heat Flow Experiment data. 

At the completion of Station 2 activities, the crewmen return to 
the vicinity of the LM, 6 hours into the EVA. Activities at 
Station 3, located in the LM/ALSEP vicinity, include taking motion 
pictures of the LRV driving operations (Grand Prix), arming the 
previously deployed mortar package, and retrieval of the 2.6-meter 
core. 

The EVA I closeout begins at 6 hours 20 minutes, and cabin repres-
surization occurs 40 minutes later, ending the 7-hour EVA. 

13 



TRAVERSE STATION TIME LINES - EVA I 
NOTES: 

STATION l - FlAG CRATER !:43) 
0/H = OVERHEAD 

CDR SP.HPL; ~lG" CONSIDER 2nd PA~ NEAR 
END OF STATION IF 

Ja :JZ HME FERt·H :03 :J] :27 ~s. 

STATION 2 - SPOOK CRATER 1:561 

CDR I ~-----4--._ v/'r' fEscJ ______ ~P_~_s_r_:E __ 
:03 :J:l 

:;E_A_s·--------~------------------------s-Ar_w_~r-;i-G*---------------~~\~--------~~--o._~H~~ 
:30 .:12 

LMP F/1 PA,'< IGESi 
STATION 3 - ALStP/ LM AREA (:14) 

CDR 10/HI GRAiiD PRIX I ARM MP 
: RETRIEVE 2.6m CORE 

I 
: 

:01 :08 :05 

LM.P ~/HI GRAND PRIX I ~ ARM MP 
RETR IE 'JE 2. 6m CORE Z/14/72 
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TRAVERSE STATION TIMELINES - EVA I 
NOTES: 

STATION l - FLAG CRATER (:43) 
0/H OVERHEAD 

CDR RAKE/SOIL SAi1PLE SAMPLING* CONSIDER 2nd PAN NEAR 
END OF STATIOtl IF 

:03 :03 :OB :27 TIME PERMITS. :02 

lMP RAKE/SOIL SAMPLE SAMPLING 

----------~---------------------------------------------------STATION 2 - SPOOK CRATER (:56) 

CDR I 0/H ~Escj LPM SITE HEAS. SAHPLii~G* 0/H 

:03 :03 :05 :11 :02 :30 
~~ I 

:02 
I 

500mm SAMPLING PHOTOS ~ 
STATION 3 - AlSEPf lM AREA (:14) 

I 0/H J 
GRArm PRIX ARM MP 

RETRIEVE 2.6m CORE 
:01 :OB :05 

lM.P ARM NP GRAND PRIX RETRIEVE 2.6m CORE 
3/6/72 
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\\ Look for S. 1;e1y ray contact .~ 
f'. ejecta materic1l from FlarJ 

STA.TT r>N l 
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!f(l1fE S\1--2 
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DUST 
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HG.I\ Pfi.N 1 
DUST 

3: DESCRIPT 
(~late ray patterns) 

18: LPH SITE 500 .. Stone3CJ 
(Sensor pod- 5At·1PLHIG 
tion 1 '2 '3) ·. (P.us ter 

30: SM\i)LitlG 
(Spook) 

P.A.N 2) 

!':ODE S~J-1 
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1 I I 
STATION 3 

BACK AT ALSEP :14 

GRAND PRIX 
Drop off LMP w/DAC 

CDR LMP - -
8: GRAND PRIX 
5: ARM H/P Pick up 

SW 5-CCW strings 

Back to LM for CLOSE 

I J I I 

'--

---
-
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E\·'A I 

LPV TOTAL AF'R I'···'E DEPART 
S:EGt1ENT t10BILI T'f' RIDE TRAVEL STATION :STOP :::TATION 

:TATIO~i 

DISTANCE 
O::KM> 

RATE 
O::KM.,..HIV 

TIME 
(MIN> 

DISTANCE 
(KM> 

EVA TIME 
O::HR+MIN) 

TIME 
(HR+MIN> 

EVA ,TIME 
(HR+MIN) 

Ul 0.00 0+ 0 1+:37 1+:37 
S:IDE 0.10 7.:30 
t-il:~:EP 0.10 1 +:3::: 2+24 4+ 2 
~:IDE 1 . 50 7 .::::o 12 
1 1 .60 4+14 0+43 4+57 
F.: I DE 0 • .:.s ? .30 5 -..:. .-, .-.c: 

C. • C·.J 
-5+ .::: 0+56 5+-58 

;;:IDE - 0.85 -::- • :3 0 I 7 
3 :::.1 0 C' 6+ ,_, 0+14 6+19 
~IDE 0.05 7.:30 0 
d·l :::.15 .:.+2 (I 0+40 7+ 0 

TOTAL::: 25 6+:~:4 7+ (I 

APOLLO 16 DESCARTES TRAVERSES 

CALCULATED DATA 
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f'1AR 7 1972 

=TAT 
NO 

.~:ETIJF.ti 
D::TANCE 

T[1 LM 
~kM) 

--------------- TRAVERSE CONTINGENCIES 
----------LF.:'•,•' FA I LURE---------:.....:... __ c.. 
lo.IAU<BAO:: ·sTATION MARGIN AE:OVE 

TIME WALKBACK REQUIREMENTS 
TO U·l Fl.! 02 AMF' HF'::· 

(HF'+MIN) (HF'+MIN) (HF'+MIN) (HR+MIN) 

--------------
--F'L:S:~ 'FA I LUPE --
t1Ifi LF'~/''F::(BEBACI<. 
SPEED~REOdiRED 
0 t-11 t'i 1 (; t·l Hi 

~KM/HF') (KM~HF') 

AVG EVA 
t·!E~ !~AlE 

tETd'HP~ 

U·1 
AL.~EP 

1 

1). 00 
(• . 1 0 
1 .60 
o .·;,.o 
0.05 
(1. 00 

0+ 0 
0+ ·=· L.. 

0+27 
0+15 
o~ 1 
0+ 0 

•••• 
4+17 
2+46 
2+ 6 
2+10 
1+50 

• ••• 
:3+1:3 
1+4:3 
1+ =-L.. 

1+ .:. 
0+46 

• ••• 
~:+46 

2+25 
1 +Jt;. 
1+2·:;. 
1+12 

0.00 
0. 1 0 
1 .54 
0 • :::.:. 
0.05 
n.oo 

0.00 
0 .1 1 
1 . ·=··-=· ·-· -· 
1 • 0 ::: 
0. o.:. 
o.uo 

1 0 ': .:: • (• (' 
1 1)4.~:. ::·1_1 

101=;.4C: 
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APOLLO 1.:. DESCARTES TRAVERSE! 

E 1·/A I IrwuT DATA t·1AR 7 1972 

::TOP ::E(31'1EtH RETURN HEAT -1'10:£: I L I T'r' RATES- r·1ET PATE 
=TATIOI'1 T It·lE DETANCE DISTANCE LEA+< I1JALK RIDE ldALK 

rm ( HP+I'1 I t1 :o O::KM) u::M> ( BTI_I . ...-HR .) •.:I<M.-···HR) ( l<l'l/HR > O::E:TU· HR> 

U·1 1+37 0 . 00 (I . 00 
...,.,. 

-.· ._1 . 00 3.60 .· 
I . ~:o 15':, 0 . 0 

AL:EP 2+24 0 . 1 0 0 . 1 0 -75 . 00 ~:. 60 I . ~: 0 150:::.(1 . 1_1 

0+4:3 1 • 50 1 .6 0 -,e - .. . .) . 00 ::.60 -:" .30 ' 150:.0 . c -.:::. 0+56 .-r;:-i) • t:.• _, 0 .·~o -75 .00 ::· . 60 ·-' .. . =;I) 15.:. 0 • 0 
-: -
:_t·1 

0+14 
0+40 

.-.~ 0 • '=··-' 
(I . 05 

0 . 05 
(I . 00 

-75. 00 
-75 . 00 

3 . 6 (I 
3 .60 

,.. . ~:o 
~ 

• =·(I ' 

1 so::. (I . 0 
150:::.0 . (I 

~·1ET FATE t'lET RATE t1ET PATE MET RATE LEAf= EO..-' A E'·/A 
riL ::EP RID I t16 STATIDI'i lt'1 o.--··H !=:'ATE 00::. :=:TAPT ~:TAPT 

>: E:TU.··'HR ·:, ( BTU.-··HP ':o o:.BTI_I...-HR> (f:TU/HR> O::Lf: .. ···HP _:. JF.-·1.11-LB> 0::02-LB,:. 

1(150.00 55:). Ou ·~so. oo 1050.00 0. 020 1 1 • 21 1 .403 
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API:?JLLI:?J 16-LRV 
M 

TRAVERSE 
82 W~LM.~CM C8NST~~%NT 

• 
+ rw W~LM.~CM C8NST~~%NT 

·~TT£~Y W~LM.~CM C8NiiT~~%NT 

• • L: ,;· EVA I 03-07-72 
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D • . r- 1ft 

. 
• . r-

Ul 
.. • 

H 
A • . ... 

D 

z 
£r D 

D . 
:::J 
r-

IU 

w I 
• • £r -. ' • + 

\ 
M • + 

D 
D M + •• DD I. ID 2. Dl 1. DD '1 ••• 

\_ 
5. ID li. II 1.DD • 

EVA TIME-H£?JURS 
21 

' ' 

f 

"' 

' . 
" .. 

-!;-

J 
1 
l 
' l 

~ 

' ' ' 

Enclosure 3 
Page 21 of 161 

~-~<-~ --~-, -" --~--- -· -____________ , _____ _ 

~~~~~~~~-;.-~~~~'-,-""~~-=~""''"~-~~--,..-~~&--'3:!"¥~;..~0a~~~~~~~li!!; 



l. 

2. 
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FOOTNOTES TO 
'CALCULATED DATA' 

30 Ml NUTES RESERVES MAl NT AI NED ON ALL PLSS CONSUMABLE$ 
AT STATION METABOLIC RATE 
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ALL DISTANCES AND SPEEDS ARE MAP DISTANCES AND MAP SPEEDS 
(MOBILITY RATES) 

REQUIRED RATE= RETURN DISTANCE/AVAILABLE OPS TIME 
TOTAL OPS TIME 80,5 MINUTES 
5 Ml N BSLSS HOOKUP 
13 MIN LM INGRESS 
62.5 MIN AVAILABLE FOR RIDEBACK 
52.5 MINUTES REMAINING FOR RIDEBACK (10 MINUTES ALLOWED AT 

STATION FOR RETURN TO LRV AND RIDEBACK PREPARATION) 

TIME MARGIN AT STATION METABOLIC RATE 
} TIME REMAINING AFTER ALLOWANCE 

STATION _ FOR 10 MINUTES AT LRV, 
Fl NAL LM 0/H MARGIN - WALKBACK, AND 13 Ml NUTES 

INGRESS 

RESPIRATORY EXCHANGE QUOTIENT= .90 

FEED WATER HEAT OF VAPORIZATION 1038 B~B~ 
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3. 6.1. 2 

i 
',. 

I· 

EVA II 

Traverse Description 
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On EVA II, approximately the initial 50-minute period involves 
egress and preparation for the traverse activities. Investigation 
of three areas occupies the 5-1/2 hours of traverse time. This 
time is spent in investigating the Descartes Formation (the Stone 
Mountain region), doing additional sampling of the Cayley Formation, 
and sampling blocks and blocky rays originating from South Ray 
Crater. Details of the station activities for EVA II appear in the 
following section. 

At Stations 4, 5, 6, and 7, the crew will investigate the Descartes 
Formation (Stone Mountain) and its relation to the Cayley. About 
1-3/4 hours are spent at Stations 4 and 5 which will be located on 
the slopes of Stone Mountain depending on the crew's analysis of 
the local geology and trafficability. Activities there are designed 
to collect a wide variety of sample data using various collecting 
techniques. A total of 35 minutes will be spent near the base of 
the Descartes Formation (Stone Mountain) and in addition to sampl-
ing, observations will be made on the relationships between the 
Cayley and Descartes formations. 

One hour will be spent at Station 8 investigating boulders and ray 
material from South Ray Crater. A large boulder will be selected 
for detailed sampling according to procedures outlined in the Field 
Geology Experiment. Sampling of this region will not only provide 
material derived from below the surface several kilometers away but 
study of the length of exposure of these materials and materials 
from North Ray Crater will help to establish the rate of ray 
disappearance. 

Two special sampling techniques (and tools) are employed at 
Station 9: one designed to obtain soil samples from the surface 
and near subsurface, and the other to obtain a single core sample 
which will be placed in a special vacuum container (CSVC) to insure 
retaining a chemically ultra-clean state. 

Station 10 is located back at the LM/ALSEP area where the major 
portion of the Soil Mechanics Experiment is performed along with 
some additional sampling. 

The remaining 40 minutes of the EVA is spent at the LM stowing 
samples and equipment and ingressing. 
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TRAVERSE STATION TIMELINES - EVA Ir 
STAT I ON 4 - STONE MOUNT A l N (:58) 

CDR RAKE/SOIL DOUBLE DESC SAI'1PLING SAiWLE CORE 
:03 :J5 :08 :06 :02 :08 :22 :02 :02 

LMP 5J'] RA.rE/SOIL PEi,lETROHETER DOUBL_~ 

:111Ti s~~: iPL E :~t:ASURE~1ENTS CC:R~ 

STATION 5 - STONE MOUNTAIN (:40) 

CDR DESCRIPTION AND SAMPLING 
• f]~ 
• ~· J :35 :02 

LMP DESCRIPTIO~ AND SAMPLING 0/H 1 
ST,ATICt\! 6 -BASE OF STONE MOUNTAIN (:20) 

fWES: 

CDR J!~l JVE?J1E,'..iJ 
~ONSIDER 2nd PAN NEAR END OF 

:l:J :02 STATION IF TI~E PERMITS. 

LMP iJESCRI PTI Oii Arm SAr:,pu ,JG 24 

-------------------------------------------- ------------3/6/72 -

'<:Jtr:l 
Ill ~ 

C1Q () 
ro 1--' 

0 
N..n 
.P..C 

li 
o ro 
HJ 
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TRAVERSE STATION TIMELINES - EVA II (CONT) 
STATION 7 - STUBBY CRATER (:15) 

CDRI 0/H I DE~i~~P-1 NOTES: SAMPLING 0/H 
0/H OVERHEAD :03 :03 :07 :02 

CONSIDER 2nd PAN NEAR END OF 500mm ( * SAMPLING 0/H PHOTOS STATION IF TIME PERMITS. 

STATION 8 - SOUTH RAY RAY (:60) 

RAKE/SOIL CDR DOUBLE CORE SAMPLING ( INCLUDIIiG BOULDER OPERATIONS}* SAMPLE 
:03 :03 :08 :08 :36 :02 

RAKE/SOIL LNlP OOUBLE CORE SAMPLING (INCLUDING BOULDER OPERATIONS) SAMPLE 

STATION 9 - CAYLEY PLAINS (:25) 

CDR I SURFACE 0/H csvc 0/H SAMPLER 
:03 :12 :08 :02 

SURFACE LNlP (otHI PAN SAMPLER csvc 
-------------------------------------------------------------

STATION 10 - LNl/ ALSEP AREA (:33) 

CDR DOUBLE CORE TREfiCH SAi·1PLING TRENCH 
SM1PLES 

:03 :08 :05 :08 :02 :05 :02 

LNlP DOUBLE CORE PENETROMETER READI~GS TRENCH 
SAMPLES 

3/6/72 
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STATION 
I 

4 - A BLOCKY 
I I 

CRATER 58 
l 

DAC 01-F (>40 M) 
--CDR LMP 

~10DE SW-2 DISPLAYS 
HG/\ 500;Trap/Stubby-l~ 
DUST J oSmoky-15 

oS.Ray/8.1\ay-S 
3: DESCRIPT 
8: RAKE/SOIL 
8: SAMPLING PENETROMETER 

P/\N l 
8: DOU8LE CORE 

24: S/\t~PLING PAN 2 
(Padded bags-2 rocks-dense, 
hard, igneous) 

MODE SW-1 CHANGE DAC • 
POS TV HORIZ, MAG-R 

COl 1--

DAC ON 
f8/250/2fps 

',S"-j /.i 't t GJ I~ L{· 
t 7 (j I~~. 1(· pro.(.:,~. (J j 

v~. 
J 

IF (/i:tJC.HCD-
1 l.-il'fOvi 

TCST Vi1
\1 

NO~~INf'oL 

\1 
1ilt.L -5&0£ 

:i T£~1 Doo-1/'J dILL 
:>n:c rc: s-r ('A a. T 

2_ Dt-1 I) C: fJ CH 

IF urJ!JIJLt1r&rJI.,·. 

1. -~ n::STS I i'J 
5 n:.-- r.: ~T ')cf'lt.rr 
$OoL (F<>if.-l'il-ltiT) 

.c:::: &2-•' ,,..J 

, , ·I 
rORr1: STC/CPD-0641 
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I l I I 
STATION 6 

FOOT OF STONE MT. :20 
350/0.8 350/2.8 
D/\C OFF 

CDR LMP 
MODE SW-2 DlSPL/\YS 
HGA PAN 
DUST -

15: SAf~PLING 

MODE SW-1 
POS TV HORIZ, CCH !--

DAC ON 
fB/250/lfps f---

I I J I 
STATION 5 

STONE MOUNTAIN :40 

350/.4 350/3.6 
DAC OFF 

CDR U1P 
t·lODE SW-2 DISPLAYS 

.__ HGA - PAN 
DUST 

35: SM1PLING 
Observe terraces & befrock/regolith 

...__ changes 

.._ t~ODE SW- 1 
POS TV HORIZ, CCVJ 

DAC ON 
-fB/2S0/1 fps 

r 

... 

FOf~f1: STC/CPD-0641 
27 
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' 

i 

...._ 

,___ 

~ 

~ 

I J J 
STATIOI'J 7 

NEAR STUBBY :lS 
DAC OFF 

CDR 
~10DE SW-2 
HC;A 
DUST 

L~1P 
DISPLAYS 
PAN 

I 

3: DESCRIPT 5'"lOcStuhhy - 20 
oSmoky - 15 

l 

7: SAMPLING 
Note any differences between 
Cayley & Descartes 

Samples from BFl 

t~ODE St~- l 
POS TV HORIZ, CCW 

DAC 01~ 
f8/250/l fps 

I I I 
STATJOIJ 7 

21o;o.s 1 000/3.0 

.,.,-- ........... 
/ 

I " \ 

I 

I 
--

{~) \ 
} 

-D-\ X / 
'- G8 

S TUtli3 Y 
CRAlTR 

~~ --
--~-

I 

FOIH1: STC/CPD-06~ l 28 
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(\.) 
I'-
0> 
.--. 
q 
(\.) 

.D .... - CJ 
.IJ_ 

I J I 
STATION 8 

13LOCK Hf\ Y /\!RECK :GO s. RAY RAY 
0!\C OFF ---

cnR U1P 
i•10DE SH-2 DISPLAYS 
HGA . PAN 
DUST 

3: DESCRlPT 
8: DOUDLE CORE 
8: . RAKE/SOIL 

·(away from bouiders) 
20: BOULDER (SEE BOULD) 
16: S,IIJ1PL I tlG 

f·iQOE S\-1-1 
PQS TV llORIZ, ccw 

.... --.-..-> 

.-... 

:S•j(~ 'j'''t ~~hi 0 
'l,.'JJ?j O·Q . roc~·~/ Z. i" , 

I 

... 

' 

• 

J 

1--

-

r--

' 

F0r'1: STC/CPD-OGtl1 
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~ 

-

I I ~ --~~ L -~-- -~ 
ST/\TI Oil 9 

DOG/. 5 

VACANT LOT :25 

012/2.6 

8: 

12: 

I 

CDR 
HCflTE s~~-2 
HG/\ 
DUST 

u1r 
DTSf'L/\YS 
P/\N 

csvc 
(SINGLE CORE) 

SURFACE S/\IWLES 

I I I 
SVrt!..FACG .S,q MPt-E.S 

• 

8 ~ 
f!.TGJITJ 
~ ..... ! 

~ 
"'-1· ••• •• - .... -1 l~ ... _. .• '····-·) 

~SV..It-'1 ·' Vfi.L\J~T !?.ETA 
scoo~P 

AHC:.fl [J PL.AC.I! C~>tJUMON 

XSVN 5n<:.r.-t!O AF'Tr.-r:: Pt~.5L.IN LOC:. ' ) 'PO S~~~~~\ (),X:':VN 1\FrE..I!,WIDf!'N r-r..t.!l 
tlo Sc.ooP(-\X)vN f,~rE.I'l 

N 
I 

1'-.l 
\.N 
I 

'-.l 
9-l 

FORt1: STC/CPD-06~1 
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--- -
c' 

~ 

'---

l-

I I _ _ _______ I ___ _ 
STATION 10 
-TiALFW\Y BETH. ALSEP & LM :33 

cor~ 
MO-i)E SH-3 
HG/\ 
DUST 

LMP 
-DISPLAYS 

8: DOUBLE CORE 
5: nENCH 

15: TRENCH SAMPLES 
(Incl. PHOTOS 
1,2,3) 

PAN 

PENETROt'IETER 
0.5CONE 1st* 
0.2 CONES 
PLATES LAST 

• 

BACK TO LM FOR CLOSE 

* If penetration < 12" switch to 
.2 cone for 2,3,4 

MODE Sl~-1 
POS _},}'_ HOR I Z~ _____ _t__--

I I I I 
STP.TlON W-SO!L MECH. 'f-j 

I 

~ 
w 
' \l 

Ucl.lO Vi S.O I'(Tfl\ 'jJ 
~ 

---~a UtiiOf 104 CH J~l· {jJ. ,.' ,"" 
ALHP UatJai(M' ••· 

Slrt ).. ~-. __ 

'---i~ """" '0."' -<!)-Nill CO'f $11[ .<!J •o~ltflll 

'"'{' ··v"'( t.f(Oitl 1.1CI'l'tt 

'f y I 

10 f'(l(~ 

~ 
8f'ICJI(If'05111CJI 

V cr-1run~n•Tnf 

~IU11,Uf!I:0-(1111U1 

P

' 

t ' 

FOIU1: STC/CP0-06'11 
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APOLLO lt:. DESCARTES TRAVERSES 

E\IA I I CALCULATED DATA t·1f1F' -;-" 1 ':::07 2 

;Hif•1EtH 
LF:' ... I 

t·10 B I L I T \' F'IDE 
TOTAL 

TRAVEL 
ARRI 1o/E 

:::TATIOt"i ;roP 
DEPAF'T 

=TAT I !Jt-1 

-;-t=JT: D~1 
D ISTAt~CE 

0: f:Jo1":o 
PATE 

~ft·1·HR I 

TIME 
1 1··1 In:· 

DI:::TANCE 
0: ~::M) 

E'·/A TIME 
I HF:+t1 I 1'1 I 

TIME 
'- HF:+M I ·1) 

E'·/A TIME 
I HP+t1 I H ·, 

d1 0. 00 0+ 0 1)+50 0+50 
;:; IDE 4 .20 7 . ~: (1 ' 

-.c;-
.: •. _r 

"' 4 .20 1+25 0+5:3 2+~~: 

TilE 0 •• :: (1 7 . ~: 0 ' 
7 
I 

1::" 
I . 00 - 2+2'~ 0+40 3+ ·j 

IDt:: 0 .40 - ~: ,-1 ' 
-
. .:: 

'": 1::" _, .40 ~: + 12 0+20 -:+ .:.: c: 
- r :t:.r 0 .40 7 

I . ~: 1) --· -· 
!: I i:ti:: 0 • r::. (I - ::: (, I . 1::" 

_I 

<= 
_I • :::0 ~:+ >:. 0+ 1 ':1 ::+L l 

t::• .40 ::::+~5t::. 1+ 0 4+-.::",c 
>;: lDt:. 0 .45 ~ 

I . ~; 1=1 4 ._. 
t:-: I D:::: -- .t.l_. - .· - 1_1 ' 21 

,-, c: t::. • ·=· _1 4+5:< 0+2S 5+-::.4 

1 (1 ' 
l ,..,t=" " .1. ~ (I . 05 ~ 

I :::1_1 0 
·~ • 45 "5+41"'. (1+ ~: ::· .::.+ 1 ~ 

Ui j .50 - + 1 '.::-' 0+4(1 ~.+':.'3 

TOT rii_ ~ --:".-, 
I ' =· 5 +41 t:·+-5'34 

--------------- TPAVEP;E CCNTII,~ENCIES --------------
----------LRV FAILURE-------------- --FL~: ~AILU~~--

 --:-t=:T 

: t:FIF·t~ 
I• I =TArKE 
~o u·1 

, .:.u E:ACl : TFtTI OH t·1f=!F'I:C Hi .::.-;: 0 1"'E 
r I t·1E IIIALf: BACf:. F'ECtU I ~·EMfiH-

TO U1 t="W 02 AMP H~= 

i·~ I t·J L F•'·/ F-' I ItEE~( f: 
:FEE i:; PEC•I_t I;.: EI1 
t) ~'11 t1 1 0 1·: 111 ··L.I r-ri rr_ 

no · ft·1~ j-1 h'' +t·1 I ~1 I ~H~+MIN) IHR+MIH) IHP+MIH 1 1: f:1'1• HI;' I ( Vl'1·· HP I 1_ F Tl_' ;-Jt:::· 

_t·1 1_1. 0 1) 

-+ .20 
. ·t :_I 

o1 + (I 

~ +- :: ~ 
!-1+-57 

•••• 
~:+ :::·~; 

::+-C.'~: 

•••• 
.::+4..:: 
2+ ..::'=, 

•••• 
::· +-:.::: 
+~.:: 

;'I • 1_1 (1 

4. ,_ = 
- .:.. r:· 

0. 1_1 ,_. 

4 • _I 

:, 

1 UC:: I: 
:: 
:=:: -· 

· i 

. 2 u 
• -= 1 

_: • ,_! .~! (f t-5(1 3+ 11 2+24 ~_:+27 - • -+ -
• 4 (I ,-,+-=:7 2+44 1 +St. =:+ 2 = . = ~ : - ·::.. • _I 1 
(I~ 

~.-:.(I 

(I +-51 
•:1+4 :: 

1 +4'::< 
1 +3::: 

1+ 2 
0+4..:. 

2+ :: 
1+41 :..so 

= . + _, 
-..::: 

,-, 
I _! • I ~ -=; (I+ 1+51 1 + ':1 1 +29 1J • 05 1) • 

0+ 1) 1 + 31 0+4..:. 1+13 0.00 1~1 • I r 

:

1
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APOLLO 16 DESCARTES TRAYERSES 

It'JPUT DATA t·1Af': 7 197 2 

: T~T Iml 
no 

:TOP 
TIME 

(HR+MIN> 

SEGMENT 
DI2TANCE 

CKM) 

RETURN 
DISTANCE 

(KM> 

HEAT 
LEAK 

CBTIYHR> 

-MOBILITY RATES-
I.oJiiLK RIDE 

<KM/HR> <KM/HR) 

MET F:ATE 
I .• .! AU< 

CBTU ... Hf'• I 

U1 
4 
r:::-_, 
~. 

·~ 

1 0 
U1 

0+50 
0+5::: 
0+40 
0+20 
0+15 
1+ 0 
0+25 
0+:3:3 
0+40 

0.00 
4.20 
0. ::; 0 
0.40 
0.40 
0.6 0 
0.45 
2.60 
0.05 

0.00 
4.20 
:3.40 
:3.00 
:3.40 
3.05 
2.60 
0.05 
0.00 

125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 
125.00 

3.60 7.30 
2.70 7.:30 
:3.60 7.:30 
:3.6 0 7.30 
.:::.r::.o 7.:30 
.:::.r::.o 7.:30 
~· .6 0 7 .~:0 
:~:. 60 7.:30 
:3.60 7.:30 

1560.0 
12'30.U 
1560 ;) 
156 0 o) 
1560. (i 
1560.0 
1560.0 
1560.0 
1560.0 

i1ET F:ATE 
HL=EP 

O:f:TI_I.·HF.:.:o 

r·1ET F.: ATE 
F.: I D I r·lG 

0: BTI_I.,..HR) 

MET F.: ATE 
STATiml 
(BTU··· HF.· ·~ 

MET RATE 
U1 0-·H 

I BTU.····HF:O 

LEAl< 
F":ATE 02 
( LE:···HR.:o 

E 1o/A 
STH·T 

~·F..-1 •. 1-L:E:::O 

~'·/R 

:Tf1J;:T 
( 02-LB I 

1 050. (!,) 550. CtO ?:150 . 00 1 05 (I • 0 •:• 0. 02::: 1 1 .tA -,c:-1 . -..:' . _ .. .,: . 
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RP~LL~ 16-LRV TRAVERSE 
M •2 W~LK.~CK C.NST~~XNT 
+ rw W~LK.~CK C8NSTM~XNT 

• • L: ,... EVA II 03-07-72 
y 
I • L: • 

_j .. 

~: 
I- .. 

• • • I- ;. 
lii 
H • ... 
A .. • . . 
z M 

0:: : 
:J IU 

1-w 
0:: 

D 

~ 

=~--~~----~----~~----~----~--~~~--~ M • + 
•. DD I. ID 2 • DD 1 • DD 'I • Dl 5 • l!lD I • II 1 • Dl 

EVA TIME-H~URS 
34 
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J 

FOOTNOTES TO 
'CALCULATED DATA' 

1. 30 MINUTES RESERVES MAINTAINED ON ALL PLSS CONSUMABLE$ 
AT STATION METABOLIC RATE 

Enclosure 3 
Page 35 of 161 

2. ALL DISTANCES AND SPEEDS ARE MAP DISTANCES AND MAP SPEEDS 
(MOBILITY RATES) 

3. REQUIRED RATE= RETURN DISTANCE/AVAILABLE OPS TIME 
TOTAL OPS TIME 80.5 MINUTES 
5 MIN BSLSS HOOKUP 
13 MIN LM INGRESS 
62.5 MIN AVAILABLE FOR RIDEBACK 
52.5 MINUTES REMAINING FOR RIDEBACK (10 MINUTES ALLOWED AT 

STATION FOR RETURN TO LRV AND RIDEBACK PREPARATION) 

4. TIME MARGIN AT STATION METABOLIC RATE 

} 

TIME REMAINING AFTER ALLOWANCE 
STATION _FOR 10 MINUTES AT LRV, 
FINAL LM 0/H MARGIN-: WALKBACK, AND 13 MINUTES 

INGRESS 

5. RESPIRATORY EXCHANGE QUOTIENT= .90 

6 FEED WATER HEAT OF VAPORIZATION 1038 B~~ 

35 



3.6.1-3 EVA III 

Traverse Description 

Enclosure 3 
Page 36 of 161 

Egress and preparation for the traverse will consume the first 
3/4 hour of EVA III. The 5-l/4 hour traverse time will be used to 
investigate three broad points of interest: Smoky Mountain 
(Descartes Formation), and North Ray Crater, and other areas in the 
Cayley Plains (Cayley Formation). Approximately 2 hours are spent 
in the vicinity of North Ray Crater (Stations 11, 12, and 13) 
because of its importance in revealing the characteristics of the 
Cayley with depth. A crater of this size (approximately 1 kilometer) 
should have brought material up from a depth of 200 meters. Indeed, 
examination of the photography of the crater rim suggests that large 
blocks there may be correlated with different albedo banding seen 
in the crater wall. Extensive block sampling is planned there and 
500 mm photography of the crater interior may not only document 
internal structures and stratigraphy but may also allow correlation 
of collected samples back into the crater stratigraphy. 

Approximately one additional hour station time will be spent sampl-
ing the Cayley at three other stations (15, 16, and 17) spread over 
the traverse route. Stops will include small craters less than 
50 meters in diameter (Dog Leg and Dot), and a larger crater 
(Palmetto) which, approaching North Ray in size, is much more 
subdued. 

A second sampling of the Descartes Formation will involve investi-
gation of the Smoky Mountain region. Approximately 3/4 hour is 
spent in sampling that feature at a station whose exact location 
will be selected by the crew in real time. 

Three portable magnetometer measurements will be taken on the tra-
verse. After return to the LM, the last 3/4 hour will be spent 
stowing samples and equipment and ingressin9. 
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TRAVERSE STATION TIMEliNE - EVA m 
STATION ll - NORTH RAY RIM (:53) 

CDR DESCRIP- SET UP FOR SAHPLI NG FOR SANPLING PAN TION NEAR FIELD POL. NEAR FIELD POL. 0/H J 
:03 :04 :04 :10 :26 :04 :02 

FAR FIELD NEAR FIELD FAR FIELD 500mm SAMPLING 0/H POLAR NO. 1 POLAR. POL. NO. 2 

STATION 12 - NORTH RAY RIM (:56) 

CDR DESCRIP- RAKE/SOIL SAI~PLING * ~ 0/H TION SAMPLE 
:03 :05 :08 :38 :02 

·---------------------------------------------------------------·
500mm RAKE/SOIL SAMPLING PHOTOS SAMPLE ~ 0/H I 

STATION 13 - NORTH RAY EJECTA BLANKET {:10) 
NOTES: 

CDR F/Hl ROCK/SOIL 
SAMPLE 0/H 0/H OVERHEAD 

:01 :02 :05 :02 * CONSIDER 2nd PAN NEAR END OF 

LMP lo/HI STATION IF TIME PERMITS. ROCK/SOIL 

-------·---------------------------------------------------
PAN 0/H SAMPLE 37 

3/6/72 

 



TRAVERSE STATION TIMELINE- EVA m (CONT) 

STATION 14 - SMOKY MOUNTAIN (;40) 

CDR DESCRIP- RllYE/SOIL DOUBLE 
SAI·1PL SI-\HPLE I tiC; 0/H TION CORE 

:03 :04 :08 :08 :02 :13 :02 

l_IIAP 500mm RAKE/SOIL DOUBLE 
PHOTOS Si'\i-\PL E CORE 0/H 

STATIGN 15 - DOG LEG CRATER (JQ) 

CDR~~O-/r~l'-------r-1 ~-:~.~. ______ ~o-;H_·~ 
:01 :02 :05 :02 

ROCK/SOIL 
SAt~PL E 

--·-------------------------------~--------------------------~-
STATION 16 - DOT CRATER (:10) 

CDR 10/HI LP11 0/H HEAS. 

:01 :02 :05 :02 

UV\P lo;HJ ROCK/SOIL PAil 0/H CQ\SIDER 2nd PA~ NEAR E~D OF 
SAi·\PLE STATIO\ IF TIME PERMITS. 

STATION 17 - PALJviETIO CRATER (:38) 

CDR RAKE/SOIL LPt·1 -1: 
SAiWLir~G 0/H SAHPLE t·1EAS. (Z) 

:03 :03 :08 :10 : 12 :02 

RAKE/SOIL LMP SAI·\PL I :iG 0/H SAi·1PLE 

3/6/72 

38 



I I I I 
STATION 11 

N. RAY RIM :53 
DAC OFF 

CDR LMP 
MODE Svl-2 DISPLAYS 
HGA PAN 
DUST 

4: DESCRIPT 5000Stone-20 
4: STOvJ 500-PICK tKiva-15 

SITE FOR NEAR oN. Ray-60 
FAR POLAR 

10: NEAR POLAR 1 

26: SAMPLING 

4: PAN FAR POLAR2 MODE S\IJ-1 
POS TV HORIZ, CCVJ 

I I I I 
-· ... 

STATION 11 
352/4.8\ 172/4.5 I 

rWRTH RAY CRATER 
......... ~ 5ot-1 ~ m 

POLAR X X X X . :;;g·· X ri" 
THEN DISCARD NEAR 8 PO~ 

.._ FILTER POLAR S 
~ . 000 C0 FAR POLAR: ef5.6/125/74' 

e1&2 - 3 PART PANS 
~ 1 FILTER SETTING 

EACH PAN 
r NEAR POLAf<: )- 0 O ROCKS 

...__ f5.6/125j7' 0 O ~ DS 
~ 1 + COLLECT 

130~ 4 ROCKS noiJ Bgoo 
-

I 
! 

_j 

r-

-

-

Pag

39 
FORf1: STC/CPD-06tl1 
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I l f I 
STJ\TJOii lf ----- N. RAY RIH :56 

([)[{ U1P 
NUCfc S\·1-2 -DJSPL/\YS 
HG!\ PAN ., 
DUST 500 \·! \iltll 

N Pay 30 
5: DCSCIU PT 
8: RAKE/SOIL 

~(). 
._..\._). S/\1•1PL H~G 

P/\N 2 
SAl1PLt: BOULDERS 

r>~onE SW-1 
POS TV HORIZ, ccw 

1 l r I - ' 

STP..TION 12 

030;'0.41 175/5.0 I 

iiORTii 
(0 

PAY X 
CRATER X 

~I X 

._I 

I 
~~ .~~~-=====~--~------------~ 

/[3w 
* (0 

/ ST!ITION 11 

/ 

!-

r--

1----

40 
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I I I 

l l l l 
STATION 13 

NORTH RAY EJECTA BLANKET 

125/1.0 182/4.3 

LRV=180° 

NO TV OR OUST 
'--

CDR LMP - PAN 

- 8: ROCK/SOIL ( 1 KG) 

-

I 

:10 

-

r--

1-

' ' 

FORf1: STC/CPD-0Gt11 41 
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I I I I 
S T f\ T I CHI ·1 4 
-------·---R/W IN [ (CAT) : 4 0 

CDR 
11U!Jf. SH-2 
IIGf1 
[!I!~,T 

4: !!!SCRIPT 

8: RAf(E/SOIL 
8: DOUBLE CORE 

SArl,f1L HJG 
Change Df~C-I'lag S 
l·iO!lE S\·1-l 
P 0 S TV IJ 0 R I Z , C n1 

ur\( ();~ I '-;)Ll-/l2fps 

U'ifJ 
·oT,r'l. f\ YS 
p /\~j 

so o ~~~ ~ c! \ i n ~ .I 
\'id ll- 'i u i 

QStonL:2S 
-

L 

l__t _________ __:_ _______ -L._L-_J 

1--

{ 

/ 
I 

\ 
\ 

~] [ J 

'"\ 
\ Cf\T 

lRf\TtJ~ \/ 
x-¥0 __ / 

X 

f\A VIi j E 
CRATER 

t0f(l1: :;TC/CPD-OG~ 1 
42 
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l 

-

....__ 

'----

J I I I 
STATION 16 
----DOT CRATER :10 

250/1.1 180/2.5 

LRV=180° 

NO TV OR DUST 

CDR LMP - PAN 

8: LP~1 ROCK 
SOIL ( 1 KG) 

I I t I 
STATION 15 

DOG LEG CRATER :10 

180/1.3 190/3.0 

DAC OFF . LRV=180a 

NO TV OR DUST 

CDR L~1P - PAN 
8: LPM ROCK 

SOIL ( l KG) 

~ 

!-"" 

-

FORM: STC/CPD-06~1 
43 
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1 r 
BOULDEr\ TIPS 

SPLIT GOULTlc f<TC]Y S T ALrrr~E) 
l /2 OVEfnUii,ljM)LE 

1 

7' XSUN STEREO BEFORE TOUCHING 
3 MORE 7' STERO's, OS & LOC SHOTS 

CLOSEUf' STEREO AFTER E/\CH CiliP 
7' STER~O BEfORE, 7' AFTER SOILS 

_Il__SI'LI_T _ _t_·-_\·J (OR ADJf~CDiT GLCC!~S) 

I 
t·ilnTll • Hr Of SPLIT(45o SHLD L-) 
PU- (f}](j STEREO ~ 
x-51'1-x x---7'--~ s 

SOil_ QJ]]) BEFORE 
SfiAilfV.JED SOl L 
-FT[C_s_(SC_-:--SKH1 SM1PLE 

COLLECT SCOOP SAMPLE UNDER SKIM 

[ I I l 
GOULUER TIPS 

FILLET SA-f.iPLE - CRYSTALLHiE OR 
TOUGH t:H;ECCI!I 

DUST--~;,~·-. . 

Ef SOIL~ 
flLlFT-A ~~ 

!- 0 I 8EI 
~-0_3-0.51', .. 1 .. 511-----t 

7 I ;::;L;;l STEI\[0 !.iTER fILLET 
7' XSU1J & CLuSEUP AFTER cr:IP 

(STEREO) 
~_8_EL_?Cll_1 __ -__ SJ_,~ PRClC_[J;U~:L:_~-----t 

_[;~ uGULUck 1_:::_s:;) 

\ 
\:/) ~ \Gf CRYST Ill l NE 

~~':::_s)\ 0 :/--;_ _____ _ 

FU G! n u;;[ STEf:EO 
CLT CIII' FI:CJI', EP,CH L!WEI( 
2nd CHIP fi~QI; f3lST LAYER (OTHER 

SIDE IF CAin 
IF NO LAYEI:S, CHlP EITIHP E:W 

i-

,____ 

'-

--t--
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--------------- TRAVERSE CONTINGENCIES --------------
----------LRV FAILURE-------------- --PLSS FAILUPE--

::TAT 
t·m 

F:ETURN 
DI ~:TANCE 

TO LM 
o:f:::M> 

I,JALVBACI( ::TAT ION I'!AA6IN ABOVE 
TIME loJALKBACK REQU I REf'tEt1TS 

TO LM FW 02 AMP HRS 
(HP+MIN) O::HR+MIN) O::HR+f'IIN) (HR+MIN) 

MIN LRV PIDEBACK 
::PEED REOU I RED 
0 MIN 10 MIN 

<KM/HR) (KM/HR) 

AVG EVA 
MET RATE 
O::BTU/HP.) 

U·1 
1 1 
12 
t:::: 
14 
15 
16 
1~ .. 
U·1 

0. 00 
r::: _, .30 
o:::; • 20 -
4 • 70 
4 .40 
3 .40 
2.80 
2 .25 
I) . 00 

0+ 0 •••• • ••• •••• 
1+58 2+47 2+ 1 :3+28 
1+56 1+5:3 1+ 7 2+32 
1+44 1+54 1+ 8 2+28 
1+3;:: 1+18 0+32 1+47 
0+57 1+40 0+54 2+ 7 
0+47 1+.39 0+54 1+58 
0+:37 1+12 0+27 1+25 
0+ 0 1 + 1'::0 0+:35 1+12 

0.00 0.00 
5. 09 6.06 
4.';:!9 5.'::04 
4.51 5.:37 
4.22 5.03 
:3.26 .3 .8'3 
2.69 :3.20 
2 .16. 2.57 
0.00 0.00 

1050.00 

:380 .13 
875.21 

:367.70 
860 .'::05 
866.66 
.-.--~ C•(b. ---:. (._. 

APOLLO 16 DESCA~TES T~AYERSES 
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E'·.iA I I I CALCULATED DATA MAR 7 1972 

::EGMENT 
LR'.,.' 

~1DBILITY RIDE 
TOTAL 

TRAYEL 
ARRIYE 

STATION STOP 
DEPART 

STATION 
DI::::TAtKE RATE TIME DISTANCE EVA TIP1E TIP1E EVA TIME 

= TATIO!'l O::KM) O::KM/HP) o:: M no <KM) <HR+f'IIN> <HR+f''HN) (~+f'IIN) 

U1 0.00 0+ 0 0+45 0+45 
r-· I DE 5.30 7 .:30 44 
l 1 5.:30 1+29 0+5'5 2+24 
~·IDE 0.:35 7.:30 :::: 
12 5.65 2+26 0+55 :3+21 
F:IDE 0 .E.5 7.30 5 
1.::: 6.30 3+27 0+ 10 :3+"37 
l.· IDE 0.:::5 7.:30 7 
14 7.15 :3+44 0+40 4+24 
F·IDE -.r::: 1 •. ,: •• _1 7 • .30 11 
15 :::.50 4+35 0+ 10 4+45 
·~·IDE 1 .1 0 7.:30 '? 
1 .::. '?.60 4+54 0+1 0 5+ 4 
;·IDE 
17 

0.55 -::' • :3 0 I 
r::: 
.J 

1 0. 15 5+ 8 0+38 5+46 
F: IliE 2.25 7 .30 18 
Lt·1 12.40 6+ 5 0+55 7+ 0 

TOTAL: 102 5+18 7+ 0 
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AF'DLLD lt:. DESCARTES TRAVERSES 

E'·/A I I 1 ~~~PUT DATA MAR ? 19?2 

:TOP :E1:3~1HH RETURN HEAT -·1'1DBILITY f''ATES:-- MET PATE 
·rATION 

tm 
T I t1E 

< HF.:+M If'n 
DISTAt'iCE 

O:KM) 
DISTANCE 

O::I<M> 
LEAf( 

(f:TU . ...-HR> 
l.oiAL~:: 

< f: M ..... HR) 
RIDE 

( I<M.-·HR) 
l.dAL~ 

O:BTIJ .. ·HF.' :• 

U·1 
1 1 

0+45 
0+55 

0.00 
511:30 

0.00 
5.30 

180.00 
180.00 

:::.60 
2.70 

7.30 
711:30 

156 0. (I 
129 0. C• 

12 
1:3 
14 
15 

0+55 
0+10 
1}+4 (I 
0+1 0 

0. :~:5 
o • r::.s 
0.:::5 
1 .35 

5 .. 20 
4 • 70 
4.40 
3.40 

180.00 
180.00 
180.00 
180.00 

2.70 
2.?0 
2.70 
:3. r::. 0 

I • :3 (I 
I .:::o 
7.30 
7.JO 

12'j 0. u 
12'j 0. 0 
1290.0 
156 0. 0 

16 0+10 1 . 1 0 2.80 180.00 :3.60 7 • 3 0 1560.0 
17 0+~3::: 0.55 2.25 180.00 3.60 ?.JO 1560.0 
U·1 0+55 2.25 0.00 180.00 ::: .r::.o .· I • :::0 1 5t:. o • o 

t·1ET F'ATE 1'1ET RATE MET PATE MET RATE LEAl<: E\·1A E'...'A 
AL=EP 

o: E: TI_I...-HR) 
F: I DING 

O::BTU/HR> 
:::;:rAT I ON 
(BTU/HR) 

LM o .. ···H 
(BTU/HR) 

RATE 02 
(LB ..... HR) 

:START 
(F.d..J-LB) 

:S:TART 
( 02-LB) 

1050.00 550.00 '3l50.00 1050.00 0.035 11 .64 -.~-~ 1 II .:•._1.;:, 
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Page 4 7 of 161 

AP~LL~ 16-LRV TRAVERSE 
M D .... LKitfiiCI< C .. STIII .. %NT 
+ F"W .... LK ... CI< C .. STIII .. XNT 
• • .. TTEIIIV W .. LK ... CI< C .. STIII .. XNT 

EVA III 03-07-72 

~ t- = .. • 
\ I 

.. + • 

• II 
.. + • 

t-
II 

~ 
Ul 
H II 

+ • 
A~ 

Ill + • 
z 
II : 
:J ... • 

+• 
t-w 
II 

II 

~ 

=+---~~----~----~----~----~~----~--~ • • II 1.n I. II I. II II. II 5. II I. II 1.1 

EVR TIME-H~URS 

\ . 

• 
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FOOTNOTES TO 
'CALCULATED DATA' 

Enclosure 3 
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1. 30 MINUTES RESERVES MAINTAINED ON .ll.LL PLSS CONSUMABLE$ 
AT STATIO!'~ METABOLIC RATE 

2. ALL DISTANCES At'~D SPEEDS ARE MAP DISTANCES AND M.A.P SPEEDS 
(MOBILITY RATES) , 

3. REQUIRED RATE= RETURN DISTANCE/AVAILABLE OPS TIME 
TOTAL OPS TIME 80.5 MINUTES 
5 Ml N BS LSS HOOKUP 
13 MIN LM INGRESS 
62.5 MII--J AV:~ILABLE FOR RIDEBACK 
52.5 Mlt'-JUTES REMAINING FOR RIDEBACK (10 MiNUTES ALLOWED AT 

STATION FOR RETURN TO i._RV AND RIDEBACK PREPARATION) 

4. TIME MARGIN AT STATION METABOLIC RATE 

} 

Tl /v\E REMA! Nl NG A F1 ER ALLOWANCE 
STATION _ FOR 10 MINUTES AT LRV, 
FINAL LM 0/H MARGIN- WAU~BAO<, AND 13 MINUTES 

INGRESS 

5. RESPIRATORY EXCHANGE QUOTIENT= . 90 

6 FEED WATER HEAT OF VAPORIZATION 1038 B~B~ 
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Section 4.0 - EVA Contingency Plans 
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Contingency plans presented in this section apply to various situations 

where some degree of pre-mission planning, together with discussions and 

reviews with the responsible program elements serve to provide a set of 

plans and guidelines for use in real time where circumstances might not 

otherwise permit such planning. It is obvious that not all situations 

can be preplanned and it is understood that real time circumstances can 

modify even those situations which were preplanned. Such modifications, 

if made, will be with the concurrence of the responsible elements in the 

Mission Control Center. 

Plans and guidelines for the following contingency situations are presented 

in this section: 

(a) Walking EVA' s 

(b) One man EVA's 

(c) EVA's from off-nominal landing points 

(d) s·l.ortened EVA's (with prior knowledge) 

(e) Behind time during EVA 

4.1 -Walking EVA's 

T~e major constraining factors on walking traverses are: radius of 

action is more limited than LRV traverses to accommodate the B-SLSS emer-

gency return mode (approximately 3.6 km is the maximum distance), average 

metabolic rate is higher and therefore PLSS consumables margins are lower 

and the equipment which can be handcarried precludes doing certain station 

tasks which were done on the LRV traverses (LMP measurements, for example). 
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The walking traverses presented herein are consistent with these limitations 

wh 'h trying to accommodate as many of the origi na1 science objectives aS 

practical. It is assum(:d that the traverses originate from the nominal 

L~.nding point and no attempt is made to preplan walking traYerses from 

off -nordnal landings. Surh planning will be done after landing, if neccs::::: iH'J. 

l t should also be noted that the three walking traverses dj_scussed here in 

vJi.lJ npply Hhether the LHV is inoperative for all thne EVA's or whether 

it becomes inoperative later in the mission. 

Figure 4.1-l llltllitrates the equipment that will be carried by the 

crewman on the walking traverses and how it will be carried. Basically, 

the only tools or experiments that will not be carried are the following: 

(a) Lunar portal1le magnetometer 

(b) Penetrometer 

(c) Scoop (Lunar surface rake carried instl:ad) 

(d) 500 mm camera (carried on EVA III only) 

(e) Padded bags, polarizing filter 

Figure 4.1-2 shows the geometry of the three \Valkinr; traverscs, the 

dcotails of Hhich appeur below. 

4.1.1 -EVA I 

For plcmning purposes, it is assumed that the same initial LM over-

!wad time is used on EVA I as in the LRV traverses (l hour 37 minutes). 

rrh is Dllow8nce would probably accommodate most cases Hhere an LRV prob-

lem wc:s discovered during deployment or initial checkout and some time 

was subsequently devoted in attempting to troubleshoot and correct the 

problem before abandoning the vehicle. (The Mission Rule Bllows up to 

30 minutes for this situation~ 
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During this initial l hour 37 minutes it is assumed that the other 

science objectives are accomplished as nominally planned (SWC deployment, 

cosmic ray detector deployment, and UV camera targets). 

Following the abandonment of the LRV, ALSEP deployment and obtaining 

the 2.6 m core take place as nominally planned. At the conclusion of these 

operations, 4 hours 03 minutes into the EVA, the geology traverse begins. 

(Assumes the crewmen have previously transported the necessary tools and 

collection bags to the ALSEP site from the LM.) 

Although the LRV traverse for EVA I visits both Flag and Spook 

Craters (Stations l and 2), the walking traverse is limited to only 

sampling Spook Crater. (Continuing on to Flag Crater and back would neccs-

sitate the investment of an additional 33 minutes walking time and would 

result in marginal station time at both locations.) Spook Crater is 

designated station ''a" and 60 minutes is allocated to the stop. The 

sampling rationale and observations at Spook are identical to those on 

the LRV traverse. The absence of the LPM site measurement at this 

station should allow somewhat more time to be devoted to sampling than 

on the LRV traverse. 

Completing the Spook Crater station, the crew return to the LM/ 

ALSEP vicinity to station "b", where 39 minutes a.re spent. Activities 

at station "b", and its location (halfway between 1M and ALSEP), are 

identical to station 10 on the LRV traverse; namely, soil mechanics 

operations, trench samples, and a double core. A limited time for other 

sampling may also be available. 
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Arming the mortar package and retrieval of the 2.6 m core are ac-

complished by the LMP when he returns to the ALSEP area during penetrom0tu 

activities. 

The final 35 minutes of the EVA are spent in ilv1 closeout acti vi ti.e:s. 

A summary of the EVA I walking traverse parameters is prt::sented in 

the following tables. 
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APOLLO 16 DESCARTES IJALir:: I N6. TRAVERSEs· 
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EVA I CALCULATED DATA MAR 7 1972 

: IATim~ 

·:E(5MENT 
DETANCE 

<I<M) 

J..IALI< ING 
MOBILin' 

RATE 
<I<M .... HR) 

l.oJALK 
TIME 
<MIN) 

TOTAL 
TRAVEL 

DISTANCE 
C~<M) 

ARF:I'v'E 
STATION 
EYA TIME 
CHR+MitD 

STOP 
TIME 

CHR+Miti) 

DEPART 
:?TATimt 
EVA THiE 
C HR+M ltD 

._n 

.oiHLK 

.-11_:EP 
·•.IHLK 

0 .1 0 

0 .:35 

2.50 

2.50 

·::o 
'-

20 

0.00 

0.10 

0+ 0 

1+:39 

1+37 

2+24 

1 +:::: ,-
.. 4+ -

.~1 

·•.IAL~::: 
'· ;;;. 

dFILK 
._t·1 

0. '30 

0.05 

2.50 

2.50 

22 

1 

0.95 

1 .:~5 

1 • 90 

4+24 

5+45 

6+26 

1+ 0 

0+:39 

0+:35 

S+24 

6+24 

7+ 

TOTALS 45 6+15 7+ 1 

-----PL:::: FAILURE TRAVERSE CONTINGENCIES-----

F.'ETURN 
D I :::TAt'iCE 

::TAT TO LM 
no o:TM) 

COtH. STATION MARGIN MIN 
I.~ALI<BACK ABOVE WALKB~CK REQT WALKBFtCK 

TIME (PRIMARY CREwt'lftN) :SPEED 
TO LM FW 02 AMP-HRS REQ 

<HR+MIN) <HR+MIN) CHR+MIN) <HR+MIN) CKM/HR) 

AVG EVA 
~1ET RATE 
<BTU ... HF' ':o 

._t·1 0.00 
,;L:EP 0.10 
.i 0. '35 
;;;. 0.05 
'- t·1 0.00 

0+ 0 •••• •••• • ••• 0.00 0+ 2 4+23 :3+21 :3+54 0. 1 0 
0+16 2+26 1+37 2+1'3 (I. '3 1 
0+ 1 ·::o 2+ '- 0+5'3 1+:34 0.05 0+ 0 1+37 0+34 1+11 0.00 

1 05 0. 0 0 
1 04'3. 51 
1 027. '?': 
101:?..47 
1 021 . (14 
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APOLLO 16 DESCARTES WALKING TRAVER:S:ES 

EVA I INPUT DATA I ·~~2 

=:TOP :SEGt·1 RETU~:N HEAT -MOBIL IT't' RATE-- --MET RATE IAIAL~---

THT i: ::::;~1 

rm 
TIME 

IHR+MIN) 
D I ::;;:r 
O::KM::O 

DIST 
o::M::o 

LEAl< 
O::BTU/HR) 

NOMINAL cmn ... c\' 
O::KM.··'HR ·:o IKM.·'HR :0 

tmMINAL CCNT / c,· 
o:.BTU/HP :o <BTU/HR I 

U1 1+:37 0.00 0.00 -75.00 2.50 .3 .60 1000.0 15t. 0. 0 
o=tL=EF' 
A 

2+24 
1+ 0 

0. 1 0 
0 .:35 

0. 1 (I 
0.95 

-75.00 
-75.00 

2.50 .3.60 
2.50 .3.60 

1000.0 1560.0 
1000.0 1560.0 

t: 
U1 

0+3'j 
(1+35 

0. 91) 
0.05 

0.05 
0.00 

-75. 0 0 
-75.00 

2.50 3 • .:. 0 
2.50 3.60 

1000.0 1560.0 
1000.0 156 C1. (1 

1·1ET RATE MET t=::ATE MET t=:'ATE LEAK E\iA E\.'A 
AL=EP :TATiml LM O .... H PATE 02 ~TAt=:·T =TAr:=·T 

'BTU HR> IETU·HR) I BTU···HR> (LB.-·· HI':) IF /loi-LB .:o I 02-LE:o 

1 05 0. 0 'j5(1. 0 1 05 0. 0 (I • 02 0 11 .21 1 . 4 (I~; 
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RP~LL~ 1.6-WLK TRAVERSE 
M m2 W"LK."CK CmNS~~"%N~ 

• 
+ rw W"LK."CK CmNS~~"%N~ 

·"~TI:~Y W"LK."CK CmNST~"%N~ 

• • I: ,... EVA I 03-07-72 
y 
I • I: • 

_j .. 
f) • • 
t- .,. 

• • t- r 
. 

Ln 
H • A • 

"' 
z 
lr • • 
:J N 

. 
t-
w • • lr -

~I 
~ 

... 
I I I I I I I M + 

• DD I, DD ! . DD 1.11 'I. 

I 
DD I. DD 

\ 
I. DD 1. DD • 

EVA TIME-H[21URS 
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4 .1.2 - EVA II 

Enclosure J 
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The obje<~ti ves for the walking traverse on EV/1 II ere the same as 

';IJC LRV traverses; namely, to investigate the Stone Mt. region and the 

; 'c,uth Hny ray area. Limitations on walking radi 1lS and slope climbing 

:1ullity on foot will limit the Stone Mt. opercJtions to Bn:as near lhc 

The first statio11 on the traverse (station "~") is in tc:e region 

of the LRV traverse station 5. It is approximately 3 km away from the 

a1 [Jlld cs reached ofter an estimated l hour 10 minutes walk. The c:tot ion 

time allotted is l hour 15 minutes which is spent in sampling along thE: 

l'>iJSe of Stone Mt. ranr;ing over an area to the north of Stubby Crater. 

Station "d" is loc'oted in the vicinity of the LRV traverse station 

8 and l hour ll minutes is tJllotted to the stop. Acti'Jities at statjon 

"d" are identical to the station 8 activities, l-<:ing prin:ipally concernf-"d 

•,;ri th the sampling of material from South Hay Crater i.ncl11ding boulder 

operations. 

Leaving station "d", the traverse continues north to station "c" 

where 30 minutes are :Jllotted for the accomplishment of the specic"l 

cc:urfr1ce samples and CSVC from station 9 of the nominal LHV traverse. 

(Note: Traverse figure 4.1-2 is in error and will be corrected in the 

: n x t c d i-Lion. ) 

At the conclusion of station "e" activities, the trc:rverse bears 

to the northeast where the outbound tracks are pi:::kfd up and followed 

back to the LH where the final 35 minutes of the traverse are devoted 

to closeout activities. 

A summary of thl' EVA II walking traverse parameters is presented ir1 

the followln~ tables. 58 
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J 

APOLLO 16 DESCARTES WAU<Itt6.TRAVERSES 

E\·'A I I CALCULATED DATA MAR 7 1972 

lo.IALKING TOTAL ARRIVE DEPART 
SEGMENT MOBILITY loJAU< TRAVEL .STATION STOP :.TATIOti 
DISTANCE RATE TIME DISTANCE EVA TIME TIME E'.,.'A TH1E 

:TAT ION O::KM) O::KM.····HR) (MIN) (1(1'1) O::HR+MIN) (HR+MII'~:O · HI':+M I 1'1 :o 

;_~1 0.00 0+ 0 0+45 0+45 
·oiALK 2.'30 2.50 70 
'-· 2.90 1+55 1+15 ~:+ 1 (I 
.. JAU< 0 .:::o 2.50 19 .. 3.70 3+29 1+11 4+-40 '-' 
·dAU:: 0.45 2.50 11 - 4.15 L. 4+51 0+30 5+21 
..... ALK 2.60 2.50 62 
;_~1 6.75 6+23 0+:35 ~.+5::: 

i"DTAL:S: 162 4+16 ~.+-:S;:: 

-----PLSS 
cmn. 

FAILURE TRAYERSE CONTINGENCIES----~ 

::TAT 
tiD 

.__t·1 

.. ... , 
~ 

•. .t1 

RETURN 
DI:S:TANCE 

TO LM 
O::KM) 

o.oo 
2.90 
3 .1 0 
2.60 
0.00 

WALKBACI< 
TIME 

TO LM 
(HR+MIN) 

0+ 0 
0+48 
0+52 
0+43 
0+ I) 

:S:TATICN MARGIN 
ABOVE WALI<BACI< REQT 

(PRIMARY CREwt1Att) 
FW 02 AMP-HRS 

<HR+MIN) O::HR+MIN) <HR+~IN) 

•••• •••• •••• 
2+45 2+41 4+ 1 
1+ 6 1+ 4 2+28 
0+45 1)+:36 1+55 
1+ 0 0+13 1+14 

MIN 
l.oJALKBACK 

::;PEED 
REQ 

(I<M/HR) 

o.oo 
2.78 
2 .·~8 
2.5(1 
0.00 

AVG E'·IA 
MET RATE 
O::BTU/HR) 

1 05 0. 0 (1 
'3'?2. 0'? 
9:::1 • '?S 
·:;.:·~ 

.,~ 

• ·-' r" 

~~:::.t: .52 
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APOLLO 16 DESCARTES WALl< ING TRAVERSE:; 

E\.'A I I ItiPUT DATA 

:::TOP :SEGM RETURN HEAT -MOBIL In' RATE--
~TRTI:Jr-i TIME DIST DI:::T LEAK ~iDMINAL CDtH''C\' 

no O::HR+MIN) (KM) (KM) 0:: BTLJ..···HR) (I(M/HR) ( KM/H..- ·:o 

U·l 0+45 0.00 0.00 125.00 2.50 3.~::.(1 

1+15 2 .'30 2. 'j 0 125.00 2.50 "3 .6 0 
D 1 + 11 0.:30 :3. 1 0 125.00 2.50 :3.60 
E 0+:30 0.45 2.60 125.00. 2.50 :3 • .:. 0 
U1 0+35 2 • .:. 0 0.00 125.00 2.50 3.t:.o 

--MET RATE I. IAU ---
NOMI~JAL corn (., 
•:BTU--HR·:. (BTU HP 

1000.0 1560 .II 
1000.0 1 s.:. n • ~:' 

1000.0 15~. (1. ,-, 

1000.0 15.: t~i • (; 

1000.0 1St::. (1. II 

t·1ET RATE MET PATE MET RATE LEAl< EVA 
AL:EP :STAT I ON LM 0/H RATE 02 ::::.TART 

•E:Tu . .-HR) O::BTU.-HR) 0:: BTU.····HR) ( LE: .... HR > ( F ... ·t,J-LB) 

.1 05 0. 0 ·~so. o 1 050 • 0 0.028 1 1 .64 

E'·/R 
.::TAF'T 

f02-LB ·:o 

1 •. ::!~,-.::: 
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RP~LL~ l6-WLK TRAVERSE 
M m2 W~LK.~CK CmNST~~%NT 

• 
+ rw W~LK.~CK CmNST~~%NT 

·~TT£~V W~LK.~CK CaNST~~%NT 

• • I: ,.: EVR II 03-07-72 
y 
I • I: ~ 

_j .. 

~ 
t-

= 
1ft 

0 • • 

t- r 
0 

Ul 
H • A • 

"' • 
z • 
0:: • • 
::J 

0 

N 

t-w • 
0:: ~ 

• 
·~--~~----~----~----~----~~----~~~ 0 

0 a a 1. a a 1 0 a a 1 0 a a 111 0 11 s 0 a a 1 0 a a , 0 a a 

EVR TIME-HC?JURS 
61 

. 

Enclosure 3 
Page 61 of 161 



6 

4 .1. 3 - EVA III 
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Although the prime objectives of the EVA III LRV traverses were 

North Ray Crater and Smoky Mt., both of these points are beyond tht" 

J'unge of the walking traverse (5.5 km and 4.4 km, respectively). 1\ 

::;ubsti tute for the Dt. scartcs Formation samplinr: (Smc,ky Mt.) is net LJViJ il-

able within walking range, but Palmetto Crater ccm ;crvc as a subst:;tutf· 

fur the Cayley sampling originally planned for North Ray. 

The bVJ\ III walking traverse, therefore, r:mc;cs northword from 

thl IM to Palmetto Crater where three stations arc planned (f, g and h) 

l'ur a total station time of about 2·~ ho\U'S. After departing the Pe:llmctto 

'/i,:inity, the traverse continues to station "i" where 50 minutes EJrc SplJil 

s<lmpling at an intermediate size crater in the Cayley plains. 

Returning to the IM, the :final hour of the BVA is spent in c:loseo,lt 

activities. The total duration of the EVA is slightly uLder the 'J.sual 

7 hours (6 hours 52 minutes) dee to limitations on PIBS oxygen. 

Details of the EVA III traverse parameters are presented in the 

following tables. 
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APOLLO 16 DESCARTES WALKIH6 TRAYE~SES 

Enclosure 3 
Page 63 of 161 

E'v'A I I I CALCULATED DATA MAR 7 1972 

I_,_IALK I tiG TOTAL ARRIVE 
.SEGMENT MOBILITY t..IALI< TRAVEL STATION :::TOP 
DI:S:TANCE F<:ATE TIME DISTANCE EYA.TIME ·TIME 

.: TATimi o:::M) 

..... t·1 
l.iALK 2.1 0 --
I 

··.iALK 0.25 
-
·::J 

.,;AL~:: 0 .::w 
ri 

·"AU< 0.:3 (I 
I 
._._iALI< 0.60 
._t·1 

iOTAL::: 

O::I<M-···HR) <MIN) <KM) <HR+MIN) (HR+Mit-;..o 

0.00 0+ 0 0+40 
2.50 50 

2.1 0 1+:3 0 1+15 
2.50 6 

-. ·jl:" c.. ·..J·~ ·2+51 (1+50 
2.50 19 

~:::. 15 4+ 1 0+23 
2.50 1 •;. 

3.'35 4+43 0+50 
2.50 14 

4.55 5+47 1+ 5 

to::: 5+ --· .;.. 

DEPAFH 
STATION 
EVA TIME 
(HR+MIN:·· 

0+40 

2+45 

3+41 

4+24 

5+33 

6+52 

6+52 

,_J·1 ,-
u 
;j 
T 
-'-

i.._ r·1 

F:ETUR~i 

DI'ST 8NCE 
TO --M 

(1<.,1) 

0.00 
2 .1 (I 
2.00 
1 .40 
0 . t:. 0 
0.00 

-----PLSS FAILURE TRAVERSE CONTINGENCIES-----
CONT. STATION MARGIN MIN 

I.~ALKBACI< ABOVE WAU<BACK REQT IJJALI<BACK -
TIME <PRIMARY CREWMAN) SPEED 

TO LM FW 02 AMP-HRS REQ 
CHR+MIN) O::HR+MIN) CHR+MIN) CHR+MIN) CKM/HR) 

I)+ 0 •••• • ••• •••• 0.00 
0+35 3+26 3+11 4+3'3 2. 02 
0+33 2+:34 2+17 3+44 1 • ·;t2 
0+23 2+15 1+50 3+12 1 .:34 
0+10 1+37 1+ 0 2+16 0 .5:::: 
0+ I) 0+48 0+ -· 1+20 0.00 -· 

AVG EVA 
MET RATE 
O::BTIJ .. ··HR':o 

1050.00 
·:;.89 .42 
-~so .:30 
-~~-~.51 

·~7.: .• 26 
·3::::3. 72 
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APOLLO 16 DESCARTES I.JAU< IM6 TRAVER:S:ES: 

E'·/A I I I INPUT DATA 

S:TOP S:EGM RETURN HEAT -MOBILITY RATE--
=TATI:Jti TIME DIST DI:S:T LEAf< tiDMINAL CONT···c\' 

rm <HR+MIN) O<M> O<M> <BTLI/HR) (I<M,....HR) (KM/HR) 

U1 0+40 0.00 0.00 1:30.00 2.50 3.60 
F 1+15 2 .1 0 2. 1 (I 1:30.00 2.50 ::::. 6U 
I~ 0+-50 0.25 2.00 180.00 2.50 :3.60 
H 0+2:3 0.:30 1 • 4 0 180.00 2.50 ::: • t:. 0 
I 0+5 0 0.:3 0 0.60 1::"0.00 2.5(1 ::: • t:. I) 
U1 1 f- c:' 

·-· 0.60 0.00 H::o.oo 2.50 3. t:. u 

--MET PATE I.I~U ---
tiDMit-iAL cu<~T ··c I 

.::r:TU-··HP> .-: :t. Til H~ I 

11)1)1).(1 1 . ; ,_::. II • (I 

1000.0 l'Src· II, r, 
100(1.0 1 .::;,..., . ' . ,, 
1000.0 15~ 1.1 .. (I 

1000.JJ 1 c:;. I . . ,-, 
1000.0 1 r:;,.-. \_: "u 

r·1ET F'ATE MET RATE MET RATE LEAIO:: E 1·.!A 
AL:::EP ·sTAT I ON U1 0-·'H PATE 02 :: TAF'T 

.: BTU ··HR) <BTU.····HR> .-::sTU.····HR::. ( LB.,...HR::. ( F ,...,_,J-LI: ::. 

1050.0 950.0 1 05 0 • (I 0.035 1 1 • t:A 

E 1·/A 
:TART 

•02-LB ·, 

1 • ~:5.~: 
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AP~LL~ 16-WLK TRAVERSE 
N a2 W~LK.~CK CaNST~~%NT 

• 
+ rw W~LK.~CK CaNST~~%NT 

·~TTI: .. Y W~LK.~CK CmNST~~%NT 

• • I: ,.. . EVA III 0:3-07~72 
y 
I 
I: • . 
_J 

.. • 
f) • • 
t- Ill 

. 

• • 
r 
. t-

LII 
H • • A . 
z "' 

l:t: • • . I ::J "' 
1-

' ... 
w 
l:t: • • 

N + • . -
+ • 

• • . 
• DD I. DD I. DD J .II It. Dl I.ID I,ID 1. DD 

EVA T::ME-H~URS 

\ 
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4.2 - One man EVA's 

Enclosure 3 
Page 66 of 161 

Certain hardware problems, principally associDtcd with the EMU, 

could result in the situation where one crewman would have to remain in 

the IM cabin while the other crewman performed the EVA alone. For 

example, a problem in the PLSS electrical system could result in the 

loss of fan and/or pump operation which would preclude EVA operations 

with that EMU. If such a problem developed it would most likely [J<~ 

discovered during the EVA preparation period and only a short time 

would be available for the ground to prepare contingency EVA plans. 

Thus, although such a situa.tion is very unlikely to occur, it will bt: 

desirable to establish constraints and outline traverse objectives with-

in these constraints. 

Although it is possible to perform all the planned EVA tasks vrith 

one man (including ALSEP deployment and LRV deployment), it will 

obviously be more difficult and more time consuming. Timelines are 

provided in this section to show how the major tasks would be accomplished 

in this mode. Insofar as the traverse is concerned, the constraints 

re11l.Bin the same in that the consumables margins must be retained to 

walk back from a failed LRV, or to drive back with a failed PLSS. Ttk 

absence of the Buddy-SLSS, however, for cooling with the failed PLSS 

case results in a different radius of action for the one man cast' 'ornpor<'d 

to the nominal two man case. 

With the PLSS failure on the one man EVA, the crewman becomes ~~om-

pletely dependent on the OPS for both oxygen, cooling, and co2 removal. 

To accomplish this, the OPS is operated in the purge mode "with ei. ther of 

two flow rates, the selection of which depends upon the amount cJf ~ool 
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Enclosure 3 
Page 67 of 161 

required. The necessity for the high flow rate (and hence early depletion) 

can be avoided if the crewman's activity after the PLSS failure can be minimized. 

Hence, the first constraint on the one man EVA is that traverse operations 

be restricted to the near vicinity of the LRV; on the order of 100 m. 

Allowing for the high metabolic rate in returning to the LRV over this 

distance and for a later period of high metabolic rate: ingressing the 

IM, leaves the portion of the OPS capability which remains for use on 

the LRV return to the LM. This remainder is equivalent to a certain 

number of minutes driving time and dictates how far (in terms of d~iving 

time) the single crewman can range on the traverse. Figure 4.2-l presents 

curves which can be used to determine this maximum radius under various 

conditions. 

The other consideration on one man traverse design is the fact that 

the LRV navigation tasks should be simplified by providing a return 

route where it will be possible to simply follow the outbound LRV 

tracks back to the IM. The reason for this consideration is that 

absence of the second crewman (who does much of the visual navigation) 

could compromise a time-critical emergency return. 

The following is a brief discussion on one man EVA's which were 

constructed within the framework of the above constraints. 

67 



lfE~t! 
S-,...ORACt;· 

\ g,() . 

- J 

----,, 

-----------~---~-----~------------~ 

01'\) 

~""' r:: f2. c:;... F Aj C.A..f ,"DR. I Vf: B l'\ C' < 
FA.rc" D Pc~"' 

OP.s 
P2,. !S ~ u teE" 
Ps;. ~ 

68 



9 

4.2.1 - EVA I 

Enclosure 3 
Page 69 of 16] 

EVA I is largely occupied with ALSEP deployment as shown in the 

timeline in figure 4.2.1-l. Other activities in the 1M vicinity are 

also accomplished such as UV camera photography and cosmic ray 

detector deployment. About 40 minutes are provided for sampling 

activities which must be restricted to the vicinity of the 1M since the 

LRV has not been deployed. 

4.2.2 - EVA II 

The LRV is deployed at the beginning of EVA II and configured 

for the traverse whj_ch begins about 2 hours into the EVA (See figure 

Approximately 3 3/4 hours are available for the traverse and the 

crewman returns to the 1M with sufficient time to obtain the 2.6 m 

core which was deferred from EVA I. Closeout activities occupy the 

last 45 minutes of EVA II. 

The traverse proceeds first towards the base of Stone Mountain 

along the same route as the normal LRV traverse. The allotted time for 

emergency drive-back on the OPS will represent the maximum. distance the 

traverse will be permitted to extend, the distance being a function of 

LRV speed gnd will be determined in realtime. If possible, it will be 

desirable to reach the vicinity of station 5 so that the Descartes 

Formation can be sampled. (If this is not possible, the first sampling 

station will be as near to stGtion 5 as the drive-back constraints pe~ 

mit.) Approximately l hour will be spent at this station. The traverse 

will then range over to the vicinity of station 8 where the sampling 
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Enclosure 3 
Page 70 of 161 

octi vi t:i es have also been ollotted l hour. P 1 ocr cding northward, 30 minlltc :: 

will be spent at st~tion 9, ot which point the troverse swings over to tht 

outl,ound LRV tracks and the crewman proceeds bacl\. to the U1. 

Details of the trcJYfrse parameters and str'l,\CJfl rJctj v:ities cJre pr(.-

s0ntcd in the following tables. 
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4.2 .3 - EVA III 

Enclosure 3 
Page 71 of 161 

The traverse gets underway about l hour. into EVA III and approxi-

mately 5 hours are available for traverse activities. 

Proceeding northward along the nominal route, the traverse objective 

is to reach the visible ejecta blanket from North Ray crater. Again, 

the distance reached will.be 8 function of the actual LRV speed over the 

time allowed for emergency return. ·At the northern most limit, a sampling 

station of 30 minutes duration has 9een provided. At the completion of 

this station, the traverse will return to Palmetto crater where l l/2 

hours has been allotted to two stations coincident with the nominal 

stations 16 and 17. Following these stations, the traverse returns 

to Spook Crater (station 2 on the nominal traverse) for an additional 

sampling point in the Cayley. Approximately l hour is·available for thi.s 

station. Finally, the traverse returns to the LM/ALSEP vicinity where 

a portion of the nominal station 10 activities are performed. The final 

hour of the EVA is spent in closeout activities at the LM. 

Details of the traverse parameters and station activities are pre-

sented in the following tables. 
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( Hi'o:+t·l It~ ,o 
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T Ir·lE 

0: Hl':+l1 1 H) 
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E1

.,.
1A TH1E 

( HR+''1l n ·~ 
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APOLLO 16 DESCARTES TRAYERSES 

EVA II INPUT DATA 

Enclosure 3 
Page 77 of 161 

r1AR 7 1 ":472 

:::TOP SEGMENT RETURM HEA.T -MOBIL I T'r' F'FtTES:- MET RATE 
STATIDri TIME DISTANCE DISTAMCE LEAK I..IALK RIDE I.JJALK 

l'iD O::HP.+MIN) O::KM) (I<M) (BTU.··'HR) (KM-···HR) U<M...-HR :.0 O::BTU/HJ;· > 

U1 1+5:3 0.00 o.oo 125.00 :3.60 ( • '30 1560.0 
<=; - 1+ 0 4 .1 0 4 .1 0 125.00 2.70 .. .3 0 12?0.0 
·=~ 1+ 0 2.50 :3.15 125.00 :3.60 7.30 1560.0 
·-:, 0+:30 0.45 2.60 125.00 :3.60 7.:::: I) 1560.0 
U1 1+20 2.60 o.oo 125.00 :3.60 7.30 1560.(1 

MET F'ATE 
ALSEP 

(BTU/HR) 

MET RATE 
RIDING 

O::BTU/HR> 

MET RATE 
STATION 
(BTU/HR> 

MET RATE 
LM 0/H 

(BTU/HR) 

LEAf( 
RATE 02 
C:LB/HR) 

EVA 
:S:TART 

(F...-W-LB> 

E'·.·'A 
:~:TART 

( 02-:-LB ·:o 

1050.00 550.00 ·:,.so • o o 1 o5 o • o o 0.028 11.64 
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APOLLO 1E. DESCARTES TRAVERSES 

E'·/A I I I CALCULATED DATA t1AR 7 1 ·~72 

ONE. MAN EVA 
:::EGMEtiT 

LRV 
MOBILITY RILE 

TOTAL 
:~TSAVEL 

ARRI'.,.'E 
STATION STOP 

DEPART 
STATIOti 

~TATIO~i 

DI:::TANCE 
(~::M> 

RATE 
(KM/HR) 

TIME 
(MIN) 

DISTANCE 
(KM) 

EYA TIME 
O::HR+MIN:O 

TIME 
O::HR+MIN) 

E'·/A TIME 
(HR+MIN> 

U1 0.00 0+ 0 0+55 0+'55 
•··IDE :3.65 7.:30 :30 -i. _:: 
h"·IDE 0.95 .., .. . 3 0 .-. 

·=· 
:3.65 1+25 0+:30 1 +~55 

t6 4.60 ·:. 2+ -.J 0+30 2+33 
.;,·IDE . .., 
J. .. 

0. 70 7 .:30 E. 
5.:30 2+:39 1+ 0 3+-3'3 

r;:·IDE 
..:. 

2.25 7.:30 18 
7 .55 :3+57 1+ 0 4+57 

;·IDE 0.90 7.:30 7 
1 (I :=:. 45 ~+ 4 0+30 5+:34 
~:IDE 0.05 7 • :3 0 (I 

i..... t·1 8.50 5+:35 1+10 6+45 

TDTAL:S: ..=·:::. _. -· 5+::::5 .:.+45 

f 161 

--------------- TRAVERSE CONTINGENCIES --------------
----------LRV FAILURE-------------- --PLSS: FAILURE--

;::: E T U r:'ti WALKBACK STATION MARGIN ABOYE MIN LRV RIDEBAC~ 

~TAT 

Dl:STANCE 
TO LM 

TIME 
TO LM 

I.JALKBACK REQUIREMENTS 
FW 02 AMP HRS 

SPEED REQUIREII 
0 MIN 10 MIN 

A\'•-;i E'·/A 
t·1E:. T F'ATE 

no <KM) <HR+MitO (HR+MIN) <HR+MIN) <HR+t1IN> (KM/HR) <KM . ...-HR) ( E:TI_L...-HF: • 

:_t·1 
LJ . 
' -· .., 

' 

0 . 00 
:3 .E.5 
.-. 
0::. . 7 0 
2 . 00 

0+ 0 
1+21 
0+45 
0+3:3 

•••• • ••• • ••• 
:3+5? :3+1 1 4+:33 
3+58 :3+12 4+31 
::::+12 2+26 3+37 

0. 00 0. 00 
-· .50 4 . 17 ·-· .-, C" ·:. 0::. . --· .· 3. o·::o 
1 .'32 2 .2·~ 

1050.0(1 
::: ·::o ::: • 4 ::: 
::::::7. 1)2 
:::·:<5 .44 

0 .·35 0+16 2+26 1+41 2+::::r:. o .·:n 1 . 9 :=: ::::4 • ·::ot. 
l ;_r 0 . 05 0+ 1 2+13 1+29 2+14 0 . 05 ,-, . '::· 

t·1 0 . 00 0+ 0 1+22 0+37 1+27 (I . 00 t) . (I ::. 11 . =:o::. 
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APOLLO 16 DESCARTES TRAVERSES 

E'·/A I I I I t·iPUT DATA 

Enclosure 3 
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t1AR 7 1972 

:STOP :~:EGMENT RETURN HEAT -MOBILITY RATES- MET PATE 
=TAT ION 

tm 
TIME 

(HR+MIN) 
DISTANCE 

(KM) 
DISTANCE 

(I<M) 
LEAk 

(BTU...-HR) 
IIJALI< 

(1(1'1/HR) 
RIDE 

<KM/HR) 
I,JALV 

(BTU-··11~· • 

U·1 
1 -:o ·-· 

0+55 
0+30 

0.00 
:3.65 

0.00 
:3.65 

180.00 
180.00 

3.60 
2.70 

.., 
( • :3 0 
7 • .30 

1560.u 
12'?0. ,-, 

16 0+30 0.95 2.70 1:30.00 3.60 .., .3 0 ( 1560.0 
17 1+ 0 0.70 2.00 180.00 3.60 7.:30 15f.O.U 
-
~ 

10 
1+ 0 
0+30 

2.25 
0.90 

0.95 
0.0!5 

180.00 
180.00 

3.60 
3.60 

7.30 
7.30 

15r:. 0 . (i 
15.:. 0. 0 

U1 1+10 0 . 05 0.00 1:30.00 3.60 7.30 1 '56 u. 1) 

t·lET ~:ATE 

ALSEP 
<BTU/HR) 

~lET RATE 
~:I D lt'iG 

(BTU...-·HR) 

MET RATE 
STAT lOti 
(BTU/HR) 

MET RATE 
LM 0/H 

(IlTU/HR) 

LEAK 
RATE 02 
(LB/HR) 

E'.,.'A 
STAF'T 

( F.··'lli-LB) 

E'·/A 
:::TART 

<02-LB) 

1050.00 550.00 ·:;.so. oo 1050.00 0.035 11.64 1.353 
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4.3 - Trsverses from off-nominal landing point 

Enclosure 3 
Page 80 of 16l 

Under nominal conditions, the 30"'landing di spcnlion ellipse is 

:Jpproximately ~ l lun cross -range. An;/ landin1' wiThin this ellir.;' 

ic: considered nominEJl and the planned travl:n;e vrlLL rernc:in essentiall."f 

the same. Station times will be adjustccd tD C•omiKnScJU~ for the smsll 

difference in driving time over those traverse~ or ating from UK 

center of the ellipse. 

Certain non-nomlnal conditions c·o·L; d ru. ul L ;_r1 lGndings outs ide 

the above dispersion ellipse. A lu,r thrust dc'sccnl. r:r , for exar::1J.l 1, 

r:ould result in lBnding far downrange. The Gt,sencc of lar:dmark trac:ki1 , 

from lunar orbit can result ; n greater cross -rEln[3e d i ''Pl:rsions and thE 

failure to achieve an update of the position of the landing site relaL 

to the IM just prior to descent initiati.on cCJn ·:Gu.:~c laru uprange auu 

downrange uncertainties. The magnitude o:f tbc<:c 1: tter two effects 

is shown in figure 4. 3-l. 

Pre-mission planning of ne•w traverses to :y :ommodatc the runr=c ui 

these off-nominal landing points is a prohibit;\,. olJ. Howr.\cr, :erliJ:iL 

guidelines can be agreed to beforehand and tra~crse planning tools can 

be constructed to :faciljtate planning when the actual landing point is 

determined. This section djs::.:usses such g..1idcline:~' and sample tra lrses 

are presented to Glustrate the effects of of:"-nominal lar;ding poir1ts 

in attaining the original obje ~·ti ves on EVA's II ~Jftd III. 
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Rationale for rcplmming the travers'; on EVA T must r;ons idcr thc 

follo-wing points: 

(a) Relatively little time 1-rill bte: nvDiJ;Jh]L for replanning lwf:r' 

c:~:;ress. 

(b) The 1M loc;:Jtion m:J;;,;- l>e imprecis~· UJh1 ,u~.~c;ctuln. 

:·) T1·averse station time is more lim:i.tt·d 011 IVA I, the:nforc, 

little or no addl tional driving time should h ;:pent on try in;~ to find 

or reach the original stations. 

Fortunately, the: traverse objectives of iVA I <:uc sufficieJ:tJ.r 

flexible to [~Ccommodclte the allove considerations. 3umpling the C 

plains Ln two locations ot crr:Jters of suffir'iutt size to penetrute thr:: 

regolith is the pr:ime ob,jective of the fi.rst trrr,'erse. FlL"fS ::md SpooL 

craters 011 the nominal tra--iersE L:JYl: pnrth·ul: 

ilccornplish this objective, but a multi tide of cYLbcr r·ratcrs :in the 

royl~y plain also sotisfy the criterion. 

If the landlt1f3 point ls kr.own, the: ne11 tr~, tree VIill he dcsii'lJld 

l 
samEC as nominal. If the landing point is not kno1.:n, tbe crew \V Lll 

.rc·ek cut such c: 

.1n the time limitations 8V[Jilable. Fitwlly, :f tbc l}!l location is 

still w1certain (after suc~ccs:::i"iC: CJ~tc:-r,pts by the Cl'-11' to locate the U1 

from urlJit), tir~K 1-rill sllottcd dur 

1 

and ltow it fits in with the other scheduled LPM rneasct.tc'~icnts wLU lc 

re-evaluated for the new landing point. 
82 
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Page 81 ,,;-

sightings (from some nearby promontory) on distant features such as 

Stone Mountain and Smoky Mountain. Using this information along with 

the LRV navigational data 1tTill allow the grom1d to determine the U1 

position prior to EVA II. 

4. 3. 2 - EVA II and III 

The objectives for EVA r s II and III rE:i1:ain the same as for the 

nominal: Stone Mountain/South Ray ray on EVA II and North Ray/Smoky 

Mountain on EVA III. The ability to reach UJ·~se; locations and spend 

sufficient time at them to make it worthwhile:, depend, of course, on 

the actual landing point and how much extra driving time is required. 

For preliminary planning purposes, it is assumed that the minimw:~ 

acceptable station times at these primary objectives are 2 hours in tr1 

Stone Mountain/South Hay ray region (nominal time for stations l1--8 is 

3 hours 13 minutes), and l l/2 hours in the llorth Ray/Smoky Mountain 

region (nominal time for stations ll-14 is 2 hours 40 minutes). 

Considerations will be given to reconfiguring the entire traverse if 

these minimum times cannot be met. 

Figure 4.3.2-l can be used as a quick reference to determine new 

distances to the primary traverse objectives from a wide range of 

landing points. Subtracting the distances from the nominal landin~ 

point and applying the 7. 3 km/hr LRV rate used for pre-mission plannin'=': 

will yield the difference in driving time to the objectives fro:n oif-

r:ominal landing points. For a more detailed analysis, actual traverse 

routes must be generated and the new traverse tested against emergency 

walk-back and drive -back constraints. Two such traverses are i r·.:luc:t, ~ 



Figure 4.3.2-1 Off nominal landing 
planning chart 
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in the following pages for illustrative purposes: EVA II traverse from 

the northerly limit of the no landmark tracking ellipse (see figure 4.3-l) 

and EVA III from the southerly limit. Examination of these two cases 

indicate that EVA II from the northerly point meets the criterion of 

at least 2 hours in the Stone Mountain/South Ray ray vicinity, but the 

EVA III traverse from the southerly point fails to provide the desired 

l l/2 hours in the North Ray/Smoky Molintain area. Furthermore, the 

EVA III traverse requires an emergency LRV drive-back speed of _..1_ km/ 
hr from North Ray for the case where the crewmen had a 10 minute walk-

back to the LRV from their sampling location. Unless better than expected 

trafficability conditions were encountered, this traverse would not be 

acceptable and considerations would be given by the traverse planning 

team to reconfiguring EVA III to the southwest with South Ray/Baby Ray 

as the prime objective. 
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APOLLO 16 DESCARTES TRAVERSES 

CALCULATED DATA 

Page 86 

MAR I 1'?72 

Off NOM &NAL- LAND lNG. 2..(, kW\ NOilTH 
LR'·/ TOTAL ARRIVE DEPART 

=EGMENT MOBILIT'l' RIDE TRAYEL STATION ~TOP :STAT ION 
D I:~:TANCE RATE TIME D!STANCE EVA TIME TIME E1·/A TIME 

~TAT lDii (f<M':o 

U·1 
r;· I DE ~ .• ::::o 
4 
RIDE 0.:::0 
.= 

I -
~·IDE 1 .40 
--' -
.~:I DE 3. 05 
1 0 
F:IDE 2.65 
Lt·1 

TOTAL= 

O::KM,....HR> (MIN> <KM) <HR+I"'IN) <HR+MIN> O::HR+MINJ 

0.00 0+ 0 0+50 0+50 
?.:30 56 

6.80 1+46 0+5:3 2+44 
7 • ::::0 ..., 

.. 
7.60 2+50 0+40 ~:+::::o 

I .3 0 12 
9. 00 :3+42 1+ 7 4+4'? 

I .· .30 25 
12 .05 5+14 0+3.3 5+47 

7 • :3 0 22 
14 .?0 6+ 9 0+40 6+4:-

122 4+4::: 6+4'? 

Enclosure 3 
of 161 

:-:.ETURN 
D l :STANCE 

=TAT TO LM 
no n M> 

LM 0 . 00 
4 t::. • :3 0 
~ '=· . 00 --: ~ ·o:::-- • t::• ._1 - -
< 0 - .t.s _, 
1 '-

d-1 I) . 00 

--------------- TRAVERSE CONTINGENCIES --------------
----------LF:V FAILURE-------------- --PLSS FAILURE--
WALKBACk STATION MARGIN ABOVE MIN LRV RIDEBACk 

TIME I.JALKBACK REQUIREI"'EI'ITS :S:PEED REQUIRED 
TO LM FW 02 AMP HRS 0 MIN 10 MIN 

<HF:+MlN) <HR+MIN> <HR+MINl (HR+I"'IN) ~KM/HR> (KM/HR':o 

0+ I) ..... 
2+31 2+ 4 
2+13 1+43 
2+ 6 0+3:=: 
0+44 1+24 
(I+ 0 1+56 

•••• 
1+17 
0+5E. 
0- 8 
0+"38 
1+11 

86 

•••• 
2+:34 
2+ 5 
0+54 
1+18 
1+23 

0.00 
6.53 
5.76 
'=·. 42 
2.54 
0.00 

0.00 

~ .. :::~. 
~ .. 4.:. 
3. (13 
0.00 

t·1ET PATE 
'BTU HP I 

1 0511. (I i) 

:344. lt:t 

.:::s ~: • ,~:'I 



Enclosure 3 
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APOLLO 16 DESCARTES TRA~E~SES 

E\·1A I INPUT DATA MAR ..- 1·~72 

:TOP ::;:EGMENT RETURt1 HEAT _:MOB I Lin' RATES- t·1ET F-ATE 
:·TAT IDt-i TIME DISTANCE DISTANCE LEAK I)JALI< RIDE loiAL~. 

ti~ O::HR+MIN) o::tC::M) (KM) O::BTU...-HR) O::KM.,'HR) (f(M...-HR:·~ O:BTU-··HP) 

U1 0+50 0.00 0.00 125.00 :3 • 60 .., .. • :3 0 t5r::. o. o 
4 0+5:3 6.:30 6.80 12~.00 2.70 7.30 12'::. fl. 0 
<=' 0+40 0.80 6.00 125.00 2.70 7 .:30 1.::: ·:;, f! • 0 -I 

I 

:3 1+ 7 1 .40 o::::' ~ o::::' 125.00 2.70 { • :3 0 12?0.0 .J .t;..J 
1 0 0+:3:3 :~:. 05 2.65 125.00 '3.60 7 • :::: I) 15.::. 0 • (I I 

Ll'1 0+40 ·I .- c:" 0.00 125.00 3. 6 (I -:" • .3 0 1sr::.o.o c. .t: .. _l 
I 

t·1ET F:ATE 1'1ET RATE MET RATE MET RATE LEAK E1·lA. E'·/A 
AL::EP PI DING :S:TATIOti LM o .. ·'H F.: ATE 02 ::;:TART :::TAF:T 

0:: E:TIJ .. ···HR) ( BTU.··'HR> ( BTU...-HfV (BTU.····HR) (LB...-HR) ( F /l.o.I-LB) 0:: 02-LE:) 

1 05 0 • (I (I 550.00 950.00 1050.00 0. 02:3 11.64 1 .J53 
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APOLLO 16 DESCARTES TRAVERSES 

E'·/A III CALCULATED DATA t·1AR 7 1 '37 2 

OfF NOMINAL LANDING 2.." kM SOUTI .... 
LR'.,I TOTAL AF:P I '•/E DEF'AF'T 

=t:t::it·1EtiT t·10E: I LIT\' F:IDE TF:A'·/EL :?TATIOti =ToF :TATIOti 
It I = TAt·~CE PATE T I t·1E DI ::TA~KE EVA T I ~1E TIME E'·/A T I t·1E 

_ TATIO:, 0:: Vt·1 > 

Lt-1 
F· IDE 7 • '3 0 ' 
1 1 
r; IDE 0 -,e 

• ·-=· -' 
' -
1 .:::. 
h' IDE 1 .50 
1 4 
~- IDE .-. • 45 c 
1 t::· 
;:;· I DE 0 c:- <= . ·-··-· 1 -' 
f.-' I DE 4 ,-,c;-• ·=··-' 
U·1 

TOTAL= 

'· KM...-HP ":o I ~1 I ti ·' O::f<M> IHP+Min> IHP+Miti • I HP+t'li ~i • 

0 . 00 0+ 0 0+45 0+45 
7 .::::o ·e 
I I:·_, 

~ • ·;:q) 1+50 0+44 2+~:4 I 

7 .30 -
I .:: 

: - .-,c 2+37 0+30 :::+ :: • e,._J ' 
-:" .:::o 12 I 

9 ~c:-. ,. ·-· 3+1'3 0+30 3+4'::< 
7 .::::o 20 I 

12 .20 4+ 9 0+ 1 0 4+ 1 '? 
7 .::::I) <= 
I ·-' 

1 - .75 4+24 0+:::::3 ~.+ -.:: .:: 
I .30 40 

1 7 .60 5+42 1+ 1 1 r::.+53 I 

145 3+2:::: r-.:.+53 

r-ETURti 
Dl:TAtKE 

~TAT TO L~l 

rm O:fM> 

Lt-1 0 .00 
1 1 - • '?0 ' 
12 - • :::0 ' 
14 -:" 00 ' 
1 r::. C'" .40 - ' 
17 4 ,-.c:-

• C•·-' 
Lt1 (I 00 

--------------- TRAVERSE CONTINGENCIES --------------
----------LPV FAILURE-------------- --PLSS FAILURE--
J,JALVE:ACJ:. ::TATIOti MARGIN ABOVE t·1Hi LF:o.,.• RIDEBAO 

TIME WALKE:ACK REUUIREMENTS SPEED REQUIRED 
TO LM FW 02 AMP HPS 0 MIN 10 MIN 

IHR+MIN:O oHP+MIN:O <HP+MIN:O <HR+MIN:O IKM/HR) <f<M/HR) 

0+ I) •••• •••• • ••• o. 00 0 00 
2+56 1+30 0+4:::: 2+20 7 r::::.-. ·::- (I ::: I • -J·=· 
2+53 1+ 1 0+14 1+4'3 ~ 4'~ ·=· .·:q I ·-· 
2+Jt. tJ+45 0+ 0 1+24 r::. 7·:· :=: 00 . I L.. . 
2+ 0 1+ 0+22 1+30 <=; 1 ·=· 6 17 ' - . ·-· . 
1 +4::: 0+42 0- ·=· 0+5'? 4 .r:: . .::. <= .54 L.. -' 
0+ 0 1+3'3 0+56 1+1'3 0 . (I (I 0 . 0 Ct 

88 

t·1ET PATE 
I BTU HF'' 

1 05 (1 • '·' (1 
::: 1 (I • ':• 1 

.·: 12. t::t::· 

.~:~,.:. (12 ::. . - ~ .. ~ 

... 

' 

' 
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APOLLO 16 DESCARTES TRAVERSES 

E1·/A I I I I t·iPUT DATA MAP 7 1'~72 

:::TOP :::EGMEtH F.:ETURN HEAT -t10E: I L I T'l RATES- ~lET PATE 
=TATimi TIME DETANCE DISTANCE LEAK lo.IALK F.: IDE l.o.IALI< 

no ( HF.:+M I ~i) O::KM> O::KM> O::BTU . ...-HR> ( ~::M.··'HR) (KM.····HR> (BTU.····HR> 

U·1 0+45 0.00 0.00 1:30.00 ::::.t:.o 7.30 1St:. 0. 0 
11 0+44 7.90 7. ·~o 180.00 2.70 7.:30 12'~ (I • 0 
12 0+:30 0.:35 7 .:::o 180.00 2.70 "? • ::::0 1290.0 I 

14 0+30 1 • 50 "? .00 180.00 2.70 7 .:~: 0 1290.0 I 

16 0+10 2.45 5.40 180.00 2.70 7 • :3 0 1290. 
17 0+38 0.55 4.::::5 180.00 2.70 7.:3 0 12'~ 0. 
Lt·1 1+11 4.::::5 0.00 180.00 :3.60 7 .JO 1560. 

t·1ET F:ATE t·1ET RATE MET PATE MET RATE LEAK EVA E1
.,.

1A 
AL:::EP R I Dit·H:; :::TAT ION LM o ... ··H RATE 02 START :::TAPT 

o:. E:TU.····HP) ( E:TLI/HR) O::BTU/HR> (BTU/HR> (LB/HR::O (F.···'I.o.I-LB> 0::02-LB> 

1050.00 55 0. 0 0 950.00 1050.00 0.0:35 11 .64 1 • ::::5:::: 
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4.4 -Shortened EVA's (with prior knowledge before EVA besins) 

Enclosure '3 
Page 90 of 161 

Under certnin circumstances, it n18y be necc":::Dry to shortcn the 

EVA's (duration S!ld nLUnl"He>r) Bnd replan the trcnc:rses txcordinr,ly. 

'l1hl'se circumstances could ran2;e from having re:J :, U v ~ly rninor e:ff, ctE: 

such 3S replann ins EVA ll und IIl 1Jased on slirT,t:ctl,; JLi r than 

predicted PISS com:umabll:s usage on EVA I, to circ 1illst::mces which coulcl 

lwvc dr3stic effects Ecuch as a leak in the descent vutc·r trJnl.;: lvhich 

re:ducc·d the lu.nar sm·fc-Jcc staytime to only a fvtf :,r~r_,_r:_:. F:r'ure 4.h-J 

proy j des a ehart from which the EVA configurFJtionc c:sn 1Jc:: cstirrw tt~d 

dependent upon the predicted stsytime cspability. 

I\s in the previous E:cctlon dealing with off-t,cr:,insl landinc; 

points, there are: too mEH1Y of these situations to }'' r;rrit r1rc-plm:rnin2> 

Therefore, this section is limited to discuss 

lJroviding some plsnning tools Emd detaillnr: 0 'r) 

interest. 

In general, with IJTior lc.now-ledge of c:.!Jl" s:it.L:< .. ioc in tcrrLs r~i 

JVA time and nwnbeT of EVA's, the traverses (and otlkr LVl\. cJc:tlvitil.' 

'w~Jl iK replanned in accordur1cc with the prior.i~i.es lL.otcd in the 1'1', 

J:x. (E_xperiment prior it [l:S, traverse station 1- r lor i tic~::, :n1d :_·t:,u L)L 

t~1sk prioritit:s) In sttempting to accomplish cJS ::tuny of 'Ul1c:sc ol~jc:':ti .c.:_ 

experiment 1jt:fore proceeding on to errtbrsce the next lower priori t:y 

experiment. The filwl product to fit the particulsr circwnf3tonces 

will recci·,,e thorough review by the cognizant elur:cnts (,:,;Jcrlct:, 

90 
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Two cases are of sufficient interest to warrant a more detailed 

discussion: r 

(a) EVA I is shortened by 2 hours as a result of a one rev delcJy 

( 
in landing. (Rest requirements on the landing day preclude maintuinin~ 

the 7 hotrr EVA I for this case. ) 

(L) Staytime limitations dictate a single EVA of only three: uom·s 

duration. 

The tables which follow present the EVA timelines for the aL:o·;e 

cases. 'rhe first case is :Jccommodated by shortening the LRV tr2verse: 

from the nominal 2 hour 17 minute to the minimum of 55 minutes and dd c ai · 

c:ertain activities at the ALSEP site (notably, the 2.6 m core operat.ious) 

until the end of EVA II. Thus, in the 5 hour EVA I, the L."\V off-lo::Jd:r,; 

and outfitting is completed, ALSEP deployment is r,:_· complished, and tlt( 

minirmun EVA I geology objectives are obtained. EVl;. II is :inpacted 

almut 30 minutes and thl s is accommodated by the c.1 ~J:,;rjsti on o"" an c '1' ·• 

amount of traverse st;3tion time ( ) . -------
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4.5 - Behind time during EVA 

During an EVA, the ground operations team must be prepared to 

make revisions to the planned EVA to accommodate "lost" time. This 

Enclosure 3 
Page 95 of 161 

could happen as a result of several circumstances: activities could 

simply take longer, than estimated, an unscheduled}raverse stop. may 

have occurred because of some unanticipated item of scientific interest, -- - - . . . ' ' . 

or EMU consumables may be depleting faster than predicted so that the 
-- .\. - . . '·' 

EVA duration will have to be reduced; In general, the prioriti:s dis-

cussed in the appendix will be the guidelines for dealing with these 

cases. However, since. there is a high likelihood. of encountering the . ' . . . - '·_ -~ 

"behind time" situation, several cases have been preplanned in de~ail. 

These cases are presented in this section for each EVA. :··'\ 

4.5.1 -EVA I 

Since EVA II and III both represent ambitious traverse objectives 

with little room for accommodating spillover tasks from EVA I, it will 

be important to try to accommodate behind time situations on EVA without 

impacting subsequent EVA's. This is accomplished insofar as possible 

by allowing the traverse time on EVA I to be· reduced down to a ,minimum 

acceptable value while attempting to complete the planned ALSEP deploy-

ment. Beyond this point, portions of the ALSEP area, operations are 

deferred to the end of EVA II. 
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Figure 4. 5 .1-l illustrates the logic flow which will be used for 

the behind time situations on EVA I. Significant branch points shown 

in the figure are as follows: 

(a) Station l is dropped if EVA is more than 32 minutes behind. 

(b) Grand Prix is dropped from station 3 when EVA is l hour behi_nd 

time. 

(c) LPM site measurement is dropped from station 2 when EVA -is 

l hour 08 minutes behind (will be accomplished on EVA III). 

(d) When the EVA is l hour 24 minutes behind, the minimum 55 m:inutc,; 

of traverse activities will be maintained and further delays will impoct 

ALSEP area activities in the order shown in figure 4.5.1-l. 

(e) For more than 2 hours 28 minutes behind time ALSEP orca 

activities will not be attempted on EVA I and the available time ulll 

be spent on the traverse. ALSEP deployment will be res~hcdulcd fol' 

the beginning of EVA II. Figures 4.5.1-2 and 4.5.1-3 illustratcc-: tt1e 

impact on EVA's II and III of behind time situations on EVA I. 

4 . 5 . 2 - EVA II 

In general, behind time situations on EVA II and III vrill l-c :' ·-~'1::.-

mods ted by eliminating the lower priority stCJtions frorr t!1c tr:1'/_ L: 

entirely. However, in cases where these lower priority ,:ta ~ion::: ·.Jnt·;jn 

activities essential to the success of a given experiment, c:o:1sidcr,;ti Otl 

will be given to reducing the station time at a higher priority ct.c::ticm. 

Traverse replanning which lnvol ves reshuffling tasks from one stG 1 ;,,,l 

to another should be avoided as much as possible since this 0ppro:J~~h 

unduly complicates crew procedures. As in the prev~ous dlscussior.s OL 

contingency traverses, the replanned traverse must lw tL·st cl : ._~uim:t 
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t_~-- 0 fF N 0 M I N A l P l A N N I N G G U.I,O E . 

··oN Tl MELINE? REDUCE SAMPLING AT STATIQNS,l_&_2 •• 
PROPORTIONALLY, STAT. •1 '"'26m TO 42·n 
STAT. ~2-= <lln' TO Sf,!"_ S~~T: #3,:, 14m 

42111 TO 15m 

SAMPLING 
DELETE STAT:ON l, OBTMN RAKE/Srnl SAMPLE AT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
2. VAR'r' SM.1PUNG AT STATION h SAMPLING 

BEHIND STAT. ~'. 10"2 l 1 &'"" :ro 49m; ·sTAT. •3 = l<lm 
ssm TO 28m 

AHEAO 
;.Qil' 

osm 02111 

EXPAND :;AMPLING AT 
STATION 1 & 2 DELAY· L>•M SITE '.~EAS., DELETE 500 mor• 
PROPORHONALL Y PHOTOS 1\:~0 V.\RY SAMPLING AT STATIOf/ 2: 

STAT. :2_ = 43"' TG 33m; STAT. ~3 = Ob'" 

GEL.\Y ACTIVITIES I~ FOLloWlNG SEQUENCE:-
- .!1 . TIME 

TIME BEHIND 

A CORE RECOVERY 10m 1°+34m 
5. CORE uRILLI'IG .& 14 15m 1i•-.-<j9m 

THUMPER F:ili~GS 

"- All T~lU'h'ER FIRINGS -o9m t!'~·5sm 
[)_ M 'P DEPLOY & ALSEP Ism 2hr13ffi 

PHQTCS NOMINAL TRAVERS£ 
'=- ASE GE0PHONE DEPLOY Ism 2h+21V' STATION 1 (43m) 
t.\r.CO'.~FLISH TASKS AT. END OF EVA 2.) 21m 

CDR SAMPLING 

SAMPLING 

DEL.3.Y ALSEP DEPLOYMENT TJ EVA'2, STATION 2 (56"'l 
CONDL.CT TRAVERSE AFTER LRV PREP 03m 03ffi 30m 02m 
:DEPLOY ~~LSEP AT START OF EVA '2.) 

CDR 0/H DESC. SAMPLING 

500 mm LMP OIH PAN [)ESC. SAMPWIIG PHOTOS 
sm 43m 

STATION 3 n4mJ 
osm 

GRAND PRIX RETURN 
TO LM GRAND PRIX 

Figure 4.5.1-l Planning Guide for 97 EVA I behind time 
situations 



t IGUR.E.. 4.5 ,\ -2.. 

t 
·.--------------1 

?-,;::~ c; •. \ 

~__.l 

I 
I .-

:?/::d 



fir.oa.s: q.,s.t-3 

Yes 

No 

1::::-Vt-1 3 

99 



20 

Enclosure 3 
Page 100 of 161 

the same emergency walkback and drive-back situations as the nominal 

traverses. In some cases, this will result in having to depart a high 

priority station at the extremity of the traverse and subsequently to 

include a lower priority station nearer the LM. 

The following cases are discussed briefly as examples of EVA II 

traverse changes for various behind time situations leaving the IM 

vicinity: 

(a) 30 minutes behind: delete station 6, reduce 4-5 by 10 minutes 

(b) 60 minutes behind: delete station 6 and 10, reduce 4-5 by 

7 minutes (see following table for calculations of new station margins) 

(c) 90 minutes behind: delete stations 6, 1, 9, and lOj maintain 

l~ hours at 4-5 and l hour at station 8. (see following table for calculations 

of new station margins) 

(d) ~ 90 minutes behind: consider reorienting entire t:raverse since 

Stone Mountain/South Ray ray station times are near minimuril. 

4. 5 . 3 - EVA III 

EVA III replanning is not as straightforward an application of station 

priorities as EVA II since the nominal margins at the distant stations are 

not as great. 

The following cases are discussed briefly to illustrate various 

behind time situations on EVA III: 

(a) 30 minutes behind time: delete statiom 16; reduce ll-12 station 

time by 20 minutes (see following tables for new traverse tabulations) 

(b) £5 minutes behind time: since previous case showed only a J!!f_ 
minute Cl" margin at statj on 14, 0(. minutes must be reduced from ll-14 

L 
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area to maintain walkback; therefore, new traverse will show deletion 

of station 16, reduction in 11~12 time by 20 minutes; ...;. reduction in 
· ·~ ......... ~ir- ef l'ta.Tio"" •"' 'ti.-n-. a., il~~. 

station 14 time to 30 minutes"l(see following table for new traverse 

tabtllations) 

(c) 70 minutes behind time: same'as case "c" plus ~eletion of 

station 13 

(d) 7 10 minutes behind time: further reductions. in station 11-

12 time below 1! hou:Ys and station 14 time below 30 minutes make aclfieving 

the original objectives of EVA III questionable. Consideration should be 

given to reorienting the EVA to concentrate on only one of the two objectives 

depending on how well the Cayley and Descartes materials were investigated 

on EVA's I and II. 
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APOLLO 16 DESCARTES TRAVERSES 

E'v'A I I CALCULATED DATA MAR 7 1972 

(.,o Mt~ ~T· 
LRV TOTAL ARRIYE DEPART 

:~:EGMEtiT MOBILITY RIDE TRAYEL STATION ::TOP STATION 

~TAT IO,'l 
DI:::TANCE 

O::KM> 
RATE 

<KM/HR) 
TIME 
<MIN) 

DISTANCE 
<KM) 

EYA TIME 
<HR+MIN> 

TIME 
<HR+I'1IN> 

EVA TIME 
( HP.+I'1 IN) 

U1 0.00 0+ 0 1+50 1+50 
f.• IDE 
·-+ 

4.20 7 .:3(1 ·jl::'" 
.J•J 

4.20 2+25 0+51 :3+16 
'·I DE 
c-; 

(I.::: 0 7.:30 7 
5.00 :3+22 0+40 -;:. 4+ ,_ 

~·IDE o .:=:o 7.:30 ..., 
( 

5.80 4+ 9 0+20 4+2'? 
PII;E 
-: 

0.60 7 • :31) "" ~· 
6.40 4+34 1+ 0 '5+34 

~·IDE (I .45 7 .:3 0 4 
:-' 6.85 5+:37 0+25 -;:. 6+ ,_ 
~·IDE 2.60 7 .30 21 
U1 9.45 6+24 0+40 7+ 4 

fiJTAL::: 7'3 5+46 7+ 4 

--------------- TRAVERSE CONTINGENCIES --------------
----------LRV FAILURE-------------- --PLSS FAILURE--

?EHifm WALKBACK STATION MARGIN ABOVE MIN LRV R.DEBACK 

_TAT 
DI:::TANCE 

TO LM 
TIME 

TO LM 
I.~ALKBACK REQUIREt1Et1TS 

FW 02 AMP HRS 
SPEED. REGUIRED 
0 MIN 10 MIN 

AVG 
MET 

EVA 
RATE 

tlD ( KM) <HR+MIN) <HR+PUN) (HR+I"tii'O <HR+I'1IN) <KI'1/HR> O<M/HR) <BTU....-HR) 

0.00 
4.20 

0+ 0 
1+33 

•••• 
2+3!!5 

•••• 
1+47 

•••• 
:3+ 0 

0.00 
4. 03 

o.oo 
4.80 

1050.00 
'?35 .64 

.3.40 0+57 2+25 1+37 2+50 3.26 :3 .s·~ 927.54 
~: .4'0 0+57 2+ 0 1+13 2+24 :3.26 :3 .:::·~ '319 .97 
:3.05 0+51 1+ 6 0+19 1+25 2 • '3:3 3.49 '319.90 
2.60 0+43 0+50 0+ 3 -:. 1+ ._, 2.50 2.97 '318.20 
0.00' 0+ 0 1+22 0+36 •::0 1+ _, 0.00 0.00 912.07 
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APOLLO 16 

EVA II 

:S:TOP SEGMENT RETURtf HEA.T -MOE: I L I T'r' RATES""- MET f::ATE 
::TATION TIME DISTANCE DISTAf"'CE LEAK l.r.JALK RIDE WALK 

~m <HP+MIN) (KM) <KM) (BTU/HR) (KM--··HR) (I<M_.... .. ) <BTU.-·1-!i:;-:. 

Lt·1 1+50 0.00 o.oo 12!5.00 :3.60 7.:30 1~60.0 
4 0+51 4.20 4.20 12~.00 2.?0 7.:30 1290.0 
r= 

·-· .· 
' 

0+40 
0+20 

0.80 
0 .:30 

3.40 
3.40 

12!5.00 
125.00 

3.60 7.:30 
3.60 ?.30 

1560.0 
1560.0 

~=: 1+ 0 0.60 3.05 125.00 3.60 7.30 1560.0 
·:::. 0+25 0.45 2.60 125.00 .... • :30 :3.60 ( 1560.0 
Lt-1 0+40 2.60 0.00 125.00 3.60 7."30 1560.0 

Enclosure 3 
Page 103 of 161 

DESCARTES ~AYERSES 

iNPUT DATA 'MAR 7 1972 

t·lET F~ATE MET RATE 
AL:~:EP RIDING 

MET RATE 
S:TATION 

MET RATE 
LM o .. ·'H 

LEAK 
RATE 02 

EVA' 
START 

E'·/A 
:START 

( BTI_L.···HR) C:BTU/HR) <BTU/HR) <BTU/HR) <LB/HR) (F/W-LB) (02-LB> 

1050.00 550.00 ':ii~O.OO 1050.00 0.028 11.64 1 • :3'53 
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APOLLO 16 DESCARTES TRftVE~SES 

EVA I I CALCULATED DATA t1AP 7 1 ·::.-::-·:· • I L-

qo MIIJ c..AT'E 

:TAT I Dr! 

LRV 
SEGMENT MOBIL IT\' 
DISTANCE RATE 

O<M> <KM.····HR) 

TOTAL ARRIVE 
RIDE TRAVEL STA"tiOH 
TIME DISTANCE EVA Tll'tE 
<MIN> <KM) (HR+MIN) 

:STOP 
TIME 

<HR+MI~i) 

DE:=·AF'T 
::::TATIDt-1 
E'I·1A TIME 
(HR+MIN~ 

U·l 
PIDE -::' .30 4.20 I 

0.00 0+ 0 
:35 

2+20 2+20 

4 
F.: IDE 
c::-_I 
F:IDE 

0 .:::0 7.:30 

1.40 7.30 

4.20 2+55 
7 I 

5.00 :3+51 
12 

0+50 

0+40 

:3+45 

4+~: 1 
:::: 
FIDE :3.05 7.30 

6.40 4+4:3 
25 

1+ 0 5+43 
U·1 9.4~ 6+ 8 0+40 6+4:3 

TOTALS: 70:::. I ~ 5+:30 6+4:::: 

 
 161 

--------------- TRAVERSE CONTINGENCIES: --------------
----------LRV FAILURE-------------- --PLSS: FAILURE--

P::ETURti IIIALI<BACK :nATION MARGIN ABOVE MIN LRV RIDEBACI<:. 

::TAT 
D I ::TAtiCE 

TO LM 
TIME 

TO LM 
I.JALI<BACK REQU I REf1ENTS 

FW 02 AMP HRS 
::PEED REQUIRED 
0 MIN 10 MIN 

AVG 
MET 

E\IA 
F~ATE 

~iO <KM> <HR+MIN) <HR+MIN) <HR+MIN) <HR+MIN) (J<M/HFD U<M-···HFD <BTU...-·HR) 

LM 
4 

0.00 
4.20 

0+ 0 
1+3:3 

•••• 
2+ 3 

•••• 
1+16 

• ••• 
2+31 

0.00 
4.0:3 

0.00 
4.80 

1050.00 
950.:35 

5 3.40 0+57 1+~:3 1+ 6 2+21 :3.26 3 .8':1 ':141 . 01 
:3.05 0+51 0+5~ 

...,. 0+ .. 1+16 2 • '3:3 :3.49 
U·1 0.00 0+ 0 1+35 0+49 1+24 0.00 0.00 917. ·::q 
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APOLLO 16 

EVA II 

:S:TOP :S:EGME~iT RETURN HEAT :._MOBILITY RATES- MET F'ATE 
:TATimi TIME DISTANCE DISTAt1CE LEAK I..JALK · RIDE loiAL~.: 

l'iD <HR+MIN) (~::M) (KM) <BTU/H~) <KM/HfV <KM/HR) <BTU/HR:J 

LM 2+20 0.00 0.00 12~.00 :3.6.0 7. :3.0 1560.0 
4 0+50 4.20 4.20 12~.00 2.70 7.:30 1290.n 
<::" ·-' 
·=· ·-· 

0+40 
1+ 0 

0.80 
1 .4 0 

:3.40 
:3.05 

12~.00 
12!5.00 

:3 .,6 0 7.:30 
3.60 7 .30 

15E. 0. 0 
1560.0 

LM 0+40 3. 05 0.00 12!5.00 ::::.6.0 7.30 1560.0 

DESCARTES TRAVERSES. 

Enclosure 3 
Page 105 of 161 

INPUT DAT" MAR 7 1972 

r·1ET F.: ATE 
FIL ::EF' 

(f:TU/HR) 

MET RATE 
RIDING 

<BTU/HR) 

MET RATE 
:::TAT ION 
<BTU/HR) 

MET RATE 
LM 0/H 

<BTU/HR) 

LEAt( 
RATE 02 
<LB/HR) 

EVA 
START 

(F/W-LB) 

E'·.'H 
START 

<02-LB) 

1050.00 550.00 950.00 1 0~ 0. 00 0.028 11.64 1.353 
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APOLLO 16 DESCARTES TRAVERSES 

E'·/A I I I CALCULATED DATA ~lAR 7 1 '372 

ao MINUTES LATE. 

LR'\·' TOTAL ARRIVE DEPART 

~TATIDri 

:S:EG~lE~H 

DI:S:TmiCE 
II<M) 

MOBILITY 
RATE 

(f<M/HR::O 

RIDE 
TIME 
(MIN> 

TRAVEL 
DISTANCE 

(f<M) 

STATION 
EVA TIME 
(HR+Mit·l) 

STOP 
TIME 

(HR+MIN) 

::;TATIDri 
E'·/A Tit1E 
<HR+MHD 

L~l 

FIDE 
11 

5 .:3(1 ..., .. • :3 0 44 
0.00 

5.30 

0+ 0 

1+'59 

1+15 

0+45 

1+15 

2+44 
~;:IDE 0.::::5 7.:30 ·:· 

·...) 

12 5.65 2+46 0+45 3+31 
FIDE 
1·:· ·-· 

0.65 7.30 5 
6.30 3+37 0+1 0 3+47 

FIDE 0.:35 7.30 7 
I 

14 ....,. .15 .. :3+54 0+40 4+34 
;·IDE 1 .:35 7.30 11 
15 8.50 4+45 0+1 0 4+55 
;;::IDE 
17 

1 .65 ....,. .. .30 14 
1 0.15 •::0 5+ '-' 0+38 5+46 

FIDE 
U·l 

.-, .-,e .::.. • c.._. ..., • 3 (I .. 1 ·=· ·-· 
12.40 6+ 5 0+55 7+ (I 

TOTAL:S: 102 5+ 1 :=: 7+ 0 

Enclosure 3 
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--------------- TRAVERSE CONTINGENCIES --------------
----------LRV FAILURE-------------- --PL:S::S: FAILURE--

i~ETUR~i WALKBACK STATION MARGIN ABOVE MIN LRV RIDEBACk 

=rAT 
D I ::TA~iCE 

TO LM 
TIME 

TO LM 
WALKBACK 

FW 
REQUIREMENTS 

02 AMP HRS 
SPEED REQUIRED 
0 MIN 10 MIN t·lET PATE 

tiD (f:::~l) IHR+MIN) IHR+MIN) IHR+MIN) (HR+MIN> <KM-·'HR> ( KM.····HF.: I IBTUHR • 

U·l 
1 1 

(I . 00 
C" 
_I .30 

0+ 0 
1+58 

•••• 
2+25 

•••• 
1+38 

•••• 
3+ :::: 

0 . 00 
C" . .J . 09 

0 . 00 
b . 06 

1050.00 
::::::·;.. ~:2 

12 C" 
-I .20 1+56 1+41 0+54 2+22 4 . '3'3 C" 

._1 .'34 
t·:· ·-· 14 
15 
17 

4 • 70 
4 .40 .-. .;. .40 

.-.IC:" =· L.. • .:.._1 

1+44 
1+38 
0+57 
0+37 

1+41 
C" 1+ . .J 

1+28 
1+ '3 

0+55 
0+1'3 
0+42 
0+24 

2+18 
1+37 
1+57 
1+25 

4 .51 
4 ·:··=· ......... 
:· . 26 ·-· 
2 . u:. 

C" .-,-
._1 .. :.•( 
C" 
._1 . (I~: -: - . ::9 
- c ~ .::: -·' 

:::·31 . ;-4 
:::'31. 5::: 
:::: ::: (I • t: .:: . 
.-. ....., C' -, -, •=• I ._1 • _:,.::,. 

U·l 0 . 00 0+ I) 1+17 0+32 1+12 0 . 00 0 . 00 
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APOLLO 16 

E'·lA I I I 

DESCARTES TRAVERSES 

ItiPUT DATA 

Enclosure 3 
Page 107 of 161 

t1AR 7 1972 

:~:TOP SEGMEtlT RETURN HEAT -MOBILIT'I' RAT~S- MET PATE 
:TATIOtl TIME DI:~:TANCE DI:S:TANCE LEAK l.o.IALK F.: IDE loiAU 

rm 0:: HP+M Itl) n:::t1::o ( ~::M) O::BTU...-HR) O::KM-·'HR) O::KM...-·HR) O::BTU··HF: ., 

U·1 
11 

1+15 
0+45 

0.00 
5.:30 

0.00 
5.30 

180.00 
H30.00 

3.60 7 • ::;o 
2.70 7 .:3tl 

1560.0 
1290.0 

12 
13 
14 
15 

0+45 
0+ 10 
0+40 
0+1 0 

(I .:35 
0.65 
(I • :::5 

.-.c::::-1 • . .;,r._J 

5.20 
4.70 
4.40 
3.40 

180.00 
180.00 
1:30.00 
180.00 

2 .• 70 7.:30 
2.70 7 .:~:o 
2.70 7 .:30 
3.60 7.:30 

1290.0 
12'~ (I. 0 
1290.0 
1560.0 

17 
U1 

0+3::: 
0+55 

1 • '=··-· "I:' 

.-, -,.::::-.::..c....J 

.-, .-.1:" .::. • c. ._1 

0.00 
1:30.00 
180.00 

:3.60 7 .30 
:3.60 7.:3 0 

1560.0 
1560.0 

t·1ET PATE 
AL:~EP 

t·1ET RATE 
F.: I D ItiG 

MET RATE 
:S:TAT IDtl 

MET RATE 
LM o .. ··H 

LEAl< 
RATE 02 

EVA 
:~:TART 

E'·/A 
:~:TA~::T 

O::BTI_I . ...-HR) ( BTIJ...-"HF:) O::BTU/HR). <BTU/HR) (LB...-HR) (F/W-LB) 0:: 02-LB> 

1050.00 550.00 950.00 1 05 0. 0 0 0.035 11.64 1 • :35:3 
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APOLLO 16 DESCARTES TRAVERSES 

EVA III CALCULATED DATA t1AR ? 1972 

55 rn 1AJUTE.S 
LR 1·l TOTAL ARRIVE DEPAF'T 

:~:EG1'1E~n MOB I LI T'l' RIDE TRAVEL STATION :STOP :~:TATIDtJ 

=TATIOrl 
DI:::TAnCE 

O::KM> 
RATE 

O::KM/HR) 
TIME 
O::MIN) 

DISTANCE 
O<M) 

EVA TIME 
C:HR+MIN) 

TIME 
CHR+MI~J> 

E1·/R Tlt·1E 
O::HR+Mit·J • 

Lt·1 0.00 0+ 0 1+40 1+40 
F:IDE 5.:30 ?.:30 44 
11 5.:30 2+24 0+45 J+ '3 
F:IDE 0.:35 7.:3 0 3 
12 5.65 :3+ 11 0+45 :3+5t. 
F:IDE 0.65 7.:3 0 C" . .J 

1·~· ·-· 6.30 ·;:. 4+ ..... 0+ 1 u 4+12 
~·IDE 0.85 ?.:30 ..,. 

I 

14 
F:IDE .. --.c-;, .. _. 1 7.:30 11 

...., • 15 ( 4+ 1 ·;. 0+:3 0 4+4'3 

15 8.50 5+ 0 0+ 10 5+10 
~·IDE .- C" 1 .. b._• 7 • :3 0 14 
1? 1 0. 15 5+2:3 0+2:3 5+41:'. 
F.: I DE .-. .-.C' c. • C.·-· 7 • :3 0 1 ·=· ,_. 
U1 12.40 6+ 5 0+55 7+ 0 

TOTAL::: 102 5+ 1::: 7+ 1:1 
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--------------- TRAVERSE COnTINGENCIES: ----------- ---
----------LRV FAILURE-------------- --PL2S FAILUPE--

F.:ETUF.tJ WALKBACK STATION MARGIN ABOVE MIN LRV F:IDEBACf 

=TAT 
rm 

It r :::rAneE 
TO LM 

<Ktv 

TIME 
TO LM 

O::HR+MIN> 

WALKBACK REQUIRE~ENTS 
FW 02 AMP HRS 

O::HR+MIN) (HR+MIN) CHR+MIN) 

SPEED REQUIRED 
0 MIN 10 MIN 

(KM/HR> (f::M/HR) 

R'·,.'i:=; E'· H 
t·1ET FATE 
•BTU H~ I 

U1 
1 1 
12 

0 . 00 
<:::- .:30 ·-· C" -I .20 

0+ 0 
1+5:3 
1+56 

•••• •••• • ••• 
1+58 1+1 1 2+4:3 
1+14 0+2? 1+5? 

0 . 00 0 . 00 
C" 0'3 ~. . Ot:. -· . c::: 4 . '3'3 -I .. ·~ ~ _."-t 

lOS l_t. •) It 

'31 C; • .-
'31 .C: • '. 

1 ~· ·-· 4 . ? 0 1+44 1+14 0+2:3 1+53 4 .51 "' _I ..:•t 

14 4 .40 1+:38 0+4::: 0+ 2 1+22 4 =··=· ......... -"' -I 1) -: 
15 J.40 0+5? 1+1 1 0+25 1+42 -: .2~. -- • ::::, '? -
17' 
L._t1 

• e,._. .-.C' 2 
0 . 00 

0+3? 
0+ 0 

1+ 7 
1+15 

0+22 
0+:30 

1+25 
1+12 

2 . 1 ~. 
0 00 

- c::--.:. . _,' 
1_1 l~l (l 

: ·= 2 .•. -~ 
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FiF'OLLD 1t::. DESCARTES TRAVERSE~ 

E\·1A I I I InPUT DATA 

STOP SEGt·lEt·JT RETUF.tJ HEAT -t·lOB I LIT\' RATE:::- t·lET ~:ATE 

=TAT I DtJ T I t·lE D I :::TAt-KE D I :::TA~KE LEAl< l.o.IALK ~~IDE lo.IALt-
t·m 0: H~:+t·l I ~J > ( kt·1 > ( ~:::M) ( BTU.-···HF.: > 0:: Vt·1 . ...-HF.: ::0 0:: ~::t·1 ...-HF.: :~ ( BTU...-HF" I 

Ul 1 +4 (I .· 0 . (I (I (I . 00 1 :3 (I . I) (I -: • .:. 0 - . 3 (I 1560 . (1 -
<= <= - 7 1 1 0+45 _I .JO .30 1 :3 (I . 00 c • 7 0 I . .::0 12'~ (1 . (1 ·-' 

-,c <= 12 0+45 0 . ::.·--' .2 0 1 :::(I . (I (I - • 7 0 c I •. 30 12'3 (I . 1_1 ·-' 
-c 1 ~: 0+1 (I .· 0 • '=· _, 4 • 7 0 u:: 0 . uo ·=· ,_ • 70 I .J 0 1290 . •=I 

i .-.I:" 
i 4 0+ ::: (I (I 4 • 4 0 1:3 0 ,_ . ~: 0 12'3 (I . u • ·=·--' . 00 =· • 7 (I I 

15 (1+ 1 (I 1 . :::5 :· .4 0 1:3 0 . 00 :: • 6 (I I . ~: I) 1 ':16 0 . (I -
~ . <= ·-· -_, .-.r:= ... -1 I 0+2::: .· 1 ._ • t::··-' • .:.,._1 1::::0 . 00 - • .:. (I I . -: 156 (I . (; - -- -.r:-l_ 1·1 ·-: 0+55 .::. • c _, 0 . 00 1:3 (I . 00 ·:· • .:. (I I -. - 15-:. u . 1) ·-· 

>lET ;:;:ATE t·1ET ~:ATE t·1ET ~~ATE ~1ET F.~ ATE LEAK E\IA E\-'A 
AL::EF' ~:I D I l'iG :::TATimJ U1 o ... ··H RATE 02 :TF!PT :TAPT 

'· BTU/H~: :o 0: E:TI_I .. ··HR ::0 O::E:TU-···HR> < E:TIJ .. ·'HR) O::LB.····HR> O::F.-1~1-LE ) 0::02-LB> 

1 05 (I .00 550.00 '350.00 1 050.00 0.0:35 1 1 • t::.4 1 •. :::5:3 

109 

Enclosure 3 
Page 109 of 16J 



A-1.0 P:riorities 

APPENDIX 
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The following sections provide science priori t:~es for use 111 

replanning EVA activities when circumstances dictate. 

A-1.1 Surface Experiments Priorities 

(Source: Mission Implementation Plan and Mission Require:mc t.. 

Document) 

l. Documented Sample Collection at highest priority trcrJl r~l 

station (Part of Lunar Geology Investigation) 

2. Heat Flow (S-037) (Part of Apollo 16 ALSEP) 

3· Lunar Surface Magnetometer (S-034) (Part of Apollo 16 IU::I::F) 

4. Passive Seismic (S-031) (Part of Apollo 16 ALSEP) 

5· Active Seismic (S-033) (Part of Apollo 16 ALS1~) 

6. Drill Core Sample Collection (Part of Lunar Geology 

Investigation) 

7. Lunar Geology Investigation (S-059) (Forti ons other th'J 

priority items l and 6 above) 

8. Far UV Camera/Spectroscope (S-201) 

9· Solar Wind Composition (S-080) 

10. Soil Mechanics (S-200) 

11. Portable Magnetometer (S-198) 

12. Cosmic Ray Detector (Sheets) (S-152) 

13. Lunar Rover Vehicle Evaluation 

}\-1.2 Station Priorities within each Traverse 

(Source: S ience Working Panel Minutes of March 16-17, 

110 



/\-1.3 

A-1.4 

PRIORITY EVA I -
1 1-2 
2 3 

3 
4 

5 
6 

STATION 

EVA II 

4-5 
8 

9 
7 

10 

6 

EVA III 

ll-12 
14 

13 
17 

15 
16 

Enclosure 3 
Page 111 of 161 

Overall Station Priorities 

(Source: SWP Minutes, March 16-17, 1972) 

PRIORITY STATION 

l 

2 

3 
4 
5 
6 
7 
8 

Priority of Major Science Activities at Stations 

(Exclusive of standard tasks such as TV, photographic pans, etc.) 

STATION: 

l 

2 

3 
4 

PRIORITY OF ACTIVITIES: 

Rake/Soil samples;other documented samples 
Documented samples of Spook;LPM Site Measurement 

Documented samples of Buster; 500 mm photos 

Retrieve core; arm MP 

Rake/Soil Samples 
Documented Samples 

Double Core 
111 



3 

5 
6 

'7 

8 

9 

10 

ll 

12 

13 
14 

15 

16 

17 

Penetrometer Me asure:,1ent 

500 mm photos 

N/A 
N/A 
Documented Samples 

500 mm photos 
Rake/Soil samples 
Boulder samples 

Other documented samples 
Double Core 
Surface Samples 

csvc 
Double Core 
Penetrometer measurE:rnf:.lt 

Documented samples 

Trench samples 
Documented Samples 

500 mm photos 
Near Filed Polarimetry 
Far Field Polarimetry 

Rake/Soil Samples 
Documented samples 

500 mm photos 

N/A 
Rake/Soil Samples 
Documented Samples 

Double Core 

500 mm photos 
LPM Measurements 

Soil Samples 
Rock Samples 
LPM Measm·ements 

Soil Samples 

Rock Samples 

Rake /Soil Sample 

Documented Samples 
LPM Measurements 

Enc.los. ·- " 
Page l.; ~ : . .~ 1- .1 ;J_._ 

112 



J\-l. 5 

~i',-2. 0 

Priority of "Special" Samples 

(Source: SWP minutes of Feburary 7-8, 1972) 

PRIORITY: 

l 

2 

3 
4 
5 
6 
7 
8 

SAMPLE: 

Split Boulder 

Giant Igneous Rock 

Rodial Sampling of Fresh Crater 

csvc 
Surface Sampler Activities 

Fillet Sample 

Permanently Shadowed Soil 

E-W Split 

In order to assess the impact of non-traverse EVA activities 

Enclosure 3 
Page 113 of 161 

(e.g. ALSEP operations, initial and final 1M overhead activity) 

on the replanning of traverses, the following charts are reproduced 

from the Lunar Surface Operations plan. Additionally, the appropri0tc 

section of the crew cuff check list are provided. These are for 

information only. Additional details appear in the Lunar Surface 

Operntions Plan and this document should be consulted for late 

revisions. The lunar surface Flight Activities Officer will be 

the final authority on matters pertaining to this information. 
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CDR EV!\ -1 

. I l I I 
EVA l 

"'J.~ 0~ 00 CABIN DEPRESS IQPEr-~ 
c. Start ~~~1tch-rca.ll mark) [!j/\TCII 
u 

CHl 0 EGRESS 
hSSa-nt ( U1P deploy) 
Once outside - COIH-,1 CIIECK 
l. Jett bag-discard 
2. i~ESA deploy 
3. LEC on rail, lower ETB 

0+18 F/\MILI/\RI?ATION 
1-:-cmi1iii2r1t011s u r round i n g s 
2. Jett bag under LM 

~ 0+23 TV CAl~ 
I 

N 
• 

N 

1: r-1esa- adjust height 
2. Blanket - loosen around 

lens 

3, MESA blankets - open 
4. TV tripod - unstow & 

deplo~ (bottcm front 
MESA) 

5. TV cam - to tripod 
(verify handle off rni rror) 

6. TV sunshade: (IIESA Pallet 
l) to TV cam 

7. TV - position 12: 00, 50' 
8. TV lens- (fl6, 20r:lm, 

PK) CK HOU Reception 
Qg_p l c,v UW /\NT 

0+30 OFFLOAD lRV 
1-. -o-p-cnL;-u"'d I thentlc,l blkt 
2. Unsto11 L side clei1luyrnent. 

cab 1 c & ree 1 OPS tupe & 
drape over strut. 
Conting. tool to I~ strut 

---'--- ---------

...... 

f--

f--

·-::~· 
I 

e: 
n 
ll 

'1: 
::::.. 
lu 

(\) 
r-, 
'" .._ 
I 

·~ 

,_J __ 

1 
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CDR EVA - 1 

I I I I 
3. VERIFY walking ll"inge 

ln latches engaged-fwd, aft 
• chassis parallel to center l!C chassis, L&R outrigger 0 
lJ cables taut 

4. Deploy reel OPS tape, R 
side & back away from .. . deploy area 

5. VERIFY pins (PULL 
release, LRV· D-HANDLE 
rotates out-- board 

<t 6. Pull down on R [PULL ON 
~ reel tape unti 1 DEPLOY 
ut outrigger tables ·cABLE 

slack 
7. Pull R pin, out- [ULL L rigger cable PIN 

N 8. When fwd wheels LOWER 
" on surface, pull FROfH • ::! pins on deploy END 

I 

"' cable & fitting 

I I L ~-- I 
9. Raise gelogy [REL pallet post SADDLE 

10. Cable & wheel lock 
struts away from LRV 

11. Move LRV from LM 
0+37 SET UP LRV 

Do RH side - [LMP does aft lst LH side 
l. Extend rear ..... fender 
2. Verif~ rear hinge pins & 

seal 
3. Erect seat & unstow 

seat belt - 4. Lower arm rest .. 

. 
~: Pull T- handle rOTH L01ver consolT £DR · raise· handilo d, 

lock T-handle U1P · ...___ 
7. Remove tripod 

' apex (3 pins) 
8. Tool to footbar socket 

-..!}. 

• 
t~-

.Cl 
v 

-
q; 
~ 

"' 

1'-.l ,..... 
I ...., -I 

N 

I 
' 
i 
i 

I 
1-

1--

1--
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"'' 0+43 I 

0+50 

r 

-

I I I I 
9. 

10. 
11. 
12. 
13. 

Erect footrest 
Verify front hinge pins 
Extend- front fender 
Verify bat covers CLOSE:.D 
Contino. tool to L 
floorb6ard 

LRV CHECKOUT 
-1.-Pov:er----up [L~1 INSPECT 

per decal 
2. Drive to MESA 
3. · + 15VDC sw - OFI-
4. Aux CB - CLOSED 

OFFLOAD & DEPLOY FAR 
UV CAt·1ERA 
~Thermal cover - remove 
2. Bag - split & fold back 
3. Remove pallet from LM 

(pins) (optional) 

1 I l 
\I:] 

I 

(.': 
() ,, 

'-'·i 

~ 
ltJ 

-

-

rtWr~: STC/CPll-OG!fl 120 
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I 
N 

I I J I 
4. Remove cam from pallet 

(4 pins) 
5. Deploy cam; 

Deploy legs (3 pins) 
Point dvm sun 
Remove bat (2 pins) 
place in sun,read temp 

Remove 2 elev. pins, l 
a z. pin , & 1 p 1 ate pi n 

Remove dust·cover 
Level cam 
Do target 1 
Power sw - ON 

1+05 LOAD LRV 
1. Quad III pallet [LOAD LRV 

to LRV (verify latches 
engaged) 

2. Remove hand rails 
3. Pull 2 penetrometer lan-

.__,_ _____ ..z.V!!.a.!...:rd~s~-----------~---'---' 

I 

~-~~------------------------- ~ 

Enclosure 3 
Page 121 of 161 

FOI<t1: STC/CPO-OG41 
121 



r 1 r I 
PREPARE PALl..ET & llTC 
1. LPM tripod to bag (R. side 

pallet) 
2. Remove HTC pip pins 
3. Penetrometer to pallet hole 
4. XT handles & tonys to HTC 
5. Remove penetrometer cones 

·- cover 
6. Install vise (dust brush 

bag) on pallet 
7. Gnomon to bag on left seat 

& dust brush to LCRU 
8. Rake (MESA) to hole on plt 

SRC 1 (CDR or LMP) 
l. SRC I (R. l·lESAr to table 
2. Seal control sample in SRC 
3. SCB to HTC 

.....--.--·1 I I J <·-,= 
CAiiU\/~ & Ell:l Ui~STO~J-~ ClW OR ~~'Li 
runs-to\.,-07\C-rk side i lESf\) IY-

install mag P (ET8) 
2. DAC to R handholo LRV 
3. Unstow HEDC (R side MESA) 

to ETB 
4. ETB to LRV & empty: 

L. Seat 
o Mag 8 & sample bag shoe 

to HEDC 
o 3-HEDC mags 
o 2-DAC mags 
o 500mm 
o 2-lens brushes 
o Sun compass 
o LRV schematic 
R. Seat~ 2-Padded bags 
Install map holder 
GSLSS to back of R. Seat 

5. ETG to table 

1--
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...._ 

1.-

~ 

CDR EVA - l 

I I I I 
tJ STO\·J U~1P ANT 
-I 
<r l+ 15 ~·1ESP, \·!ORK [INGfH:":SS 
e:.. 1-:-lTls-card LCRU pallet (i1ESA) 
u (optional) 

UJ 

\-J 
" ' N 

I 

"' 

2. LiOII cannister (L. t1ESA) to 
_ middle of MESA 

FL!\G OEPLOY 
r-uns tOI'J fl a() (2 pins, L. 

t~ESA) 
2. fleploy flag [EGRESS 
3. Photos 
4. HEDC to R. seat bag 

DEPLOY U~P ANT 

CLEAN UP MESA, ClOSE GLMKETS 

J I I I 
1+27 ALSEP PREP 

-1 -. llat mon SvJ - ON 
2. Remove RTG pkg 
3. DRT & FTT to LMP 
4. UIHS to pkgs 
5. Assy carry bar & attach to 

exp pkg 
6. RTG pktJ to grd & remove 

RTG dust cover 

1+35 RESET F/\R UV CAi:ERA 

1+37 SHIIT COSi1IC RP.Y (RFD RHJG) 
Repo-rT-ClfECfust~-r-eportTeJ,lp 

CLOSED S~Q GAY DOOR 

,.... 

t--

-

1"\ -I 
1\C 
0 
cJ 

-
I;!: 
> 
\l! 

r>l ,.... 
I 

N 
I 

N 

---'-·---~-------------1- --
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-

-

CDR EVA - 1 

I I i 
1+38 NAV ALIGNMENT 

T":"LCRU modesw - 1 
2. Pos TV CCW 
3. NAV align (LRV decal) 

1+41 LRV TO ALSEP SITE 
~fl:/S Drive heading 

290° for 300 ft. 
2. Park LRV 60' SSE of 

C/S H = 195° & +15 VDC 
sw - OFF 

3. LCRU mode sw - 3 
4 .. Align HGA 

1+49 CONNECT RTG 
1-. Read temp 1 abe 1 
2. 3 BB on RTG cable reel 

I 

3. Pull RTG cable from pkg. 
4. Release connector (1 'pin) 
5. Verify short svJ. out 
6. Report amp reading 

I I I J 
7. 
8. 

Connect cable to C/S 
Push do\vn collar to lock \..., I' 

1+58 

REI·10VE AIH Air1 r~ECH & SUBP 
-1.--2-BB on sub p 
2. 2 B~ on ant aim mech 
3. Subp & aim mech to NNE 

of c;s 

-~ 
~ 
\.J 

DEPLOY PSE STOOL ~ 
1 . 1 BB 
2. Stool to 8 ft. ESE of ~ 

c;s, gouge hole for stool ~ 

TIP & ALIGN EXP PKG 
-1-. -Ant 1iiaSfO_n __ 

Stow Subp 
2. Remove dust cover 
3. rotate EXP pkg. 
4. Align EXP pkg (eye ball) 

'---·'------'------------------...1--...1 --1----:---------' 
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CDR EVA - 1 

I I 
~ 1+59 DEPLOY PSE 
~ -r:-4813-
~ 2. PSE to stool, verify GB off 
u of PSE 

3. Remove girdle pull pin 
4. PSE on stool, rouqh align 
5. Rer11ovc girdle 
6. Deploy thermal shroud 
7. Level PSE 
8. Report sun compass align 

OFFLOAD T/G 
-r:-VerTfy s w s w 
2. l BB 
3. Deploy T/G 
4. Verify T/G·Diul '1 0 11 

5 • T I G to Sub p 

';'' 2+08 OFFLOAD tVP 
~E or-5ubpallet 

~-~------------------------------·~~------

I I 
2. Pull ring to remove 

socket pin & deploy 1st 
leg 

3. Rotate I-1/P on UI1T s1·1ivel 
socket 

4. Deploy 2nd leg, position 
foot pads 

5. M/P to surface pointing 
Nl~ 

2+ ll RD-10V E L St·1 ,--.-zBD-
2. Pull handle of upper 

suprort brkt up then 
fon·12Jrd 

3. Remove LSM to Surface 
2+13 ERECT C/S ,~ 

-L---
1 

'L -,-.-Le':cff& ~l i gn EXP pkg t\ 
2. 5 Lb S Slde " 

··--_____ }_. _4_G_Il_~.9_!1,_.t__c{l_ __ ]:__s i clr~---' __ __. 

----y ·----!····---· 
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CDR EVA - 1 

-----r----------------------------------·~'----
1 

-

r 

I 
4. 

5. 

6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 

14. 

I I l 
En0age UHT rear thermal 
socket & pull lanyard to .r:\ 
remove cover & lm~er J 
rear curtain to surface: 
by velcro patch 
Us·in~ U!IT rer1ovc ant 
cable 
3 8!3 ~! side 
4 BD + ant BG W side 
Verify sunshield 
released 
2 BB N side inter 
Center BB 
Control deployment 
Remove 3 curtain covers 
Attach side curtains 
to C/5 
Attach rear to side 
curtains 

,,, 
I .. ... 

...... 

------------------·-----------~ 

'----

' 
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o-- 2+40 
~ 

I 
<:>~ 

·:J 
u 

-
$ 
lU 

'~ 
r-; 2+41 
"'-~-• r.J 

CDR EVA - 1 

/'.SSEl·H3LE & fl.L IGI~ P..lJT 
1~ masTto c;s-
2. Remove aiming mech dust 

cover 
3. Aim mech to mast 
4. Remove aim mech housing 

& packing 
5. Ant to aim mech 
6. Level & align 
7. Set AZ-24.6'8 EL-16.59 
ACTIVATE C/S 
,--:------pus hln--s h 0 r t S'.t./, verify 

amps 
2 • T U l'rl s \V 1 W , s IV 5 C C vl 

Report to HOU 
DEPLOY LSM 
1. LS:·fto deploy site 

(50 1 vlSvJ) 
2. Remove stowage bracket 

,-
-
,"-

l 
-1:------~-

J 
L 

3. 
4. 

5. 
6. 

7. 

8. 
9. 

10. 

11. 

Deploy legs 
LSM to surface, colored 
leg east 
Remove foam packaging ·. 
Deploy sensor arms · 
(center lst) 
Remove sensor dust 
covers 
Clean off top 
Raise le9s 
Remove PR/\ (~triped ring) 
(verify PRA deployed) 
Level & align LSM-

(} 
N 

"' " . ..._, ... 
I .. .~ 
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I 

..--L-----'-----11 I __ L.-..--.-
. r 2+50 DEPLOY GEOPHONES :-.; ,., 

l. Pick up.T/G & \•li:J l k · 
8' N 

2. Push stoke through 
power cable & georhone 
cable loops (Lr1P 1r10V do) 
(tlake sure loops take 
the struin) 

3. Walk out LRV tracks 
(290°) & ~mplace 1iJ 
gcorhone \ LIW may do) 

4. ~Ja l k l SO ft. lJ1P 
emplacos #2 geophone & 
stakes cJble 

5. \~alk 150ft. rmrlace 

c:, 
u 

#3 qeophone. Place flag 
by 3rd oeophone. Pose 
for photo hy Lf'd' (rilet"t N 

himtotake) r:--1 
6. Verify Go frolll t-1CC for 7ti 

thumpc r "'1, 

-~------~~------lu 

1-

i·---
r0m1: STC/Cf'D-OG-1 l 
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.._ 

~ 

r-

-

,, .. 
i\ 

' q 

~ 
\I 

~ 

"'!; 
~ 

~! 
h 
I 
.,\ 
i\ 
' ~, 

3+08 CONDUCT THUi·1PER EXP 
t·1ovemen1.. ceus·e-:~ror--10 sec. 
before & 10 sec. after shot 
To fire: select ASI, 
rotate arm SW, wait 4 sec., 
depress to fire 

3+33 SET UP tVP 
-1 -. --S\-J 5 - OJ 
2. Deploy base (Hing 3) 

Insert UHT, CST Geo 
Line 

3. M/P & base to deploy 

4. 
site, l·lNE of C/S 
Deploy legs (Ring 4) 

5. Align to Geo Line 
(+ so) 

6. Base into surface 
7. rv p to pa 11 e t 

l I I .. - . . - I 

l 

--· -

-

.• 

! 
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::1-
N • cc 
C\ 
c.) 

-----t-

CAUTION: WlRLS OFF 
l3/\St TO FRO!H 
OF H/P 

8. Deploy M/P ant 
9. UHT to top C/S 

10. HEDC (C/S) to RCU 
ll. Check PSE shroud 

'?'l /0-/:. 
\!__-1,~ 1 

i"'tiOIO rife f=ll .:.:-(j) 
I 1!, l/2."io r,c'-t 

(1) 
JHH I!E.CUVFR COhE SP,f·1PLE 

~~--va-n--at-rii;.-i ITSTte- i1 r·tcr 
stems in surface 

2. Place HEDC on LRV 
3. Assist U1P 
CONFIGURt FOR GEOLOGY 
--~-. -3sa:9-r'lfspTscBT-to ; 

. l R Seat Bag 
_____ ]....QILLJ.~.;..l,L __ , --~-·-

l I J 
. 2. 2 Cap Disp. (SCB) to: 

-1 HTC 
l R. Seat RciCJ 

3. 2 Core Tubes (SCll) to 
R. Seat Gag 

4. sec (S,G,7,8) (rc:llet) 
to UW PLSS 

5. Hammer (HTC) to pocket 
6. Tongs (HTC) to Yoyo 
7. U1P loud CDH 
8. Caq Disp & HEIJC (L. Seat 

to HCU 
9. LCI<V /lode S1·1-l 

l 0. Report llt:ea.dinq 
ll. LRV start (decal) 

132 
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6+2U 

I 
--·--~--

__ _,_--T_->"j 

I I 1 
CLOSEOUT 
T:LRVat Hi:S/\: in sun; 

H = 354° 
2. + l5V DC s1·1 - OFF 
3. LCRU mod~ sw - 3 
4. f1l iun IIGJ\ 
5. Dust lCRU & GCTA 
6. Reset Far 'uv [SvJC 

Photo 
X-sun 20' f !J.G/60 
Dwn sun 3' f 5.6/60 

7. HEDC to L. SeDt 
8. From LHP PLSS; 

. SCB to HTC 
9. L~P unload CDR 

l 0. TOilJS E, ha!::me:r to fiTC 

~~--

10f~i1: STC/CPD-OC'il 
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f 
--~-· 

ll. ETG (tab I e) to L. fl oCJr-
board & loc.d; ~RC l 
o 2 IIEDC 1v/rna9s 
o 3 HEDC mags 
o 500in~l ml1g. ( 5UUmm back in 

L. seat bag) 
o 2 DAC maqs 
o Mag from-UAC (orient DAC 

bat to sun) 
o Haps 

12. ETb to tnble 
13. 6 containment bag~. (L. f~ESA 

to ETD 
14. Clean EMU 1 s & stow ants 
15. Grush to LCRU 
16. LCRU power sw - OFF 
17. LCRU. covers 65/; open 
18. Open LRV bat covers & dust 

if dirty, dust LCRU 
I--
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UW EVA - l 

I 

~ 0+00 CAUIN DEPRESS 
~ (fpen hatch--

0+'1 0 C:rJI~ EGRESS 
bs~l oy corf ant 
Jett bag to CDf( 
LEC & ETB to CDR 

0+23 EG~.f: SS 
~~ C1 ose-ha tch 
\';j 

~~~,:L:I~~::Z/\TlON [TV DCPLOY -· ij 
T.--Derl oy SRC t<'1u l e j . , ,. 

f 
tJ 

2. /\LSD (L. r~ESA) to +Y pad 
3. Bore & core stems (R. 1·1ESA) 

to +Y p0u 
.... ,--~. __ ~. CTI3 to tnhlc ...;;______ ,_...__, ___ _ 

___ ..,L ___ _ -·-r-·---I 

~~-~--'--1"--I· _ _J__I ..:..___..-... 
PLS_~_0l~.:c.Jl01( IJEPLO_tl 

0+33 OFFLOAD LRV 
T:liulll5-=-fi nn on ref)ucs t 
2. Pull deploy cuble 20 lbs. 

(release null at aft 
chuss·is lltllock) 

3. Pull L pin, outrigger cable 
4. Pull L r·cel tape unti 1 45° 

cable slack 
5. Pull saddle relccilse cuble, 

ver·ify release 
6. Move LRV from lM 

I . ~ 
'··--·· ---·-----------···--·--------·-----· ---·1·-··----------· -------~---·--

. 
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U1P EVl\ - l 

_____ f _______ =t 
l.; (Jt37 SU U.U LRV 

[J-cJ- rR ··s1 de- - Aft l s t • 
t.. l. rxtrnd rear ~DI\ DCirs 

fender 1BH SIDL 
2. Verify rei! r hi n:-:f' pins 
3. Ercc t SCut F, UllS tOI·J seat 

lwlt 
4. rull T-handlc 
5. Low~r console. Raise 

ftilrldhold, lock T-handlc 
6. f'L,ll uttitude indica"lol" ,i~ 

CSi.' flogs 
7. 
8. 
9. 

Drupe seat belt 

1 

I -
l 0. 
ll. 

12. 

Re~ove tripod apex (3 pins) 
Tool to footbar sock~t 
Er·cct footrest 
Verify fron"L hinqe pins & 
5e;1·l-~ . 
Extend front fender ___ _j 

I 
(l 

0+43 U1 II!SPl:'CT F, P.~fJ 
1:-HLTJC.(EYI\)-:--p,~;.J 21 t SC0 llily 
2. Plw"Lo cr~E 7' lCli[Ckl!llf ...i 

O+SO 

3. Co1:1~1ents: 
~ Soil effects 
G Struts 
c Condition of U1 

4. IIElJC to L. fl ooruoil rd 

LO/\rJ Ll:\' 
LCkU;1 C:ll;' r~nt/T\1 

[FAR UV C/1:· "> 
l!J 

l. LCRU posts to vrrt;cal 
2. Ret.:ove from s t0\·1 aclo pt 

c TCU Conn. 
~l LCf'IJ Conn. ~ 

3 . Ins 1 '' ll L C R U , l o c k ~· o s t s· /, ' ":' 
conn. pwr conn. ; 

~. Install TClJ (c~•nns inuoard)J , 
5. lJn<;to•:: ra~c -

; 
----.:--·-'"-·-·-----~--· ------ ··~--_ __,_. _____ .. _ 

, __ _ 
I 
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•·'\ 
I -

U·1P EVA - 1 

~ c __ l..........,..__ 
6. Install LGA (pt. str. up) 
7. Connect LGA to LCRU 
8. Instull & erect I!Gt~ 
9. Con11ect HGJl. to LCRU (cable 

velcroed to staff) 
10. Deploy & lock dish 
11 . A l i g n II Gi\ 

· 12. TV cam to TCU (pwr sw-off) 
13. TV cable (TCU) to TV ca1n 
14. Y cable conn: to TCU 
15. Deploy LCRU ant 
16. Check LCRLJ: 

~ Cl\ - CLOSED 
Q !lode S1v - Pr·il/llB 
• Power Sw - TNT 
(; Chk AGC, · tc.::~1iJ, povJCr 
o LCIW blankets. 

lOOi open 
~ Power Sw - [XT 
c 11CJde SvJ - 2 

-

-

.___._ ____ c::~-· _.:;C;.;,;.;fll_.~...:_.f.Q~LGLr· _ _0..;.;:.GC:.:... _,-"-2_.._1_-'--..J 

' --·--·· I 

LC ___ L.--:-_ 
~-- "- [ 

~~~!·;[_H/-1 li__L_T~_Uf6T.Q\·~ _(.f_Q_R_OR Ulf' J1 

1. Llns Lo\: UliC \I{ s ·j ·~ .~ I·ILSAT & --
ins tii ll mag r ( ETb) 

2. DAC to R lictnC.:IlD.Id LRV 

. I ----·t---

3. Unstu·,·1 Hf~DC (R side 11ESA) 
to ETG 

4. ETS to LRI! & empty: 
L. Scc;t 
o Hag 8 & sa1nple bag shoe 

·to liEDC 
o 3-HEDC mc;gs 
o 2-Dt'\C mags 
o 500n,rn 
o 2-lens h1·usllcs 
o Sun con1pass 
o LRV schematic 
R. Scat, 2-PaddcJ ~ags 
Instali map holder 
USLSS to b~ck of R. Seat 

5. ETB to ti.ilJle 

_________________ !_ .. ··-·· 

Pag

'. 

r:nrm: STC/Cf'f'J-OGt1l 
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U1P E\1!1 - l ,-----l 
-~--- --·---- ·- -------~------SI:.c ·1 (COR or u:i') 

·'> -1- ~fl(·--l--T~)--1 ·r' 11 ., t j- b l '-' • .; · \ , • , It. .J: , ) 0 • rl ; C 

r: ?,· Seal control S?:';fllc in '.RC 
:..: ..) . sec to L. H rc 

v-. 

... 
I 
'. ' . 

I 

DI:TU, llOPr p, UJ~>[ SlT11S 
AL-~-,Tj-;- boric--&-c·c~-~:-2 -s-r;_·-,-~:--

(H racl) to R. S2cJt 

1+15 Jl:i,r;r::.s U1 (STn::· MH) 
1-.- 11a T i-ct--1-(1 ;~~i\) -{o f\1 S 

(vc:rify 2 ca:1s 9rccn) 
2. u~ S\'1: 

(l PO\•IC:r t:n:J SI·J " 0 r F 
CJ Cit 1::-;te ~·II- L0\1 
~ TV Cll - C:·f.N 
c Modulation Sw - PM 

3. Strir Pullel, discard 

:-.; 1+2 0 E Cf~F :,s 

·--~·--

H 2 7 !\ L S ~ I' I' R E !1 

r.--(J~1e-117oor ( \ch; tc) 
2. cat r;o;1 S\'1 - n:J 
3. f(C'~I(J\'(' LY.fl. !ji,~J 

RTc r-uu_ ur 
1.--D!-::· r·-((T fror,l CDR 
2 . r u ,~ 1 r:T c c a::; k 

to RCll :~ 
L 

"'-·-.... _, 

.. , 
..... 

I 
rJ 

I 
r.' 

___ j 

.. _J __ 

f()/:i1; :;iL/l.i'il-Q(,~l 
138 
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___ f _ _,___} [ __ , __ ] ___ ~ 

[_j __ 

I 
I 
J 

, r __ , ~--------------~------·--r---- I 

r~l 

: :~-, 
' --
1 ••. 

~· 

-L---- ___ ] __ [____ 1- l 
ALSfT fl/\Ct(/\GE PL!ClJ'UiT 
1:1) l ~1 cr~ -~~-,it11 r: n ---.::· -1fFG-d ·.-: 11 s u n . 
2. Discn~10~e RTG flkf! 
3. flos E;q.J. pk~l (UIIT north) 
4. flos RTG pkCf 8' \lest (UHT 

north) 

1+49 REfiO'.T H~E SIJ[)P,'\I_L~T 
-1-. -f\c l c:as_c_? vc-ic!--cl-cd ru 11 

r i n ~~ s , pull 3 fl i p pi 11 s 
2. fVP Basr: pull !Jin l, 

unwrap tape & pull off 
covel' . Pull r i n 2 

3. llc1 wve i·i/ P Cas•' 
4. 1\r-oi:;r,vc- subp pull pin 

;.; 5. R'!G rk•J to gnd, r_yc:ball 
\_:-I i'll if')n 1:-\·J 

6. ? C-C (l!fT) 'l \·1 7. [-~cl 1\',: I IF[ 
•· 8. f\r!"ClVc llfT C'l!ln;rtor' (CC'.'i) 

···--' ·-···' -·· ___ ·-·--~ .. _.JJ.~~--~--~-~- r~LJ:i { .: ~·------------ ...... ---~·or"•~ _...: 

f 
-~ -r---- -------------- ----+-----

139 
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]__ 
i CClf~~:~CJ Ill f I - ----------I
--~--- c-=·=-l. r----

c em n 2 r t W i: 1 , 1 C I S f, l or I( ( C: , ) 
( 

0 ll'' I 1 ~' . l' I t I c 
1' 

, . 1 L ., • , 11 r 1 J s 1 on c 11111 • 
\'Ill i l e l 0 C' i; I 11 CJ 

I 

H 53 n~ f'lFi Hi't 
Y. -I if( -3 i '.rut it 
2. !;0·:-IG\!C' f11'C,I;[' rl:r] (1',[['). 
3. S!Jlit [-,c>'., hrilf :,·;itfl 

l'C1t:;icr to !!olr l 
rWTI-: 1\·:•c>l t if cc:bl0:. crossed 
4 . (I L h ('I' It c, I I to h n l c ;; 
S. Pt·cpul·~ drill 

2+lC! t. :':i:: lil'ILl- fi:!Tl Ui!G 
b-.--f l f 3 'S,_(L-ir..:tls-nf h·.1r0 :· tt·: 
i11to surl.cc (luc.t SLL·:·i ll" 
(J : f s ll i f d ~~ ( ) 

. L- ·-------· 

s 

-----1·-··-----·----·----· 

'1 I . 

~ I I J 

'
-.--. .I] 

!... J 
r 

. ~ ~- .. ··~·-·-·-·-

< • 

['-

li 
I 
I 
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1·-· 

t. 

'"'· . ... 
1 I 

____ ___ C~I_.,__._j ____ j__ ._,_

1 
) :;'I> U:PU\CL f'f'iiCE l ~,I-ll d i l 

f.-LI:;~)Tilceprobe + thcrr.1 : ~ 
2. Report depth of prohc & 

stc1;1 ilt. above Sllrf 
3. Linplac~ 2nd thel",:t shld 

( 30' d1·m) 
~- External sunshld to top 

stem 
5. Ver-ify cable f·!. or S. 

of 

-~~_ ____________ ·--
--------'---·. _______ :__ __________________ _ j _____ __ 

. I I 

__.___r _.1.~1----L.-I. 

----·----------~--...,-

liWi': 
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\.., _c~-[~-. ~J-1 
' 2+30 DRILL 130f~[ fiOLF: 2 &. 

~;' 

2+53 

Ef.~PL/\CE PROCE 

Sim.c us for hol c ·1 !J i'inl~c 
!;OTL: Remove c1ll cJLi: :· i :, 

fro~1 arer1 ( l f· It 
av;ay or 1,1:-)I'C) 

DEPLOY fiFE EI.ECT - ·---·-- --~ - --

1. Rfmove Elect (4 CU) 
2. Remove cover 
3. Level & ali 
If. Ui :T to L. ;· ''ri:·1,; r· 
/\~SIST JN c,u,c:~ ':: l_li_e!i:,· 

l . Get HE DC I I:,,, ,1>~ e r ( L r \' ) 1 

i\ 2. Stake cnblr:s nc:or Cj:,! 
,· 3. En:placc ncu~:;1one l 
r; 4. [!np'l c:CC (":'01 fJGI!C· 2, 
1 stake caL, lc 2 _______ _3 ,_J?Jw1 £LCD~~,.;:_ L;Y~'.;,r_l__,} __ 

[1-

1 n '·-··· 

(Ef.[fT cUI ~Hl[LD) 

[ 
.~----·r- -- --------------------·----·-··----------- ' '·--
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t, 
" .I , . 
' 

.. 
: 
' " " 

... . \ 

' 
I ·"·. 

; ... I .. 
I ... L 

\. 

-~ .. 

_[ 
3-:05 

3-t 33 

T!1i<E J\LSt.::P P!WTOS 
Coordinate 1·1i th thu~mi 119 
activities 
HEOC to C/S 

DRILL CORE SAM~LE 

l. InsE·rt bit strir:•J in 
drill 

2. Drill 3 sectio~s irito 
surfacr: (Stear:\· Jr·i -~-~-
don't push) .. 

3. Last section 8" off 
surface. run dr'ill 15 
sec I·Ji ll:out fur-tl1er 
penetr.:ti .. i on 

·-

------.--1·-·--

\ 
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U~P FVA - 1 r 1 r------l 
·; __ ;··l,-~-i3.~ci~:~~~~}~-ut :~~~:.~;~~~~,:sT.--~ 
;·- 2. l'lace core stcns in h<;q 
-' ( L . m ~;/\ ) · ·1 

3. [lc:r;~)~ s:.:c: n~ 1 [F~',~~IIV ;r.:1i _l 

... I' 
r· 
:. I 

'I I 

;: I 
~-I 

? . 00, tJO , l: I ,HJto . , l. Y--.<llrll 
Stereo; fo1l & stofi 
I', urpcr pJrt. 

4. I:!~DC t,1 L. S,·cl 
5. ([,;1 lllil Ocld I i ;,' 
6. scr: (CD!\ i'i :,:) into :.i:\ 
7 . c l (; s c s ~~ c l 
8. T-,Jy ;-iES!1 1)1,-,nkets 
9. lii ~~ rucks ( 1 '~V) to +L' p·:d 

10. C1Cllll [f,~l's r, sto\·1 C\ill.". 

11. ~;en ( 1 :rc) 1; con: s tc' · 
(+Z pc.cl) t:; f~/S 

12. J:lr:ru·ss 
13. ~:/';C 1 fnw! CliR 

... 

__ .r 

J --- --- . --~-'---- -.-"'-' -~---~~--- ----- ·-- ... -

--- , ___ ----~----- --~------------- ''" ______ J ---·- ------. I I 

___ c~=~=~J_r==--- 1 
1Lf. EU.J frm: CUt; 
15. Clu:.c l!2tch 
16. REPRtSS 

u 

' ' ----· ----~------- .. ~- ·------···- ~ ... ·-- ·---·-~~- .. ~--·-... ___ , 

---~---------· ---- -- ---------- _, _____ .. I--· 
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I I I I 
;.~ . f\ 11 g n fEA 
6. LCRU covers - open 1 00~~ 
DEPLOY LI,1P ANT 

0+23 TRAVERSE LOADUP 
l. Unload ETG; 

R. Seat 
U1P HEDC 
~lag Q .._ 
Maps 

L. Seat 
Mag L to 500i·11·1 (500Mi·1 

L. seat bag) 
2 mags ( 0, I) .. .___ 

2 mags (R,S) 
2. ETB to tahl e 
3 . Tidy MESA blankets ...__ 

' 0+40 PLSS LOADUP 
l.SCB (5;6,7,8)(pallet) to. 

,_ _____ _j __ ~·1P Pl.S~----·-· 

.. 
'·. 
.; 

~ 

~· 

in 

.. 

. 

f 

t 

FORti: STC/CPD-OGtll 
145 



I I r I 
2. Cap disp (SCG 2) to U1P 

' .1 PLSS .. 
' - 3. Core tube tool ( HTC) to U1P 
·'· PLSS 
~;. 4. Hammer (HTC) to pocket 

5. L~1P 1 oadup COR 
c 6. Close HTC .. 

0+43 RESET FAR UV cmER/\ ~ 

0+46 LRV PREP 
-1 .-l.lHU-mode S\·1 - 1 . 
2. Pos TV CCU 
3. HEDC E, bag di sp ( L. seat) I--

to RCU 
4. LRV start (decal) 
5. Initialize NAV 

1----

' 

.~ 

r l I l 

'-··- --"~---~-------·----------'----1 
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6+26 

6+29 

·-
-

"-• 

I 

'" 
... 

I...-

6+38 

6+41 

..J •• 

unLOAn PLSS 
l. L~1? SCBto +Z foct:--c;d 
2. Discard core cap disp 
3. Core tube tool to HTC 
4. Hamn;e r, tongs to HTC 
5. Stow LI1P J\NT 
6. u1r unload CDR 

PACK ET[3 (CDR OR U1?) 
-1.-ETB Tsf!:(Table)to floor 

board 

1 r I 
2. Place in ETB 

2-HEfJC \J/mags 
2-HEDC mags 
2-DiiC ~ags 
1-ma a hom 500! }i (res tow 
5GO~~ under seat) 

1-mag from DAC 
1-set l:;aps 
2-padded bags (HTC) 

DAC bat to sun 

EI1U CLEMlllP 
l. Clean EfiU Is & sto\'J ants 
2. Brush to LCRU 

LR.V, LCRU COt:FI GUi;r::: 
l. LCRU po\'lel' - OF( 
2. LCRU blankets 1 oo=: open 
3. Open LRV bat covers (dust 

dirty), rlust LCi~U. 

'-~ 

i l. 

f-

! 

! 
' 

t 

r 
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[ I I I 
·, 4. Lf\V Cf~ I 5 l3U:l A, c, c p, 0 

' 
" Open 
' 
~ ....... 6+44 TRANSFER [INGRESS 
'"- l. ETB (LRV) to footpad 

2. SRC (table) to A/S 
< - 3. ETB to A/S 

4. Discard pullet 2 ( L~1P) 

RESET FAR uv cn~ERA 

6+53 INGRESS . 
6+56 REPRESS 

-., 

I 1 r l 

_______ t._. ________ --------...1---l ____ ,_ 

..... 

1--

1---

~/Ct'U-Oli1l 
148 
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U~P 

I 
EVA 
I 

2 
I I 

~ ... \ ' 
'- p+oo CABIN DEPRESS 
I ·s-tart v1a fC~ 

C",\ 
[-..( 

Open hatch 
I 

"'' •I P+lO PREP 
l. Deploy CDR ant f-
2. Jett bag to CDR 

ETB to CDR 1-3. 
4. Verify: 

.Recorder - off . Vox sens (2) - max 
CB conf·ig 
Utility, floodlights- -off 

-
)+ 17 FroTr: EGRESS [FAR UV 

':"-
Close hatch 1-

... -
P+22 SRC 2 " ~ --l. SRC 2 ( L. I-1ESA} to tn J:J ~ 

I 
2. Seal control 

I I 
sample in 

I 
SRC ..... 

3. SCB to L. !lTC 
~ 

·':.-

PLSS MJT (CD I~ DEPLOY) 
J+28 TRAVERSE LOADUP 

--1 .--SCB~If}fpallet) toR. HTC 
2. 2-bag disp. (L. SCB) to one '· 

on each seat 
3. From L. SCC to R. SCG; 

lU & ll core tube 
2-bag disp 
l-eap assy 

4. R. SCB to R. flrbrd. [FAR UV 
5. r·1ag Q (H: seat) to DAC 
6. t·1aps (R. seat) to holder 

D+40 PLSS LOP,DUP 
-.1 • CDR Toactup UW 
2. SCG (HTC) to CDR PLSS 
3. Close I lTC 

;J1: SlC/CPD-OMl 

EVA - 2 

149 
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_ __ __.._I ---~--' --L-1 -~1---r---Y"'' 
~ 0+43 PAN 

l-. HEDC (L. seat) to RCU 

·' 

2. Pan, quad III: CRE 7' report 
temp. 

3. HEDC (RCU) to L. seat 

0+46 LRV PREP 

I 

1. HEDC & bag disp (R. seat) 
to RCU 

2. SC8 (R. Floorboard) to 
R. seat ba9 

3. Support NAV INT 

Turn on DAC f4/250/l fps 

I I I 

--·---·- ,,__...._ _______________ ,_....._ .. _. ____ ~--
·r'l: STC/CPD--OGI\1 
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L i' 1 /' 

I I I I 
EVA 2 

', S+ 20 L RV P\.fR D\ltJ 
_, 1-. Readout LRV displays 

:--

,' 6+22 TV 
' ~ Svli tch LCRU - 3 [FAR U\ 
~ 2. Align HGA 
~>-3: Oust GCT/\, TV lens & LCRU 

PL!\CCitEf)C & C/\C OISP OfJ L. 
SEAT - -- -

6+26 UNLOAD PLSS 
~DR unload UW 
2. SCG (CDR) to L. HTC 
3. Tongs to HTC 
4. Stm·1 CDR ANT 

,·. -
"" 6+29 PACK SRC 2 
.. ~ 1. SCl~. from LHTC to SRC 2 

5+34 P/\CK ETG (COR OR L~D) 
-r:-Etc ( tabrerto-~fl rbrd. 
2. Place in ETG: 

2-HEDC \·!/mags 
2-HEDC mags 
2-DAC mans 
1-mag fr~m 500MM (rcstow 

SOOMM under scat) 
1-ma g from 0!1C 
1-set maps 
2-padded bags (HTC) 

DAC bat to sun 
Lflf:>.GE ROCf~S Tll + Z FOOTPAD 

6+ 38 GlU CL U.NllP 
C:Teun E!'IU 1 s & stmv ants ~· 

--- ------------··----·-·J .. --~------

FOR!i: STC/CPD-Of,tll 
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'"' ~---
' =~~ 

~"' 
' 

f'.; -

' 
-..._ 
.,, 

1 r -
)+~2 1 1\Ar·J s r: r: r1 [LRV, L CJ:U 

.,--:-r-a1 1-e t 2 (f·1ESA) to tab 1 e 
2. L i Oil cun ( t1ESA) to pallet 2 
3. Report 2 LiOH cans green 
4. Pallet 2 to A/S 
5. SCB (+Z footpad) to A/S 
6. Ingress 

., 

:.i+4 9 Uf·ILOAD P!1LLET 2 & PASS OUT TO 
tl)l:: --- - - --

1+55 CLOSE !lATCH 
-·--·--·~- ·-

b+56 REPf\ESS 
--~ 

I I I I 

1--

,...-. 

-

---t 
FOHr1: STC/Cf 1D-OG!ll 
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CDR EVA - 3 

.---.--_ .... 1 _ _..l_~r-._ ....~.-...,l _.... 

EVA 3 

• 0~00 CAGIN DEPRESS 
.:' 

STal··t \'Jatchfcall mark) 

"" 0+10 EGRESS 
,--:--riLSS ANT ( LHP dep 1 oy) 
2. Jett bag - discard 
3. Lov<er ETB 

0+17 RESET FAR UV CAMERA 
-R-ead bat temp 

[EGRESS 

0+20 ETB TO L. FLOORBOARD 
DEPLOY U1P NH 

0+21 LCRU POWER UP & BAT 
1. Unsto\v L(RLTbat-(nESA) 
2. Tidy up MESA blankets 
3. Stow bat in L. seat bag 
4. LCRU pwr sw - TNT 

0+26 TV 
T~ Close LRV bat covers & pres 

tight 
2. Align HGA 
3. LCRU covers - open 100% 
4. LRV CO's - bus A, B, C, D 

& NAV - close 

0+29 TRAVERSE.LOADUP (CDR OR LMP) 
r~ Unload ETG --

R. Seat 
LMP HEDC (filter on) 
r~ag R 
Naps 

L. Seat 
Mag L to SOO~M (SOOMM in 

L. seat bag) 
J-ma9s ( F ,f~ ,t-1) 
3-milqs (S,T,U) 
CDR HEDC 

----···-··- --.. -~------·~~------.. --

. ' jo,.J 

. I -r-------------{--

' . 

[ 

FOHr1: STC/CPD-06,11 
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r 1 I I 
2. Mag R (R. seat) to DAC 
3. Maps to holder 
4. SCB (R. seat bag) to L. HTC 
5. ETB to table 
6. Unstow big rock ba0 (R.MESA 
7. Tidy MESA blankets 
8. Big rock bag to pallet 

0+35 PLSS LO/\Dllf' 
1-. s1130,6-, 7, 8) ( pa 11 et) to 

LMP PLSS 
2. Cap disp (SCB HTC) to U'1P 

PLSS 
3. 2 bag disp (SCG HTC), one 

to each seat 
4. Core tube> tool (HTC) to U1P 

PLSS 
5. Hammer (HTC) to pocket 
6. l tW 1 oadur CDR 
7. Close HTC 

I I r I 
0+38 RESET FAR UV CM-1 .. 

REPORT BAT TEI'iP 
'·' 

0+41 LRV PREP 
l.ffEOC& bag disp (L. seat) •.. 

to RCU 
2. + 15 VDC - prim 
3. Initialize NAV 

-----·- -- -- ·-------------1----i 

1-

r-

1--
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I' 6+10 LRV CONFIGURE 
,:. 1~-rv-to r~r:sA ,., 
r~ 

l 

2. + 15 VDC sw- OFF 
3. ITEDC to L. seat 

2. Remove panels (blue ring & 
fold. Report tc111p lahcls; l 
in bag, 2 panel 4 & l panel 
l 

3. Panels to bag (R. MESA), 
leave on table 

6+23 BIG ROC!< [1/\G (llTC) TO LAnDER 
f!OOIC, LOAD REST CfFGfG--:TI:iCKS 

6+24 LRV PL!\CEt10H & GR/\~1 PRJ X [S\IC 
l. LCRU S\~ - l 
2. + 15 VDC - prim 
3. Perform gran prix 
4. Reset rJ!\V 
5. Place LRV as follows: 

Head - 085" 
Distance .l Kt"1 
Gearin1 ·· 265° 
rark lie<l'ii !"o FS 0 

--L·----------------· 

-

'J 
I 

-
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6. LRV closeout EVA 3 (decal) 
7. Align· HGA . 
8. Dust GCTA & TV lens 
9. Open LRV bat covers, dust 

buts if dirty, dust LU\U 
10. Verify LCRU covers 100% 

open 
11. Return to U1, take dust 

brush & HEDC 

I I 
6+38 CLU.I1 [i"·lls 

ere an Et~-U's & s tmv ants 

6+41 FAR UIJ CAr1ERA 
T:Reset:ftll,le s 
2. Turn cam off 
3. Pull pin on cassette 
4. Remove cassette ~ place in 

ETG 

OGSERVE DOCK LIGHT TEST 

6+46 TR.M!SFER 
-,-~!i"ilce HEDC mag in CTG 
2. ETD & SCB (footpad) to A/S 
3. Discard LEC 

6+55 HlG~CSS 

-

u 

,_ 
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' 
I. •. ~ 

't'-i 

-. '. 

.. --
' 

'·" 

..... 

U~P EVA 3 

l _I J I 
EVA 3 

0+00 C/\8 IN DEPRESS 
Start \'latch 
Open hatch 

0+10 Pf<EP 

0+ 17 

I 
0+21 

T:!Jeploy CDR ArlT 
2. Jett bag to CDR . 
3. ETB to CDR 
4. Verify: [TV· 

Recorder - off 
Vox sens ( 2) . - max 
CB config 
Utility, floodlight - off 

EGRESS 

NOTE: Close Hatch 
PL_?S_ ANT_ (CDR DFPLOY) 

l l l 
TRAVERSE LOADUP (CDR OR LMP) 
r~uilTO,ld ETB 

R. Scat 
LMP HEDC (filter on) 
f·1ag R 
r~aps 

L. Seat 
Mag L to soonr1 ( SOOW·1 in 

L: seat bag) 
3-mags (F,K,r·1) 
3-rnags (S,T,U) 
CDR f!EDC 

2. Mag R (R. seat) to DAC 
3. Haps to holder 
4. SCG (R. seat bag) to L. HTC . ' 
5. ETR to table 
6. Unstow big rock bag(R.MESA) 
7. Tidy ~[SA blankets 
8. Big rock bag to HTC 

t-

t--

,_ 
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,_ 

J J I 
0+35 I'LSS Lnl\iJUP 

l. CDR l oa(J UW 
2. SCB (HTC) to CDR PLSS 

0+38 P/\N 
l.-HEDC ( L. seo t) to RCU 
2. Pan +Z footpad 
3. HEDC (RCU) to L. seat 

0+40 LR\1 PREP 
T:-mJ5C--& bag disp (R. seat to 

l 

8CU ( fi ltel~ R. pos) 
2. LCRU mode svJ - l 
3. Pos TV CC\'1 
4. Support N/\\1 INT 

Turn on 0/\C [L~1 + 19 l!li n] 
f4/250/l fps 

I I J 

.. ~ ------\--.--···----·-·---·-·--------J-

STC/Cr'D-0611 158 

Enclosure 3 
Page 158 of 161 



r 1 r I 
EVA 3 

>-~ 6+10 LRV CONFIGURE 
1. Readout LRV d·isplays 
2. HEDC to R. seat 

, 6+12 CONFIG FRO~T OF LRV 
,: "--- 1 . S1·1i tch Ltltu--=-3-

::-- ~-2- A 1 ian HC/\ 
3.- bu~f GCTA, TV lens 

[FAR UV 

6+15 

B, LCRU 
- --

UNLOAD PLSS ---·--·----. ---·--

1. CDR unload LMP 
2. CDR SCB to footpad 
3. Quick remove PLSS tool 

carrier (optional) 

6+18 P/\Cf( ETB 
"-- T:-Tfl3[tab 1 e) to L. fl oorbord 

r 1 r 1 
2. Toad EIG, L. side; 

· ~1ag from 500~'11·1 ( 500l·1f1 in 
L. seat bag) 

r·1ag R 
3-HEDC mags 

3. ~ags T,U (L. seat ba9) to 
R seat 

4. ETB to R. side 
5. DAC mag to ETB 
6. Hag T to DAC 
7. DAC & maC] U to table.· 
8. Maps to tTG [COSMIC RAY 
9. Place penetrom2ter record-

ing drum in sample bag; 
place in ETB 

10. ETG to table (hang) 
11. CRE baCJ (table) to ETB 
12. fiCDC (f{. seat) to i·1ESA 

,_ 

L--.L.---1..------------------L- .. 

1--

Enclosure 3 
Page 159 of 161 

L 1\ I t 1 . L - I· . 7 _, 

FOW1: STC/CPD-OGtfl 
159 



I 
6+24 TAKE PJUURES 01 G;.(f-rl PRIX 

.[YAc - DAC mag to ETLl 
t1ag U to DAC 

:0 DAC to table 

l 

6+29 SHC [LRV PLACEMENT 
\". T~-HEDC ( t1ESA) to RCU 

-.. ,_ 

2. Photo 7' (top part) 
3. Retrieve S\-JC 
4. Bag (L. MESA) SHC, to ETB 

DAC SHO\·J Xsun '· f8/250/24fps 
r-GeCUt\C (table), shoot 

Astra aciions 
2. DAC mag to ETB 
3. HEDC rna~ to ETB 

'---'-----------------.!..--~-~ 

·t-

,_]I 
6+3fl CLf",~.r~ n:us 

Clean--[i·ftTs- & stow ants 

5: 44 H:GRESS 

TRACK LITE TEST 
C 8 ( l 6 ) L l G I ra-c k - C L 0 S E 
EXT LTG SH - Track 

(CDR observeS}----
EXT LTG S\>J - OIF 
CB 16 LTG Track- OPEN 

6+56 RtPRESS 

J __ _ 
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APOlLO 16 SlJHf ACE SAMPLER 

• 

• INITIATED .AT SPECIAL SAMP~_ES CONFERENCE 

• STICKY SURFACES PREFERF:f-0- SOLVENT PROBLEMS 

• S\flJP RECOMMENDED BETA CLOTH AND VELVET 

• TESTING 

VELVET LOOKS GOOD FOR 'DEEP' SAMPLE 

BETA CLOTH PROBLEMS 

PARTICLE-SIZE SELLCTIVITY 

EDGE-E f FECTS/COh!T f4.fv'l iNATION 

UNCERTAIN ADHEH£:NCE TO CLOTH 

SOIL FALLS OFF E.l\SILY 

• INVESTIGATION OF APIEZON-L 

SOLVES BETA CLOTH PHOBL'=MS 

SOLUBLE IN ACETONE, CARBON TET 
TESTING EFFECT ON DETERMINING OPTICAL PROPERTIES 

{ADAMS/WASSERBURG) 
Vf-\CUUM CHA!\1BER TE5:TS IN PROGRESS 
NEED TO BE CONCERNED ABOUT ~OSSI[lLE CONTAMINATION 

OF OTHEH St-\MPLES 

• HARD LATCH & Vi:LCRO CLOSURE 

• 1 BAG OF 7 
• LOW PROBABILITY OF OPENING 
• Pt:Plr\l CONTA,...TS \\1iTH LSAPT (TENfJING TOWARDS 

SF::P!-..P.i~_TE R/,()1 





... t::-~4 :-;·.·.!·:: •··-.-:: .. • :.,::J, .. ·; ·:l 1 Jt>:i.·,·t tl•,:;f' priorities 
tfl th('l :·.,x\:- ,,-.- t:,.• ·.~. :•.· :t·l• ..,.,p u• (:' r·.tt;cq1-:d ii;~.it;ttic•na. In 
'l··· r• .. ~~·:· ... d :;i!;;,,lt:·:-., ;·•11 ·!).;:•s: r~.l·':ii~·n pl.'HH1ing will 

I t. 

• • '., '.I' :·; ·,-..u·: ACTIVIT I L:.:: 

r><.K~\JM•r• t £•11 ~;.l.:rp le Collection of Highland Mater ia1** 

Lunar Heat Flow {S-037) 
Lunar Surface Gravimeter (S-207) 
Lunar Seismic Profiling (S-203) 
Lunar Atmospheric Composi.tic·n (S-205} 

Lunar Ejecta and Meteorites (S-202) 
Drill Core S~mple ** 
Lunar Geology Investigation (S-059) (includes other 

documented samples} 
Surface Electrical Properties (S-204) 
Traverse Gravimeter (S-199} 

IN-FLIGHT ACTIVITIES -----------------
SM Orbital Photographic Tasks 

Lunar Sounder (S-209} 
S-Bar~ Transponder (CSM/LM (S-164) 
Far UV Spectrometer (S-169) 
IR Scanning Radio~~~er ~S-171) 

Visual Light Flash Phenomenon 
CM Photographic Tasks 
Visucll Observations from Lunar Orti t 
Skylab Contru~ination Study 

PRIORITY -----
1 

2 
3 
4 

5 
6 
7 
8 

9 
10 

PRIORITY ------
1 

2 
3 
4 

5 

6 
7 

8 

9 

* The Soil Mechanics Experiment (5-200) tas r~quired astronaut 
participation on previous flights. On Apollo 17 no astronaut 
.:1ctivitics arc required for tbis expcrimQnt, i.e., it will be 
a pa~sive experiment {Sec par;,(;raph 3.2.3.3}. Data wilJ be 
Ll••rivrd frc·:'.• d:1t,1 collt.·Ct!~d ir1r other experiments and opera-
t:>• .... ·F·c .. ::;.j 1s~,, ... :1 during th;..!; mission. 
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J4POLLO ·17 SITE SELECTION 

• APOLLC1SITE SELECTION BOARD- FEBRUARY 11, 1972 

• AD HOC SITE EVALUATION COMMITTEE RECOMI\1ENDATIONS 

1. TAURUS-LITTROW 
2. GASSENDI 
3. ALPHONSUS 

• OPERATIONAL·CONSIDEHATIONS (IVJSC) 

1. ALPHONSUS ~HIGHLY ACCEPTABLE 
2. TAURUS-LITTROW- ACCEPTABLE (WITH SLIGHT CHANGE 

IN LANDING POINT) 
3. G;\SSENDI -·UNACCEPTABLE 

• ASSB DELIBERATI<JNS 

AGREED GASSENDI UNACCEPTABLE 
,L\tPHONSUS HAS GREATER PROBABILITY OF MISSION 

SUC_CESS THAN TAURUS-LITTROW (BUT UN-
QUANTIFIABLE) 

SCIENCE CONSiDERAT.IONS CLEARLY FAVOR 
TAURUS-LITTROW 

UNANIMOUSLY RECOrVIMENDED TAURUS-LITTROW 

o TAURUS-LITTROW .APPROVED BY D. MEYERS, AA/OJ\1SF 
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NORTH MASSIF 
UNIT 

SOUTH MASSIF 
UNIT 

Km 





NASA-S-72-173 V TAURUS-LITTROW 

NORTH MASSIF UNIT 
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APOLLO 17 TAURUS LITTROW TRAVERSES 

E\·'A I CALCULATED DATA t·1AR 16 1 '372 

LR'·.·' TOTAL ARRI \.'E DEPART 
:::;:EGt·1EtH t·1DB I L I r.,-· RIDE TF.:AVEL :nATIOt"l :STOP :::;:TATIDt-1 
D I :::;:TAtK:E RATE TH1E DISTAt"JCE E'"'A T It·1E Tlt·1E E'·/A Tlt·1E 

~:TATIDri (Kt·1) (Kt·1.··'HF.:) (t·1 lt"J) <Kt·1) ( HF.:+t·1 I t·J > ( HF.:+t·1 I t·J) < HR+t·1 I t·J > 

U1 0.00 0+ 0 1+56 1+56 
F.: IDE 0.10 7 .:~:(1 1 
RL:SEP (I. 10 1+57 1+41 3+3:::: 
F.: I DE 0.40 ? .:~:(1 :;: 
~:EF' 0.50 3+41 o+:~:o 4+11 
fdDE 1 .50 7 .:~:0 12 
1 2.00 4+2:3 0+57 5+20 
F.: IDE 0.35 7 .:30 .-. . :.. 
- 2 .:~:5 5+2~: 0+40 '6+ ·• .:: .:J 

F.: IDE 1 .60 7. :;: fl 1·:· ·-· 
U1 3.95 6+16 0+44 7+ 0 

TOTALS: .-.. -. ·=-·c. 6+28 7+ o· 

PREliMINARY-

----------·----- TF.:A'·/EPS:E Cot-iT I t·H3Et·JC IE:~: __ ..,._.;_ ________ _ 

i':ETUF.:~J 
DI::;:TAt"JCE 

S:TAT TO U1 
no ( t:::t1> 

U·1 0.00 
ALS:EP 0.10 
:;EP 0 .::::o 
1 1 • :?. 0 
.::. 1 .60 
U1 0.00 

----------·LF.:\.' FA I LUF.:E----------:-----
WALKBACK STATION MAPGII'J ABOVE 

TIME WALKBACK F.:EQUIREMENTS 
TO LM FW 02 AMP HRS 

(HR+MIN) (HR+Mit"l) CHR+Mit"J) CHF.:+MIN> 

0+ 0 •••• •••• • ••• 
0+ 2 4+4:3 :3+:3"31 4+10 
0+ 5 4+ •'j ·-· 2+5"3 3+:3:::: 
0+30 2+18 1+15 1+5'? 
0+27 1+42 0+:39 1+1'3 
0+ I) 1+51 0+47 1+12 

--PLSS FA I LUF.:E --
t·1 W LF.:'\·' PI DE BACK 

SPEED REQUIPED RVG EVA 
0 MIN 10 Mlt"J MET ?ATE 

(Kt·1 . ...-HP> (Kf'1 ..... HF.:) (BTU ..... HF.:> 

0.00 
0.1 0 
0 .2'3 
1 . 7:3 
1.54 
0.00 

0.00 
0. 11 
0.34 
2. 06 
1.:?.:3 
0.00 

1050.00 
1 04:::; • 11 
1041 .::::2 
1006.5E. 

'396 .• 72 
·:;.:=:::: • :~:2 

( 



F~ETUF.:t-i 
D I ::;r A tK:E 

::TAT TO U·l 
t·m CKM> 

Ll'l 0.00 
·-=· 6.00 ·-· 
4 4.60 
o:::- 3.50 ·-' 
b 2.90 
U·l 0.00 

---------------TRAVERSE CONTINGENCIES--------------
----------LRV FAILURE-------------- --F'LSS FAILURE--
WALKBACK STATION MARGIN ABOVE MIN LRV RIDEBACK 

TIME WALKBACK REQUIREMENTS SF'EED REQUIRED 
TO LM FW 02 AMF' HRS 0 MIN 10 MIN 

CHR+MIN> CHR+MIN) CHR+MIN) CHR+MIN::O CKM/HR) CKM/HR) 

0+ 0 •••• • ••• 
2+13 2+:::::3 1+45 
1+42 2+20 1+3:3 
1+18 1+57 1+10 
0+4::: 1+12 0+26 
0+ 0 1+45 1+ 0 

• ••• 
2+59 
2+33 
1+58 
1+ 9 
1+12 

0.00 
o= ~~ 

.J. {I:-

4.42 
:3 • 3.:. 
2.7:3 
0.00 

o.oo 
6.:36 
5.26 
4.00 
3.31 
0.00 

A\1(3 E'.,IA 
t·lET RATE 
(BTIYHF.:> 

1 05 0. 0 0 
:35:3 • :::7 . 
::::5.: .• 59 
.-,.:=C" .-,-, ·=- .J ·-' • . :, .. 

85:3.14 

r3 
AF'OLLO 17 TAURUS LITTROW TRAVERSES 

EVA IIA CALCULATED DATA 

LRV TOTAL ARF.: I 'v'E 
::;;EGt·1EtH t·1o:E:ILIT\' RIDE TF.:A'.,.'EL STATIOt"i STOF' 
DISTAtKE F.: ATE Tlt·1E D I ::;TAt·iCE E\IA TH1E T lt1E 

DEF'ART 
::;TATIOt"i 
EVA Tlt1E 

:HAT lOt-i CKt·l> O::Kt·l.····HF.:··, n1 no CKt1) ( HR+t·l I t-i ::0 (HR+t·lHO ( HF.:+t-1 I t·i ::0 

U1 
r.::IDE 6.00 
::: 
,;:·JDE 1 .50 
·-+ 
,:;::IDE 1 .::::o 
= I -
~:IDE 2.50 
6 
'?IDE 2.90 
U·l 

TOTALS: 

0.00 0+ 0 0+47 0+47 
7.30 4'31 

6.00 1 +:';:6 1+ 0 2+:~:6 

7. :;: 0 1.-, 
0::. 

7.50 2+4'3 0+45 3+34 
7 .:~:o 15 

•j .30 :3+48 0+45 4+33 
7 .::::o 21 

11 .80 4+54 O-i:58 5+52 
7.:30 24 

14.70 6+16 0+44 7+ 0 

121 4+59 7+ 0 

Enclosure 8 
Page 3 of 5 

t1AR 16 1972 

PREJ.IMINAR·Y 



APOLLO 17 TAURUS LITTROW_TRAVERSES 
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E'·/A I I B CALCULATED DATA t·1AR 16 1972 

LF.:'.,I TOTAL APF.: I '·/E DEF'APT 
:~; E 13 t·1 E tH t·1DB I L I T'l F.: I DE TF.:A'·/EL :::::TATIOIJ :noF· :STAT IOn 
DISTAtlCE F.: ATE Tit·1E DISTAnC:E E'·/A Tlt·1E T I t·1E EVA TI t·1E 

"TATIDr1 O<t·D 

d·1 
,;:I DE r: .• 50 
--: -
:-~:I DE :3.:30 
4 
PIDE 2.50 
c 

' -
rnDE 1 ,-.a:-• ·=··-1 
0:::• 

PIDE 2 .·~o 
Lt·1 

TOTALS 

(f:::t·l···HP> 0:: t·1 I t·i > O::Kt·1> 0:: HF.:+t·1 I t·i ::0 ( HP+I'1 I t·i ::0 ( HF.:+t·1 I t·i > 

0. 00 0+ 0 0+47 0+47 ..., .30 t:"·-· .. ._1.:.• 

6.50 1+40 0+55 2+35 
7 • :3 0 27 

·~. ::::0- 3+ J 0+:35 3+~::::: 

7.:30 21 
12.:30 :3+5:::: 0+3'~ 4+:37 

7 .:;: 0 15 
14. 15 4+52 1+ 0 5+52 

7 .:3') 24 
17. 05 6+1E 0+44 7+ 0 

140 4+40 7+ 0 

FETUPt-i 
D I ~:TAt·iCE 

:nAT TO U1 
r-m o<m 

U·1 0.00 
·~: 6.50 
4 4 .70 
c: 4.20 -I 

t. 2.90 
U·1 o.oo 

--------------- TPAVEPSE COtlTit-ii3ENCIES --------------
---------·-LP'\'1 FA I LUPE-------------- --F·L:~:S FA ILUPE--
WALKBACK STATIOt-i MAPI3It1 ABOVE Mlt-i LPV PIDEBACK 

TIME WALKBACK PEQUIPEMEt-iTS SPEED PEQUIPED 
TO LM FW 02 AMP HPS 0 Mit-i 10 Mitl 

(HR+Mit-i) <HP+Mit-i) (HR+MIN) CHR+Mit-i> (f:::M/HR) (f:::M/HP) 

0+ 0 •••• . .... ++++ 0 . 00 0 . 00 
2+24 2+21 1+:33 2+4';:. f, .24 7 .43 
1+44 2+20 1+3:3 2+27 4 .51 c: 

·-· 
.-,...., 

• ..::.•1 

1+:33 1+41 0+5~· 1 +:3';:. 4 . 0:3 4 • ::::0 
0+4:::: 1+1:3 0+:~:2 1+ ::: 2 7·=· 

• I '-' 3 • :31 
0+ 0 1+51 1+ 7 1+12 0 . 00 0 . 00 

A'·/1.:; E'.,.'A 
t·1ET PATE 
0:: BTU.-··HF.: ::0 

10~·0.00 

:::42.75 

::::21 • 0:3 
:::::~: 1 • 29 
::;::~::::. 24 

PREliMINARY· 

( 
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J-5 APOLLO 17 TAURUS LITTROW TRAVERSES 

CALCULATED DATA 

LF~V TOTAL AF.:R I VE DEPART 
sE,::;~1E~n ~1DB I L I TY RII1E TRAVEL. STATIOt-l 8TOP STAT-lOt-i 
DIS:TA~iCE F.: ATE TI~1E DISTA~iCE E'•/A TH1E TIME EVA TIME 

STAT IOi'i (f::~1) CKt·l...-HR) <MHD CKM) CHR+t·1 IN> ( HRH1 I t·i) CHRH1HD 

U1 0.00 0+ 0 0+45 0+45 
F:: I DE ., ·~t::' .... ;...J 7.30 60 
7 7.35 1+45 0+55 2+40 
RIDE 2.30 7.30 1'~ -· 
·=· 9.65 2+5'3 0+:31 3+30 ·-· 
F.: I DE 2.45 7.30 20 
'3 12.10 3+50' 0+55. 4+45 
F.: I DE 1 • 7 (I 7.30 14. 
10 13.:30 4'+-5';:J 0+25 5+24 
RIIIE 1. 70 7.30 14 
11 15.50 5+3:3 0+20 5+!58 
F.: IDE O.B5 7.:30 ...,. 

i 

U1 16.:35 6+ C' 0+55 7+ 0 .J 

TOTALS 1:34 4+46 7+ 0 

Enclosure g 
Page 5 of 5 

t·1AR 16 1972 

PRELIMINARY 

--------------- TF.:AVERSE CDt-H I t·il:_:iE~iC I ES: --------------
----------LRV FAILURE-------------·- --PLSS.FAILURE--

RETUF.ti WALKBACK STATION MAR6IN ABOVE MIN LRV RIDEBACK 
DISTAtK:E TIME WALKBACK REQUIREMENTS SPEED REQUIRED 

:s:TAT TO LM TO LM FW 02 AMP HRS 0 MIN 10 MIN 
t·m ( f::t1) CHR+MIN> CHR+MIN) CHR+MIN) CHR+MIN> CKM/HR) CKM/HR> 

U·1 0.00 0+ 0 •••• •••• • ••• 0.00 0.00 
? 7.:35 2+43 1+3~ 0+51 2+25 7.06 8.40 
·=· 5.30 ·-· 1+58 1+5~ 1+ 6 2+21 5.09 6.06 
9 4.25 1+::::4 1+14 0+28 1+29 4. 08 4.86 
10 ·=- J::"C" ~ •. J._I 0+42 1+36 0+51 1+42 2.45 2. '31 
11 0.85 0+14 1+49 1+ 5 1+36 0 .-..;:. 

.o~ 0.97 
U·1 0.00 0+ 0 1+29 0+46 1+12 o.oo 0.01) 

AVG E'·/A 
t·1ET F.:ATE 
CBTU····HR> 

1050.00 
B27.41 
:32(• .55 
B26.40 
:324.02 
:320.:37 
845.92 
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LRV SAMPLER DESIGN 

e AlJfHORIZATION ISSUED TO PROCEED WITH DESIGN AND 
FABRICATION OF PROTOTYPE 

e GAC AUTHORIZED TO DO STOWAGE ENGINEERING AND 
TRAINlNG HARDWARE-ONLY ON BASIS OF THE DRUM TYPE 
SAMPLER 

e CAPABILITY OF 8 SAMPLES OF 12 GRAMS FOR 2 TRAVERSES 
BEING INCORJfORATtO . . 



DESIGN CONCEPTS 

e MULTIPLE SAMPLE, DRUM TYPE WITH STABBING OR 
BAYONET ACTION 

e SINGLE SAMPLE CONTAINER WITH SCOOPING ACTION 
(ALTERNATE BAYONET ACTION) 
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SAMPLING HARDWARE 

OPERATIONS 

Rfl\AOVE SAMPLE CONTAINER 
FROM DISPENSER 

SAMPLE CONTAINER -- ........ 

DISPENSER ' ' \ OPEN, LID AND ATTACH 
ON ROVER \ TO HANDLE 

SCOOP SAMPLE AND CLOSE 
LID WITH TRIGGER OR 
THUMB ACTION SCOOPING TOOL 

REMOVE CONTAINER FROM 
HANDLE 

PLACE IN SAMPLE BAG 

SAMPLE RETURN 
CONTAINER 



-- --

SCHEDULE 

e PROVIDEMOCKUPS FOR SUITED TESTS WEEK 
OF APRIL 3 

e COMPLETE PROTOTYPE HARDWARE APRIL 28 

e lM 12 DESCENT STAGE CCFF AUGUST 8 

n 
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SPEC It..\..' HARDWARE 

: UlTRAPURE AUD SPECIAl SURFACES 

A. SOLAR WIND P~~EL 

100 0.
2 SIJflFACE WITH 100 ELEMENTS OF 1 012 OF A VARIETY 

OF MATERii~S (ABOUT 2 MM.THICk} 

B. SOLAR FLARE PAliEL 

100 ~SURFACE WITH.MICA ~D QUARTZ LAYERS ON TOP, 

BOTTOM AHO SIDE (AWJT 2 - 5 ttL THICK) 

C. NUCLEAR REACTION P:WDUCTS PA.~EL 

a} RAOlOJiUCLIDES 5 X 10 Ot X 2 Hill. 

b) RADIOACTIVE NUCLEI fRCH THE SUN 

5 X 10 CH. X 5 HH. BLOCK OF ULTPAPURE MATERIAL 

D. MICROMETEORITES P~~El 

a) SPECIAL SURFACES FOR 0.1 TO s~ ?ARTICLES 

(ABOUT 2 ~. THICK) 

, 



A. LEAH - LUNAR DUST TRA:~SPORT 

~ CRATERING OYER 25~ 

B. ROVER MIRRORS - 4000 SQ. CM. AVAIL~3LE 

- IMPACTS OYER 100~ 

- PROBABLY IMPACTS 5 - 100u 

- POSSISLY TRACK Sru~IES 
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c. THERMAL BLANKETS - 10,000 SQ. Ct PER BLN!KET - 15 - 35 LAYERS 

D. 

OF ALLI7-iii'11Z£D h'iLAi\ 

- COIHCIDEHCE DETECTORS FCR lHPACTS 

- COLLECT SOLID t·:ETEO~ITE DURIS 

- PROBABLY GOOD TRACK REGISTR~TIOH DEPENDHIG ON THER}I.AL 

CYCll~ 

CAMERA LE~S£S 

- PITS FROM YMIOUS OIIEHTATIONS 



El?£RIM£NTS 

A. SOLAR WIPW AND SCOR FLW STUDIES 

1) CHEMICAL Cai?OSITION OF SOLAR ~INO 

2) ~POSITION OF IRON A!ID HEAVIER ELE:'1ENTS IN 

S<l.AR FLARES 

3) TOTAL IONIZATION IN A GIANT SOLAR FLARE 

4) NUClEAR REACTION PRODUCTS 

a) PROOUCTICA't OF RADIO~:UCLIDES 

b) RADIOACTIVE NUCLEI H;OT-4 THE SV:t 
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" o. METrCiUTE I~AC'! ~T1JD!ES { S!Z£ DlSTr~iBUiiOH AND CHEHICAL ANALYSrS) 

1) 100~ AND 'REATER 

2 ) 5 ~ TO 1 00\1 

3) 0.1 TO Su 

c . LUNAR DUST TRANSPORT AND EROSION 

__ 



E. 

b) METEORITE CO~POSITION 

ULTRAPURE BLOCK WITH S~l CAVITIES 

PRODUCTS. 5 X 10 CM X 2 ~. 

SPECIAL INSERTS 

a} PHOSPHORS FOR TOTAL lONI ZATlON 

TO TRAP METEORITE 
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b) FOILS ON SIDE TO DETECT DIRECTIONAL PROPERTIES OF SOLAR 

WIND 

TOTAL VOLUME (EXCLUD~NG SUPPORT STRUC1URES) LESS Tr~N 200 C.C. 
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Long Term Surface Experiments for Apollo 17 

Preliminary Report to Science Working Panel 
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On March 15, 1972, a meeting was held at the Lunar Science Institute 

to discuss the nature of long term experiments that might be conducted 

as part of Apollo 17. The general concept is that properly designed 

packages or properly studied components of the existing spacecraft might 

be extremely useful scientific tools if these components could be exposed 

to the various fluxes at the lunar surface for long periods of time. 

These particular components could be retrieved at some time in the future, 

perhaps 10 to 20 years or more from now. 

Ground rules established were that existing parts would be used where 

feasible to meet the objectives of interest. Where thi's was not possible, 

the consideru.tion .,..,as to emp.loy th~ smallest possible package that could 

be reasonably expected to be adequate. No formal ground rule on weight 

limitation was considered but, in general, discussion centered almost 

entirely around parcels whose detector weights would be less than one half 

pound (excluding support structure and mounting weight). 

In almost all cases the requirement is for large surface areas for 

a maximum collection area. No attempt has been made to engineer a package. 

Rather specific scientific objectives with a rough idea of conceptual 

design were presented. 

Participants included R. Walker, D. Burriett, J. Hartung, D. Brownlee, 

B. Cour-Palais, S. Jacobs, L. Leger, D. Hallgren, R. Brod.zynski, D. Lockard, 

S. Blackmer and Capt. a• Bryant. ~Jritten or telephoned contributions were 

received from C. Hemenway, F. Harz, J. Geiss, G. Wasserburg, J. Arnold, 

R. Pepin, R. Fleischer, H. Hart and L. Silver. 
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This report represents an attempt to synthesize these inputs and the 

extensive discussions of March 15. 

Scientific Objectives 

In general the experiments fall into 3 categories: 

A. Solar Wind and Solar Flare Studies 

B. Meteorite Impact Studies 

C. Lunar Dust Transport and Erosion 

A. Solar Wind and Cosmic Ray Studies 

(1) Chemical composition of solar wind 

One of the most important pieces of information that students of the 

solar system wish to know is the composition of the sun. The composition 

of solar wind and solar flare products is of much interest since they 

represent the products of phenomena taking place on the solar surface. 

Lunar sample studies and the solar wind composition experiment have already 

provided extremely valuable clues in this study. With a properly designed 

1 ong term detector integrating the mean effect for pel'i ods of 10 years 

or more, there is the totally nev,r possibility of actually measuring a 

large number of solar wind elements directly. The detector should consist 

of one or more ultrapure substances. This would permit the direct measure-

ment of many elements using the techniques of resonance nuclear reactions 

(C, 0, H, 0, He), ion probe (0, Ni, Si, S, C); ion X-ray (elements of 

Z<30, An, Sr, Ge); activation (elements up to U and other special elements) 

and others that may be developed in the future. There is particular 

interest in studying the directional properties of the solar vJind in an 
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attempt to separate solar wind material from surface emitted material. 

In particular, an excellent job could be done on the Ar40 problem which 

is felt to be strictly of lunar origin. Distinguishing these products 

from lunar dust or micrometeorites might be a problem, but these can 

probably be handled by appropriate examination and removal of surface 

layers. The amounts of material expected are such that only ultrahigh 

purity materials at the present limit of technology are useful. 

(2) Solar Flares (Heavj Elements) 

The return of Surveyor parts has completely modified views on the 

composition of cosmic rays and it is now believed that solar flares, in 

particular, are rich in iron and other heavier elements. Because of 

the small numbers of particles present, and since data must be gathered 

outside the magnetosphere, there is no hope of doing an adequate experiment 

on the composition of solar flares for elements beyond iron , the periodic 

table, in the foreseeable future. This experiment would then examine the 

elements in the upper part of the periodic table and requires exposure 

times of many years in order to be useful. In the past no particles heavier 

than iron have been detected in all the experiments done and only about 

30 iron particles have been detected. The low energy particles of the 

solar flare activity should be tackled in this way and to be most beneficial 

the usual monitors of solar flare activity will act as a reference. 

Detectors whould consist of some kind of sandwiches (probably mica and 

quartz) with a surface area of about 100 cm2. 



(3) Total ionization monitor 
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For the expenditure of less than one gram of suitable phosphors it is 

possible to put on monitors rather like the personal monitors now used 

commercially in laboratories. These are thermoluminescent devices which 

could record the total dosage during the exposure time and would be 

especially useful in the event of a giant solar flare. 

{4) Nuclear Reaction Products 

a. Production of Radionuclides 

The purpose of this experiment is to examine in some detail the 

products formed by solar fl at~e and cosmic ray activity. There is a wide 

variety of spallation productions, many of which have stable nuclei and some 

of which are radioactive with a wide range of half lives. These products 

are of a great deal of interest and long exposutes of known mat~rials gives 

an excellent chance of detecting a wide variety of reactions and their 

products. This \'Jould be a very useful independent test of solar flat~e data 

not detectable in any other way. Among useful targets of general interest 

are Ba, Br, I, Ca, Fe and probably others so that a variety of detecting 

materials is required. Again long exposures are essential since the total 

fluxes are so small. 

b. Radioactive Nuclei from the Sun 

By capturing directly solar wind and solar flare particles in 

appropriate targets it will be possible to measure the direct production of 

active nuclei from the sun (considerable evidence exists from measurements 

from Tritium and c14 that such radioactive particles exist). This experiment 

is impossible to do with ordinary materials because interactions by galactic 
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and solar protons produce a background of radioactive element. Therefore 

ultrapure low atomic number detectors are essential. 

B. Meteorite Impact Studies 

These studies fall fairly conveniently into the following categories: 

100~ and larger pits; about 5~ to 100~ pits and 0.1 to 5~ pits. Although 

the problems of interest are similar in each case, the experimental approaches 

are quite different. Fundamentally_, it is desirable to measure the size 

distribution of impacting bodies but there is much interest in actually 

collecting enough of the products of impact to chemically analyze the meteoroid 

particles. Some of these particles might \~ell be from an origin outside the 

solar system and therefore be of very profound interest. Experiments of this 

type can only be done by 1 ong term exposures to the meteoroid f.l uxes and for 

this reason they are particularly appropriate for a long-term experiment. 

A 10~ pit is expected on the average to occur about once per cm2 per 10 years 

while a 100~ pit is only expected about l/20 as often. This again suggests 

that active areas of around 100 cm2 are required to be useful. Many of these 

studies could be done in principal on existing spacecraft surfaces but 

detection of the very fine particles requires very specially-prepared surfaces. 

Since all surfaces have flaws in them there is a distinct advantage to using 

multiple layer detecting sheets and examining for coincident holes. The 

use of such multiple layers also permits the possibility of capturing directly 

some of the meteorite material. 
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Chemical analysis of meteorite debris is planned using a small film 

of 25v thickness over a trapping hole about 5 mm square by about 1 mm 

deep to trap the material. There would have to be many such cells and 

the materials would have to be of ultrahigh purity. 

C. Lunar Dust Transport and Erosion 

(l) Lunar Dust Transport 

There has been much interest expressed in the ways in which dust is 

transported on the lunar surface but all agree that it is exceedingly slow. 

The interest in this is to expose surfaces to see if dust collects on them. 

These should include horizontal and vertical surfaces. When such a device 

is returned it will be of great interest to see if the dust has the same 

composition as the surrounding soil and to look at the vertical distribution 

of dust to examine whether there is any preferential grain size or 

composition distribution perhaps related to electrostatic or other transport 

processes. 

The problem of a suitable detector is to have a dust free surface 

totally free of effects from the ascent engine stage and predocumented 

for dustiness. The LEAM package, as we will see, is ideally suited for 

this purpose. 

(2) Erosion 

A second aspect of this problem is the problem of microerosion which, 

from lunar samples, seems to take place at a rate of about 10 - 100 R in 

10 yeat~s in an undetermined process. A single crystal of feldspar \vith 

implanted radio-active elements as a marker would be very useful for this, 

since it is required to detect the removal of a layer perhaps lO's of 

angstroms thick. 

' ' 
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Implementation (Conceptual_) 
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In general we have examined several available components which have 

excellent characteristics for some of the proposed experiments. In these 

cases some documentation and control is required and the agency should 

preserve identical packages on earth for future reference and comparative 

studies. A significant job of documentation is required. 

Where special packages are proposed this is, in general, because of 

requirements for ultra-high purity and for very specially prepared surfaces. 

The ultra-high purity requirement is sufficiently strong that only optimum 

solid-state materials such as silicon, germanium or niobium are likely to 

be acceptable. 

{l) Existing Hardware 

a. Lunar Ejecta and Meteorites Experimen~ (LEAM) 

This experiment has one horizontal surface and two vertical 

surfaces which are covered with a dust cover until after liftoff and the 

final seismic charge has been fired. With proper documentation this 

experiment package is ideal for the lunar dust transport experiment. It 

also has an application to cratering rate studies and meteoroid debris 

collection for particles over 25~ or so. 

Requirements 

dust control during packaging (especially at KSC) 

- preserve reference tapes 

- propose a sticky tape put on part of structure as an in-situ 

reference free of initial dust 
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b. Rover Mirrors (batteries, TV, LCRU, etc.) Approximately 

4000 cm2 are available. 

This area would be expected to yield about 80 pits of about 

100~ size in 10 years. 

These mirrors are excellent surfaces for the study of impact 

pits of about 100~ or more in diameter. They may be useful for pits in 

the 5- 100~ range also but this requires a high quality mirror and further 

checks need to be done. They are probably not useful for chemical analysis 

of meteorite debris because of the lack of purity. 

Further studies are needed to demonstrate that the mirrors are 

useful for particle track work. 

Requirements 

- mirrors must be left uncovered 

-must be examined for optical quality and track registration 

potential 

keep reference sample 

c. Thermal Blankets (ALSEP central station and PSE skirt) 

These are composed of 15 - 35 layers of aluminized-mylar with 

an outer 1 ayer of a 1 umi n i zed kapton. The outer 1 ayer is 5 mil thick and 

the inner ones about 2 mil thick. These blankets {probably the most 

shielded ALSEP central station blanket) have areas of about 10,000 cm2 

and provide an excellent way of collecting solid meteoroid debris as well 

as looking for impact coincidence in adjacent sheets to distinguish them 

from flaws. 
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If they have good track registration properties they might be 

useful particle track detectors although thermal cycling on the outer 

layers may erase the most interesting tracks. 

Requirements 

- examine surfaces for flaws and for track registration 

properties including thermal sensitivity 

- possibly implant reference ions in parts of it to have an 

internal thermal monitor 

d. Camera Lenses 

These have a multitude of uses for examining pits. Some of the 

lenses should be left pointing north or south out of the ecliptic plane 

in the hopes of detecting and collecting material from outside the solar 
system. 

(2) , Special Hardware 

a. Solar Wind Panel 

It is proposed that a package with a surface area of about 100 em 

of ultrapure material be fabricated. This only needs to be 1 to 2 mm 

thick and should consist of 100 separate 1 cm2 elements. Some of these 

would be control elements but the bulk would be of ultrapure Si, Ge and Nb. 

A small number would be of Al, Al 2o3 and Pt and a small number of high 

temperature elements such as Ta and Rh. One element of the panel would 

be a crystal for the lunar erosion rate experiment. This panel would be 

flat on the surface or somewhat raiseJ and great care would have to be 

taken to prevent lunar dust or suit moisture contamination. This part of 

the experiment would have no directional capability but this would be 

added to the structure of the experiment (see below). 

2 
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b. Solar Flare Panel 
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This panel should be about 10 em x 10 em and consist of a 

layer of mica over a layer of quartz, each about 1 mm thick. 

c. Micrometeorite Panel 

(a) Detection of 0.1~ to 5~ particles 

For the detection of 0. h to 5~ parti c 1 es very specially 

prepared surfaces are required. Once again a panel rather like the solar 

wind panel is required and it is p~oposed that about 50 elements of 1 cm2 

each be distributed over a 10 em x 5 em area. Total thickness required 

is only about 1 to 2 mrn. 

(b) Chemical Analysis of 1~ particles 

This experiment is to detect the products from small impacts 

in small pits in a block of material. The required size of each subsurface 

pits is 0.5 mn x 0.5 mn by 0.1 mm thick covered by a very thin plastic 

foil about 25u thick. A total surface area of 10 em x 5 em gives a chance 

of including nearly 200 individual trapping cells. 



(b) Radioactive nuclei from the sun 

f 
' 
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Since the experiment is aimed mainly at chemical analysis of 

amounts of material in the order of 10-9 gr (amount expected from a 10-6 gm 

particle), foil and trap block must be of an ultrapure well documented 

materia 1. 

d. Nuclear Reaction Products Panel 

(a) Radionuclide detection 

This panel should consist of about four or five different 

materials which detect different elements and once again they must be 

ultrapure. Materials proposed are Co, Fe, Sc, Ta and perhaps others. 

Each foil should be no more than 0.5 mm thick. Surface area is not as 

important as in some other experiments and we propose a surface area of 

about 10 x 5 em. 

Because of the interest in direct detection of radioactive 

particles from the sun, a block of 5 em x 10 em x 5 mm of solid ultrapure 

material is proposed. This block might be solid silicon or perhaps half 

silicon and half gennanium or some other very pure material. 

e. Miscellaneous 

insert 3 phosphors (100 mgm) in 2 em thick block.at various 

depths to serve as a total ionization detector. 
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- small additional wafers could be added depending on the geometry 

to detect reflected solar wind. 

- small panels on the sides of the support structure of Al, 

Al 203 or Pt foil about 1 cm2 would be very important for 

studying the directional properties of the solar wind. 

A total package of this general nature would have a surface area 

of about 20 em x 20 em. The area would involve a thickness 5 mm or less 

or a total volume less than 200 cc. This suggests a detector weight of 

less than 1 pound since much of the sensor area need only to be 1 or 2 mm 

thick. In addition there are requirements for a suitable framework and 

structure so that the total weight would be greater. 

Recom;nendations 

We recommend that NASA implement the following steps; 

(1) Identify a team leader and a team of cognizant scientists as 

soon as possible to explore more deeply into the materials requirements 

for an experiment of the nature described here and to continue the develop-

ment of scientific requirements. The team leader would act as a principal 

investigator should such a package be approved. 

(2) Expand the investigation of available parts along the general 

lines discussed here and document the materials in detail. 

(3) Plan to construct a small package to weigh no more than 2 to 

3 pounds to serve the needs of the scientific community ·for long-term 

experiments and to be flown on Apollo 17, the last planned lunar mission. 
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During the last several decades, the existence of cosmic dust has been established by ground and 
astronomical obsenrations. When high-altitude rocket research began in 1949, simple devices, such <lS 

acoustical detectors (microphones), were employed to measure the actual momenta of meteors impact-
ing on the skin of rockets. The apparent success achieved with these simple devices prompted investi-
gators in the United States, the Soviet Union, and other countries to make hundreds of similar 
measurements. 

The common conclusion drawn from these measurements was that an extremely high concentra-
tion of dust existed in the vicinity of Earth; conceivably, a dust belt surrounded Earth. In fact, 
the flux was sufficiently high to justify progr<1ms for the collection of space particles or their impact 
signatures. The results of these experiments supported the high-flux results of the acoustical me8surc-
ments, and, in some cases, they exceeded the high-flux rates derived from the latter. 

While these early space measurements were being performed, a study of hypervelotity impact 
that dealt with the devastating effect of impacts by projectiles traveling faster than the speed of 
sound was also being made. Taken together, the results of the hypervelocity impact and cosmic dust 
experiments convinced investigators of the existence of a meteor hazard. During the early 1950's. 
famous astronomers, such as Fred Whipple, expressed the idea that astronauts would have to become 
psychologically acclimated to the pinging sound of micrometeorites striking their spacecraft. Early 
spacesuits were designed to protect the wearer from the meteor hazard and were reported to be so 
bulky that the astronauts could not exit from their capsule. 

The majority of astronomers and astrophysicists, however, had serious doubts concerning the 
accuracy of in situ measurements of space material because the vast 8mount of material that was 
recorded could not possibly be reconciled with the earlier results obtained from ground observation of 
light absorption, observation of fireballs, and measurement of the frequency with which large meteors 
traverse Earth's atmosphere. 

Recently, more sophisticated cosmic dust experiments employing multiple-coincidence sensor 
techniques have m8de accurate measurements of micrometeorite fluxes. These measurements yield 
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fluxes that are as much as seven orders of magnitude lower than those obtained with the older acous-
tical techniques. The multiple-coincidence cosmic dust sensors aboard Pioneers 8 and 9 have consis-
tently mc'asurcd low fluxes, in agreement with both theory and ground observations. 

Figure 1 shows the fluxes obtained from various measurements employing different techniques 
and the fluxes predicted by the Dohnanyi model. Note that the high and low measurements arc 
separated by as many as seven orders of magnitude. The high-flux curve is derived primarily from 
acoustical-sensor and particle-collector dJta. The low·flux, shaded area represents the predictions of 
Dohnanyi's theoretical model of a cometary source of cosmic dust. Within the shaded area arc the 
results from penetration experiments and the two Pioneer experiments-forerunners of the lunar 
ejecta and meteorite (LEAM) experiment. 

It is this author's opinion that the huge discrepancies between the high- and low-flux curves shown 
in Figure 1 have been resolved by the results of the Pione;cr experiments. The Pioneer data are in agree-
ment with the Dolmanyi model and the opinions of most astronomers. Furthermore, the Pioneer data 
show that there is a positive correlation between the acoustical sensor response and solar proton events. 
The bulk of the data indicating high fluxes and the so-called meteor hazard can, in general, be 
disregarded. 

THE LEAM EXPERIMENT PACKAGE 

Figure 2 shows the b:tsic sensor of the LEAM experiment. It is designed to respond to two phy-
sical phenomena that occur whenever a hypcrvelocity particle impacts upon a surface: the production 
of an ionized plasma and the transfer of momentum. When a cosmic dust particle enters the sensor 
system, it creates a plasma at the very-thin-film front sensor. The plasma is separated into ions and 
electrons and collected on the film and grid, respectively, producing the positive and negative pulses 
shown in the figure. The cosmic dust particle causes similar phenomena to occur at the rear film 
sensor, and, if it still has sufficient momentum, its impact is registered by the acoustical sensor. There-
fore, there arc five locations in the experiment where data are acquired: front film, front collector 
grid, rear film, rear collector grid, and acoustical sensor. 

The time-of-flight (TOF) array enables us to meet the principal objective of the experiment-to 
obtain information on the speed, direction, and kinetic energy of meteoroids in order to determine 
their orbits. For an event to be recorded, responses from both the front and rear films, in proper 
sequence, arc required within a limited time window. The TOF array utilizes fully all of the unique 
sensor controls and electronic monitors that are fcatmes of the LEAM experiment. The probability 
of an accidental TOF event is 6.2 X I o-7 • 

The basic sensor shown in Figure 2 is one of 256 similar sensors that compose the LEAM cosmic 
dust experimc-,nt. Figure 3 shows an exploded view of the overall sensor array. The front and rear 
sensor arrays arc each composed of 16 squares formed by four film strips crossed by four grid strips. 
By proper utilization of the amplifiers and circuit logic. one can determine which of the 16 squares in 
each of the arrays was affected by an impact. Thus, the flight path of the meteoroid within the 
experiment can be determined. 

2 
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The sensors in the LEAM experiment are divided into three .sensor systems: the east, west, and 
up sensor systems. Each performs a specific function in the overall measurement procedure, but, in 
addition, each will obtain data that can be used to check the data from another system. Only the cast 
and up sensor systems utilize the entire five-coincidence sensor array, and they yield data that enable 
us to derive the following particle parameters: 

• Speed, measured with an accuracy of± 5 percent. 

• Kinetic energy, measured for particles having energies of 0.2 ergs or more. 

• Flight path, measured with an accuracy of± 26°. 

• A function of particle momentum, measured for momenta of 2 X I o-5 dyne-s or greater. 

• Mass and diameter, obtained by assuming a particle density and by using the measured speed 
and kinetic energy. 

Using these quantities and the known coordinates of the LEAM experiment sensor axes, one can 
readily obtain the orbital elements of primary cosmic dust particles. (In the case of ejecta, one can 
determine the point of origin.) 

The west sensor system has no front film and, consequently, cannot measure particle speed. Its 
directional resolution is only ± 60°. The specific function of the west system is to measure impact 
parameters of low-speed lunar ejecta particles. Unfortunately, impact ionization occurs only for pro-
jectile velocities of 1 km/s or greater, and since the lunar escape velocity is 2.4 km/s, it was felt that a 
majority of the ejecta particles encountered by the LEAM experiment .would register on the acoustical 
sensor only. Therefore, the front film was removed, since its presence would only complicate the 
analysis of the data from the acoustical sensor. The expected rate of ejecta irripacts regis'tering on the 
rear film sensor and the acoustical detector in coincidence should show a reasonable overlap with 
data from the acoustical detector alone, lending credence to the use of the acoustical data by itself. 

Calibration of the LEA}.i experiment will be performed in two unique hypervelocity particle 
accelerator facilities, one located at Goddard Space Flight Center and the other at Ames Research 
Center. The GSFC facility consists of a 2-MeV Van de Graaff accelerator modified to accelerate 
microspheres rather than ions. The accelerator is capable of firing particles ranging in diameter from 
0.1 to 10 J.Im at speeds up to 50 km/s and frequencies up to 1 particle/s. For iron spheres, the mass 
range would be from 10-14 to 10-10 g. The unique feature of this facility is its capability to select 
projectiles according to size and/or velocity. 

In addition to particle-size constraints, the facility is also constrained to the acceleration of 
conducting spheres only (iron, carbon, aluminum, etc.). Calibration with bcith nonconducting and 
larger spheres will be performed at the ARC facility, which is capable of firing 1 00-Jlm or larger 
spheres at speeds up to 30 km/s. Its major limitation is that its firing frequency is only a few particles 
per day. It is gcnaally agreed that micrometeorites have low densities--possibly as low as 0.05 g/cm 3 . 

Thus, the ARC facility will employ low-density materials, such as polyethylene, in its calibration 
tests. At ARC, the deceleration of particles in the front film will also be determine~ for a variety of 
particle parameters~ 

3 
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OBJECTIVES OF THE LEAM EXPERIMENT. 
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Our first objective will be to measure impact flux rates on the lunar surface. Figure 4 shows the 
three LEAM experiment sensor systems and their relationship to the meteoroid environment for the 
four phases of the Moon. The figure demonstrates some of the advantages of performing cosmic dust 
experiments at a position on the surface of the Moon. Beginning with the new-Moo·n phase, the 
LEAM experiment is shielded from direct sunlight and the effects of electromagnetic radiation. The 
east sensor-system axis is directed toward Earth's apex motion around the Sun. Under these condi-
tions, we expect to obtain the best data (best statistical and reliability factors). Since the average 
relative velocity between the particle and the experiment is greatest during this phase, the highest 
impact flux rate will be achieved. As the figure shows, 

where 

V = measured particle velocity, 

Jj1 =heliocentric particle velocity, 

VEMS =heliocentric velocity of the Earth-Moon system. 

This will be true for both direct and retrograde particles . 

The noise pulse rate will be lowest during the new-Moon phase because the LEAM experiment 
will be shielded from direct sunlight. We are not really very concerned. about noise pulse rates; the 
results of the Pioneer experiments indicated an average total event rate of less than one event per day, 
i'ncluding noise pulses. Those results confirm the low-meteoroid~population theories postulated and 
accepted by astronomers for several decades. 

During each complete lunar cycle, each of the three sensor systems will be exposed to cosmic 
particles having known velocities ranging from 

to 

Our second objective, though not necessmily a major one, will be to investigate the existence of 
an effect acting on the particles cal!t?d "Earth focusing." Microparticles in our solar system are 
affected by several forces but primarily radiation pressure and gravity. Radiation forces increase as 
functions of the cross-sectional area of the particle (i.e., as r2 ); gravitational forces increase as 
functions of the mass of the particle (i.e., as r 3 ). As cosmic dust is blown away from the Sun and 
toward Earth, the larger particles collide with Earth or its atmosphere, but the smaller ones are merely 
perturbed and focused into a con centra ted stream behind the dark side of Earth. Figure 4 shows that 
the up sensor system will be in an ideal position to detect this concentration. 

Those of us who favor the low-flux data are "statistically outclassed" by the supporters of the 
high-flux data. (See Figure 1.) The high-flux curve is based on several dozen acoustical measurements 
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and the results of many particle collections. The low-flux curve, though theoretically sound, is bas~'cl 
on only a f1.'W penetration mc::sur1.'mcn ts and the Pioneer results. Therefore, one may ask tl1c obvious 
question: What makes us think that those few (low-flux) point~ arc more correct thnn the hundreds 
of (high-flux) poinh th<tl support a contrary view? 

Our third objective will be to establish statistically the validity of the low-nux curve in the 
vicinity of Earth. The Piuneer data h:t\T shown that the earlier acoustical meJSUJTments ~houlcl be: 
disregarded, and they have also revealed the existence of a particle-size cutoff. The bttcr is in keeping 
with theory--sol:1r radiation pressure removes all particles having di<m1ctcrs that arc less than roLIL'hly 
1 11m. The LEAM experiment should verify the particle-size cutofL The Pioneer data also disclo~c'cl 
the existence of an apex orientation enhancement-the impact rate was greatest when the experinh'nl 
axis pointed into the satellite apex. The experiment rammed the cosmic dust at velocities that wcr'' 
comparable to meteor velocities. This apex enhancement should be readily reveakd and verifiL'd by 
the two identical sensor systems, east and up, operating simultaneously but with axes separated by 90°. 

The fourth objective of the LEAM experiment will be to discover the source or origin for the 
cosmic dust in the solar system: Is it cometary debris or asteroidal debris? Since the LEAM experi-
ment measures both speed and direction, the orbital elements of the particles will be cleterminecl with 
sufficient accuracy to separate the cometary particles from the asteroidal p<lrticles. 

The fifth objective will be to study cosmic dust whose source is external to the solar system. This 
is an extremely interesting and timely objective because of the recent theoretical studies made by 
Greenberg and others. As the solar system passes through space 3t approximately 20 km/s. it sweeps 
through clouds of interste!Ln p:nticulatc matter. Supposedly, these particles have m~1sscs ranging 
from 1 o-14 to 1 a-Is g and radiate from Hercules. The LEAM experiment axes have been reorienlcd 
.to accommodate these interesting particles. Although the flux from these interstellar p:1.rticlcs will 
probably be low, we expect to observe an impact frequency or flux modulation as the ~cnsor-systL 111 

axis aligns with the solar apex. (Detection of interstellar grains is presci1tly listed <1S the pri1:cipal 
objective of the cosmic dust experiments in the Grand Tour mission. There is 311 excellent chance, 
however, that the Apollo ALSEP missions will achieve this goal first.) 

Our sixth objective, and one of the major objectives, will be to measure the effects of crossing the 
orbital planes of known comets. Figure 5, taken from work by Silverberg, shows a comet passing its 
perihelion and being partially disintegrated by radiation pressure. A plane of particles is producni, 
some of which will be encountered by Earth or a satellite. There have been claims by several peopk. 
including Silverberg, that these planes have been detected by impact sensors, primarily L he acoustical 
sensor. Silverberg has since changed his view, and since the acoustical cla ta are so q m'stiona bk. only 

-the most ardent supporters of this point of view still believe that the phenomenon has indeed bcL'Il 
detected. Furthermore, six years of data from Pioneer have failed to reveal evidence of the Sil\ c'rbcrg 
particles. The answer is simple: Radiation pressure over a period of years has removed essenti:dly 
all of the small particles (diameter less than 10 11m) from these planes. 

The LEAM experiment, however, will measure the effects of crossing the Sih·erberg pLmL·s 1'Y 
using the huge lunar surface as a gigantic impact surface for the larger particks in th1.' plane that ~1re 
essentially unaffected by radi:1tion pressure. We expect to g:1ther Lbta on imp:1ct p:!Llllleters :J'~nc'i- ' 
atecl with comdary-p!Jne crossings and hope to coordinate our work with Gary Latham's seismoi'LIJ'h 

5 



Enclosure 11 
Page 19 of 24 

experiment. The LEAM experiment \Vill measure arrival times and source directions for ejecta that 
could be associated with meteor impacts detected by his instruments; each experiment will be 
checking the performance of the other. 

CONCLUSION 

We arc witnessing a very interesting transition in the study of cosmic dust: Interest has shifted 
from simple flux measurements to investigations having an impact on astronomy in general. Modern 
cosmic dust instruments have revealed extremely interesting details about the meteoroid environment, 
but, as is often the case, the new facts have raised additional questions. 

The study of cosmic dust particles demands our attention because these particles probably 
represent a very early (primordial) phase in the d~velopment of our solar system and, indeed, the 
millions of galaxies. Their dynamic behavior in the solar system is much more complex and rnore 
interesting to study than that of their larger cousins, the meteorites, because the former are affected 
not only by gravity but by radiation pressure, surrounding i9ns and electrons, and probably magnetic 
fields. 
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Figure 5-Disintcgration of comet under radiation pressure (after Silverberg). 
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REPLY TO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

77058 

ATTN OF: TD5 

MEMORANDUM 0 6 JUN 1972 
TO: Distribution 

FROM: TA/Chairman, Science Working Panel 

SUBJECT: Minutes of the 16th Science Working Panel 

16.1 Introduction 

The 16th Science Working Panel (SWP) Meeting was convened on May 10-11, 
1972, at the Lunar Science Institute, Houston, Texas, by Chairman James 
A. Lovell (TA). SWP members responsible for orbital experiments and 
photographic activities were not required to attend since agenda items 
concerned only lunar surface science. Attendees are listed in Enclosure 1; 
the meeting agenda is included as Enclosure 2. 

In his introductory remarks, Chairman Lovell said that he had discussed 
the science payload with 0. G. Morris (PA) who succeeded J. A. McDivitt 
as Manager, Apollo Spacecraft Program Office (ASPO). This discussion 
disclosed that the science payload control weight for Apollo 17 is firm 
at 1200 pounds to assure that fuel is available to provide a LM hover 
margin of at least 16 seconds. This hover margin is considered desirable 
because of the relative inaccessibility of the Taurus-Littrow landing 
site. 

Chairman Lovell reiterated that the primary purpose of the SWP is to 
maximize the science return from Apollo 17, the last of the scheduled 
Apollo missions. He stated that SWP's responsibility was to identify 
and justify equipment and activities based on science merit and that 
weight considerations, although important, should not constrain SWP 
recommendations since the final decision regarding science-weight trade-
offs would be made by ASPO and NASA Headquarters. 

Agenda items were presented on May 10, 1972, and SWP members met in 
Executive Session on May 11, 1972. Presentations and related discussions 
are summarized in paragraphs 16.2.1 through 16.2.13; results of the 
Executive Sessiop are summarized in paragraphs 16.3.1 and 16.3.2. It 
is emphasized that, unless specifically noted otherwise, SWP decisions 
and recommendations contained in these minutes represent the official 
position of the Science and Applications Directorate (S&AD) and may be 
used as such by other MSC mission planning and implementing organizations 
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with regard to procedures, experiment/hardware procurement, 
priorities, and the like. 

16.2 Apollo 17 Science Planning 

16.2.1 Experime~ts Pri££ity/Hardware Status 

R. R. Baldwin (TD5) discussed the priority and weight of lunar 
surface experiments and related science support equipment for 
Apollo 17 (Enclosure 3); J. F. Goree (PG) provided data which 
identified approved Apollo 17 experiments and equipment as well 
as unapproved candidates (Enclosure 4). The total approved 
science and support equipment payload at earth lift-off is 
1223.2 pounds based on the Apollo Spacecraft Weight Summary 
dated May 1, 1972, a -23.2 pound margin referenced to the 
control weight of 1200 pounds. This margin would be increased 
to about -45 pounds with the inclusion of the following candidate 
items: Neutron Flux Monitor (5 pounds); LRV Sampler (1.0 pound); 
long-term lunar surface experiments (no weight increase); padded 
sample bags (1.0 pound); surface sampler (1.2 pounds) subsequently 
eliminated by SWP as a candidate; core sample vacuum container 
(0.3 pound increase) which replaces an approved soil environmental 
sample container; and a 500-mm camera system with one magazine 
(13.8 pounds). SWP action concerning recommendations for candi-
date items and prioritization was deferred to the Executive 
Session (refer to paragraph 16.3.1.1), 

16.2.2 Preliminary Sample Requirements 

R. 0. Pepin (University of Minnesota) discussed this topic using 
preliminary traverse plots as a reference. After commending 
geological and traverse planning personnel (W. R. Muehlberger, 
J. R. Sevier, and J. W. Head) on the advanced state of traverse 
plots and activities scheduling, he presented the preliminary 
sample requirements summarized below: 

a) Documented Soil Samples. Concurrence with documented soil 
sample activities as planned. 

_ b) Radial Sample. Should be considered a routine rather than 
a special requirement. 

c) Core Tube Samples. Samples only of dark mantle material 
are presently planned (near the LM, station 1, CSVC at 
station 2, and station 10). Over the next few months, 
consideration should be given to sampling of other mate~ 
rials (massifs, etc.). 

i 
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d) Rake Sample. This requirement is now routine rather than 
special. The amount for each rake sample should be 
established. 

e) 500-mm Camera Photography. The camera is not approved for 
flight but is recommended as a low-priority candidate. 

f) Boulder Samples. Sample collection should be a crew option. 

g) Sampling at other than nominal stations. LRV opens up 
additional opportunities (stops for deployment of Lunar 
Seismic Profiling explosive charges, etc.). Tentative 
requirement is for about 10 samples • 

h) Photography of Sampling from LRV. Photography should have 
minimum impact on the crew timeline. One crewman may be 
able to take three sample/area location photographs while 
the other crewman collects the sample (one sample and two 
locator photos). 

i) Deep Drill Core Sample. Recommend addition of two core 
stems to provide an increase in sample depth from about 
2.6 to 3.5 meters. Additional consideration for sample 
location must be given to insertion requirements for Neutron 
Flux Monitor, location of desired sampling area, crew/ 
mobility capabilities, etc. Two possible locations are 
the middle of an old subdued crater, and the vicinity of 
the LM. 

j) CSVC and SESC Samples. Recommend that the CSVC replace 
one of two approved SESC's. The CSVC sample should be 
obtained at station 2 at a point farthest from the LM. 

k) Padded Bag Samples. Requirement for these samples should 
be based on Apollo 16 data which are not yet available. 

1) Fuel Products Contamination Sample. The heavy demand for 
portions of samples obtained on Apollo 14 and 15 necessitates 
a new sample (none was required on Apollo 16). This sample 
can be stowed in an ordinary sample bag (SESC and/or SRC 
stowage is not required). 

m) Polarimetry. No position on such a requirement should be 
taken until Apollo 16 data have been evaluated. 

n) Penetrometer Measurements. No requirement exists. 
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o) Soil Mechanics Trench. Delete requirement pending further 
consideration; t~ench exploration should be a crew option. 
(Note: By direction of NASA Headquarters, the Soil Mechanics 
Experiment is considered a passive experiment and requires 
no specific cre.w tasks. Data will be derived from other 
science activities.) 

p) Boulder ChiEs· Chips desired from boulders around craters 
in dark mantle areas and from boulders that have rolled down 
a crater slope. Chip collection should be subject to crew 
discretion and not defined as a requirement. 

q) Sample from East-West Boulder Split. Not considered a 
requirement; desirable to obtain only if crew opportunity 
exists. 

r) Dust Fillet. Not a requirement; obtain only if banked 
against one area of a rock and as a crew option. 

16.2.3 Summary/Action- Neutron Flux Monitor Experiment 

D. Burnett (California Institute of Technology) reviewed the 
status of the proposed Neutron Flux Monitor Experiment. His 
presentation included the scientific objectives, summarized 
experiment requirements, design assumptions, and verification 
testing (Enclosure 5). The basic objective of the experiment 
is to measure the neutron flux as a function of lunar surface 
depth. These data will be used to calculate the neutron capture 
rates of various elements and to gain some information on the 
lunar neutron energy spectrum. 

Since the 15th SWP meeting held March 16-17, 1972, the original 
1-meter, single· ... section configuration has been changed to two 
1.22-meter aluminum sections which can be coupled for integral 
operation or decoupled for independent operation. The sections 
have an outer diameter of about 2 centimeters and weigh 4 pounds. 
Each section consists of an inner and outer rod. The outer rod 
is coated with a plastic detector and the inner rod with a boron 
lOB target. A handle for each section rotates the boron target 
with respect to the plastic, either exposing the target to 
bombardment by neutrons (instrument "on") or shielding the 
target (instrument "off"). 

Operational requirements for the experiment are as follows: 

a) Upper and lower sections are decoupled for LM stowage and 
transport to the lunar surface and to the deployment site 
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\ 

by the crew for insertion in the lunar surface. Insertion 
is tentatively planned in the hole remaining after extrac-
tion of the deep drill core sample. Alternate plans are to 
hammer the rods into the surface or to place the rods in a 
crater. The instrument must be deployed at least 25 meters 
from the RTG and preferably at a lower elevation. 

b) The handle of the lower section is rotated to expose its 
boron target, the handle removed and stowed for later use, 
and the lower and upper sections coupled • 

c) The handle of the upper section is rotated to expose its 
boron target, and the coupled instrument inserted into the 
ground for capture of neutrons. Exposure for a minimum of 
1 hour will provide some data; the ideal exposure time is 
24 hours. 

d) After exposure, the instrument is removed from the ground 
and the sections decoupled for transport to and stowage in 
the LM; handles of both the upper and lower sections are 
rotated to shield the boron targets. 

A prototype instrument has been completed and is undergoing physi-
cal and operational testing; fabrication of other instruments is 
near completion. An Experiment Implementation Plan has been pre-
pared and submitted to ASPO for review and follow-on action to 
implement approval and flight assignment by NASA Headquarters. 
Future design considerations include strengthening the handle 
latch of the top section to preclude inadvertent rotation and 
target exposure while being handled, inclusion of a temperature 
label to indicate whether the instrument temperature limit of 
70° C has been exceeded, and determining requirements for stowage 
containers. 

Long-Term Lunar Surface Experiment Package Status 

D. W. Strangway (MSC/TN4) presented the results of a study which 
he had coordinated (Enclosure 6). This study covered the develop-

_ment of both a new package of experiments and the use of existing 
Apollo 17 spacecraft and science equipment materials to be left 
on the moon. 0. E. Berg (NASA/GSFC) supplemented his presentation 
with the results of an independent study which he and a colleague 
had performed (Enclosure 7). 

Enclosure 6 reflects the consensus of study participants that a 
long-term lunar surface experiment package be developed and flown 
on Apollo 17. As presently conceived, this package would consist 



6 

of four ind:Lvidual panels used to support the following studies: 
solar wind, .solar flare, meteorite impact, and lunar dust trans-
port and erosion. These panels would be placed in individual 
containers installed in a single canister. This canister would 
either be deposited directly on the lunar surface for retrieval 
on some future mission, or raised from the lunar surface by means 
of a telescop:tng rod or tripod. The total package would have 
dimensions of 20 x 20 x 0.6 em and weigh 470.5 grams. 

Existing hardware evaluated during the study and considered 
likely candidates for long-term surface experiment purposes 
are as follmvs: 

a) Lunar_Ejecta and Heteorites Experiment. One horizontal and 
two vertical surfaces are applicable for lunar dust transport, 
cratering rate, and meteoroid debris collection studies. 

b) Lunar Rover Vehicle Mirrors (batteries, TV, LCRU, etc.), 
These surfaces provide excellent surfaces for the study of 
impact pits and perhaps of particle tracks. 

c) Thermal Blankets (ALSEP Central Station). These blankets 
provide areas for collecting solid meteoroid debris and for 
use as particle track detectors. 

d) Camera Lenses. These lenses serve a number of uses for 
examination of pits, 

Enclosure 7 describes the study performed by 0. E. Berg and 
J. A. H. McDonnell. This study reco~~ends that a multiple thin-
foil sensor be developed for use as a long-term lunar surface 
experiment package. This package would consist of four 10 x 10 em 
exposure areas constructed of metal foil several microns thick, 
supported on a grid with 1-crn spacings, and incorporated in a 
rugged unit weighing less than 200 grams. The package is intended 
for determining 

a) Meteoroid Primary Impact Penetration, Radiant, Velocity and 
Composition 

b) Meteoroid Impact Ejecta and Communication Products 

c) Solar Wind Composition 

d) Medium Energy Solar Flare Composition 

e) Solar Wind Sputter Rate 

f) Meteoroid Bumper Efficiency 

... 
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SWP action concerning recommendations for long-term lunar surface 
experiments was deferred to the Executive Session (refer to para-
graph 16. 3 .1. 2} • 

16.2.5 Analysis of Drill Core Stems 

16.2.5.1 Joints for Lead Contamination 

16.2.5.2 

16.2.6 

G. J. Wasserburg (California Institute of Techno.logy} presented 
the results of a study conducted by L. Silver (California Insti-
tute of Technology) as described in Enclosure 8. The study 
revealed the presence of an unacceptable level of lead contami-
nation in the drill core stems and in the drill bit. Core stems 
similar to flight hardware will be rinsed in diluted nitric acid 
to determine whether contamination can be reduced to tolerable 
levels. The tube will then undergo structural tests at MSC to 
determine the degradation effects of the rinse. 

G. Wasserburg recommended that SWP consider two alternate plans: 
continue the investigation to determine whether rinsing and 
cleaning will eliminate the contamination; and initiate procure-
ment of new contamination-free core stems. SWP's decision was 
deferred to the Executive Session (refer to paragraph 16.3.2.1}. 

Depth of Penetration 

G. J. Wasserburg recommended that two drill core stems be added 
to the science payload in order to obtain a deeper core sample 
(3.5 meters versus the 2.6-meter sample obtained on Apollo 15 
and 16). The additional depth of about 1 meter is equivalent 
to 100-200 million years in lunar history. The increase in 
payload weight would be 0.8 pound. Each stem would yield about 
250 grams of soil. SWP decision was deferred to the Executive 
Session (refer to paragraph 16.3.1.1}. 

LRV Sampler Design 

F. J. Laurentz (MSC/PG) and R. V. Blevins (MSC/CG32-GE) dis-
cussed the LRV Sampler design activities which have been 
conducted since the 15th SWP meeting (Enclosures 9 and 10). 
Six prototype designs were operationally tested on April 17, 
1972, by Apollo crew members in the 1/6-g environment of a 
KC-135 aircraft as detailed in Enclosure 10. These prototypes 
were (a) tongs and flat bag, (b) "blivet" (a metal can with a 
trigger-operated lid), (c) dixie cup (round bag) sampler 
Rdapted to the universal handling tool (UHT), (d) flat bag 
sampler adapted to the UHT, (e) hollow tube sampler and 
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(f) multiple drum-type sampler. Evaluation of these samplers 
with respect to ease of sample collection, sample collection 
time, and hardware and \\'eight impacts indicated that the dixie 
cup sampler \vith UI1T is superior to the others and is recom-
mended for SWP approval. 

After some discussion, SlfJP members approved the recommended 
design. Dixie cups will be provided in two 24-bag dispensers. 
Wires will be added to the ring assembly to hold the bags more 
securely. The unit tdll increase the payload weight about 
1 pound, 

Since only about 10 samples from the LRV vlill be required, the 
extra bags could be used for documented sample collection and 
perhaps two of the approved 20-documented sample bag dispensers 
deleted. The net result would be an additional eight bags with 
no change in payload weight. Deletion of these dispensers and 
definition of stmvage requirements were deferred for later 
resolution (paragraph 16.3.1.1). 

Seismic Recording of Spent 1M Ascent Stage lmEact 

R. L. Kovach (Stanford University) discussed requirements for 
recording the seismic energy produced by impact of the Apollo 
17 LH ascent stage on the lunar surface (Enclosure 11). Based 
on the presently planned trajectory and on velocity-lunar depth 
data obtained from earlier missions~ the impact cannot be 
recorded by instruments deployed on previous missions, but may 
be recorded by the Lunar Seismic Profiling Experiment (LSPE) 
at the Apollo 17 landing site if the LM ascent stage can be 
impacted at a distance no greater than 50 km from the LSPE 
(20 to 30 km is recommended). Studies are being conducted to 
determine if high lunar terrain along the trajectory will per-
mit impact within the required so-~~ distance. 

SWP tentatively concurred ,.,;ith Mr. Kovach's recommendations, 
but withheld final approval pending reaffirmation from appli-
cable Principal Investigators (PI's) for experiments such as 
the Passive Seismic Experiment deployed on previous Apollo 
missions. 

R. R. Baldwin (TDS) accepted action to coordinate resolution 
of problems cited in the above paragraphs. 
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16.2.8 Integration of Surface Experiments Into LRV and Walking Traverses 

16. 2. 8.1 Lunar Gravity Traverse (S-199) 

M. Talwani (Columbia University) presented this agenda item 
(Enclosure 12). Included in his presentation were the science 
objectives, a physical description of the instrument, and the 
operational requirements based on the preliminary traverses 
planned for Apollo 17. The instrument mounts on the LRV, is 
operated on both the lunar surface and the LRV, weighs 33 pounds, 
and has dimensions of 20 x 11 x 9 3/4 inches. Controls and 
displays are provided for both normal and bias measurements. 
Procedures for measurements are as follows: 

a) Instrument ON/STANDBY switch is set to ON at the beginning 
of each traverse, 

b) Crew dismounts from the LRV at measurement site, and orients 
the GCTA and high gain antenna by means of the LCRU. 

c) Crew presses BIAS or GRAV push button as appropriate for 
the desired measurement and waits at least 3 minutes 
(about 15-20 seconds for the instrument to automatically 
level itself, and about 2 minutes to obtain and store the 
gravity measurement). The TV camera must not be moved 
during the 3-minute wait period. 

d) Crew presses READ push button to display the 8-digit measure-
ment which is read to earth for recording. 

e) Instrument ON/STANDBY switch is set to STANDBY at the end 
of each traverse. 

Normal and bias gravity measurements are required at the follow-
ing times (as confirmed by M. Talwani on May 18, 1972): 

a) Normal (Instrument on LRV): EVA 1 start, EVA 1 end, EVA 2 
start, EVA 2 end, EVA 3 start, EVA 3 end, and at each science 
stop. 

b) Normal (Instrument on Lunar Surface): EVA 1 start~ 

c) Bias (Instrument on Lunar Surface: EVA 1 start. 
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16.2.8.2 Lunar Surface Profiling (S-2032 

R. L. Kovach (Stanford Urdversity) presented this agenda item 
(Enclosure 13) as surmnarized in the following paragraphs. The 
purpose of this experiment is to measure seismic signals result-
ing from moo:1quakes and. meteoxite impacts, detonation of explosive 
charges, 111 lift~of£, and 1mpact of the spent LM ascent stage 
on the lunar surface. The experiment consists essentially of 
a geophone module package, four geophones, and two explosive 
charge modules each of which contains four explosive charges, 
The weight of the ch.arges in one module is 6, 1/4, 1/8 and 
1/8 pounds, and the ,,r.~ight of charges in the other module is 
3, 1, 1/2, and 1/4 pounds. 

Geophones should be deployed in a triangular instead of a linear 
or elliptical array because more data points are obtained per 
explosive charge. It is recommended that one explosive module 
be deployed on one traverse and the second module be deployed 
on a second traverse. Preliminary deployment of charges is 
shown on page 3) Enclosure 13. 

The crew arms each charge after deployment by pulling rings 
on each explosive cha:rge package. Detonation is accomplished 
by sequential earth commands at preselected times after the 
crew leaves the lunar surface. A charge in each of the two 
explosive charge modules is timed to fire at the following 
times after deployment: 91, 92, 93, and 94 hours. If firing 
is not accomplished within 2 hours after the firing sequence 
is initiated, the charge is automatically disarmed. 

16.2.8.3 Surface Electrical Properties (S-20~) 

M. G. Sin~ons (Massachusetts Institute of Technology) presented 
this agenda item (Enclosures 14 and 15), summarized in the 
following paragraphs. As shown in Enclosure 14, the experiment 
consists essentially of a transmitter (powered by solar cells) 
and associated antennas deployed on the lunar surface., and a 
receiver with associated antenna and tape recorder mounted on 
the LRV. The tape recorder, which records experiment data, 
is removed from the LRV at the end of the last EVA for return 
to earth. The lunar surface antennas comprise two orthogonal 
dipole antennas, each measuring 70 meters tip to tip, for 
transmission of frequencies at 1, 2.1, 4, 8.1, 16, and 32.1 Mhz. 

The experiment objective is to obtain data on the electrical 
properties of the lunar subsurface as a function of depth. 
Site studies will involve layering (properties and thickness), 
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scattering (boulders and subsurface topography), and regolith. 
The main experiment constraint is orientation of the trans-
mitting antenna. The transmitter has a shadow device and can 
be set up with almost any orientation with respect to the 
antennas. Ideally, one dipole antenna should be oriented 
along a North-South line and the other along an East-West 
line. As an acceptable alternate in view of terrain consid-
erations, the antennas should be laid out as nearly parallel 
and perpendicular to the traverses as possible to minimize 
data degradation. 

Postmission reconstruction of the traverse is necessary for 
correlation of experiment data and terrain. This will be 
accomplished primarily using LRV navigation data recorded by 
the tape recorder. Recorded navigation data will be supple-
mented by photographs at major stops. 

A source of concern is the upper temperature limit of 135° F 
for the tape recorder. G. Simmons stated that a thermometer 
was needed so that instrument cooling flaps could be opened 
when a critical temperature is indicated. R. Blevins (MSC/ 
CG32-GE) said that a temperature device is being checked out 
by crew training personnel. 

Preliminary LRV Traverses 

This item was presented by J, R. Sevier (MSC/PD4). J, W. Head 
(NASA HQ/MAS-Bellcom), and E. W. Wolfe (USGS). Their presen-
tations (Enclosure 16) are summarized in the following 
paragraphs. 

J. R. Sevier stated that planning for Apollo 17 traverses was 
farther along than that for Apollo 16 at a comparable stage 
in the mission. The preliminary Apollo 17 traverses distrib-
uted were based primarily on geologic and sampling considera-
tions because requirements for the Gravity Traverse and Surface 
Electrical Properties Experiments were not available. These 
requirements, presented by the Principal Investigators at this 
meeting, will be incorporated in the revised traverse plots. 

J. W. Head discussed the geology of the landing area, objectives, 
and exploration rationale as presented in Sections, I, II, and 
III of the enclosure. Materials of major scientific interest 
he identified were as follows: massif material (North and 
South massif), sculptured hills material, low hills material, 
plains material, dark mantle material, and light mantle 
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16.2.11 

material. Haj or surface features of special geologic interest 
include craters~ shallow troughs at the bases of massifs and 
sculptured hills, and the prominent east-facing fault scarp. 

E. W. Wolfe discussed the p:;.:eliminary traverse plots es pre-
sented in Sections IV and V of the enclosure. Preliminary 
traverses cover a total distance of 34 kilometers, as compared 
to 22 and 24 kilometers for Apollo 1.5 and 16, respectively. 
Tentative traverse durations are 7 hours for EVA 1, 7 hours 
1 minute for EVA 2~ and 7 hours 1 minute for EVA 3. Activities 
tentatively planned for each t:raverse and at each station, and 
the times estimated for eacht are defined in enclosure tables, 
A su1.nmary of station tasks and estimated times to accomplish 
them is presented in the last enclosure table. 

Chairman J, A. Lovell requested that S~.JP attendees review 
preliminary traverse data carefully and provide inputs to 
J. R. Sevier at the earliest possible time so that a realistic 
timeline can be developed for review at the next Sl\fP meeting. 

LPM Results from Apollo 16 and Candidate Addition for Apollo 17 

P. Dyal (Ames Research Center) present.ed this agenda item. He 
stated that a minimum of one magnetic. field measurement is 
needed to support magnetic field data obtained on Apollo 16 
(measurements of 300 to 120 gamma) and to verify magnetic field 
theories. Orbital magnetometers will not provide required data 
because the resolution is not adequate. A sample is not useful 
to give an indication of the present magnetic field on the 
lunar surface because it records an ancient field. 

SWP decision concerning this candidate experiment for Apollo 17 
was deferred to the Executive Session (paragraph 16.3.1.1). 

Proposed Solar Wind Composition Experiment 

P. J. Coleman (University of California, Los Angeles) presented 
this agenda item for Dr. J. Geiss, Principal Investigator for 
this experiment on previous Apollo missions. Its purpose is 
to trap solar wind particles on a.n exposed aluminum and platinum 
foil sheet so that the composition of solar wind elements can 
be determined. Estimated weight and crew time impacts based 
on Apollo 16 data are 1.3 pounds and 3 minutes 40 seconds, 
respectively. The instrument is similar to that for Apollo 16 
except that porti.ons of the sheet will be exposed incrementally. 
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Objections against inclusion of the experiment on Apollo 17 
were that it had been flown on Apollo 11, 12, 14, 15, and 16, 
and that the new data to be gained could not be justified in 
terms of weight and crew-time impacts. P. Coleman's rebuttals 
to these objections were as follows: 

a) New data will be obtained far enough from the earth's 
bow shock to be outside the region of upstream waves; 
the first data on the power spectrum of solar wind 
abundances will be obtained; and exposure of the foil 
sheet for 2 additional days will provide increased data 
on solar wind - solar activity relationships. 

b) Based on estimates of studies at Los Alamos, there is a 
50 percent probability of variations greater than 50 
percent over a 6-hour period, and a 50 percent probability 
of variations greater than a factor of 2 over a 2-day 
period. 

SWP decision concerning this candidate experiment for Apollo 17 
was deferred to the Executive Session (paragraph 16.3.1.1). 

Proposed Deletion of Lunar Surface DAC 

D. R. Segna (MSC/PD4) presented this agenda item. The lunar 
surface DAC (21 pounds) is one of several items being proposed 
for deletion to reduce spacecraft weight and thus increase the 
1M hover time capability. A hover margin of at least 16 seconds 
is necessary because of the relative inaccessibility of the 
Taurus-Littrow landing site. 

A question was raised as to whether the science gain was 
justified in terms of weight and crew-time impacts. Principal 
Investigators for Lunar Geology Investigation and Surface 
Electrical Properties recommended retention of the DAC based 
on the following reasons: DAC photographs would show the 
distribution of rocks and ray patterns; the trajectory of 
ejecta; and lunar features of each station stop. The latter 
would be useful in the analysis of lunar terrain from one 
station stop to the next, and would also serve as a backup 
to the LRV navigation system for the Surface Electrical 
Properties Experiment. 

SWP decision concerning deletion of the lunar surface DAC 
from Apollo 17 was deferred to the Executive Session {para-
graph 16.3.1.1). 
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16.3 

16.3.1 

Lunar Ejecta.and Heteorites Experiment (S-202) 

This topic was added to the agenda and presented by 0. E. Berg 
(NASA/GSFC). In sua~ary, the purpose of the experiment is to 
measure the speed and direction of cosmic dust particles. The 
mass of these particles can then be derived f:r:om these measure-
ments. Heasurements are made on particles arriving from lunar 
space (primary particles) and ejecta resulting from the impact 
of these particles (secondary particles). Secondary particles 
are of primary interest because no information exists related 
to the effects of me.teorites impacting the moon. 

The LEJ..M is an improved version of the experiments flowTt on 
Pioneer 8 and 9. Data only on primary particles can be obtained 
by lunar orbital exper:Lments whereas data on both primary and 
secondary particles can be obtained by lunar surface expe.riments. 
Lunar surfac~ experiments provide the means for studying pro-
cesses which form the regolith. Data obtained will complement 
that obtained by the Passive Seismic Experiments flown on 
previous Apollo missions and data expected to be obtained by 
the Lunar Seismic Profiling Experiment approved for Apollo 17. 

Experiment objectives include collection of data on (a) general 
meteoroid environment and on the lunar surface, (b) interstellar 
particles s (c) hyperbolic particles, (d) mass transport of 
particles on and across the lunar surface, (e) effects of the 
earth on particle focusing, (f) the ratio of primary to secondary 
particles, and (g) the role played by primary and secondary 
particles in lunar erosion, 

Executive Session 

Recommendations and Conclusions 

The Executive Session was held Hay 11, 1972, following a 
presentation by 0. E. Berg (NASA/GFSC). The 14 SWP voting 
members present are listed below: 

*J. Lovell, Chairman 

D. Beattie (for w. 0 1 Bryant) R. Kovach 
D. Carrier (for J. Hitchell) w. Muehlberger 
P. Coleman R. Pepin 
P. Dyal w. Phinney (for P. Gast) 

*J. Goree G. Simmons 
N. Hinners D. Strangway 

G. Wasser burg 
*Abstained from voting. 
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SWP decisions are discussed in the following paragraphs. 

16.3.1.1 Apollo 17 Experiment Complement/Priorities 

Chairman Lovell requested SWP members to review the list of 
approved and candidate experiments/equipment listed on the 
ballot provided (page 10, Enclosure 3), and to submit recom-
mendations for additions and deletions. 

A motion to delete the surface sampler from consideration for 
flight on Apollo 17 was made by N. Hinners, seconded by 
R. Pepin, and approved unanimously by SWP vote. Chairman 
Lovell then directed that the following changes be made on 
the ballot: Deletion of the surface sampler and addition of 
the following proposed items: Two additional stems for the 
deep drill core sample, Lunar Surface DAC, Solar Wind Compo-
sition Experiment, and Lunar Portable Magnetometer Experiment. 

SWP members then voted on the priorities of experiments and 
equipment for Apollo 17. Priorities recommended by SWP are 
as follows: 

Experiment/Equipment 

• Documented Samples at Highest Priority 
Traverse Station (P/0 S-059) 

• Heat Flow Experiment (S-037) 
• Lunar Geology Investigation Experiment (S-059) 
• Drill Core Sample (P/0 S-059) 
• Lunar Seismic Profiling Experiment (S-203) 
• Lunar Surface Gravimeter Experiment (S-207) 
• Surface Electrical Properties Experiment (S-204) 
• Lunar Atmospheric Composition Experiment (S-205) 
• Neutron Flux Monitor Experiment (S-TBD) 
• Lunar Ejecta and Meteorites Experiment (S-202) 
• LRV Sampler 
• Additional Deep Drill Core Sample Stems (2) 
• Traverse Gravimeter Experiment (S-199) 
• Core Sample Vacuum Container (CSVC) 
• Lunar Portable Magnetometer Experiment (S-198) 
• 500-mm Camera System 
• Padded Sample Bags 
• Long-Term Lunar Surface Experiments 
• Solar Wind Composition Experiment (S-080) 
• Lunar Surface Data Acquisition Camera (DAC) 

Priority 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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Notes: SvlP-recommended experiment/equipment priorities and 
rationale for these recommendations were submitted to 
the ASPO Manager by J. Lovell in a letter dated May 16, 
1972. 

SWP-recommended experiment/equipment items were pre-
sented jointly by the Science and Applications Direc-
torate and the Apollo Spacecraft Program Office at 
the Configuration Control Board (CCB) meeting held 
May 18, 1972. Action taken on four of the items 
was as follows: 

a) CSVC. Replacement of an existing SESC by the CSVC 
vms approved. 

b) LRV Sampler. The LRV sampler with 24 dixie cups 
was approved for sampling from the LRV and at 
station stops, Later, before SRC closeout, the 
addition of 24 more bags and corresponding dele-
tion of one 20-DSBD may be considered. 

c) Neutron Flux Monitor. CCB Level II approval was 
given for continuation of engineering study and 
evaluation. An EIP has been submitted to NASA 
Headquarters for consideration as a numbered 
experiment and subsequent flight assignment. 
(Note: This experiment has been assigned number 
S-229 and approved for flight on Apollo 17 by 
Level I CCBD No. 263, dated May 19, 1972.) 

d) Addition of Core Stems (2). Action was assigned 
for continuation of engineering efforts to resolve 
contamination and stowage problems. The CCB will 
then re-evaluate the recommended addition. 

16.3.1.2 Long-Term Lunar Surface Experiment Package 

A motion to discontinue efforts leading to development of the 
long-term lunar surface experiment package was made, seconded, 
and approved by a SWP vote of 9 to 3. 

It was recommended fuat investigation be continued on the use 
of existing spacecraft and equipment materials as long-term 
experiments. Chairman Lovell appointed D. Strangway as the 
coordinator for continuation of the investigation. 
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16.3.1.3 Proposed Deletion of Lunar Surface DAC 

16.3.2 

A motion to delete the lunar surface DAC from Apollo 17 was 
made by N. Hinners, seconded by D. Carrier, and approved by 
a SWP vote of 10 to 2. Based on additional discussions by 
attendees, however, it was agreed that it should be included 
as a proposed equipment candidate but as the lowest priority 
item. (Note: The DAC has been deleted as the result of 
direction at the Mission Review held May 23, 1972.) 

Action Item Summary 

16.3.2.1 Elimination of Contamination from Drill Core Stems 

Chairman Lovell appointed the following group to resolve 
problems regarding contamination of drill core stems: 

L. Silver (Group Leader) 
R. Burnett (LSAPT) 
J. Goree (ASPO) 
M. Reynolds (LRL) 

Methodology approved by SWP members was as follows: 

a) J. Goree (ASPO representative) will provide two stems and 
drill bit, similar to flight articles, to L. Silver. 

b) L. Silver (SWP representative) will clean hardware to 
reduce contamination to acceptable levels, document 
cleaning process, and return hardware to MSC. 

c) J. Goree will conduct destruction testing on the hardware 
to determine the degradation affects of the cleaning. 

d) If the cleaning process appears to solve the contamination 
problem, flight hardware will be processed the same way 
and at the appropriate time in the handling cycle before 
spacecraft stowage. 

e) If the cleaning process does not solve the problem, ASPO 
will investigate other fabrication techniques. 
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J. Goree ssigned action to report the results of the 
ss and structure testing at the next SWP 

'TD5: RRBaldwin ~ GETeveldahl (TDS /TRW) : gg: 5-31-7 2:5851 
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8:30 a.m. 

I. INTRODUCTION Chairman J. A. Lovell 

II. APOLLO 17 SCIENCE PLANNING 

A. Experiments Priority/Hardware Status R. R. Baldwin/ 
J. F. Goree 

B. Preliminary Sample Requirements R. 0. Pepin 
c. Summary/Action - Neutron Flux Monitor Experiment D. s. Burnett 
D. Long-Term Lunar Surface Experiment Package Status D. w. Strangway 
E. Analysis of Drill Core Stems 

l. Joints for Lead Contamination J. F. Goree/ 
L. T . Silver 

2. Depth of Penetration G. J. Wasserburg 
F. LRV Sampler Design F. J. Laurentz 
G. Seismic Recording of Spent LM Ascent Stage Impact R. L. Kovach 
H. Integration of Surface Experiments Into LRV 
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l. Lunar Gravity Traverse (S-199) 
2. Lunar Seismic Profiling (S-203) 

M. Ta lwani 
R. L. Kovach 

3. Surface Electrical Properties (S-204) M. G. Simmons 
I. Preliminary LRV Traverses J. R. Sevier 
J .. LPM Results From Apollo 16 and Candidate Addition P. Dyal 

for Apollo 17 
K. Proposed Solar Wind Composition Experiment P. J. Coleman 
L. Proposed Deletion of Lunar Surface DAC s. M. Blackmer 

III. EXECUTIVE SESSION SWP Members 
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EXPERIMENTS PRIORITY AND WEIGHT SUMMARY 
16TH SCIENCE WORKING PANEL MEETING 
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J-3 mSSIO!i EXPER!rv1ENT/OBJECTIVE PRIORITIES 

SURFACE EXPERIMENTS/OBJECTIVES 

EXPERIMENT/OBJECTIVE 
NAHE AND N Ut·B ER 5TH SWP (14 DEC 70) NIP 

PRIORITIES 
(7 ~lARCH 1972) 14TH SWP (7 FEB 1972) 

a CONT lliGENCY SA~1PL E 
a OOCU~1ENTED SM1PLES AT HIGHEST PRIORITY 2 

TRAVERSE STATION (P/0 S-059) 
a HEAT FLOW (S-037)* 3 ') 

L. 
') 
L 

a LllNi\R SURFi\CE GRAVH1ETER (S-207) * 6 3 6 

1 LUNAR SEISMIC PROFILING (S-203)* 7 4 5 

1 LUNAR ATMOSPHERIC COMPOSITION {S-205)* 9 5 7 

1 LUNAR EJECTA AND METEORITES (S-202)* 11 6 ll 
1 DRILL CORE SAMPLE (P/0 S-059) 4 7 3 

1 LUNAR GEOLOGY I~VESTIGATION (S-059) 5 8 4 
1 SURFACE ELECTRICAL PROPERTIES (S-204) 8 9 8 

1 TRAVERSE GRAVIMETER (S-199) 10 10 12 
a SOIL MECHANICS (S-200) 
a NEUTRON FLUX MONITOR 9 
1 500 MM CAMERA SYSTEM 10 

*PART OF ALSEP 

-1-

• 



J-3 SCIENCE AND SUPPORT EQUIPMENT PAYLOAD AT EARTH LIFT-OFF 
( AS 0 F f~A Y 1 , l 9 7 2 ) 

ITEMS ( LB) 
PLANNED PROPOSED 

LM ASCENT STAGE 

SCIENCE EQUIPMENT PAYLOAD 0.5 
PHOTOGRAPHIC EQUIPMENT PAYLOAD 9.8 
SUPPORTING EQUIPMENT PAYLOAD 14.8 

U~ DESCE~T STAGE 

SCIENCE EQUIPMENT PAYLOAD 502.7* 
PHOTOGRAPHIC EQUIPMENT PAYLOAD 15.0 
SUPPORTING EQUIPMENT PAYLOAD 163.5 
LUNAR ROVING VEHICLE 516.9 

1223.2 1223.2 STATUS 
1200.0 CONTROL WEIGHT 
-23.2 f~RGIN 

+22. 1 + TBD LB** ADDITIONAL ITEMS PROPOSED 
1245.3 + TBD LB NEW STATUS 
1200.0 CONTROL WEIGHT 
-45.3 - TBD LB NEW ~V\RGIN 

*INCLUDES 4.5 LB EXPECTED ADUITIONAL WEIGHT FOR LUNAR GRAVITY TRAVERSE (S-199) 
**LRV SAMPLER AND LONG TERM LUNAR SURFACE EXPERIMENTS 

MAY 10, 1972 

-2-



r~AY 10, 1372 

J-3 SCIEIKE EQUIPivlENT PAYLOAD AT EARTH LAUi~CH (L~i DESCENT ST;~GE) 

(AS OF t·1A Y 1 , 19 72) 

EQUI Pr·1ENT 

OOCU~1EflTED SAnPLE COLLECTION* 
FUEL CASKET ASSEMBLY 
PALLET ASSH1BL i 
S-037 HEAT FLOl·J 
S- 207 UJ;JAR SUR FACE GRAVI HETEF~ 
S-203 LUNAR SEISMIC PROFILING 
S-205 LUNAR ATf'IOSPHERE C0~1POS i TION 
S-202 LUNAR EJECTA ANO METEORITES 
DRILL CORE SAMPLE COLLECTION 
S-059 LUilAR GEOLOGY INVESTIGAfiON 
S-204 SURFACE ELECTRICAL PROPERTIES 
S-199 LUNAR GRAVITY TRAVERSE 

DISCUSSION ITEMS 

NEUTRDrJ FLUX tiON I TOR 
LRV SAMPLER 
LONG-TERM LUNAR SURFACE EXPERIMENTS 
PADDED SAMPLE BAGS (2) 
SURFACE SAMPLER 
CORE SA~WLE VACUUM CONTAINER ( CSVC) 
500-fvlM CM·1ERA SYSTEM WITH 1 ~1J\GAZINE*** 

*PART OF LUNAR GEOLOGY INVESTIGATION 

TOTAL 

TOTAL 

CURRENT WEIGHT (LB) 

54.3 
142.7 

40.3 
28.5 
55.5 
20.0 
15. 7 

77.5 
35.2 
33~0** 

502.7 

4.0 (1.0) 
TBD 
TBD 
1.0 
1.2 
1.1 

13.8 
~ (1.0) + TBD LB 

**EXPECTED WEIGHT INCREASE FRDr4 28.5 TO 33.0 LB BUT ~lOT YET REFLECTED IN OFFICIAL DOCUMENTATION 
***12 t1AGAZINES APPROVED (6 COLOR AND 6 B&L~) 

-3-



MAY 10, 1972 

J-3 SCI Ei~CE/ PHOTOGRfl.PH I C/ SUP PORT EQUI Pr{1EI~T PAYLOAD AT EARTH LIFT -OFF {AS OF MAY 1 , 1 972) 

U~ ASCENT STAGE 

SCIENCE EQUIPMENT PAYLOAD 

SAMPLE SCALE 

PHOTOGRAPHIC EQUIPMENT PAYLOAD 

CAMERA 16-MM DATA ACQUISITION 
LENS, 10 MM 
CAMERA LS ELECTRIC HASSELBLAD 
LENS, 60 MM 
PROTECTIVE COVER, RESEAU 
TRIGGER, E. H. C. 
HANDLE, E.H.C. 
BRACKET, WEDGE, 16-MM CAMERA 
BRUSH, LENS 
POLARIZING FILTER 
BRACKET, CAt~ERA ~{)UNT 
ADAPTER ASSY, 20DSBD-70-r·1r-1 CAMERA 

SUPPORTING EQUIPMENT PAYLOAD 

FLAG KIT, STANDARD 
I NTERit~ STOWAGE ASSY. 
~~EBBING, CONTINGENCY Tl ED OWN 
HOLDER, LRV MAP 
SUPPORT ASSY. EQUIPMENT 
BAG, STOWAGE, 70-MM MAGAZINE 

TOTAL 

TOTAL 

-4-

WEIGHT (LB) 

0.5 

1.7 
0.5 
3. 1 
1.7 
0.2 
0.2 
0.5 
0.7 
0.3 
0.2 
0.5 
0.2 

9:"8 

0.8 
6.4 
0.4 
0.5 
6. l 
0.6 

14."8 



J-·3 PHOTOGRAPtiiC;SUPPORT EQIIIPr.lfi'H PtWLOAD fl.: EARTH LIFT-OFF (AS OF tlt!\t i, iJ72.· 

PHOT'OGRAPHI C EQUI P~1EiH PAYL OJ\0 
CAMERA LS ELECTRIC HASSELBLAD 
LENS, 60 nt<1 
PROTECTIVE COVER, RESEi\lJ 
TRIGGER, E.H.C. 
HMlDLE, E..H.C. 
CM~ERi\/POWER Pi'\CK ASS't. 16-f-1!·1 LS 
BRACKET. CfiJiERA f·iOUIIT 
STAF~-, l6-Hi1 C/lt1ERA/PP 

SUPPORT HJG EQUI Pr·1ENT Pt'\YLO;~D_ 

TV SYS, LM COLOR 
TV CONTROL UN IT 
STOrJAGE ~1T i~SSY ( CTVC) 
LCRU, LUNAR C0~11'1 RELAY UiHT 
S'H-JG. COiiT. LCRU ANCILLARY ITE.t1S 
L CRU BAT fER I ES 
ANTENNA, HIGH GAIN (CAGLE 1- WrST) 
ANTENNA, LUH GAUl (CABLE t- t·V\~r) 
FLAG KIT, LUNAR SURFACE 
TRIPOU, fV 
PALLET, LRV AFT UL~SSIS 
VISE DEVICE, DRILL STRING 
BAG, SAMPLE CONTAINMENT (6) 
CONTAINER, CORE STEM STOWAGE 
CONTAINER, BORE/CORE STEM STOW 
COVER, BORE/CORE STEM STOW 
RETAiiJER ASSY, LOWER 
RETAINER ASSY, UPPER 
COVER ASSY, RETAINER 
SPACER, CORE & BORE STEt~ STOWAGE (2) 
SLJrj SHADE, GCT A 

LM DESCENT STAGL 

TiJ T/H. 

TOTAL 

-5-

1.7 
0.2 
0.2 
0. ~) 

() .. 
l ~j ~ () 

12.8 
13. 9 
1.7 

53.7 
8.7 
8.9 

l0.6 
2.5 
2.5 
l.J 

38.9 
0.3 
3.6 
1.0 
0.2 
0.2 
0.6 
0.9 
0.8 
0.2 
0.2 
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MAY 10, 1972 

J-3 SCIENCE EQUIPMENT WEIGHT AT EARTH LIFT-OFF (AS OF MAY 1, 1972) 
(S-059 LUNAR GEOLOGY INVESTIGATION) 

OTHER S-059 
ITEM DESCRIPTION SRC NO. l (LB) SRC NO. 2 (LB) EQUIPMENT (LB) 
SAMPLE RETURN CONTAINER 15.3 15.3 
BAG, SAt4PLE COLLECTION 
SES CONTAINER 

1.6 
0.8 

1.7 
0.8 

20-BAG DSB DISPENSER 
DRIVE TUBES 
CAPS AND DIS PENSE R 
ORGANIC SAMPLE 

2.9 (3) 
2.0 {3) 
0.5 (2) 
0.2 

3. 9 ( 4) 
4.1 ( 6) 
0. 7 ( 3} 
0.2 

PACKING FRAME 0.2 
TOTAL 23.5 26.7 

TOTAL OF SRC 1 & 2 50.2 

ITEM DESCRIPTION 
TOOL EXTENSION (2) 
TONGS ( 2) 
GNOt()N 
TOOL, ASSY, DRIVE TUBE 
SCOOP, ADJ. SAMPLING 
HAMMER 
BAG, EXTRA COLLECTION (4) 
BAG, SAMPLE COLLECTION (2) 
BAG, SAMPLE RETURN 
CORE STEMS ( 6) 
LUNAR SAMPLING RAKE 

DISCUSSION ITEMS 
LRV SAMPLER 
PADDED SAMPLE BAGS (2) 
SURFACE SAMPLER 

TOTAL 
S-059 TOTAL 

CORE SAMPLE VACUUM CONTAINER (CSVC) 

-6-

27.3 
77.5 

3.6 
2.0 
0.6 
0. 1 
0.9 
2.8 
4.8 
3.4 
3.2 
2.6 
3.3 

27.3 

TBD 
1.0 
1.2 
1.1 

3.3 + TBD LB 

w 



J-3 SCIENCE HARm~ARE vJEIGHT AT LUNAR LIFT-OFF (LH ASCENT STAGE) 

(AS 0 F ~1A Y l , 1 9 7 2 ) 

ITEt•J SRC NO. 1 (LB) SRC NO. 2 (LB) 

SAr1PLE RETURN CONTAINER 14.6 14-.6 

SAt1PLE COLLECTION BAG 1.6 1.7 

DOCUMENTED SAMPLE BAGS 2.3 3.0 

SESC 0.7 0.7 

DRIVE TUBES WITH CAPS 1.7 3.3 

ORGANIC SAr1PL E 0.2 0.2 

TOTAL L-JEI GHT 21. 1 23.5 

-7-



{l-3 SUPPORT EQUIPMENT PAYLOAD AT LUNAR LIFT -OFF ( L~1 ASCENT STAGE) 

( AS 0 F MAY l , l 9 7 2 ) 

SUPPORTING EQUIPMENT PAYLOAD 

STANDARD FLAG KIT 

INTERIM STOWAGE ASSEMBLY 

XFER BAG l6-i·1M MAG 

XFER BAG 70-Mf•1 M.AG 

XFER BAG l6-Mr•1 Ml\G 

XFER BAG 70-MM MAG 

SAMPLE CONTAINMENT BAGS (6) 

XFER BAG 70-t~M MAG (2) 

CORE STEM STOWAGE CONTAINER 
TOTAL 

-8-

MAY 10, 1972 

WEIGHT (LB) 

0.8 

6.4 

0.3 

0.5 

0.1 

0.5 

3.6 

0.6 

1.0 
13.8 

w 



16TH SCIENCE WORKING PANEL BALLOT 

SURFACE 

EXP ERI t,1ENT ----

1. OOCUi~ENTED SAt·1PLES AT HIGHEST PRIORITY 
TRAVERSE STATION (P/0 S-059) 

2. HEAT FLOW (S-037) 
3. LUNAR SURFACE GRAVIMETER (S-207) 
4. LUNAR SEISMIC PROFILING (S-203) 
5. LUNAR ATMOSPHERIC COMPOSITION (S~205) 

6. LUNAR EJECTA AND METEORITES (S-202) 
7. DRILL CORE SAMPLE (P/0 S-059} 
8. LUNAR GEOLOGY INVESTIGATION (S-059) 
9. SURFACE ELECTRICAL PROPERTIES (S-204) 

l 0. TRAVERSE GRAVIMETER (S-199) 
ll. NEUTRON FLUX MONITOR 
12. LRV SAMPLER 
13. 500-MM CAMERA SYSTEM 
14. CORE SAMPLE VACUUM CONTAINER (CSVC) 
15. PADDED SAMPLE BAGS 
16. SURFACE SAI"vlPLER 
17. LONG-TERM LUNAR SURFACE EXPERIMENTS 

NOTE: RAKE AND SECOND EXTENSION HANOLE IN APPROVED PAYLOAD. 

-9-

itAY 10, 1972 

PRIORITY 

--

---



APOLLO 17. 
LUNAR ORBIT EXPERIMENTS 

8 PANGRAM IC CAMERA 

8 MAPP lNG CAMERA 

e LASER ALTIMETER 

41 S-BAND TRANSPONDER (S-164) 

8 FAR UV SPECTROMETER (S-169) 

8 I R RADIOMETER (S-171) 

e LUNAR SOUNDER. (S-209) 

• RADAR 

• RECORDER 

• ANTENNAS 

e BISTATIC RADAR* 

UNAPPROVED CANDIDATE. 



APOLLO 17 
LUNAR SURFACE EXPERIMENTS 

e ALSEP 

• RTG FUEL CAPSULE 

• APOLLO LUNAR SURFACE DRILL 

• SUB-PACK NO. 1 

- LUNAR SURFACE GRAVIMETER (S-207) 
- LUNP.R SEISMIC PROFILING (S-203) 
- LUNAR MASS SPECTROMETER (S-205) 

• SUB-PACK NO. 2 

- LUNAR HEAT FLO\/\! INSTRUMENT (S-037) 
- RADIOISOTOPE THERMO-ELECTRIC GENERATOR 
- LUNAR EJECTA AND METEORITE (S-202) 

e SOLAR WIND COMPOSITION (S-Q80) * 

e SURFACE ELECTRICAL PROPERTIES (S-204) 

e TRAVERSE GRAVIMETER EXPERIMENT (S-199) 

*UNAPPROVED CANDIDATE. 



APOllO 17 
lUNAR SURFACE EXPERIMENTS (CONT) 

e LUNAR GEOLOGY- -(S-059) AND SOIL MECHANICS (S-200) 
HARDWARE 

• HAMMER 

• LUNAR RAKE 

• SAMPLE SCALE 

·• ADJUSTABLE SAMPLING SCOOP 

• 32-INCH TONGS (TWO) 

• TOOL EXTENSION (TWOl 

• GNOMON 

• DRIVE TUBE TOOL ASSEJV\BLY 

• PALLET STOWAGE 

- 4 EXTRA SAMPLE COLLECTION BAGS 

- 2 SAMPLE COLLECTION BAGS 

• LUNAR NEUTRON PROBE EXPERIMENT (S-TBD)* 

(t UNAPPROVED CANDIDATE. 



APOLLO 17 
LUNAR SURFACE EXPERIMENTS (CONT) 

e LUNAR GEOLOGY (CONT) 

• LRV SAMPLER~:~ 

• LUNPR SURFACE SAN\PLER,;~ 

• LONG-TERM EXPOSURE EXPERIMENT~:~ 

• 500-mm CAMERA SYSTEIV1~:" 

• APOLLO LUNAR SAMPLE RETURN CONTAINERS (ALSRC) 

- SRC NO. 1 CONTENTS 

3 DRIVE TUBES (2U AI'JD lL) 
2 DRIVE TUBE CAP DISPENSER (V\'ITH CAPS) 
3 20 DOCUMENTED SAIV\PLE BAGS AND Dl SPENSER 
l ORGANIC CONTROL SAMPLE 
1 SAMPLE COLLECTION BAG 
1 SPECIAL ENVIRONMENTAL SAIV\PLE CONTAINER (SESC) 

* UNAPPROVED CANDIDATES. 



1 .• 

APOLLO 17 
.lUNAR SURFACE EXPERIMENTS (CONT) 

e LUNft R GEOLOGY (CONT) 

• (ALSRC) (CONT) 

- · SRC NO. 2 CONTENTS 

6 DRIVE TUBES (3U AND 3L) 
3 DRIVE TUBE CAP DISPENSER (WITH CAPS) 
4 20 DOCUMENTED SAMPLE BAGS AND. Dl SPENSER 
1 ORGJ\NIC CONTROL SAMPLE 
1 SAIV\PLE COLLECTION BAG 
1 SPECIAL ENVIRONMENTAL SAMPLE CONTAINER (SESC) 

• PROTECTIVE SAMPLE BAG (PADDED BAGS) 

• CORE SAl\APLEVACUUM CONTAINER (CSVC) 





NEUTRON PROBE EXPERIMENT 

SCIENTIFIC OBJECTIVES 

1. TO OBTAIN DATA WHICH PE~1IT THE RATES OF NEUTRON CAPTURE IN LUNAR 

MATERIALS TO BE CALCULATED. 

Enclosure 5 
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2. TO MEA.SURE HOW THE NEUTRON CAPTURE RATES VARY AS A FUNCTION OF DEPTH 

BENEATH THE LUNAR SURFACE. 

3. TO GAIN SOME INF0&'1ATION ON THE LUNAR NEUTRON ENERGY SPECTRUM. 
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NEUTRON PROBE EXPERIHENT 

Sill-friARY OF EXPERI1:1.ENTAL REQUIREHENTS 

1. PROBE HUST BE RETUR..-~·mD TO EARTH 

2. PROBE MUST HAVE ON-OFF CAPABILITIES 

3. MINIMUH EXPOSURE TIME FOR DATA AT ALL DEPTHS 24 HRS . MINIMUM 

EXPOSURE TI~ffi FOR ANY DATA = 1 HR. 

4. DESIRED DEPTH OF HEASUREHENT, 2 1:1.ETERS 

5. PROBE 1-IDST BE SEPARATED FROM ALSEP CENTRAL POHER STATION, 20 NETERS 

Enclosure 5 
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OF LUNAR SOIL GIVES GOOD SHIELDING. PROBE SHOULD BE TOPOGRAPHICALLY 

LOHER THL'l" RTG 

6. TEMPERATURE OF PROBE CANNOT EXCEED 70°C AT ANY TIHE DURING MISSION 

7. CELLULOSE TRIACETATE SURFACES MUST BE PROTECTED FROM 1:1.ECHANICAL 

ABRASION AT ALL THIES 



DESlG~ ASSU~WTIO~S 
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.) . ."'CIIVXllOl;fDE··ACI' [ ·,·/,TI ()'; TO BE ACCO~il'LISI:I:D BY ROTATION OF B TARGETS 

KE1JTIVE TO PLM~TIC 



1. 

2. 

3. 

4. 

5. 

LNPE VERIFICATION TESTING 

SOIL MECHANICS 

-a. HOLE INTEGRITY 

-b. RE-INSERTION FEASIBILITY 

-c. .HAND DRIVING 

SUITED DEPLOTI-1ENT 

VIBRATION 

THERNAL-VACUUM 

HAHHERING 
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Long Term Surface Experiments for Apollo 17 

Report to Science Working Panel 

Enclosure 6 
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On March 15, 1972, a meeting was held at the Lunar Science Institute 

to discuss the nature of long term experiments that might be conducted 

as part of Apollo 17. The general concept is that properly designed 

packages or properly studied components of the existing spacecraft might 

be extremely useful scientific tools if these components could be exposed 

to the various fluxes at the lunar surface for long periods of time. 

These particular components could be retrieved at some time in the future, 

perhaps 10 to 20 years or more from now. 

Ground rules established were that existing parts would be used where 

feasible to meet the objectives of interest. Where this was not possible, 

the consideration was to employ the smallest possible package that could 

be reasonably expected to be adequate. No formal gr·ound rule on weight 

limitation was considered but, in' general, discussion centered almost 

entirely around parcels whose detector weights would be less than one 

half pound. 

In almost all cases, the requirement is for large surface areas for 

a maximum collection area. No attempt has been made to engineer a package. 

Rather specific scientific objectives and a rough conceptual design are 

presented. . 
Participants included R. Walker, D. Burnett, J. Hartung, D. Brownlee, 

B. Cour-Palais, S. Jacobs, L. Leger, D. Hallgren, R. Brodzynski, D. Lockard, 

S. Blackmer and Capt. O'Bryant. Written or telephoned contributions were 
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received from C. ~menway, F. Harz, 0. J. Geiss, G. Wasserburg, J. Arnold, 

R. Pepin, R. Fleischer, H. Hart, L. Silver and D. Gault. 

This repot't r2presents an attempt to synthesize these inputs. 

In general the experiments fall into 3 categories: 

A. Solar Wind and Solar Flare Studies 

B. t~eteori te Impact Studies 

C. Lunar Dust Transport and Erosion 

fl~_ So_l ar \~i nd and Cosmic Ray Studies 

(1) Chemical com;Josition of solar vJind 

One of the most important pieces of information that students of the 

solar system wish to know is the composition of the sun. The composition 

of solar wind and solar flare products is of much interest since they 

represent the products of phenomena taking place on the solar surface. 

Lunar sample studies and the so 1 a r I<Ji nd composition experiment have a 1 ready 

provided extremely valuable clues in this study. With a properly designed 

long term detector integrating the mean effect for periods of 10 years or 

~ore, there is the totally new possibility of actually measuring a large 

number of solar wind elements directly. The detector should consist of 

one or more ultrapure substances. This would permit the direct measurement 

of the isotopes of all the noble gases and of many elements using the 

techniques ~ resonance nuclear reactions (C, D, H, 0, He), ion probe 

(0, Ni, Si, S, C); ion X-ray (elements of Z<30, An, Sr, Ge); activation 

i 

i 

' 
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(elements up to U and other special elements) and others that may be 

developed in the future. There is particular interest in studying the 

directional properties of the solar wind in an attempt to separate solar 

wind material from surface emitted material. In particular, an excellent 

job could be done on the A 40 problem which is felt to be strictly of r 
lunar origin. Distinguishing these products from lunar dust or micro-

meteorites might be a problem, but these can probably be handled by 

appropriate examination and removal of surface layers. The amounts of 

material expected are such that only ultrahigh purity materials at the 

present limit of technology are useful. 

(2) Solar Flares (Heave Elements) 

The return of Surveyor parts has completely modified views on the 

composition of cosmic rays and it is novJ believed that solar flares, 

in particular, are rich in iron and other heavier elements. Because of 

the small numbers of particles present, and since data must be gathered 

outside the magnetosphere, there is no hope of doing an adequate experiment 

on the composition of solar flares for elements beyond iron in the periodic 

table, in the foreseeable future. This experiment would then examine the 

elements in the upper part of the periodic table and requires exposure 

times of many years in order to be useful. In the past no particles 

heavier than iron have been detected in all the experiments done and only 

a limited number of iron particles have been detected. The low energy 

particles of the solar flare activity should be tackled in this way and 

to be most beneficial the usual monitors of solar flare activity will act 

- ~ 
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as a reference. Detectors should consist of some kind of sandwiches 

(probably fused quartz and mica) with a surface area of about 100 cm2. 

(3) Total ionization monitor 

Fot the expenditure of less than one gram of suitable phosphors 

it is possible to put on monitors rather like the personal monitors now 

used commercially in laboratories. These are thennoluminescent devices 

which could record the total dosage during the exposure time and would 

be especially useful in the event of a ~iant solar flare. 

(4) Nuclear Reaction Products 

a. Production of Radionuclides 

The purpose of this expcri~cnt is to examine in some detail 

the products forn1ed by solar flare and cosmic ray activity. There is a 

wide variety of spallation productions, many of which have stable nuclei 

and some of \oJhich are radioactive with a wide range of half lives. These 

products are of a great deal of interest and long exposures of known 

materials gives an excellent chance of detecting a wide variety of reactions 

and their products. This would be a very useful independent test of solar 

flare data not detectable in any other way. Among useful targets of 

general interest are Ba, Br, I, Ca, Fe and probably others so that a 

vari~ty of detecting materials is required. Again long exposures are 

essential since the total fluxes are so small. 

b. Radioactive Nuclei from the Sun 

By capturing directly solar wind and solar flare particles in 

appropriate targets it will be possible to measure the direct production 



.. 
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of active nuclei from the sun (considerable evidence exists from measure-

ments from Tritium and c14 that such radioactive particles exist). This 

experiment is impossible to do vJith ordinary materials because inter-

actions by galactic and solar protons produce a background of radioactive 

element. Therefore ultrapure low atomic number detectors are essential. 

B. Meteorite Impact Studies 

These studies fall fairly conveniently into the following categories: 

100~ and larger pits; about 5~ to 100~ pits and 0.1 to 5~ pits. Although 

the problems of interest are similar in each case, the experimental 

approaches are quite different. Fundamentally, it is desirable to 

measure the size distribution of impacting bodies but there is much 

interest in actually collecting enough of the products of impact to 

chemically analyze the meteoroid particles. Some of these ~arti~les 

might well be fronl an origin outside the solar system and would therefore 

be of very profound interest. Experiments of this type can only be done 

by long term exposures to the meteoroid fluxes and for this reason they 

are particularly appropriate for a long-term experiemnt. A 10~ pit is 

expected on the average to occur about once per cm2 per 10 years while 

a 100~ pit is only expected about l/20 as often. This again suggests 
. . . 2 that active areas of around 100 em are required to be useful. Many of 

these studies could be done in principal on existing spacecraft surfaces 

but tletecti on of the very fine particles requires very specially-prepared 

surfaces. Since all surfaces have flaws in them there is a distinct 

advantage to using multiple layer detecting sheets and examining fm~ 
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coincident holes. The use of such multiple layers also permits the 

possibility of capturing directly some of the meteorite material. 

Chemical analysis of meteorite debris is planned using a small film 

of 10\.1 thickness over a tt'apping hole about 5 mm square by about 1 mm 

deep to trap the material. There would have to be many such cells and 

the materials would have to be of ultrahigh purity. 

C. Lunar Dust Transport and Erosion 

(1) Lunar Dust Transport 

There has been much interest expressed in the ways in which dust is 

transported on the lunar surface but all agree that it is exceedingly 

slow. The interest in this is to expose surfaces to see if dust collects 

on them. These should include horizontal and vertical surfaces. When 

such a device is returned it will be of great interest to see if the dust 

has the same composition as the surrounding soil and to look at the 

vertical distribution of dust to examine whether there is any preferential 

grain size or composition distribution perhaps related to electrostatic 

or other transport processes. Surfaces with a raised rim can be used 

to collect low ~peed particles with a ballistic trajectory. 

The problem of a suitable detector is to have a dust free surface 

totally free of effects fro·m the ascent engine stage and predocumented 

for dustiness. The LEA~1 package, as we will see,. is ideally suited for 

this purpose. 

(2) Erosion 

A second aspect of this problem is the problem of microerosion which, 

from lunar samples, seems to take place at a rate of about 10- 100ft in 

l 
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10 years in an undetermined process. A single crystal of feldspar with 

implanted radio-active elements as a marker would be very useful for this, 

since it is required to detect the removal of a layer perhaps l0 1 s of 

angstroms thick. This would also be useful to detect the statistical 

variation of erosion rates. 

Implementation (Conceptual 

In general we have examined several available components which have 

excellent characteristics for some of the proposed experiments. In 

these cases some documentation and control is required and.the agency 

should preserve identical packages on earth for future reference and 

comparative studies. A significant job of documentation is required. 

Where special packages are proposed this is, in general, bec~use of 

requirements for ultra-high purity and for very specially prepared 

surfaces. The ultra-high purity requirement is sufficiently strong that 

only optimum solid-state materials such as silicon, germanium or niobium 

are likely to be acceptable. 

(1) Existing Hardware 

a. Lunar Ejecta and Meteorites Experiment (LEAM) 

This experiment has one horizontal surface and two vertical 

surfaces which are covered \'Jith a dust cover until after 1 iftoff -and 

the final seismic charge has been fired. With proper documentation 

this experiment package is ideal for the lunar dust transport experiment. 

It also has an application to cratering rate studies and meteoroid debris 

collection for particles over 25~ or so. 



Requirements 

dust control during packaging (especially at KSC) 

preserve reference material 

propose a sticky tape put on part of structure as an 

in-situ reference free of initial dust 
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b. Rover Mirrors (batteries, TV, LCRU, etc.). Approximately 

4000 cm2 are available. 

This area would be expected to yield about 80 pits of about 

100~ size in 10 years. 

These mirrors are excellent surfaces for the study of impact 

pits of about 100~ or more in diameter. They may be useful for pits in 

the 5- 100~ range also but this requires a high quality mirror and 

further checks need to be done. They are probably not useful for 

chemical analysis of meteorite debris because of the lack of purity. 

Further studies are needed to demonstrate that the mirrors 

are useful for particle track work. 

Requirements 

- mirrors must be left uncovered 

- must be examined for optical quaiity and track registration 

potential 

keep reference sample 

c. Thermal Blankets (ALSEP central station) 

It is composed of 15 - 35 layers of aluminized-mylar with 

an outer layer of aluminized kapton. The outer layer is 5 mil thick 
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and the inner ones about 2 mil thick. These blankets (probably the most 

shielded ALSEP central station blanket) have ~reas of about 10,000 cm2 

and provide an excellent way of collecting solid meteoroid debris as 

well as looking for impact coincidence in adjacent sheets to distinguish 

them from fl avJs. 

If they have good track registration properties they might be 

useful particle track detectors although thermal cycling on the outer 

layers may erase the most interesting tracks. 

Requirements 

examine surfaces for flaws and for track registration 

properties including thermal sensitivity 

possibly implant reference ions in parts of it to have an 

internal thermal monitor 

d. Camera Lenses 

These have a multitude of uses for examining pits. Some of the 

lenses should be left pointing north or south out of the ecliptic plane 

in the hopes of detecting and collecting material from outside the solar 

system. 

(2) Special Hardware 

a. Solar Wind Panel 

It is proposed that a package with a surface area of about 100 cm
2 

of ultrapure material be fabricated. This only needs to be 1 to 2 mm 
2 . 

thick and should consist of up to 100 separate 1 em elements. Some of 

these would be control elements but the bulk would be of ultrapure Si, Ge, 

Nb and possibly pyrolitic graphite. A small number would be of Al, Al 203 
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and Pt and a small number of high temperature elements such as Ta and Rh. 

One element of the panel would be a crystal for the lunar erosion rate 

experiment. This panel would be flat on the surface or somewhat raised 

and great care would have to be taken to prevent lunar dust or suit 

moisture contamination. This part of the experimert would have no 

directional capability but this would be added to the structure of the 

experiment. 

b. Solar Flare Panel 

This panel should be about 10 em x 10 em and consist of a layer 

of fused quartz over a layer of mica, each about 1 mm thick. 

c. Micrometeorite Panel 

(a) Detection of 0. 1~ to 5~ particles 

For the detection of O.h to 5~ particles very specially 

prepared surfaces are required. Once again a panel rather like the solar 

wind panel is required and it is proposed that about 50 elements of 1 cm2 

each be distributed over a 10 em x 5 em area. Total thickness required 

is only about l to 2 mme 

(b) Analysis of 5 to 100~ particles 

This experiment is to detect and analyze meteoroid materials 

in individual collection cells after the meteoroid impacts and penetrates 

a lOv thick film. Appropriate dimensions of each cell are 5 mm x 5 mm 

by 1 rrun. Overall surface dimensions of about 10 em x 5 em sould permit 

the exposure of up to 200 individual collection cells. 

Since the experiment is aimed mainly at chemical analysis 
. -9 of amounts of material in the order of 10 gr (amount expected from a 

10-6 gm particle), foil and trap block must be of an ultrapure well 

documented material. 



d. Nuclear Reaction Products Panel 

(a) Radionuclide detection 
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This panel should consist of about four or five different 

materials which detect different elements and once again they must be 

ultrapure. Materials proposed areAl, Ca, Fe, Ti, Mg and perhaps 

others. Each foil should be no more than 0.5 mm thick. Surface area 

is not as important as in some other experiments and we propose a 

surface area of about 10 x 5 em. 

(b) Radioactive nuclei from the sun 

Because of the interest in direct detection of radioactive 

particles irom the sun, a block of 5 cm-x 10 em x 5 mm of solid ultra-

pure material is proposed. This block might be solid silicon or 

perhaps half silicon and half germanium or some other very pure ~aterial. 

e. Miscellaneous 

insert 3 phosphors (100 mgm) in 2 em thick block at various 

depths to serve as a total ionization detector. 

small additional wafers could be added depending on the 

geometry to detect reflected solar wind. 

small panels on the sides of the support structure of Al, 
2" Al 2o3 or Pt fo~l about 1 em v!ould be very important for 

studying the directional properties of the solar wi~d. 

A total package of this general nature would have a surface 

area of about 20 em x 20 em. Most of the area would involve a thickness 

2 mm with a total volume of 100 cc. This suggests a detector weight of 

about 300 grams. 



Proposed Support Structure 

The proposed structure is illustrated in the atta~hed figure. 
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It consists of simple sample containers designed to accepth the various 

panels discussed above and consisting of a tearoff cover. The structure 

can be mounted on a small tripod to avoid contamination by dirt by 

placing it on the lunar surface. 

Recommendations 

We recommend that NASA implement the following steps: 

(1) identify a team leader and a team of cognizant scientists as 

soon as possible to explore more deeply into the materials requirements 

for an experiment of the nature described here and to continue the 

development of scientific requirements. The team leader would act as 

a principal investigator should such a package be approved. 

(2) Investigate the parts along the general lines discussed here 

and document the materials in detail. 

(3) Plan to construct a small package to weigh a maximum of 1-1/2 

pounds to serve the needs of the scientific community for long-term 

experiments and to be flown on Apollo 17, the last planned lunar mission. 

' / 
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SA~1PLE CONTJ\FiER 
5 x 5 x .s c~ x .5 MM 
BONDED TO CANISTER 
4 REQD @ .04 L8S 
.16 LBS- 72.6g 

COVER - BONDED TO CANISTER 
IN A VACUUM 

21 x 21 CM x .025 MM 
.001 LBS - .Sg 

TOTAL STRUCTURAL WT- .321 LBS - l45.7g 

CONCEPTUAL DESIGN 

LONG TERM SURFACE EXPERIMENT 

o 



CANISTER _WITH BOTTGr~ LID ATTACHED 
TO TELESCOPING TUBE. STABILIZED BY 
PILING LUNAR ROCKS AND SOIL ON LID 

CANISTER vJITH 
BUILT-IN TRIPOD 

CONCEPTUAL DESIGN 

LONG TERM SURFACE EXPERIMENT 

o 



WEIGHT SUMMARY 

SOLAR WIND PANEL 

SOLAR FLARE PANEL 

MICROMETEORITE PANEL 

NUCLEAR REACTION PRODUCTS PANEL 

SAMPLE CONTAINER 

TRIPOD STRUCTURE (Al) 

TOTAL --

20 gms. 

20 gms. 

20 gms. 

37.5 gms. 

97.5 gms, 

145.7 gms. 

227.3 gms. 

470.5 gms. 
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A MULTIPLE FOIL LUNAR ENVIRONMENTAL ANALYSER 

(FLEA PACKAGE) FOR THE EVALUATION OF: 
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• Meteoroid Primary Impact Penetration, Radiant, Velocity and Composition. 

• Meteoroid Impact Ejecta and Comminution Products. 

• Solar Wind Composition. 

• Medium Energy Solar Flare Composition. 

• Solar Wind Sputter Rate. 

• Meteoroid Bumper Efficiency. 

by 

J. A. M. McDonnell 

NASA Goddard Space Flight Center 

University of Kent at Canterbury 

and 

Otto E. Berg 

NASA Goddard Space Flight Center 

May 1972 

GODDARD SPACE FUGHT CENTER 

Greenbelt, Maryland 
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The conception of a multiple thin foil sensor has been investigated and is 

suggested as a very valuable tool for the accumulation of data over long exposure 

periods on the lunar surface. Data will lead to the evaluation of specific param-

eters of the meteor environment, of the solar wind spectrum and of the overall 

environmental erosion rates from both impact and sputtering. Information yielded 

is shown to be more complete and superior to that obtained from single impacts 

on polished surfaces, and in analysis procedures it offers scope for radically· re-

duced electron microscope scanning time at high resolution; this is achieved by 

the preliminary optical location of foil penetration areas. Four exposure areas 

of 10 em x 10 ern using high quality rolled metal foil of several microns thickness 

would be supported on a 1 em grid spacing and incorporated in a rugged unit 

weighing less than 200 grms. weight. Several hundred meteoroid penetrations 

of> 3 microns would be expected in 10 years exposure.· 

Techniques for production, testing, calibration and analysis are shown to be 

available and fully tested, and no extension of current capabilities is required. 

A rapid assembly of such a unit could be accomplished in good time for deposition 

by the Apollo 17 astronauts. 

INTRODUCTION 

Evaluation of the lunar and interplanetary meteoroid environment has been 

a very prominent area of investigation even prior to the advent of space probes, 

1 



Enclosure 7 
Page 4 of 12 

and the meteoroid enviropment is certait¥y foremost in the forces affecting lunar 

surface morphology and evolution. Crater studies from lunar samples have 

answered some questions but have opened up other voids in our knowledge; con-

siderable uncertainties exist even in the current micron and submicron flux rates, 

the sputter rates in the solar wind and in the contribution from splas4es and con-

densations from impact plasma. Real-ti.Jne micrometeo:roid qetection by the 
I 

Pioneer 8 and 9 satellites has added new reliability to this area but again ques-

tions such as the particle'$ penetrating power and their composition, the contri-

bution to erosion from hmar ejecta, comminution products and volcanic products 

remain largely unanswered. 

Real-time impact and ejecta meaRurements are only now beginning to be in-

vestigated on th12 lunar surface vlith the LEAM micrometeoroid experiment. 

Similarly in the solar wiQd field, bf)Bic flux rates are known, but the long 

term effects on thin foils and knowledge of tqe flux of minor components would 

benefit from data accumulated over a long timescale. 

The opportunity to accumulate such data over a period of 11')-any years opens 

up new possibilities: investigations covering two major fields are now proposed 

in an experimental package of l'JXtreme simplicity but yet of great potency. 

2 
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PROPOSAL 
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The multiple Foil Lunar Environment Analyser (FLEA) comprises 4 layers 

of high quality rolled metal foil of 2 and 5 microns thickness and a highly polished 

back-stop plate. The foils are high purity titanium and aluminum and are 'pin-

hole free.' Ideally equal areas of 10 em x 5 em would be used for each metal, 

yielding 100 em 2 of impact area. Support would be on diecast frames· of 1 em 

grid spacing and of ;;.. 95% transparency; a spacing of 0.5 mm for the top foil and 

1 rom for successive foils and the back-stop plate would be used, enabling clear 

correlation of multiple holes and impact radiant determination. The foils would 

be scanned optically prior to launch to detect any imperfections, which would be 

anticipated to be < 1 per 50 cm2 • Locatiqn is sensitive to holes ;;.. 0. 5j.L diam-

eter and positional accuracy is better than 50j.L. 

After exposure the layers and their diecast frames would be separately scan-

ned, revealing and locating penetrations and hence their positions during the ex-

posure configuration. Incident radiants of meteors would be obtained for multiple 

penetrations, or a simple flux rate for single perforations. Stereoscan electron 

microscopy can then be concentrated on holes thus located and on the predicted 

impact positions on intermediate foils and the back plate. 

Meteor composition may be investigated by microprobe analysis of deceler-

a ted debris in a similar manner to current impact crater probe studies. The 

nultiple foil also acts in an interesting way as a discriminator of meteor impact 

3 
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velocity and density: low velocity bqt d(i)nse ejecta will penetrate without de-

struction and record of their passage through two or more foils without expansion 

of the impact areas will identify their low velocity. Hypervelocity primary 

particles at low density will be selectively destroyed at the first foil; for those 

penetrating, only debris and spall damage on the top face of the second foil will 

be detected. Primary hypervelocity impacts from high density Pl:\rticles will 

generally yield a smooth penetration on the first foil and a larger smooth hyper-

velocity crater on the second. Spall damage and crater profiles will ~gain 

assist in the discrimi1,1ation of hypervelocity impact particles. 

The quiet solar wind (0. 7 Ke V protons, 2. 8 Ke V pelium, etc.) is completel)' 

absorbed by the first foil. Composition analysis may be pe+formed therefore 

on the low energy component which should parallel current collector measure-

ments. Above 100 KeV energy however, transmission through the first foil will 

be significant, and the multiple foil arrangement will act as a simple spectrom-

eter for energies in the range # 100 KeV. Solar flare protons will come to rest 

primmly in the first few foils 1 but 1 MeV protons penetrate to the back plate. 

The sputtering rate is deduced b:y measurement of the thickness of an optical 

0 

coating of 100A on the top and rear surface of the top foil. This comparison thus 

eliminates basic evaporation rate errors. Using some accepted estimates of the 

sputter rate of L~ per year (Wehner and others), an erosion of lOA could be 

measured after 10 years by interferometric techniques without difficulty, but 

4 
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if new and very much lower estimates are born out (McDonnell and Ashworth) the 

experiment would yield only an upper limit, but this would be of major significance. 

Relative penetration rates of the successive foils would yield a clear and 

direct answer to meteor bumper efficiencf in t~e lunar environment and by infer-

ence in interplanetary space at 1 A. U. , which would be relevant to long exposure 

missions and to the degradation of optical components in space. 

SCIENTIFIC BACKGROUND 

Thin foil meteor penetration experiments have yielded reliable data on the 

environment and their value proven. The penetration spectrum of particles in 

space has been well established on the Explorer and Pegasus series and is cur-

rently being extended to interplanetary space on Pioneer F. In the laboratory 

mechai'lsms of thin foil penetr~on have been studied by numerous experiments; 

on the theoretical side computational codes have been developed which go a long 

way towards understanding the impact processes of single and multiple foil pene-

trations. We shall be able to draw on a wealth of both experimentation and theory 

to interpret the impact data expected from the FLEA package. 

Optical scanning techniques are fully proven in this application and also the 

electron microscopy and microprobe techniques which are required. 

Interpretation of the radiants of incident meteors which cause double pene-

trations is subject to uncertainty in one coordinate due to the lunar rotation. In 

5 
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the orthogonal coordinate of elevation however, we see that for the 13f1ding site 

chosen, the inclination of the radiant relative to ecliptic may be obtained. Tills 

data is very valuable for interplan13tary evolutionary studies and meteor dynamics. 

For secondary impacts caused by lunar ejec~a. the :r~ant is always known rela-

ti ve to the impact point for a fixed sensor, and hence the point of origin on the 

lunar surface can be estimated. Hence also an estimate of the total ejecta 

mass may be made from a knowledge of the detected mass and its distance 

from the impact position thus estimated. 

Solar wind composition measurements from thicker foils are currently es-

tablished over shorter exposure periods but the added information obtained by 

multiple foils analysis of the absorbed solar wind will prove very interesting. 

This analysis car: be performed just as the single foil solar v.rind composition 

measurements, but it would be repeated for each foil and the back plate. 

Very high quality foil has now been developed and available for some 5 years 

to the specifications proposed and quality is excellent from the standpoint of 

strength, imperfections and chemical purity. standard thickness measurements 

to limits of better than 2% will yield very precise impact penetration parameters. 

Construction and evaluation of the package proposed is "off the shelf" and 

currently available techniques of data analysis do not have to be stretched. 

6 
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ENVIRONMENTAL STABILITY OF FLEA SYSTEM 
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Unsupported thin foils (12 J.L) of very much larger areas than this unit have 

been successfully launched under 60 g. peak acceleration conditions, and also 

submicron foils on a 3mm mesh support. The 2 and 5 micron foils proposed, 

supported by a 1 em spacing frame, will offer excE)llent mechanical superiority in 

any conditions anticipated during Apollo flights, 

Temperature stability is proven in both full sunlight and darkness for similar 

foils and the fatigue from temperature cycling will be considerably less than has 

currently been experienced in many space flights. SUccessful deployment of 

these foils in numerous particle counters over many years demonstrates their 

ruggedness in space applications such as this. 

' DATA EVALUATION 

The optical scanning technique which has been developed specifically for 

this type of use at GSFC presents a permanent record of detected holes, their 

position and area. It is expected that only 10 such holes will be detected prior 

to launch; these will then be photographed by electron microscope and thus serve 

as calibration areas for optical scalming before launcp and after recovery. 

Approximately 300 to 500 primary impacts are expected on the front film 

and an average separation of 3 mm (compared to the top foil separation of 0. 5 mr 

permits clear correlation of double penetrations; perhaps 50 penetrations of the 

second foil and 10 of the third would be expected from primary impacts. Only 

7 
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one or two would penetrate all foils to be arrested on the back plate, which is 

provided as a safeguard to yield data on even the largest possible size of particle 

anticipated from varying estimates of the particle flux. Secpndary lunar ejecta 

of lower velocity could nevertheless penetrate more efficiently than primary 

particles since disruption and spre~ng of the particle mass is less significant. 

These particles of velocity ~ 1 km sec-1 would be retained i~ the foils or the 

back plate for examination. 

Solar wind composition studies would be performed in association with an 

established group in this field. No extensive pre-launch testing would be re-

quired in this area. 

The wide range of information available from this experimental concept 

would also offer scope for exchange of foil areas for examination by research 

groups engaged in the meteor field, solar wind studies, and in the evaluation of 

environmental specifications. 

SUPPORT DETAILS AND PERSONNEL 

Equipment and Facilities 

In-house availability of proven scanning techniques electron microscopy and 

probe analysis coupled with the direct experience of both proposers in this field 

offers excellent footing for such an experiment. Laboratory calibration studies 

by hypervelocity microparticles is provided by a 2MeV Vander Graaff acceler-

ator at GSFC which offers unequaled calibration procedures. 

8 
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J. A. M. McDonnell has been actively engaged tn direct study of the inter-

planetary environment by rockets and satellitf;ls since 1960; he is experienced in 

thin film penetration phenomena and in the interpretation of penetration data from 

space experiments. He is currently a lunar sample P. I. investigating micro-

erosion from meteoroid impacts, thermal cycling and so~ar wind sputtering, 

and plans to remain in this field of study. 

0. E. Berg is a well establish~ figure in rocket and satellite instrumenta-

tion. Since investigations on Aerob~e rockets, Explorer and 000 ·satellites, the 

sophisticated micrometeorite sensors of Pioneer 8 and 9 have t.mder his direction 

added new dimensions to the field of real time micrometeorite sensing. He is 

currently also, a P. I. in the Apollo 17 (LEAM) mission and would be in an incom-:-

parable position to relate data from this very different but complementary ex-

periment which is proposed. 

9 
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·CALIFORNIA INSTITUTE OF TECHNOLOGY 

PASADENA. CALIFORNIA ~1109 

OIVJSION OF GEOLOGICAL 

ANO PLANETARY SCIENCES 

Professor G. J. Wasserburg 
Division of Geological and Planetary 

Sciences 
California Institute of Technology 
Pasadena, California 91109 

Dear Gerry: 

May 8, 1972 

TI!;:LEF>HONE (213) 7g>!5-6B4t 

Enclosed is a tabulation of the analytical results we have obtained on the 
Apollo 15 drill core samples from which estimates of lead contamination have been made. 
All of the samples except 15005,231 were taken at the core tube joints. They appear to 
show the most extensive contamination, with the exception of the bottom sample 15001 
which was taken at the drill bit. Sample 15005,231 is from the intermediate part of the 
fifth tube. Although the level is apparently reduced it nonetheless appears to be distinctly 
contaminated. The estimates of the amounts of contamination are approximations based 
upon the isotope systematics. They should be correct to± 0.2 to 0.3 micrograms per gram. 

I have just received a sealed coupon tube analogous to the flight hardware in 
its manufacture and treatment. Within the next ten days I propose to acid rinse in dilute 
nitric acid the internal and external surfaces, independently, to see how much lead is 
removed, to determine the isotopic composition of the lead, and to see how quickly the 
availability of this lead is reduced to the acid leach. The tube will then be returned to 
MSC for careful examination as to possible effects on the structural characteristics. An 
evaluation of proper procedures for treating the Apollo 17 hardware would be best attempted 
after these results are in. 

I would appreciate your communicating the enclosed copies of this little report 
to SWP, to Mr. Jess Goree of ASPO, and to Mr. Mike Reynolds of the Curator's Office. 

LTS:smc 
Enclosure 

Sincerely, 

~ 
Leon T. Silver 
Professor of Geology 
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Apollo 15 Drill Core 
U-Th-Pb Concentrations 

Parts per Million 

u1 1 
Th Pbtotal 

---

2 

-
Pbrad. 

2 3 Observed 
206/204 

Est. Pb con tam. 
!Jg/g 

sample analyzed 

15001 1.75 6.58 4.15 3.84 115.8 0.3 

15002 1.54 5.80 8.24 3.33 36.3 4.9 

15003 1.26 4.85 5.87 2.86 41.1 3.0 

15004 1.33 5.00 7.99 2.86 32.9 5o 1 

15005,8 1.37 5o 16 7o06 3.00 37o2 4o 1 

15005,231 4 1.38 5.21 5.16 3.00 56.3 2o2 

15006 1.27 4.84 12. 19 2.61 25o9 9o6 

15021 1.26 4.73 2.77 2.44 202.2 

Concentrations of U and Th uncertain to ± 1%. 

2 Concentrations of totgl Pb based upon observed isotope ratios. Concentrations of radiogenic 
Pb based upon assumption all Pb204 is associated with terrestrial contaminations. Correct* 
values are intermediate but believed to be approximately those shown under Pbrad. 0 

3 Raw mass spectrometric data o 

4 Sample 15005,231 is an intermediate sample between the joints of core tube 15005o It still 

8 
2 

shows clear effects of contamination. The level is apparently distinctly less than contamination 
shown at the various joints which were sampled. 

*Correct= "uncontaminated" original total Pb concentrations. 

leon T. Silver 
Professor of Geology, Cal tech 
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LRV SAMPLER DESIGN 

0 ACCOM Pll SHMENTS 

·. • 1-g SUITED TESTS RUN APRIL 6 

• 1/6-g (KC-135)· TESTS RUN APRIL 18 

• · SIX PROTOTYPES TESTED 
. 

J 

n 



TYPES TESTED 

0 TONGS AND FLAT BAG 

G METAL CAN WITH SPRING LID 
\ 

0 H-MISSION ROUND.SAMPLE BAGS WITH UHT ADAPTER 

0 FLAT J-MISSION BAG WITH UHT ADAPTER 

8 HOLLOW TUBE 

0 MULTIPLE SAMPLE DRUM 



RECOMMENDATIONS 

CD USE ROUND BAGS WITH UHT ADAPTER 

0 STOW SAMPLES ON ROVER IN -Q3 SAMPLE COLLECTION BAG 
ATIACHED TO 16-mm CAMERA STAFF 

0 CARRY 48 ROUND BAGS STOWED OUTBOUND ON LRV GEOLOGY 
PALLET OR IN ROCK BOXES . 

e DELETE 1 OR 2 TWENTY-BAG DISPENSERS 



.. 

SCHEDULE 

0 DETERMINE STOWAGE OF SAMPLES ON ROVER (MAY 10-11) 

G PRESENT FINAL CONCEPT TO CONFIGURATION CONTROL BOARD 
(MAY 18) 

G DELIVER FLIGHT HARDWARE .IN TIME FOR CCFF AUGUST 2 
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NATIONAL AERON,j,LJTlCS MW SP.~.C:E ADMIN!STRAT!Of·i 
!\1,\h'~['[l SP'.CECR:.FI CF~nTR 

Hou;cTO!<, TexAs 77C53 

,m; cc CG32-72M-67 

TO: 

FROM: 

ED3/~~nager, Lunar Surface Project Office 

CG3/Chief, EVA and Experiments Branch 

SliDJECT: Results of l/6 g Evaluation of LRV Samplers, LSPE Charge 
Deployment and SEP Transmitter Display 

On April 18, 1972, a l/6 g exercise was conducted on the KC-135 with 
Apollo 17 LMP Jack Schmitt and a second crewman in·a suited environ-
ment. The objectives of this exercise were to evaluate prototype LRV 
sampling devices, deployment of the LSPE chargers from the LRV seat and 
deployment of the SEP experiment. transmitter antenna. 

The LRV static mockup was utilized and configured ''lith a seat belt for 
the LMP, the l6mm camera and staff mounted on the LMP 1 s inboard hand-
hold and the LGA moru1ted on the CDR's inboard handhold. The LRV_plat-
form was raised to a level even with the soil surface in the dirt box. 
The soil material used was a soil simulator developed for surveyor 
evaluation. 

The LRV Samplers Evaluated Were: 

a. Tongs and flat bag technique 

b. "Blivet" 

c. Dixie cup sampler adapted to the UHT 

d. Flat bag sampler (similar to "c 11 ) 

e. Tube sampler 

f. Gatling gill1 mini-tube sampler 

The LRV soil samplers were evaluated as two-man tasks and as one-man 
tasks where it seemed appropriate. 

a. The tongs/bag technique is a two-man task requiring the CDR 
to configure the bag and install it in the tongs. In order to retrieve 



2 

Enclosure 10 
Page 2 of 5 

a suita-ble sample, two cr thr·ee passes were req:a.ired. Returning of the 
san;ple ,to the CIJ:.k. for rer::oval from the tongs presented no major problcrts o 

A nominal time for obtairiing a suitable samyle using this teclmique in-
volves tr.LTee to four n1inutes and is a two-man task .. 

b. The Bli vet, a sanrcler with a trigger operated lid over the sam-
PljDi:S cup, ·vJas evalum~ed. o·otaining a sar1ple ·1·1ith this device entailed 
sc~ueezing the tr:Lgr::er to opcr: the lid, scooping the soil a.'1d releasing 
the trigr;er allmJing the lid to close and retain the saznple. The cup 
end v/af, then positioned such that the cup vJOuld be em:ptied into a sample 
bag held by the CDR. Obtaining a sample with this device irivolves ap-
proximately two mim:~es. This tool can be UEed as a one or two-man de-
'vice. 

c. The 11Dixie Cup" sampler utilizes the sample bags from the H-
mission 35 l;ag dis11enser. The sampler is a ri11g attached to the TJHT 
and contains a supply of 10 stacked bags. The soil sample is obtained as 
with the Blivet except there is no trige;er or lid. Once the sa.rnple is in 
the bag, the bag end is positioned in front of the CDR and he removes the 
bag containing the soil and the sampler is then ready for the next opera-
tion. This sampler is also capable of obtaining golf ball size rocF~. 
A sample can be obtained with this device in approximately tv;o minutes 
and is a one or two-man task. 

d. The flat bag sampler is similar to the Dixie Cup sampler except 
that instead of a ring, the bag frame is diamond shaped to acce~t a de-
ployed flat sample bag that is loaded into the frame by the CDR. The 
sampling technique is also similar except that getting a sample llSing 
this device will take tJ:"l.ree to four minutes due to the difficulty of 
getting the flat bag into the frame. This technique is a two-man task. 

e. The tube sampler, a vacuum sweeper tube type device, worked 
amazingly well. This tube, acting Hke a core tube, picked up and re-
tained the sample as it was positioned in front of the CDR for bagging. 
There was however, no way to determine that all the material in the 
tube had been transferred to the bag. A sampling time of two minutes 
is reasonable for this device but it is a two-man task. 

f. The Gatling Gun mini-tube sampler was re-evaluated during this 
flight to determine its effectiveness. The device was awkward for the 
crewman to handle, position the tube for use and getting it to the sur-
face. The first attempt to obtain a sample resulted in no material 
being retained in the mini-tube. (Tube #8 with wire retainers was being 
used.) The second attempt resulted in a full tube. Positioning the 
sample, indexing the drum and repositioning for traverse tool<:: approxi-
mately tr,ree minutes. This is either a one or two-man task. 
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RESULTS 

The post test evaluation of the various samplers tested indicated 
that: 
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a. The tongs and bag technique is an acceptable method of ob-
taining samples from the LRV seat. This device presents no hardware 
or v1eight impacts but does involve a surface time penalty in obtain-
ing the sample and requires two-man operation. 

b. The Blivet is~a workable sampling device at a minimum sur-
face time penalty for obtaining a sample but a weight penalty is in-
curred in adding the device to the mission but can be a one-man task. 

c. The Dixie Cup sampler is a very 1vorkable device involving a 
minimum surface time penalty to obtain the sample and minimum weight 
penalty to add the device to the mission in that the UHT (already 
available post-ALSEP) is utilized as the handle. Tl:le "dixie cups" 
left over from the H-missions are also available in a flight qualified 
status (approximately 300 cups) and approximately 600 training cups 
are on hand. This is a one or two-man task. 

d. The flat bag sampler involves a weight penalty similar to "c" 
but also involves a surface time penalty in getting the flat bag at-
tached to the frame and is a two-man task. 

e. The tube sampler was difficult to handle and there was no 
way to determine that all of the sample had been transferred to the 
bag. The weight and surface time penalty would be greater than for 
11c 11 and is also a two-man task. 

f. The Gatling gun sampler is difficult to handle, index, and 
use. Also there is no way to verify the sample was retained in the 
tube. The weight and surface time penalty is significant as well as 
no versatility in other usage of the device. 

CONCLUSIONS 

Evaluation of these samplers with respect to ease of handling to ob-
tain a sample, time required to obtain the sample, hardware and weight 
imp~cts indicates that: 

a. The Dixie Cup sampler represents a nu.m.mum hardwal'e and weight 
impact particularly in view of the fact that approximately 300 flight 
qualified bags are already available and the device utilizes an exist-
ing UHT. The ease of sampling vii th this device also ma};:es it highly 
desirable for other tasks such as radial sampling. This device is most 
desirable from the point of minimum hardware/time impact and a maximum 
versatility in sampling. 
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b. The to!"lgs and. concept presents a zero impact weight wise 
but req·Jires a sirr:ific~'~'"-, :J.;:Jo:;.nt of effort and surface time to con-
figure the L2~; 011 -~~L~, ; ongs G.l'ci olJtain a sample. This teclmique is 
acceptable barring the sampling time penalty. 

c. The Blivet aJ.·::o 1:ec;_uireos a ruin:Lr:..crun of time to obtain the 
sample but there is h :<i;:,n:Li':i cc.nt weigbt penalty in adding the device 
to tl1e missior1. 

d. 'l'he fl&t. baG L;am:p1er is cEfficult to handle and. to configu:ce 
with a bag and requi::e.s as muc~:.. time tc get the sample as t:ne tongs 
and bag concept and is not recommended as an acceptable teclmique. 

e. The tube sa.rn}Jler is not r·ecoiiL'!lencieC1 due to difficulty in 
handli11g, ina·bili t~r to determ.ine tl1at all tl1e sample l1as been drunped 
and the possit-ility of spilling soil onto the console and cre1vman. 

f. The Gatlinr; t:;lln sar::tpler is strongly not recommended due to 
difficulty in handling, inciexing, using, and the weight and stm·Jage 
impacts for lit1ited usage. 

In summary, the cre'\1 anri test team members recorrilllend that the Dixie 
Cup sa,."npler be developed fol' use on the Apollo 17 mission assum]ng 
that a requirement for this t;ype of sampling does exist. The quantity 
cf dixie cups to be carried l·lill be determined aG a ftL'1ction of SWP 1 s 
requirements for grid soil sa11.1pling. >i 

LSPE Charge Deplo;yrue:n~- from the LRV Seat 

In order to conserve time ii1 the event a LSPE charge is to be deployed 
between two major science stops, the ability of the cre-wman to deploy 
a charge from the seat >~as evaluated. It is assumed that the charge 
would be removed from the transporter and carried on the LMP's lap to 
the deployment site. Two charges, #l and #6 were used, b~llasted to 
earth weight of 3,76 and 8.84 pounds respectively. Schmitt was able 
to satisfactorily prep and deploy the charges from the seat, placing 
them in a vertical attitude and in a position outside the LRV wheel 
envelope. Thus it is felt that if necessary the charges can be deployed 
from the LRV seat. It is desirable however that an attempt be made to 
locate or devise an interim sto1-1age location for the charge in the crew 
compartment within reach of the seated crewman. 

SEP Transmitter Antenna Deployment 

The SEP transmitter antenna reel.s have gone through several stages of 
development as a result of difficulty in deployment by a suited crev1man. 
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The present concept consists of a 15-inch loop through the reel to 
be used as a handle allm1ing the reel to rotate freely as the antenna 
is deployed. During the l/6 g test rnns the antenna was deployed with 
very little force being exerted on the transmitteY station. Using 
this technique however it would probably not be desirable to overle.y 
the antenna traps with mylar (as previously discussed) to prevent the 
antenna wires from getting dmm between the traps as this helps to 
keep the antenna wire from looping off the reel. It is also felt that 
the loop handle should be a 2o# rn.a...'C break-away in the event. the antenna 
wire becomes entangled in the loop. 

There are 16mm films of these exercises-available for evaluation by 
interested parties. Contact Ron Blevins, ex~ension 3091. 

CG32/RGZedekar(RVBlevins, GE):fc:5/2/72:3091 

cc: 
EE3}D. Cubley 
PG/D. Lockard 
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Table 1 

MODELS OF !-'.ARE SERENITATIS MAS CON 

Density Gravity at Gradient at 
Model Radius Thickness Contrast Site Site 
Number (km) (km) (g/cc) (mgals) (mgal/kr.t) 

1 Cylinder 350 14 0.3 5.4 0.15 

2 " 350 5.2 0.8 2.1 0.06 

3 " 325 16 0.3 3.9 0.07 

4 " 325 6.0 0.8 1.5 0.03 

5 II 245 27 0.3 3.2 0.03 

6 " 245 10 0.8 1.2 0.01 

7 Basin 350 21 (max:) 0.3 1.7 0.02 

8 Basin 350 8 (max) 0.8 0.65 0.01 

9 Up~eaval A 450 (max) 26 (max) 0.5 1'"'"' .... , 1.3 

10 Upheaval c 350 (max) 45 (max) 0.5 118 1.0 
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Jl.bstruct 

The surface electrical properties experiment is presently planned for 

Apollo 17. It uses two orthogonal, Electric dipole antennas laid on the 

surface, each 70 m long (tip-to-tip), to transmit frequencies of 1, 2.1, 

4, 8.1, 16 c::nd 32.1 mhz. The signals are received by three mutually 

por}Jc.nd·i cul ar coi 1 s mounted on the l unu.r Rover VJhi ch traverses avJay frorn the 

tYansmiLter. Information from the Rover nav~gation system is also recorded 

so that it will be possible to construct profiles of each frequency as a 

function of distance from the transmitter and for each transmitter and each 

recC'iving coil. Interferences bebreen VJaves propagating just above and 

just below the surface will give a measure of the dielectric constant and 

loss tangent of tha upper 1ayers. Reflections from layers or from lateral 

inhomogeneities can also be detected and studied. 

lDepartment of Earth and Planetary Sciences, M.I.T., Cambridge, Mass. 02139 
2 

3 

Lf 

Geophysics Branch, NASA-Manned Spticecraft Center, Houston, Texas 77058 

Labore: to\'Y for Space Experiments, Center for Space Research, M. I. T. 
Cambridge, Mass. 02139 

Engineering and neve l op!llc:nt Di r~ctorate, NASA-r~anned Spacecraft Center, 
Houston, Texas 77058 · 

50epartm-?nt of Physics, University of Toronto, Toronto, ~anada 
[, 

Dept. of Physics, University of Toronto, Toronto, Canada and Lunar Science 
Institute, Houston, rexas 77058 · 
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/\prototype of th· '.'.:,, hus been constructed and tested on the 

f,ilbasca glacier. f·r-!·31 sis C:f the rc;suits shovJ that at 32 mhz, 16 mhz 

,,,,d 8 mhz scattering dr i de', tfv !'esults suggr::sting that scatte1·ing 

hoc!ics of 35 meters 01 s -;, :,ize are numerous. At 4 rnhz, the ice 

v.1as found to havr: a clir~!c<. ,·ic cn•·,stant of about 3.3 and a loss tangent 

o·t 0.10, both va·IIIOS iy-[:i( 1 Lr ice. The depth of the ·ice vJas found 

to be around 25 meters, a vuluP typical for this glacier. At 2 mhz and 

l 11111Z the l ossc:s 2 n~ r~,!Jrh hi r following roughly an inverse relation 

vlith fn:quency, and t 1 c dir:.lectric constant is determined as 3.3! .2. 



Introduction 
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The pul'pose of this paper is tQ describe the general nature of the 

Surface Electrical Properties experim~ht now planned for the Apollo 17 

missions. This experiment has been designed specifically to operate in 

the lunar environment where there is believed to be essentially no moisture 

present. El ectromaQneti c experiments on the earth have a long hi story in 

the exploration for minerals, but because of the presence of moisture in 

the pore spaces in rocks it is rare to find conductivities less than 

about 2 x 10-S mho/m on earth. The net result of this is that almost all 

work on the earth has concentrated on using audio frequencies to get 

significant depths of penetration. The response parameter for electro-

magnetic waves is given as (c~~ 2 + io~w)1 1 2 where 

E - dielectric constant - farads/m. 

~-magnetic permeability- henriesjm. 

ul- rotational frequenc;y (w"" 2nf, f- frequency in hz) 

o - conductivity - mhos/m. 

For most earth applications o~w>>Euw2 so that the problem beccimes entirely 

one of diffusion and no propagation takes place. In environments where 

the resistivity is very high, however, s~w 2»ouw and the problem becomes 

one of propagation with a 11 the attendant phenomena of diffraction, 

interference, etc. Early attempts to use radio frequencies to penetrate 

the earth met with little success, simply because the penetration depth 

(given by .... /2 for the diffusive case and nf'\['i(: tan 6 for the 
~ ~ 3 X 108 

propagation case where K = relative dielectric constant and tan 6 = loss 

tangent) was too small. In recent years, experiments on glaciers have 
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shm·m that it is poss·iblr to get radio-frequency reflections from very 

qrca t clepths (Rinker ,,r,c< r<ock, 1967, Harr·i son, 1970) and rado.r has been 

uc;c"d to map the cutlinr: of so1t domes (Unterbe\'g2r et al., 1970, Holser 

ct aL, 1970). Thro tCL't' for success in penetr·atin9 significant distances 

in i hcc.e tvm E'Y be1th have very 1 CJ\'1 conduc ti viti es, on the 

or<iel' of 10- 6 mho/m ot 1c,~:,. Lunar soils and rocks have been shovm to 

have' very lovt values oi conductivity and accordingly it would appear that 

the lunar environment is particularly suited to depth sounding using 

rad·i o frequrnci es (Stri::·t~tv!ay, 1969, St. f\mant and Strangway, 1970, Katsube 

ond Collett, 1971, Chunrl et Jl., 1971 ). 

The pr'operties of typical dielectrics have been revieVJed by many 

wo crs but in ths r~nqr of interest to us, the dielectric cohstant rang~s 

he<!,: libout 2.5 fer po\Jdc:rs to about 15 for solids. Equally important is the 

generdl phenomencn tlvtt the loss tan~Jent is nearly independent of frequency 

rrovi derl thel'e 21~e no re 1 ax at i OilS. This was indeed found to be the case 

for the luna\~ Si11iip1es (f:utsl!be and Collett, 1971, Chung, 1972, Strangway 

et al., in press) so that the lunar materials behave precisely like those 

earth rocks v1hich hc;ve no hydrous minerals (St, Amant and Strangway, 1970). 

The ·loss tangent 11.ay he converted to a variety of equivalent parameters. 

i ~ a1 so '-' me as u r c '' f \ 

imaginary part of the dielectric constant it 

real part of the conductivity (tan ~ 
Kw 

oapp. 
l''~;r'rr a· ic an apparent conductivity). If there is a finite conductivity, "'-- ·app. -

llD'.IOver, this can bt~ converted to un equivalent penetration deptr. (~ 2- ). 
Gapp.)JW 

For a frequency-independent loss tangent this relation is illustrated in 

FigUi'C l. Typically, the lunar rocks have values of Po of ubout 
\ 
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0.05 to about 0.2 ?nd the soils have values which are considerably less. 

At l megahertz the penetration depth in lunar materials is typically a few 

kilometers while at 30 mhz it is typically a few hundred meters. 

The experimental results to be discussed in this paper were measured 

on glaciers \'Jhich is almost the only environment on earth in which a 

suitable analogue expel'iment can be conducted. The analogy is not 

excellent, since ice has a relaxation loss that occurs in the audio 

frequency part of the spectrum. The tail of this relaxation spectrum 

still affects the loss tangent in the range of frequencies of importance 

in the surface electrical prdperties experiment with the result that the 

loss tangent decreases from 1 mhz to 32 mhz (Evans, 1965) in such a way 

that the product f. tan 8 is approximately constant. The precise value is 

teillPl':rature-dependent,but typically it has· values of around 0.2 to 0.5 if 

the frequency, f, is given in mhz. This effect is illustrated schematically 

in Figure 1: the attenuation depth in ice, is essentially frequency-

independent \·lith a value of a few 100 meters. Ice therefore, is not an 

optimum analogue for what We exp~ct in the lunar case, but at least it 

is fairly transparent over part of the frequency range and gives us an 

opportunity to exercise the system. 

Experiment Concept 

The concept of the SEP experiment is illustrated in Figure 2. An 

electri~ dipole transmitter is laid on the surface and transmits frequencies 

ranging bet\veen 1 mhz and 32 mhz. Energy is propagated in three ways: 

a) above the surface with the speed of light, b) below the surface along 

the interface \vi th the ve 1 oci ty of the medi urn and c) by reflection from 
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layc:r-ing or other ·inhn:rngcr1t:ities in the subsurface. These various waves 

may interfere with each other as a function of position along the surface. 

Interference between the ;:1rf~ce and subsurface wave gives a measure of the 

dielectric constant C1CCC;J'dino to the formulaE:= (l + LK) 2 ~vhere LK is the 

intcrfere11Ce frequency. The rate of decay of the interferences gives a 

cSil'r"C of the loss tn:i'!rnt. The receiver is mounted on the Rover and 

rn::>i'tsures the f·ielcl str-enqth as a function of range so that the interference 

f:"eqtJCiiCY con be measured. In addition, reflections from subsul~face features 

can be clci:r~ctcd as thl''i interfer'e v1ith the othei~ waves. Transmission is 

done s00uentially from a pair of orthogonal dipoles and the receiver consists 

of tiT('C orthogonal loops t::l measute the field strength of three independent 

lnstTu.~;cntati on 

D2tailed descriptions of the experiment hardware are planned for future 

papers so we will give only a hrief description of the hardware in this 

section. 

The transr11ittcr is pov;ered by solar cells and transmits in a pre-

determined seque:rt, at l, 2. l, 4, 8.1, 16 and 32.1 mhz, each tl~ansmission 

at each frequency from one antenna lasting for 101.25 m seconds. Each 

freqt'ettcy is transmittPd alternately on a pair of orthogonal dipoles each 

of whic~ is 70 rn long (tip-to-tip). These dipoles are half-wave dipoles 

at 2.1, 4, 8.1, 16 and 32.1 mhz. A pair of \vires is used for the experiment 

and a set of traps and s~prcssors are built into the wires to give the 

transmitter the appearlnce of a half-wave resonant dipole at each of the 
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frequencies. At 1 mhz the dipole is no longer a half-wave dipole and the 

transmitting antenna is loaded to compensate for this. Precise matching 

of the antenna at the dielectric interface is a complicated problem but the 

choice of a dielectric constant of 3.3 for the lunar surface case has been 

made,in line VJith the bistatic radar results of HovJard and Tyler (1972). 

On the ice, the antenna can be adjusted to make the antenna optimum at 

each frequency. The power transmitted is 3.75 watts at 1 mhz and 2.0 watts 

at the other frequencies, although only a fraction of this is actually 

radiated. Transmission is done in the sequence shown in Figure 3 which 

p~ovides about 10 samples per wavelength per component at 2.1, 4, 8.1, 

16 ancl 32.1 mhz and 20 samples per \vavel ength per component at 1 mhz at 

a vehicle speed of 8 kn1/hr. 

The receiver consists of three orthogonal coils which are mounted on 

the Rover. The reception of each coil is examined in sequence, looking 

at each coil for 33 msecs. The signals are demodulated in the receiver and 

are frequency-coded by a voltage controlled oscillator. This oscillator 

operates over the frequency range of 300 to 3000 hz, corresponding to a 

dynamic range in the instrument of -35 dbm to -135 dbm. This large dynamic 

range allows accurate field strength recording over a broad distance range 

from the transmitter. The voltage-controlled oscillator signal is recorded 

on a recoverable tape recorder. With six transmitted frequencies, two 

alternate transmitting antennas and three r~ceiving antennas we record a 

total of 36 separate pieces of infonnation. 
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In the lunar syste,n, navigation data vJill be recorded in two different 

\vays. On each vJheel there is a pulse generated every 0.245 meters. ~Je 

1·1ill record every second pulse from two separate wheels, for redundancy 

and as a check on wheel slippage. This means that the traverse can be 

reconstructed in increments of about 0.5 m. These same wheel pulses and 

a gyro-stahilized compass provide the basic input to the Rover navigation 

computer which displays range, bearing, heading, and distance travelled to 

the astronaut. The bearing and heading are computed in increments of 1° 

and tf1e runge and distance travelled are computed in increments of 100 meters. 

~!e v1i 11 record the bearing ever·y time it changes by± 1° (except in the 

immediate vicinity of the LM) and as a redundant check we will record the 

range in 100-meter increments. The range is computed using the third 

slowest wheel, so we will have a separate measure of the wheel slip and/or 

an intc::rnal range check at 100-meter increments. Finally, since there may 

be errors that will accumulate in both the range and bearing measurements 

we will use the known stop points to correct the traverse. Since these 

stops arr likely to be in increments of one or two kilometers, we will 

have frequent updates to our traverse map, On the basis of this information 

we expect to be able to reconstruct the traverse to an accuracy of about 

1% of the range and range differences over a few hundred meters to about 

meter ot" better. 

F6r the glacier tests, we have used a simple odometer circuit connected 

to one of the drive-wheels v1hich generates signals every 1.5 meter. These 

are recorded independently on the tape recorder. These pulses have been 

used to determine the horizontal scale so that all the data discussed in 

this report have been plotted as field strength versus range. 

.. 
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We have previously reported on various aspects of the theory behind 

this experiment (Annan, 1972, Cooper, 1972, Sinha, l972a, b, c) and have 

published a paper on some of the most preliminary glacier results, 

(Rossiter et al., 1972). Hr:: v!ill not, therefore, review all these results 

in the present paper. Rather we will only summarize a few points which 

are pertinent to the data analysis. 

The transmitting antennas are crossed dipoles; in the simplest case 

the traverses are run broadside to one dipole and off the end of the other. 

Using the geometry shown in Figure 2 this means Hz and Hp from the broadside 

antenna arc both maximum-coupled and can be expected to show the interference 

patterns which are the basis of the experiment. Studies of the antenna 

patterns for these components show that the power above the surface is 

comparable to the power just below the surface so that sign~ficant interference 

between these two waves can be expected. In the case of the H¢ component 

off the end of the transmitter, however, power is transmitted above the 

surface but very little power is transmitted just belm·J the surface. 

There is little interference, so this component is not as useful for 

determining the dielectric constant and loss tangent. 

The other components (H~ broadside and Hz and Hp endfire) are minimum-

coupled to the respective transmitters. These components are consequently 

useful in looking fol' scattered energy reflected from either surface 

irregularities or subsurface inhomogeneities. 

The antenna radiation pattern associated with these dipoles also 

contains a lobe which is pointed downwards at the critical angle as shown 

by Annan (1970) and by Cooper (1972). The lobe pattern is present in both 
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the broadside and endfire cases. The angle between the vertical and the 

peak of the lobe is given by sin B = {"::is1 where s
0 

is the dielectric 

c0nstant of free space and c 1 is the dielectric constant of the medium. In 

the case of ice where the ratio c I is given by l/3.2 this angle is about 
0 E:l 

3~ 0 . This energy does not appear at the surface unless there is a 

reflecting horizon at depth. In such a case the reflection appears at a 

distance r = 2d tan 8 where d is the depth of the r~flector. For ice the 

depth to a reflector is given as d:::::O. 8 r. In pri nci pl e it is therefore 

possible to determine the dielectric constant and the loss tangent from 

the near-field interferences of the Hp and Hz components from the broadside 

antenna, Reflections can be studi~d by the Hp and Hz components from the 

br'Oad:;ide antenna p.nd by the H¢ comronent from the endfire antenna. 

Athabasca Glacier Data 

t,1ost of our vJotk to date has been concentrated on the Athabasca glacier 

in 1vestern Canada (Figure 4a). It is a vJel"l-studied glacier and is very 

accessible. Previous ·studies based on gravity (Kanasewich, 1963), seismology, 

drilling (Paterson and Savage, 1963) and electrical sounding (Keller and 

Frischknecht, 1961) have been made and a rough map of ice thickness is 

sho~n in Figure 4b. We have reported on earlier preliminary results 

(Ro:,c;iter et al., 1972) and in this paper restrict ourselves to one set of 

data taken in the surnrner of 1971 using a prototype of the flight equipment 

described earlier. The profile discussed is shown in Figure 4b and is marked 

by the transmitter at the southern end. The ice thickness is approximately 

300 meters. The line was run from north to south and then repeated south to 

north with completely repeatable results. 
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The field strength data for all components at 4 mhz are shown in 

Figure 5 plotted as a logarithm of the power versus the distance in wave-

lengths. The length of the traverse was just over seven wavelengths at 

this frequency. Of particular interest and typical of all our runs at 

4, 2 and 1 mhz is the fact that Hz and Hp from the broadside antenna and 

H¢ from the endfire antenna are large and smoothly varying functions. In 

particular the H¢ endfire component is very smooth ·showing almost no surface 

and subsurface wave interference. Hz broadside and Hp broadside, however, 

show sharp nulls. These nulls are the interferences generated from the surface, 

subsurface and reflected waves. 

We have compared these field curves with sets of theoretical curves 

computed by the method of Annan (in press) and find that we can get 

surprisingly good determinations of the parameters,depth, dielectric constant 

and loss tangent at 4 mhz. We can also get good fits at 1 and 2 mhz although 

the uncertainties in the parameter determinations is greater (Table I). 

The minimum-coupled components (Hp and Hz endfire and H¢ broadside) however, 

show amplitudies that are 10 to 30 db below the maximum-coupled components 

at 1, 2 and 4 mhz (see Figure 5 for example) suggesting that scattering, 

although present, is not very significant. 

At higher frequencies,scattering becomes more significant and at 

32 mhz and at 16 mhz the only structure detectable is due to scattering. 

In FigJre 7 a set of data of all three components from the E-W {broadside) 

transmitting antenna at 16 mhz is ~hown. The features to note in this plot 

are twofold. First, all components are about equal,suggesting that as much 

energy is scattered into the minimum-coupled H¢ component as is present in 



Enclosure 15 
Page 12 of 27 

the maximum-coupled Hp and Hz components. Second,is the erratic behavior of 

the field components, which show a wide range of rapid variations on a scale 

that is smaller than a wavelength. We conclude therefore that scattering 

is a dominant process at 16 mhz, important at 8 mhz and relat.;ely unimportant 

at 4 mhz. This suggests that the distribution of scattering bodies ranges 

from about 35 meters to smaller sizes. 

This seems to be a reasonable result based on the fact that this 

valley glacier is heavily crevassed and the typical size for the vertical 

and 1 atera 1 extent of crevasses could be typically around 30 meters or 1 ess. 

These results are comparable to those found by Gudmandsen and Christensen 

(1968) who had trouble doing airborne radio sounding at 35 rnhz over valley 

glaciers in West Greenland. They attribute this,at least in part,to the 

presence of crevasses in the valley glaciers. 

Conclusions 

The radio frequency interference technique developed for the Apollo 

lunar program is useful for measuring the dielectric constant and loss 

tangent of the upper layers of the moon in the frequency range from 1 rnhz 

to 32 mhz. It will also be useful for detecting layering in the range 

from about 5 meters to a few kilometers,depending on the nature of the 

layers and of the electrical properties. In addition, it is likely to 

yield information on the presence of scattering bodies. These expected 

findings- have been confirmed by tests over the Athabasca glacier. Here 

it was possible to measure the dielectric constant of ice as 3.3 and the 

loss tangent at 4 mhz as 0.10. The depth of the ice was estimated to be 

about 275 meters, a value in rough agreement with other determinations. 
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At l and 2 mhz the dielectric constant is about the same, as is the depth 

although the limits of uncertainty are larger. As seen in Table r the 

loss tangent of ice is roughly inversely proportional to frequency giving 

values of f. tan 6 ranging from 0.20 to 0.40. There are only a small 

number of scatterers with dimensions less than about 35 meters, but there 

are larger numbers with smaller sizes. 
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mhz 2 mhz 4 mhz 

K tan 0 Depth 
m. 

K tan 6 Depth 
m. 

K tan 0 Depth 
m. 

Hz 3.2 ~ . 2 0.20 :t .15 230 2: 30 3.3 + - . l 0.16 ± . 01 260 ± 10 3. 3 ~ 0.1 0.1 + • 01 275 + 5 -

Ho NOT DIAGNOSTIC 3.2 ~ .2 0.10 ~ . 03 270 + 10* 3.3~0.1 .07 + .005 - 275 + 5 -

*Several other depths permissible 

TABLE 

• • 
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1. Attenuation distance as a function of frequency from lunar samples 

and from remote lunar sensing. 

Straight lines show theoretical values for typical dielectrics which 

have a loss tangent which is independent of frequency. 

1) Weaver (1965) - thermal emission and radar obsel'Vations 

2) Tyler (1968) - bistatic radar 

3) Chung et al (1971) - lunar igneous sample 12002 

4) Collett and Katsube (1971)- lunar breccia sample 10065 

5) Collett and Katsube (1971)- lunar fines sample 10084 

6) Gold et al., (1971) - lunar fines 

7) Strangv:ay et al., (in press) - lunar fines 

2. Sketch illustrating operation of surface electrical properties 

experiment and various waves expected to be transmitted through 

and above lunar surface. 

3. Sketch showing sequ~nce of transmitted frequencies and sequence of 

transmitting and receiving antennas. Two frames marked OFF are used 

to monitor the background external noise at all frequencies in three 

successive frames, and to measure the internal noise with input 

shorted and looking in succession at two calibrated noise diodes. 

The frame marked cal. is used for synchronizing transmitter and 

rec~iver and to record the internal temperature. 

4. a) Location map of the Athabasca glacier 

b) Sketch map of the Athabasca glacier, showing the location of the 

profile d{scusscd in this report. Contours are the generalized 

thicknesses as detel'fllined from previous drilling and seismic studies. 

.. 

i 
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5. Complete set of data at 4 mhz showing Hp, H<t> and Hz from both the E-W 

(broadside) and the N-S {endfire) antenna. 

a) E-W transmitter, Hz 

b) E-W transmitter, H<t> 

c) E-W transmitter, Hp 

d) N-S transmitter, Hz 

e) N-S transmitter, H¢ 

f) N-S transmitter, Hp 

6. Hp and Hz components from E-W antenna (broadside) showing field data 

and theoretical fits (upper curve). Parameters correspond to those 

in Table I. 

a) Hp component - 4 mhz 

b) Hz component 4 mhz 

c) Hp component - 2 mhz 

d) Hz component - 2 mhz 

e) Hp component - mhz 

f) Hz component - 1 mhz 

7. Typical set of data taken at 16 mhz to illustrate scattering effect 

of glacier. All components Hz, H¢ and Hp from the E-W transmitter 

(broadside) are about equal. 
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GENERAL GEOLOGIC SETTING 
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The Taurus-Littrow area is in the mountainous region sruth-

eastern rim o.f the Serenitatis basin, approximately 750 km east ~f the 

Apollo 15 site. Steep-sided massifs, accessible on LRV traverses\ pro-

vide an opportunity to obtain old highlands material from an unsampled 

quadrant of the Moon. The landing point itself is on the floor of a 

graben-like trough whose subsurface is thought to consist of down-faulted 

uplands material that may be partially buried by younger basin-filling 
. I 

materials. The surface of the valley floor, as well as portions of the 

upland area, is covered by a dark mantle of probable pyroclastic origin. 

GEOLOGY OF THE LANDING AREA 

The distribution of major geologic units at the Taurus-Littrow site 

is shown on the accompanying map. The landing point is in the western 

part of the cluster of large craters shown near the center of the map. 

Massif f·1aterial 

Massif material underlies the high, steep, relatively blocky moun-

tain faces immediately north and south\'lest of the landing point. Most 

probably it consists of breccia formed during impacts that created some 

of the major mare basins. Significant contributions of ejecta may have 

come from Tranquillitatis, Serenitatis, Nectaris, Crisium, and Imbrium 

(listed in order of decreasing age). These ejecta deposits probably 

overlie still older ejecta from earlier impact basins. Accordingly, 

the age of the massif material is regarded as Imbrian and pre-Imbrian. 



' 

GENERALIZED GEOLOGIC MAP OF THE TAURUS~LITTROW AREA ' 
E. W. Wolfe, J. W. Head, V. L. Freeman, and H. H. Sc~tt 
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unpublished map. 

Enclosure 16 
Page 4 of 36 

.. 



Enclosure 16 
Page 5 of 36 



\ 
\ 

SOUTH 
MASSlF 

NORTH 
MA5SlF 

+ 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ + + 
+ + + 

+ + + 
+ + + 

+ + + 

+ 
+ 

+ 
+ 

+ 
+ + + + 
.SCULPTU~ED 

+ 

+ + 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ + + + I+ + + + H 1 L LS + + + 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ + 

+ 

+ + 
+ + + 

): :::::::::::::::::::::: + + 
+ + + 

+ + 
+ + + 

+ + 
+ 

+ + + + 
+ + + 

+ + + 
+ + 

+ 

+ + 
+ 

EAST 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ + 

+ 
+ -H 

++++-'-~j 

++++1 + + + 
+ + 

+ + 
+ 

MASSIF 

""''I'T1 DJ:::::s mn ro __. 
0 5KM o 

L.t _.....___..._____,__....___,! m ~ 
o-s 
-+!rD 

~ W--' 
---L------------------------~---------------cncn 

. 



.. 

~CIJLP Tfiii.EO HILLS 

--------- ~-~

VlEW ()F Tf1U~US -LITtROW L.f\NOING AND TRP\VERSE- --·--
REG\ ON 

LCO~IN& Ef.\ST.-..SOV1"HSR~ 



Enclosure 16 
Page 8 of 36 

Faults bounding the massifs may have originated in the Serenitatis event. 

However, the sharp definition of the massif boundaries suggests that sub-

sequent structural adjustments have occurred. 

A possible and less favored interpretation is that the north and south 

massifs are volcanic in origin. Their very steep faces and arcuate convex-

outward shapes are similar to shapes common in silicic volcanic domes on 

earth and thus they could be viscous extrusive volcanic constructs. 

Sculptured Hills Material 

The sculptured hills unit, characterized by the occurrence of closely 

spaced domical hills, is widespread in the highlands between Serenitatis 

and Crisium. It is within traverse range northeast of the landing point. 

Because of its occurrence in the walls and rims of old craters (e.g., Littrow) 

the sculpturing may be interpreted as a degradational effect controlled by 

pre-existing sets of fractures. Accordingly, the sculptured hills unit 

may be similar in composition and different only in structural history 

from the massifs or it may differ in composition so as to have responded 

differently to deformational stress. The lack of resolvable blocks at 

the bases of slopes in the sculptured hills compared with their relative 

abundance at the bases of massif slopes supports the hypothesis of com-

positional difference. Presumably the sculptured hills consist of ejecta 

of Imbri an and pre- Imbri an ages. 

Low Hills Material 

Low hills material occurs in discontinuous patches adjacent to massif 

and sculptured hills materials where they border the plains. The low 

hills are most likely :he tops of downfaulted blocks of mas?if or sculp-

tured hills material that protrude slightly above the general plains surface. 
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In addition, they may include materials derived from the adjacent uplands 

by mass wasting. 

Plains Material 

The relative evenness of the valley floor at the landing site suggests 

that a basin-filling unit (plains material) that submerged all but the 

highest projections of hill-forming material was emplaced after formation 

of the trough. Such fill might consist of volcanic flows, colluvium 

derived from the adjacent uplands, or sheets of base surge breccia. 

Similar materials may fill nearby upland basins (e.g., Littrow) or may 

underlie the topographic bench around the east edge of the Serenitatis 

basin. Plains material is pr~sumably present in the bright walls of the 

larger craters on the plains. The abundance of blocks in the crater 

walls and on their outer flanks indicates tha~ the plains material is. 

either indurated or contains large indurated blocks. The large craters 

may penetrate through the plains material into the underlying massif or 

hills units, which may be represented in their ejecta. Plains material 

appears to be younger than the bulk of the massif and hill materials and 

is probably older than the youngest mare fill of the Serenitatis basin. 

Hence an age of Imbrian or pre-Imbrian is inferred. 

Dark Mantle Material 

Dark, presumably unconsolfdated mat~rial with no resolvable blocks 

(i.e., no blocks larger than 2m in diameter) occurs as a blanket a few 

meters to tens of meters thick on the plains surface and on the floors 

of nearby upland basi .• s. It is discontinuous on sloping up-land surfaces 
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and on the steep walls of pre-existing craters. Low reflect\vity in 3.8 
I 

and 70 em radar images implies relative scarcity of cobbles apd boulders. 

The dark mantle is most readily interpreted as a pyroclastic 1e~osit. 
A fe1<1 small dark halo craters that could be vents for volcanic\ ash can 

be recognized in areas of massif and hills materials. No undoubted 

vents have been identified on the plains in the landing area. 

The dark mantle is interpreted to be younger than all of the large 

craters on the plains. Its relatively smooth uncratered surface and 

the sharpness of some of the underlying craters suggest a fairly young, 

perhaps Copernican, age. However, apparent onlapping relationships of 

Serenitatis mare material at the west edg.e of the dark mantle deposit 

suggest that the dad; mantle may, in part at least, be sornevJhat older. 

Light Mantle Material 

A bright ray-like unit that may have been deposited by an avalanche 

of unconsolidated debris extends north from the south massif. It seeming-

ly overlies the dark rnantle because craters with dark ejecta dot the surface 

of the deposit. The size of these craters indicates that the mantle thins 

~arthward from a thickness of about 20 rn at the base of the south massif 

to a few meters near the north end. Large craters and a prominent scarp 

are visible althou9h mantled and attest to the thinness of the slide 

deposit. Resolvable blocks (>2 rn) are absent except near the south 

end of the slide and on the adjacent south massif slope. The light 

mantle shows greater reflectivity than the dark mantle in 3.8 ern radar 

imagery, which indicates a greater frequency of cobbles on the surface of 

.. 
l 
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the light mantle. The absence of all but fresh small impact craters, 

apparent position of the light mantle over the dark mantle, and the rela-

tive absence of mixing near the thi:~-edges of.the light mantle imply a 

young, presumably Copernican, age. 

·Surface Features 

Major surface features of special geologic interest include craters, 

shallow troughs at the bases of the massifs and sculptured hills, and 

the prominent east-facing fault scarp. 

The larger craters (generally >100m) on the plains surface are of 

three types: 1) large (.5- 1 km) steep-sided craters that·occur in a 

cluster near the landing point, 2) large subdued craters with barely 

perceptible rims, and 3) scattered clusters of smaller (<.5 km) craters. 

All three types are inferred to be older than the d~rk mantle although 

some could be contemporary volcanic sources. Exposures of wall and rim 

material are discontinuous and generally occur only on the in~er wall below 

the rim crest. Elsewhere the ejecta are mantled except for scattered 

blocks large enough to project through the thin mantle. Although the lar-

ger craters are probably of impact origin, a volcanic origin for some may 

be considered. 

The dark mantle is excavqted only by relatively small craters that 

are generally much less than lOG min diameter. The most likely vents 

for dark mantle material in the nearby uplands are small craters with 

related dark deposits of local extent. Vents in the plains area may be 

represented by similar small craters closely enough spaced so that the 

ejecta blankets overlap. 

... 
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In many places the boundary between the uplands and the plains is a 

fairly sharp! topographic break accentuated by a shallow trough or slight 

depression at the edge of the plains. Although the great height and steep-

ness of the massif faces show large-seal~ uplift of the mountain blocks 

r~lativE to the plains, the bounding depressions suggest a final slight 

subsidence of the mountain blocks or uplift of the trough floor. 

An apparently young, cast-facing scarp, with local height of as 

much as 80 m, crosses the floor of the trough about 5 km west of the 

landing point and continues into the north massif. The scarp, which pro-

bably represents the surface trace of a complex fault, consists of 

alternating north- and northwest-strikin9 segments, each on the order of 

5 km long. Some segments occur as sinsle, continuous, approximately 

straight scarps, others as zones of discontinuous en echelon scarps. 

Betv!cen the 1 i ght mantle unit and the north mass if the scarp is coverec; 

by the dark mantle unit, which it therefore appears to antedate. However, 

distinctness of some segments of the scarp in the area of the light m~ntle 

and absence of dark mantle on some segments of the scarp on the north 

r.:3ss if suggest that younger movement n,ay f:cve occurred. 



OBJECTIVES .. AND EXPLORATiot~ RATIONALE FOR 
THE APOLLO 17 TRAVERSE REG! ON 

1. Massif and related units--Observations, characterization, and 

sampling. 
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A. Mode of origin and emplacement--The massif and related units are 

probably composed of breccia from various ejecta blankets, most 

likely arranged in subhorizontal layers with the youngest deposits 

lying at-higher elevations. Observational and photographic data 

bearing on this problem will be gathered. 

B. Stratigraphy--The light mantle unit appears to be some type of 

debris flow or avalanche ~Jhich may contain massif material derived 

from the entire stratigraphic sequence comprising the south massif. 

Sampling stations (2, 3, and 4) are scheduled in the light mantle 

in a direction normal to the mountain front in the hope that a 

maximum variety of south massif rock types will be collected. 

Sampling at the base of the massifs is also designed to collect the 

widest possible variety of samples of massif material through 

sampling of bo~lders derived from the mountain slopes and collection 

of rake,soil and other documented samples (stations 2, 6, and 7). 

Investigation of boulders should provide the opportunity to 

examine and document i~ternal structures indicative of the mode 

of origin of the massif materials. The distinct morphology of the 

sculptured hills suggests that they may be of different composi-

tion than the massifs. Station 8 is designed to investigate this 

possibility. 



c. 
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Relationships of the massif and massif related ~nits to the 

dark mantle unit are being investigated at stations ~-7~ and 8; 

with the light mantle at station 2. \ j 

Areal variaticn--Samrling at and within the north and~outh massifs 

and comparison with the sculptured hills is designed t~ provide 

data on areal variation of the highlands unit. 
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2. Dark mantle material--observations, characteri~ation, and sampling 

A. Mode of origin and emplacement~-The dark mantle is thought to be a 

volcanic pyroclastic deposit. Sources of the widespread dark 

mantle on the plains have not been specifically identified. The 

traverses are designed to investigate both a number of large 

craters which are thought to be pre-mantle but could be sources 

{stations 1, 5, and 10), and a number of smaller craters which may 

be potential sources (between stations 4 and 5). 

B. Internal stratigraphy--Both the vertical compositional variation 

in the dark mantle and the time span during ~hich it accumulated 

are of scientific interest. Radial sampling of craters at stations 4 

and 9 as well as numerous core tubes are designed to provide data 

on these questions. 

C. External stratigraphy--Observations and photographs of the 

relationships of the dark mantle to other units will also help 

to establish its historical significance. Relationships to the 

plains unit will be studied at stations 1, 5, and 10 and with the 

massifs at stations 6, 7, and 8. Observations of the relations 

of the dark and light mantle will be made as the crew drives 

across the contact and at station 4 where they will investigate a 

dark halo crater in the light mantle. 

D. Areal variation--Possible areal variations will be investigated 

at widespread sampling points in the dark mantle (stations 1, 4, 

5, 8, 9, 10); these stations will provide samples ov~~ an area of 

about 30 square km. If sources are local, a variet~ of sources 

will be sampled. 
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3. Plains material--Observations, characterization, and sampling 

A. Mode of origin and emplacement--The plains material~ m~y be \ . 

volcanic in origin or they may be breccias related tb the 
\ 

numerous basi n-fonning events in the region. Early ~h~racteri za-

tlon of rock types at station 1 should bear on this q~estion. 
\ 

B. Stratigraphy--Investigation of a variety of pre-mantl~ blocky 

crater rims should provide access to a vertical sampling of 

material characterizing the plains unit (stations 1, 5, and 10). 

The relationship of the plains to the dark mantle and possibly 

to other units underlying the plains will also be investigated. 

C. Areal variation--Separation of stations 1, 5, and 10 by several 

kilometers provides the opportunity to investigate areal 

variation. 

• i 
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EVA 1 STATION 1 STATION TH1E 1 + 22 

Study relationships between dark mantle and plains--on rim of 500 m blocky-rimmed mantled crater. 
~-------,~-----------------~--------------------------------------------~-------------------T-------1 

Ini ti ~1 
O'verhead 

Pan 

Geophysics 

Tr.t pan 

Observations 
oi dark mantle/ 
plains relations 
in crater 
interior. 

Plains material--
investigate and 
sample on rirs of 
craters. 

Plains material--
boulder investiga-
tion and sampling 
outside crater 
rim. 

Dark mantle-- Final 
investigate and sample. over-

head 

Pan 

I l------------+-------------,.--+-------------t--------·-------
1 • Documented sampling I 

0~06 

DM 

0 

•Observations 
•500 mm photos 

•crater '"all 
•uplands 

•70 mm photos 
•crater wall 
•blocks 

0:05 

.· 

... ,..-(j:~···l. 
.·f{f···j· _. ··· .... : . . . p ' ·. 

: ( ),..,. :. :·.,.. . ....._, .. : 
: ( P I : 
'-\"\, =~./-·'. ·· ... :.~: ..... : .... ·· 

llo::m 

·Rake 3 :vnple 
•Exnloratory 
trench 

• DOCUJ:IC::n ted 
sampling of 
rocks and soil 

0:25 f 

of variety of 
boulders 

• 70 mrn photos of 
bpulder fabrics 

•Relationships of 
boulders and mantle 

0:21 

·Double core near 
contact with plains 
rr:_"iterial 

•Rake sample (if 
desirable) 

"Documented sampling of 
rocks and soil 

0:20 0:05 
DHC-Dark halo crater 
LM -Light mantle 

(ejecta) _____ Contact, dashed where gradational 
·-·-·-·-·Crater rim crest 

ON -Dark mantle 
P -Plains 
r~ -r·1as s i f 
SH -Sculptured hills 

········Buried edge of raised crater rim 
sz Scarp, barb points downslope 

------- Boulder trail 
x Block larger than 2 m 

~-~--~, Large sampling area 



EVA 2 STATION 2 STATION TH~E 0+56 
Study massif and light mantle and their relationships--at base of south massif and proximal end of l.ight mantle 

rni ti ~1 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observations of massif, 
trench, blocks, and 
light mantle 

. •observations 
·sao mm photos 
·uplands 
·scarp 
•Blocks in trench 

0:05 

0 

M 
lkm 

~------------------~ 

Massif--investigate and sample 
base of south massif 

•Rake sample 
·Documented samples of 

rocks and soi 1 

0:20 

Light mantle--investigate and 
sample furrowed area at pro-
ximal end of mantle 

·Rake sample 
•Documented samples 
·Boulders 
·Rocks and soi .I 

·Single core 

0:20 

Final 
over-
head 

Pan 

0:05 

-c J"l1 
OJ~ 
1.00 

.. .. --- __ _ 

-s 



EVA 2 STATION 3 STATION TH1E 0+50 

Study scarp and light mantle and their relationships--smaLl bright craters near base of scarp. 

Ini ti gl 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observations of scarp f 

and light mantle--origin' 
of scarp, age relation-
ships with mantle 

•Observations 
•70 rrun photos 

•Scarp 

0:05 

0 

Light mantle--sampling at 
intermediate point--small 
craters 

·Documented sampling 
·Rake sampling 
•Possible radial sampling of 

small bright craters 

0:14 

Scarp--investigate relations 
between scarp and light 
mantle and sample materials of 
scarp face 

·Exploratory trench 
·Documented sampling 
•70 rrun photos 

0:20 

----------------

Final· 
over-
head 

Pan 

0:05 

""'0 rT'l 
Pl::i 

i.O n ro __. 
0 

NV'l 



EVA 2 STATION 4 STATIOn TU1E D+46 
Study dark halo crater, light mantle, and historical sequence in light and dark r.:aterials-- at edge of 
110 m dark halo crater near distal edge of light mantle ----------------------------------------------------------+--------

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:05 

Observations of light mantle, 
dark ejecta, contact relations, 
crater interior 

•Observations 
•500 mm photos (from 

crater rim) 
•Uplands 
·Scarp 

,•70 mm photos 
•crater interior 

0:05 

0 

Light mantle--sample distal 
part of small bright 
craters 

•Documented sampling 
·Possible radial sampling 

of small craters 
•Rake sample 

0:10 

Dark halo crater--investi-
gate and sample to 
determine origin (endogene-
tic or exogenetic) history 

·Radial sam:;.'- Lng 
• :Jocumet:ttSd ~ar"TTpli11g 

•Rake sampl~ng (if desirablE~ 
• Ilouble cCJre nea.r edge of 

dark ejecta 

0:20 

Final 
over-
he<J.d 

Pan 

0:05 

-o rr1 
ll'~ ten 
(I) __. 

0 
NVl 
""'"'-' c: 

"""S oro 



EVA 2 STATION 5 STATION TH'JE 0+33 

Study relations between plains and dark mantle--on rim of lo:v-rimmed 600 m mantled crater in plains area. 

Initia.l 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observations of 
crater rim materials 
(plains), blocks, 
and dark mantle 

1 Plains--sampling of crater I 
I 

rim materials and boulders 
' near rim crest for comparison ~~ 

to other plains samples 

Dark mantle--sampling lateral 
variation; any possible source 
of dark mantle 

I II 

i 
1---------------------------r------------------------~----------~~--------------------------------------l I 

•Observations 
•500 mm photos 

• uplands 
•crater wall 

•70 mm photos 
•crater wall 

0:05 

:.· ... i;.:_: ;.;..··\> 
' i.: -·. 

s.........._ _:_:·· ...... -:::::.· 
~C:--·-...··._ .··6·..... \'· 

.. -~· -p . ·. 
_:/(7 "\ 
~ ~~ :; 
··.\ P;;;jl) 
··~-~ uf 
·-~----· 

0 

I 

I 

DM 

• Documented sampling 
•Rake sampling 
•Compare to plains material 
from earlier station 

0:10 

• Documented sarnpling 
•Rake sa~plin~ (if desirable) 

0:07 

Final' 
over-
head 

Pan 

0:05 
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EVA 3 STJ\TION TI:,~E 1 + 30 

Study northern massif and sample widest possible variety of .rock types--near the base of the massif 

Initial Observations of base 
overhead of massif, mantling 

materials, boulders 
Pan 

Geophysics 

TV pan I 

:.Jas.;;iE materi al--sarr:ple at 
base of mass.if; study 
relation to dark mantle 

I 
I 
! 

i 
I 
! 

Nassif material--investigate 
and sample widest possible var-
iety of boulders near base of 
massif; investigate relations of 
boulders to dark mantle 

I 
1-------------------~---4~------------------------------------~----------------------------r----------

0:12 . 

•Observations •.Rake sampling 
• 500 mm photos 

•uplands 
·scarp 

• Documented sampling 

•70 mm photos 
·boulders 

0:10 

' 

0:18 

~,.~-;<\ --l 
;y/. )L 

' .., I 
, 1l ..-- It I \ /~ _:/ 

M 

7 
Q?-:--------

ll __..~ \ OM 

• G 

0 lkm 

l 

·Documented sampling of '.'ariety 
of boulders 

"Photo-documentation of boulder 
fabrics 

0:40 

Final 
over-
heud 

Pan 

0:10 

---o rn 
llJ::l tOn 



EVA 3 ST/\TIOrl 8 3T·~TIO~~ TL':~ 0 + 45 

Characterize sculptured hi l1 un.i t a.>Jd sturl~1 its -r:elations~1ips to dark mantle--near base of scu.lptured hills. 

Initial 
o';erhead 

Pan 

TV pan 

0:06 

I Obs2rvations of i1ill 
unit and dark mantle 

Sc•Il ntc red hill materiT.i.s--
S3mple at base of sculptured 
hill for comparison to other 
hi ghl md units 

Dark mantle--sample for lateral 
variation 

l----------·------- -----~---------------------------------------~---·----~-------------------·"------------

•Observation 
• 500 .nm photos 

•uvlands 

0:05 

•Rake sampling 
• Docu:;;c:nted sampling 

• ?.oc"·:c; and soi 1 

0:20 

• Rake sampling (..!..-': des.i ~:able) 
.. :JrJc"~.ZX·'9nts:ci stir::p.;.in~ 

0:09 

---------------- ·-

Final· 
o•..rer-
head 

Pan 

J:OS 

""0 rrr 
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([) __, 
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EVA 3 STATION 9 STATION TIME 0+30 
Study historical sequence and origin(?) of dark Dantle--at fresh 80 m crater 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:06· 

Observations of dark 
crater and its ejecta 

I 
I 

Dark mantle--investigate crater and sample its ejecta 
blanket to study internal stratigraphy and/or origin; 
lateral variation 

1--------------------:--! ________________ .__"_' ___________ , ___________ , 
! 

,-•Observation 
·70 mm photos 
•Crater inter_io:: 

0:05 

,/·-............. 

( \ . ) 
\ J 

'-..... _.__.,.· 

0 

i 
I 

lkm 

·Radial sarrpling 
·Rake san~1ing (if desirabi9) 
·Documented sam.._:1ling 

0:14 

Final 
over-
head 

Pan 

0:05 

-o f'T1 
Pl:::::i 
<.co 



EVA 3 STATION 10 
Study historical sequence and mode of emplacement of rrultiple dark mantle units; extend kno<vlerJ.ge of the plains 
material exposed in crater rim--a.t 500 m manc:led crater in plains area 

Tni ti:1l 
overheZJd 

Pan 

';eoph~!S i cs 

TV pm 

0:06. 

--~----------------------------------~------------------------------------~~-------1 

Observation of dark rnant.!e 
along linear boundary 

'Jark mantle--im.:cstigate and 
sample lighter and darker 

Plains material--sampling in 
crater rim 

separating t;.;o possible mantl2 dark mantle un2 t::: 
units; 

I 
C.tservaticm of '.Jr.ight crat:::_:: 
::in d-2pos :· t ; 

1--------------------------------------- --·-· ----·----+--------------------~-----1 
• Observat~~0!15 
• 7) ~.u:-;z -~_.~ot:..'J/5 

0 

• Struct.:zr'' ~ :'r 

rela tic11s.h.i ps 

0:05 
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............. ./ OM 
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0:11 0:06 

F'ina:l 
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EVA/ 
STATION 
Nut·1BERS 

I 1 
Subtotal 

II 2 
3 
4 
J 

Subtotal 

III l 6/7 
' 8 

11 ~ 
Subtotal 

TAURUS-LITTROW GEOLOGIC OBJECTIVES 
DISTRIBUTION OF STATION T!i't:ES* FOR PRELH1!Nf\RY TRAVERSES 

[YJASS 1 F ~·, 1\dD RI:.LA1ED DEPOSilS 
I North South Sculptured Light DARK f·1ANTLE 

ilassif i'~'lassi f Hi l1 s ~1ant 1 e DEPOSITS 
I I ! I l i 

0+23 
I I UT{..) 

' -

I I 
I 

0+23 ! 0+22 
: I 0+16 
i (1 i-l) 0+22 

! f 
o-~·:;<' 
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0+2-:j -------· 

! 0+51 

I 
- -- Q+3] 
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i I 
1+08 i 
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I 0+24 l l 0+10 I I I 
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I I 
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UNIT 
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0+48 

0+13 
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-------

0+08 
0+08 

TOTAL 2+46 ( 47%) I 1+37 (27%) 1+09 (19%) 
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I 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 77058 

REPLY TO 
ATTN OF: TDS 

MEMORANDUM 

TO: Distribution 

FROM: TA/Chairman, Science Working Panel 

SUBJECT: Minutes of the 17th Science Working Panel 

17.1 Introduction 

The 17th Science Working Panel (SWP) Meeting chaired by Chairman James 
A. Lovell (TA) met on July 26-27, 1972 at the Lunar Science Institute, 
Houston, Texas. Attendees are listed in Enclosure 1; the meeting agenda 
is included as Enclosure 2. 

It is emphasized that, unless specifically noted otherwise, SWP decisions 
and recommendations contained in these minutes represent the official 
position of the Science and Applications Directorate (S&AD) and may be 
used as such by other MSC mission planning and implementing organizations 
with regard to procedures, experiment/hardware procurement, priorities, 
and the like. 

17.2 Apollo 17 Science Payload Status 

R. R. Baldwin (TN) opened the meeting with a discussion of the Apollo 17 
Science Payload Status (Enclosure 3). R. Baldwin reported that the payload 
is 22.6 pounds overweight. The surface DAC camera, some magazines, some 
ancillary equipment, and an SESC have been deleted. The Neutron Probe ex-
periment, two additional core stem sections, a CVSC, LRV Sampler, and 48 
round cups have been added to the mission. A management decision by the 
Configuration Control Board (CCB) was made to delete one 20-bag documented 
sample bag dispenser. The long-focal length camera and the Portable 
Magnetometer experiment have not been approved for Apollo 17. The possibility 
of growth in the payload is very questionable. 
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17.3 Experiments Priority 

W. T. O'Bryant (NASA Headquarters/MAL) and D. Beattie (NASA Headquarters/ 
MAL) presented information on the Apollo 17 Experiment priorities (En-
closure 4). The June 1972 Mission Implementation Plan was referenced for 
the Lunar Surface Activities. The specific priorities voted by the 16th 
SWP were shown along with the presently recommended priorities from HQ. 
W. O'Bryant discussed the priority comparison between these three priority 
lists. All three gave documented samples of highland materials the highest 
priority. The ALSEP experiments generally (as a grouping) ranked second 
in priority (slightly different per column). 

O'Bryant opened the floor for comments concerning these priorities and a 
discussion followed. 

The orbital experiment priorities were discussed briefly. D. Strangway(TN4) 
suggested this discussion be expanded at the next SWP when the orbital SWP 
members will be invited to attend to review a detailed timeline of orbital 
activities. 

vJ. O'Bryant presented the orbital experiment priorities from Headquarters. 
The Lunar Sounder experiment had the highest priority. Operations problems 
3re foreseen but will be solved before final timeline is prepared. 

17.4 New Cosmic Ray Experiment 

M. Maurette (California Institute of Technology) gave a presentation on a 
new cosmic ray experiment. This experiment would take approximately 5 
minutes of astronaut time to perform. Slides of the experiment from Apollo 
16 were shown (Enclosure 5). 

A solar flare event which occurred during the Apollo 16 mission caused 
ambiguities in the data of the Cosmic Ray Detector (Sheets) experiment (S-152) 
performed on that mission. Difficulties with the shifting mechanism of the 
experiment resulted in limited exposure of the target samples. Also, ex-
posure of the plastic surface to direct sunlight caused overheating of the 
sample, while the accumulation of dust created uncertainty in the heating 
rate with consequent degradation of the value of the data. 

In an attempt to recoup the intended data and, at the same time, capitalize 
upon a unique opportunity to collect additional important information, it 
was proposed to the members of SWP that a modified version of the experi-
ment be flown on Apollo 17. The proposed device, weighing approximately 
100 grams, consists of two plates which slide together for ease of handling. 
A ring at one or both ends will simplify the separation of the slides. 
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Samples of mica, glass, and aluminum foil will be embedded on the inner 
surface of one slide. On the other slide, the samples will be mica, 
glass, plastic, and aluminum foil. The aluminum foil will serve as a 
control surface for each. The mica will record heavy ions in the solar 
wind with masses ranging from iron up to the heaviest elements in the 
Periodic Table. The plastic and glass will study the composition of 
particles in the solar wind with energies up to those of cosmic rays. 
The mica-glass slide is to be placed in the sun with the detector plane 
approximately perpendicular to the sun's rays. The other slide will be 
placed in the shade to measure the higher energy particles not streaming 
directly from the sun. After suitable exposure time, the slides will 
be retrieved and stowed separately in two plastic bags for return to 
earth. Stowage location has not been determined but it is not anticipated 
that there need be any unusual requirement, such as stowage in an SRC. 
If practical within the timeline, it is desired that deployment be made 
at the start of EVA I and recovery at the end of EVA III. 

Chairman Lovell stated that it appeared that the attitude of the device 
placed in the sun was critical to the solar wind impingement. An opera-
tional problem was foreseen in placing the device in the shade on the 
footpad of the LM. Crew procedures must be worked out to optimize place-
ment of the detector array and minimize dust degradation. W. 0 1Bryant 
reminded SWP that this experiment had already been proposed to HQ and had 
been rejected and that at the time of rejection that the 5-minutes re-
quired to perform the experiment was too much. Consequently an over-
whelming support by SWP would be necessary to reopen this issue. 

The cost of the 
tween 2 to 3K. 
to accomplish. 
S-152. 

Cosmic Ray Experiment hardware is anticipated to be be-
The impact on training the astronauts would take 2 weeks 
The hardware cost would be absorbed by current funding of 

SWP recommendation of this experiment was deferred until the Executive 
Session. In evaluating whether the experiment be accepted or not, emphasis 
should be placed on minimum impact on the timeline. 

17.5 LM Ascent Stage Impact 

C. Walker (TN/TRW) presented the planned LM ascent stage impact point 
to SWP (Enclosure 6). The planned impact coordinates for the LM ascent 
stage are 30.53°E and 19.93°N. C. Walker described the terrain in the 
area of impact on the lunar surface. A topographic map of the lunar 
surface was presented showing the area of expected impact. 
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The target point for impact is on the upper part of the northeast slope 
of the South Massif. This area is 9-unobstructed kilometers from the 
ALSEP site and 1. 7 kilometers above ALSEP elevation. 

The planned target point could be optimized therefore reducing the 
possibility of overflying the hill and creating debris in the ALSEP area. 

S. Blackmer (PD12) stated that the potential damage to ALSEP is being in-
vestigated and that the topography is being evaluated with the aim of 
shifting the target point to minimize the possibility of contaminating 
the ALSEP. 

17.6 S-IVB Impact Location Rationale 

G. Latham (Columbia University) presented the S-IVB impact location rationale 
to SWP. The impact had originally been planned for the backside of the 
moon but this was decided not to be feasible. The Apollo 17 impact site is 
planned for the highlands area east of the Apollo 14 landing site. The 
exact coordinates are 7°S 8°W. This will provide travel time data in the 
critical range from 400 to 100 kilometers which has not been previously ob-
tained. Further, since the impact occurs at the boundary between the high-
lands and the maria, it will provide a path through the highlands to Station 
16, through the maria to Stat ions 12 and 14, and a mixed path to Station 15. 
G. Latham requested concurrence by SWP of this planned target area. This 
decision was deferred to the Executive Meeting. 

17.7 Lunar Surface Hardware Problems 

17. 7.1 Drill Core Stem Contamination Report 

L. Silver (California Institute of Technology) reported to SWP that pro-
cedures have been devised to minimize contamination on Apollo 17. Apollo 
15 and 16 core samples showed heavy lead contamination. 

Chairman Lovell suggested that LSAPT look at the Apollo 16 core samples to 
evaluate the extent of the contamination problem. L. Silver said that he 
could have a report for the next SWP. 

The flight hardware and procedure for the drill core sample on Apollo 17 
were described by J. Goree (ASPO). A prototype assembled by this procedure 
is to be analyzed next week. This procedure includes analysis of coupons 
along each step of the process. 
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17.7.2 Locktite Contamination Potential 

G. Barnes (TN) reported that due to a set screw problem in the gnomon 
on Apollo 16, he was recommending to SWP that Locktite be used in this 
area. Locktite is presently used on many experiments carried to the 
lunar surface. Locktite hardens and seals in the absence of air. 

Action on approval of recommendation for the use of Locktite was de-
ferred to the Executive Session. 

17.7.3 Hammer Handle Fix 

C. Blevins (CG33/GE) reported that the hammers were found to be twisting 
in the astronauts 1 hands after a short period in using the hannner. There 
is a requirement on the J-Missions to use the hammer on the drive tubes. 
Experiments performed at the Cape to solve the fatigue problem have not 
been effective. 

C. Blevins also stated that fluorel coating was suggested to add to the 
hammer handle to prevent slipping since it is already in use on the rover. 
This coating was evaluated by the crew. The hammer was used for 2 months 
and the crew found that the coating becomes harder and slicker with use. 
This coating had not been baked out on the handle, nevertheless, the 
crew felt it was still better than the original handle. 

RTV/102 is used on low gain antenna handles on LRV and other experiments. 
This surface provides continuing friction. Blevins also suggested RTV/360 
which has been used on astronaut gloves on all missions since Apollo 11. 

SWP deferred the decisions of selecting the hammer handle coating material 
until the Executive Session. 

17.7.4 Core Samples 

D. Strangway (TN4) stated that when core samples were returned to the 
Lunar Receiving Laboratory (LRL) and subjected to magnetic analysis the 
keeper at the top of the core was found to have magnetic properties. It 
was recommended that a new non-magnetic keeper be used to eliminate this 
problem. 

Alternatives are to demagnetize the keepers on the cores now ready for 
the mission or to replace the keepers immediately upon return to earth 
with a non-magnetic device. 
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Chairman Lovell appointed D. Strangway to check with ASPO into the de-
magnetization and replacement possibilities and with the LRL curator 
to see if change after the mission is feasible. 

17.8 Solar Flare Effects on Lunar Surface 

R. Pepin (University of Minnesota) discussed the effects of a very large 
solar flare that occurred on May 30, 1972. It was rather low in ion 
particle emission, therefore not significant enough to create any new 
sampling requirements for the Apollo 17 mission. 

17.9 Special Samples 

R. Pepin stated that the samples subgroup had not been able to meet prior 
to the SWP meeting. The following samples were discussed: 

a) Grab Rock Samples. "Grab rock" tagging techniques 
had been suggested for Apollo 17 but W. Muehlberger 
(USGS) said he believed that tagging was not necessary. 
Subject was dropped. 

b) Shadowed Soil Samples. R. Pepin stated that shadowed 
soil samples are desired on the Apollo 17 mission. 
Some data are available on this sampling from Apollo 
16. Padded bags are not presently planned to be used 
on Apollo 17. The contents of these bags have not yet 
been checked from Apollo 16. 

R. Pepin assigned action to contact LSAPT requesting that 
SWP be informed of the results of the Apollo 16 padded 
bag samples. 

c) Fuel Products Contamination Sample. R. Pepin reported 
that the purpose of this effort was to acquire fuel 
products contamination samples from under the LM bell 
housing to analyze contamination products. The acquired 
sample would be placed in a double bag and returned in 
an SRC. 

L. Silver stated that the fuel products contamination samples 
from Apollo 16 have not yet been checked. 

J. Sevier stated that this sampling would require time at 
the LM that would have to be taken from other activities 
on the EVA's. This would have to be reflected in the timeline. 
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17.10 

Chairman Lovell pointed out that this sampling will have an 
impact on other sample collection time if SWP decides to 
recommend this experiment. The decision to recommend this 
experiment was deferred to the Executive Session. 

d) Oriented Cores. R. Pepin stated that the oriented cores 
and magnetic field analysis discussion by P. Wasilewski 
(NASA/Goddard) scheduled at this time was handled by the 
samples subgroup during the lunch break. 

D. Strangway was assigned the responsibility to check into 
procedures for core tube orientation documentation (are 
there markers on core tubes for orientation purposes and is 
photographic coverage adequate?). 

Long-Term Experiment Status 

D. Strangway gave progress reports on the long-term experiments. 

The items covered were 

• Photo documentation on specific surface experiments 

• Identification of special pieces from flight units 
to be preserved in the LRL curatorial area 

F. Harz (TN) gave a presentation (Enclosure 7) on long-term exposure 
surfaces on Apollo 17 hardware. It was recommended that all flight 
hardware surfaces be photographed with each photo having two originals. 
These photos are to be coordinated with the LRL curator for the archives. 

SWP action was requested on a recommendation of using battery covers, 
HEDC lenses, Helix antenna housing, and LACE lunar shield as potential 
targets. It was noted that the battery covers apparently did not op-
erate after the mission as planned on Apollo 15 and it is doubtful that 
they performed on Apollo 16. It was suggested that the HEDC be positioned 
on the back of the Rover at the end of EVA 3 which could require an 
additional 2 minutes of crew time. The housing for the Helix antenna would 
be placed on the lunar surface away from the LM and would require approxi-
mately 3 minutes of crew time. Several holes on the box would need closing 
if this hardware is to be used. 
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Chairman Lovell suggested that SWP consider whether 
vote crew time to perform the suggested functions. 
were assigned priorities by F. Horz as follows: 

they wanted to de-
These four functions 

Item Impact on Crew Activities 

1. HEDC-lenses 2 minutes 
2. LACE lunar shield 3 minutes 
3. Helix antenna housing 3 minutes 
4. Battery covers ,., minutes L 

17.11 Polarimetry Experiment 

H. Holt (USGS/Flagstaff) gave a presentation on results of the polariza-
tion analysis rock samples from Apollo 11, 12, and 14 (Enclosure 8). 
Polarization signatures can distinguish between anorthosites and basalts. 

Chairman Lovell stated that SWP should consider whether the science re-
turn from this experiment is worth the effort before SWP endorsement. 

The polarimetric filter is already included onboard. The camera £-stop 
has to be opened one stop for other photography when the filter is in 
place. A decision on inclusion of the polarimetry experiment was deferred 
until the Executive Session. 

17.12 Traverse Planning 

J. Sevier (PD4) presented the Apollo 17 LRV Traverse Map. The map showed 
the three planned EVA's for the LRV traverses. "Apollo 17, Traverse 
Planning Data (1st Edition)," June 19, 1972 was distributed to attendees 
(Enclosure 9). Sevier stated that current traverse planning was still in 
accord with this document. 

Station 2 on EVA II is further (7.3 km) from LM than any previous station. 
It is possible that the crevJ will not be able to go the entire distance. 
(Further study of walk-back constraints is underway). The LRV sample 
stops planned for each EVA were shown. 

Stations within each EVA and their priority are 

EVA I 1. ALSEP Station 
2. Traverse Station 

EVA II 1. Station 2 
2. Station 3 
3. Station 4 
4. Station 5 

EVA III 1. Stations 6 and 7 
2. Station 8 
3. Station 10 
4. Station 9 
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Overall station priorities of the three planned EVA's are 

1. Stations 2, 3, and 4 
2. Stations 1 and 10 

J. Sevier emphasized that sampling of the massif area is of chief concern 
and after that is accomplished the crewmen will go to the plains area. The 
three reasons that the walking traverses would be implemented are 

1. LRV not working properly 
2. LRV inoperable during EVA I 
3. LRV inoperable during EVA II 

The main objective for the walking traverse would be to perform the ALSEP 
experiments then concentrate on the dark mantle in the area of the LM. If 
time permits, go to Station 5. Most of the other stations are too great a 
distance from the LM for walking. 

J. Sevier will continue to work with the PI's for experiments requ1r1ng LRV 
traverse plans. Findings are to be reported to the next SWP meeting. 

The discussion on the acceptance of the presented traverse planning was de-
ferred to the Executive Session·. 

17.13 Executive Session 

17.13.1 Recommendations and Conclusions 

The Executive Session was held on July 27, 1972 at the Lunar Science In-
stitute, Houston, Texas. The 12 SWP voting members present are listed below: 

J. Lovell G. Wasserburg 
M. Langseth R. Pepin 
w. Muehlberger L. Silver 
D. Strangway J. Mitchell 
R. Baker (for M. Simmons) J. Sevier 
w. O'Bryant D. Lockard (for J. Goree) 

SWP recommendations and actions assigned are discussed in the following 
paragraphs. 

20-Bag Dispenser 

SWP concurred with the recommendation to delete a 20-bag dispenser with the 
addition of the 48 LRV sampler bags. 
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Cosmic Ray Experiment 

L. Silver made a motion that SWP strongly recommend the inclusion of the 
Cosmic Ray Experiment on Apollo 17 with tirneline accornodation for the 
experiment up to 5-rnan minutes, and provided that the hardware develop-
ment will take less than 4 weeks. Seconded by J. Mitchell, and approved 
by SWP vote of 7 for, 2 against, and 3 abstaining. 

W. Muehlberger pointed out that inclusion of this experiment would have 
tirneline impact and could possibly jeopardize Station 1 on EVA I. 
L. Silver stated that he felt it was a good experiment and should be in-
cluded on the Apollo 17 mission. J. Sevier suggested performing the 
experiment at the end of EVA I or II and that this would be a minimal 
impact on the tirneline. 

D. Lockard said that plans were being made to test the experiment the 
following week with the Apollo 17 crew at Cape Kennedy. L. Silver suggested 
that the PI should be at the Cape with the crew with a presentation and 
training equipment by Thursday of the following week. 

Chairman Lovell requested D. Lockard to coordinate with science and appli-
cations personnel to follow-up on the Cosmic Ray Experiment. Bob Walker 
will discuss rationale and procedures with the crew. J. Sevier will ex-
amine tirneline incorporation. 

LM Ascent Stage Impact 

SWP concurred with C. Walker's presentation on the LM ascent stage impact 
point. L. Silver and G. Wasserburg expressed concern over the impact point 
and its effect on the ALSEP. 

S-IVB Impact Positioning 

M. Langseth made a motion to accept the S-IVB impact location as presented, 
seconded by R. Pepin, and approved unanimously by SWP vote. 

Drill Core Stern Contamination Report 

SWP concurs with L. Silver's presentation on core tube planning procedures. 

ACTION: L. Silver will continue to follow drive core tube 
preparation for possible reoccurance of contami-
nation problems. 

Lockti te 

SI\TP concurs in the use of this material on the gnomon set screw. 

ACTION: G. Wasserburg to be supplied with tube of Locktite 
for analysis. 
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Hammer Handle 

A motion was made that SWP recommends RTV/360 which is now used on the 
glove finger tips. Motion seconded and passed unanimously by SWP vote. 

Magnetic Keepers on Drive Core Tubes 

The possibility of acquiring a nonmagnetic keeper was suggested. 

ACTION: D. Strangway to look into keeper magnetic 
problem and report back to next SWP. A 
letter is to be sent to the LM curator 
stating that orientation of the sample is 
important for previous and Apollo 17 core 
tubes. This is to be taken into account 
before opening any core tubes. 

Contaminated Sample 

R. Pepin stated that the choice of the sample location is very distinc-
tive and that 10 feet from the LM bell is the most logical area since it 
is most contaminated. R. Pepin informed SWP that these samples have not 
been properly protected on the return trip on past missions. It was sug-
gested to double bag the samples on Apollo 17 to insure proper protection. 

A motion was made by R. Pepin that SWP recommend that the LM environment 
sample be taken in an undisturbed area in the immediate vicinity of the 
LM during the first EVA and placed in a double bag and returned in an SRC. 
The motion was seconded and passed unanimously by the SWP vote. 

Long-Term Experiments 

The priorities established at the July 26, 1972 SWP meeting for the long-
term experiments were discussed, Each item was voted on by SWP as follows: 

1. HEDC Lenses - Motion made by G. Wasserburg for crew to 
place 1 camera lens in vertical position 
and TV lens in horizontal position. Time 
for this activity to be expended against 
LM closeout activities. The motion was 
seconded by R. Pepin. SWP approved with 
a vote of 8, 1, and 3. 
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2. LACE Lunar Shield - G. Wasserburg made a motion that crew 
be asked to carefully place shield flat 
near ALSEP at a distance far enough away 
not to disturb experiments. No pictures 
will be required. The motion seconded by 
L. Silver. SWP approved \vi th a vote of 
7, 2, and 3. 

3. Helix Antenna Housing- SWP voted against (7, 1, and 4) having 
this experiment at the ALSEP site. 

4. Battery Covers - SWP agreed unanimously not to perform this experiment. 

Saving of Backup Equipment 

SWP agreed to endorse and support use of the backup equipment as reference 
for long-term experiments. G. Wasserburg stated that this effort should 
be started immediately. It is possible that some of the equipment will 
need to be kept for 20 to 30 years at the curatorial facility. 

L. Silver suggested that a permanent record should be kept of a complete 
and representative inventory of all items taken to the lunar surface and 
returned to earth. 

SWP endorsed the storage of backup material with the curator as reference 
material for future long-term experiments. SWP recommends to ASPO that 
a study be made into preserving flight material for use on future lunar 
activities. 

Polarimetric Experiment 

J. Sevier stated that the potential of this experiment is greater at the 
Apollo 17 site than any other previous landing site. He estimated the 
timeline impact to be approximately 5 minutes. 

L. Silver made a motion to continue the planning to incorporate the Polari-
metric Experiment on the Apollo 17 mission. The motion was seconded by 
J. Sevier. SWP approved with a vote of 6, 2, and 4. 

Traverse Planning 

Chairman Lovell stated that SWP members should read "Apollo 17 Traverse 
Planning Data (1st Edition)," and give suggestions or comments concerning 
the traverses to J. Sevier. 

.. 
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17.13 Additional Comments 

w. O'Bryant suggested that SWP check into impact of the new Executive 
Order 11671 on public meetings. 

into the new Executive 
effect on the Science 

Panel meetings. 

urkhalter(TDS/TRW):ss:S-9-72:2711 
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J-3 SCIENCE AND SUPPORT EQUIPJV1ENT PAYLOAD AT EARTH LIFT-OFF 

(AS OF JULY 15, 1972) 

LM ASCENT STAGE 

SCIENCE EQUIPMENT PAYLOAD 

PHOTOGRAPHIC EQUIPMENT PAYLOAD 

SUPPORTING EQUIPMENT PAYLOAD 

LM DESCENT STAGE 

SCIENCE EQUIPMENT PAYLOAD 

PHOTOGRAPHIC EQUIPMENT PAYLOAD 

SUPPORTING EQUIPMENT PAYLOAD 

LUNAR ROVING VEHICLE 

STATUS 

CONTROL WEIGHT 

MARGIN 

ITEMS (LB) 

0.5 

10.0 

14.8 

508.4 

7.0 

163. 3 

518.6 

1222.6 

1200.0 

-22.6 

cow 



J-3 SCIENCE EQUIPr,,lENT PAYLOAD AT EARTH LIFT-OFF (LM DESCENT STAGE) 

(AS OF JULY 15, 1972) 

EQUIPMENT CURRENT WEIGHT 

DOCUMENTED SAMPLE COLLECTION 
FUEL CASKET ASSEMBLY 54.3 

PALLET ASSEMBLY 144.1 

S-037 HEAT FLOW 40.0 

S-203 LUNAR SEISMIC PROFILING 54.6 

S-207 LUNAR SURFACE GRAVIMETER 27.9 

S-205 LUNAR ATMOSPHERE COMPOSITION 20.1 

S-202 LUNAR EJECTA AND METEORITES 16.3 

S-059 LUNAR GEOLOGY INVESTIGATION 77.4 
DRILL CORE SAMPLE COLLECTION 
S-204 SURFACE ELECTRICAL PROPERTIES 35.2 

S-229 LUNAR NEUTRON PROBE 4.0 

S-199 LUNAR GRAVITY TRAVERSE 34.5 --
TOTAL 508.4 

2 

(LB) 



J-3 SCIENCE/PHOTOGRAPHIC/SUPPORT EQUIPMENT PAYLOAD AT EARTH LIFT-OFF (AS OF JULY 15, 1972) 

U1 ASCErH STAGE 

SCIENCE EQUIPMENT PAYLOAD 

SAMPLE SCALE 

PHOTOGRAPHIC EQUIPMENT PAYLOAD 

CAMERA 16-MM DATA ACQUISITION 
LENS, l 0 f'~M 
CAMERA LS ELECTRIC HASSELBLAD 
LENS, 60 MM 
PROTECTIVE COVER, RESEAU 
TRIGGER, E.H.C. 
HANDLE, E.H.C. 
BRACKET, WEDGE, 16-~1~1 CAMERA 
BRUSH, LENS 
POLARIZING FILTER 
BRACKET, CAMERA MOUNT 
ADAPTER ASSY, 20DSBD-70-t1~1 CAt>lERA 
ADAPTER BRACKET, RT. ANGLE 

SUPPORTING EQUIPMENT PAYLOAD 

FLAG KIT, STANDARD 
INTERIM STOWAGE ASSY. 
WEBBING, CONTINGENCY TIEDOWN 
HOLDER, LRV t·1AP 
SUPPORT ASSY. EQUIPMENT 
BAG, STOWAGE, 70-MM MAGAZINE 

TOTAL 

TOTAL 

3 

WEIGHT (LB} 

0.5 

1.7 
0.5 
3. l 
1.7 
0.2 
0.2 
0.5 
0.7 
0.3 
0.2 
0.5 
0.2 
0.2 

l 0. 0 

0.8 
6.4 
0.4 
0.5 
6. l 
0.6 

14.8 



J-3 PHOTOGRAPHIC/SUPPORT EQUIPMENT PAYLOAD AT EARTH LIFT-OFF (AS OF JULY 15, 1972} 

LM DESCENT STAGE 

PHOTOGRAPHIC EQUIPMENT PAYLOAD 

CAMERA LS ELECTRIC HASSELBLAD 
LENS, 60 r+1 
PROTECTIVE COVER, RESEAU 
TRIGGER, E. H . C. 
HANDLE, E.H.C. 
BRACKET, CAMERA MOUNT 
STAFF, 16-MM CAMERA/PP 

SUPPORTING EQUIPMENT PAYLOAD 

TV SYS, LM COLOR 
TV CONTROL UNIT 
STOWAGE MT ASSY (CTVC} 
LCRU, LUNAR COr+1 RELAY UNIT 
STWG. CONT. LCRU ANCILLARY ITEMS 
LCRU BATTERIES 
ANTENNA, HIGH GAIN (CABLE + MAST) 
ANTENNA, LOW GAIN (CABLE + MAST} 
FLAG KIT, LUNAR SURFACE 
PALLET, LRV AFT CHASSIS 
VISE DEVICE, DRILL STRING 
BAG, SAMPLE CONTAINMENT (6} 
CONTAINER, CORE STEM STOWAGE 
CONTAINER, BORE/CORE STEM STOW 
COVER, BORE/CORE STEM STOW 
RETAINER ASSY, LOWER 
RETAINER ASSY, UPPER 
COVER ASSY, RETAINER 
SPACER, CORE & BORE STEM STOWAGE (2} 
SUNSHADE, GCTA 
CONTAINER, L.N.P.E. RETURN 
STRAP, LCRU RETAINER 
RETAINER, GCTA SUNSHADE STOWAGE (2} 

TOTAL 

TOTAL 

4 

WEIGHT (LB) 

3.1 
1.7 
0.2 
0.2 
0.5 
0.5 
0.8 

1.0 

12.8 
13.9 
1.7 

54.2 
8.9 
8.7 

10.4 
2.4 
2.5 

38.3 
0.3 
3.6 
1. 2 
0.2 
0.2 
0.6 
0.9 
0.8 
0.2 
0.2 
0.9 
0.2 
0.2 

163.3 



J-3 SCIENCE EQUIPMENT WEIGHT AT EARTH LIFT-OFF (AS OF JULY 15, 1972) 

(S-059 LUNAR GEOLOGY INVESTIGATION) 

OTHER S-059 
ITEM DESCRIPTION SRC NO. 1 (LB) SRC NO. 2 (LB) EQU I PtljENT ( LB) 

SAMPLE RETURN CONTAINER 15.2 15.2 
BAG, SAMPLE COLLECTION 
CSV CONTAINER 

1.7 
1 • 1 

1.7 

SES CONTAINER 
20-BAG DSB DISPENSER 
DRIVE TUBES 
CAPS AND DISPENSER 
ORGANIC SAMPLE 

1.9(2)· 
2.1 (3) 
0.5 (2) 
0.2 

0.8 
2.9 (3) 
4.1 (6) 
0.7 (3) 
0.2 

PACKING FRAME 0.2 
BAG, ROUND D.S. (24) 

TOTAL 
0.2 
~ 

0.2 
25.8 

TOTAL OF SRC 1 & 2 48.9 

ITEN DESCRIPTION 

TOOL EXTENSION (2) 
TONGS (2) 
GNOMON 
TOOL, ASSY, DRIVE TUBE 
SCOOP, ADJ. SAMPLING 
HAf4MER 
BAG, EXTRA COLLECTION (4) 
BAG, SAMPLE COLLECTION (2) 
BAG, SAMPLE RETURN 
CORE STEt~S ( 8) 
LUNAR SAMPLING RAKE 
ADAPTER, LRV SOIL SAMP. DEV 

TOTAL 

S-059 TOTAL 

5 

28.5 

77.4 

3.6 
2.0 
0.6 
0. 1 
0.9 
2.8 
4.8 
3.4 
3.2 
3.4 
3.3 
0.4 

28.5 

cow 



J-3 SCIENCE HARDWARE WEIGHT AT LUNAR LIFT-OFF (LN ASCENT STAGE) 

(AS OF JULY 15, 1972) 

ITEM SRC NO. 1 {LB) SRC NO. 2 (LB) 

SAMPLE RETURN CONTAINER 14.5 14.5 

SAMPLE COLLECTION BAG l. 7 1. 7 

DOCUf,1ENTED SAMPLE BAGS 1.5 2.3 

csvc 1. 0 

SESC 0.7 

DRIVE TUBES WITH CAPS l. 7 3.3 

ORGANIC SAMPLE 0.2 0.2 

ROUND D.S. BAG 0.2 0.2 

TOTAL WEIGHT 20.8 22.9 

6 



J-3 SUPPORT EQUIPMENT PAYLOAD AT LUNAR LIFT-OFF (LM ASCENT STAGE) 

SUPPORTING EQUIPMENT PAYLOAD 

STANDARD FLAG KIT 

INTERIM STOWAGE ASSEMBLY 

XFER- BAG 16-MM MAG 

XFER BAG 70-MM MAG 

XFER BAG 16-MM MAG 

XFER BAG 70-MM MAG 

SAMPLE CONTAINMENT BAGS (6) 

XFER BAG 70-MM MAG (2) 

CORE STEH STOWAGE CONTAINER 

CONTAINER L.N.P.E. RETURN 

(AS 0 F JULY 15, 197 2) 

TOTAL 

7 

WEIGHT (LB) 

0.8 

6.4 

0.3 

0.5 

0. 1 

0.3 

3.6 

0.6 

1. 2 

0.9 
14.7 



EXPERIMENT & DETAILED OBJECTIVE PRIORITIES 
NOMINAL TIMELINE PLANNING SHOULD REFLECT THESE PRIORITIES TO 
OPTIMIZE THE TIMELINE FOR MAXIMUM SCIENTIFIC RETURN. THIS 
DOES NOT PRECLUDE PERFORMING ALSEP DEPLOYMENT PRIOR TO OB-
TAINING A DOCUMENTED SAMPLE OF HIGHLAND MATERIAL. IN THE 
EVENT OF OFF-NOMINAL SITUATIONS, REAL-TIME MISSION PLANNING 
WILL UTILIZE THE ASSIGNED PRIORITIES IN CONJUNCTION WITH THE 
FOLLOWING GUIDELINES: 

<1> IF THE FULL STAYTIME CANNOT BE ACCOMPLISHED, 
THEN DOCUMENTED SAMPLING OF THE HIGHLANDS 
AND ALSEP DEPLOYMENT SHOULD BE PLANNED 

(2) IF THERE IS INSUFFICIENT TIME TO DO (1) ABOVE~ 

DOCUMENTED DARK MANTLE SAMPLING AND ALSEP 
DEPLOYMENT SHOULD BE PLANNED 

(3) IF THERE IS INSUFFICIENT TIME TO DO (2) ABOVE, 
HIGHLAND SAMPLING SHOULD BE PLANNED. 

(4) IF THERE IS INSUFFICIENT TIME TO DO (3) ABOVE, 
DARK MANTLE SAMPLING SHOULD BE PLANNED. 



TABLE I 

Column 1 
Present Priority 

Column 2 
Recommended Priority 

Column 3 
SWP Priority 

(1) Documented Sa.mplea of Highland 
1-'.a.terial 

{1) Documented Samples of Highland 
Material 

(1) Documented Samples at Highes
Priority Traverse Station 

(2) Heat Flow Experiment/S-037 (HFE) (2) S-037 (HFE) (2) S-037 (HFE) 

(3) 1-tmar Surface Gravlm.eter/S-207 
(I.SG) 

(4) Lunar Seismic Pro:filing Experi-
ment/S-203 (LSPE) 

(3) S-203 (UiPE) 

(4) S-207 (I..SG) 

(5) S-205 (LACE) 

(3) S-059 (LGI) 

(4) Drill Core Sample 

{ 5) S-203 {LSPE) 

(5) Lunar Atmospheric C~position 
Experiment/S-205 (LACE) 

(6) Lunar Ejecta and l.feteorite/S-202 
(LEAH) 

(6) 8-202 (LEM~) 

(7) S-059 LGI 

(8) Drill Core Sample 

(6) S-207 (ISG) 

(7) S-204 (SEP) 

(8) B-205 (LACE) 

{T) Drill Core Sample ( 9) S-204 (SEP) { 9) S-229 (LJ.1P) 

(8) Lunar Geology Investigation/ 
S-059 {LGI) 

( 9) SUI"fa.ce Electrical Properties/ 
S-204 (SEP) 

(10) Lunar Neutron Probe/S-229 (LNP) 

(11) s-199 {vro) 
(12) S-200 (Si-1) 

{10) S-202 {LEAr~) 

(11) LRV Sampler 

(12) Extra Core Stems (2) 

(10) Lunar Traverse Gravimeter/S-199 
(Lro) 

{13) S-199 {LTG) 

(11) Soil Mechanice/S-200 (ffi4) 

t 



& DETAILED OBJECTIVE PRIORITIES 

IN-FLIGHT ACTIVITIES 
LUNAR SOUNDER <S-209) 
SM ORBITAL PHOTOGRAPHIC TASKS 
IR SCANNING RADIOMETER <S-171) 
FAR UV SPECTROMETER <S-169) 
S-BAND TRANSPONDER <CSM/LM) <S-164) 
VISUAL LIGHT FLASH PH[NOMENON 
CM PHOTOGRAPHIC TASKS 
VISUAL OBSERVATIONS FROM LUNAR ORBIT 
SKYLAB CONTAMINATION STUDY 

PASSIVE EXPERIMENTS 
BONE MINERAL MEASUREMENT <M-078) 
APOLLO WINDOW METEOROID <S-176) 
SOIL MECHANICS <S-200) 

PRIORITY 
1 
2 
3 
4 
5 
6 
7 
8 
9 

N/A 
N/A 
N/A 
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RATIONALE 

PROVIDES KNOWN SEISMIC 
STIMULUS FOR LUNAR SEISMIC 
PROFILING EXPERIMENT. 

. IMPACT MAY BE MONITORED 
BY GCTA. 

tiV LIMITATIONS PROHIBIT 
IMPACT WITHIN 100 KM OF 
ANY OTHER ALSEP SITE 
{ <1 00 Kf1 IS REQUIRED FOR 
USEFUL STIMULUS FOR 

SUGGESTED TARGETING FOR IMPACT 
OF SPENT LM ASCENT STAGE 

ON LUNAR SURFACE 

• 

• 

• 
PASSIVE SEISMOMETERS;<50 KM 
IS REQUIRED, 10 KM DESIRED, 
FOR USEFUL STIMULUS FOR • 
GEOPHONES) 

• 

• 

OPERATIONAL INFORMATION 

TARGET POI i~T IS ON UPPER PART 
OF NORTHEAST SLOPE OF SOUTH 
MASSIF - 9 UNOBSTRUCTED KM FROM 
ALSEP SITE AND 1.7 KM ABOVE 
ALSEP ELEVATION . 

tiV LIMITATIONS ALLOW S~~LL (~1 KM) 
TARGET POINT ADJUSTMENT IN SOUTH 
AND EAST .DIRECTIONS ONLY. 

TARGET COORDINATES: 30.53° E, 
l9.93°N. 

APPROACH AZH~UTH IS 299°. 

IMPACT ANGLE WITH RESPECT TO THE 
LOCAL HORIZONTAL IS 6°. 

IMPACT ANGLE WITH RESPECT TO THE 
SLOPE IS 23°. 



Approach Azimuth, 299o 

Level Terra in 3,, Impact 
Ellipse would be 25 km long 

LM Ascent Stage 
3,, Impact Ellipse 

Impact Angle 9 6o 

..:36 km 

U1 Descent S to qe 
and ALSEP (20.l64°N, 30.75E) 

Target Point 
30.53°E, l9.93°N 

3.3 

\_) 

km 

Data based on USGS Prelimi-
nary Lunar Topographic r1ap 
of Taurus-Li ttrm'l Area and 
Apollo 15 photographs: Pan. 
Camera 9552 9 95549 9557, 9559; 
1·1etric Camera stereo pair: 
09719 0972. 

J\ p o l l o l 7 L u n a t~ L a n J i n q 1\ r e a 
(TJurus-Littrow) 

.~o Obstructions Jetween ALSEP 
and Impact Ta r9et Point 



Data based on USGS Preliminary 
Lunar Topographic t·1ap of Taurus-
Littrow Area and Apollo 15 
Photographs: Pan. Camera 9552, 
9554, 9557, 9559; rr1etri c 

- - - - -- ..:- ~ - --

Camera stereo pair: 0971, 0972. 

2000 m -
Elevations in these regions 
estimated from photographs ----._ 

/ Elevation 

I +30 km +20 km +10 km 

~ ----~-- ~- - -·-· <33 km ~- - -

{ ALSEP in background ' 
1 (obscured by South t1assi f) 1 
\ ') --- ~----

3000 m- I 

0 
I 

--~ 

-10 km 

( 2.4:km 3a footprint ~:9 3.3 ~ 

Target point 

Impact trajectory 
(Impact angle, 6°) 7 

-20 km -30 km 

Level Terrain 3a Impact 
Ellipse would be 25 km long 

--- .. ---- -

Apollo 17 Ascent Stage Targeting: 
Approach Azimuth, 299° 
Impact Angle, 6° 
Impact Coordinates, 30.53°E, 

19.93°N 

Terrain Profile (looking 29° east of north) 

Elevations are multiplied by 4. 
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SWP ACTION 

I) 8A TTERY COVERS: 

A) IMPACT OF POST•LIFT OFF TV ACTIVITIES 

8) IMPACT ON CREW ACTIVITIES (2 MIN.) 

II) HEDC-LENSES: 

A) IMPACT ON CREW ACTIVITIES (2 MIN.,) 

B) INSTALL VELCRO STRAP ON LRV 

Ill', HELIX ANTEN~ HOUSING: 

A) IMPACT ON CREW ACTIVITIES (3 MIN.l 

BJ CHANGE OF HARDWARE ? 

IV) LACE lUNA.R SHIELD 

AI IMPACT ON OEW ACTIVITIES (3 MIN.) 
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OPTICAL S!:M RETAIN ' CREW 
EQUIPMENT '-AA TERIAL PHOTO PHOTO SAMPLES ACTIVITIES 
ROVER MIRRORS 

LCRU Si02 GLASS YES YES 
AND COM-BATTERIES YtS YES PLEX 

CTV "SANDWICH• YES" YES YES YES 
SPU YES YES 
TCU YES* YES 

LACE 
MIRROR Si02 GLASS YES• YES YES . 
DUST COVER Be YES• YES 
HOUSING I GLASS FISER YES* 
SHIELD ALUMINUM YES• YES YES 

LEAM 
DETECTORS FILM YES• YES 
MIRROR Si02 GLASS YES• YES 
HOUSING GLASS FIBE~ YES• 

SEP SOLAR COMPLEX 
PANEL (Si02 GLASS YES YES YES 

t. Ge) 
t HEDC LENSES I GLASS YES YES(?) YES(?) YES I 
I CTV lfNS GLASS YES• YES? YES? 

RTG END PLATE Ni-CO ALLOY YES 

HFE ElEClRONIC GLASS FIBER YES YES BOX I 
I -HELIX ANTENNA I l GLASS FlaER I YES YES YES HOUSING l 

VARIOUS THERMAL l AI, MYLAR, YES blANKETS ETC~ 

• PHOTOGRAPHED 

APOLLO 17 HARDWARE Enclosure 7 
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INTRODUCTION 
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The purpose of this document is to provide a consolidated source 

of information on the various aspects of Apollo 17 lunar surface 

activities to the many program elements involved in planning the 

Apollo 17 EVA's. It is recognized that the material contained herein 

will change as the Apollo 17 planning evolves; further, additional 

material will be added as it is developed. Revisions will be issued 

to recipients of the document periodically until such time as the 

official Lunar Surface Procedures document is published. Thereafter, 

this information will appear in the Lunar Surface Procedures document 

and its revisions. 

The present material has been developed by a number of sources: 

notably, the Field Geology Experiment Team, various individuals in 

the Science and Applications Directorate, the EVA Planning Branch of 

the Crew Procedures Division, the Operations Analysis Branch of 

ASPO, and the Experiments Branch of Flight Control Division. Special 

acknowledgement is made to Drs. v. L. Freeman, J. w. Head, w. R. Muehlberger, 

and E. w. Wolfe who prepared the material on the geologic objectives of 

the mission, and the discussion of the Taurus-Littrow geologic setting. 

1 
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LANDING SITE 
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Geogra.phic setting - The Taurus-Littrow region is located in the 

northeast quadr,a.nt of the moon (Figure 1), in the mountainous region 

of the southeastern rim of the Serenitatis basin, approximately 7.50 km 

east of the Apollo 15 site (Figure 2). The site name is derived from 

the Taurus Mountains, which lie to the north and northeast of the site 

forming a mountainous plateau at the eastern edge of Serenitatis between 

Posidonius and Macrobius, and from Littrow, an old 30 km highland 

crater which lies approximately 35 km north of the landing site. This 

area is well illustrated in Figure 3, an Apollo 15 metric camera oblique, 

a view of. the Taurus-Littrow area from south of the landing site. 

Posidonius is the large crater in the upper left near the horizon, Mare 

Serenitatis is the dark region along the left margin, and the crater 

Littrow lies in the left-center, just north of the landing site. 

Macrobius is off the picture to the west and the relatively fresh large 

•• crater in the upper right is Romer. Figure 4 shows the map location 

of this region. 

Approach and Landing - The approach to the landing point is from 

due east over a set of the sculptured hills which rise about 1 1/2 km 

above t~ plains. At the point where the descent trajectory passes over 

the hills, the terrain is about 750. meters above the landing site, and 

the spacecraft clears the local terrain by about 3000 meters. 

Figures 5 and 6 show twooblique views of the landing area and 

approach path. In Figure 6, South Massif is just out of view on the 

left margin but the light mantled material of the debris slide can be 

seen just downrange from the landing point. 

2 
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Figure 1 shows a closer view of the landing area with the landing 

dispersion ellipse superimposed. Coordinates of the target point are 

as follows: longitude 30° 44' 58.3" E, latitude 20° 09' 50.5" N, 

radius 1,734,484 meters based on analytical triangulation of Apollo 15 

photography. 
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Fig. 1· WhOle !110011 view showing A!Xlllo 17 landing site: 20 09'50"N. 
30 44'58"E. 
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Fig. 5- Apollo 15 oblique view of Taurus-Littrow area. 
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GEOLOGIC SETTING 
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General - The Taurus Mountains and associated highlands form 

the eastern uplifted edge of the Serenitatis basin, an ancient 

multi-ringed basin. The bulk of this region probably consists of 

highland material uplifted to its present position at the time of 

formation of the Serenitatis basin. The landing point itself is on 

the floor of a faulted and downdropped trough (Figure 8) whose sub-

surface is thought to consist of uplands material that may be partially 

buried by younger basin-filling plains materials. The surface of the 

valley floor, as well as portions of the upland area, is covered by a 

dark mantle of probable pyroclastic origin. The regional distribution 

of the dark mantle material is well illustrated in Figure 9, an earth-

based telescopic view of the Serenitatis and Taurus-Littrow region. 

Figure 10 is an Apollo 15 photograph looking south toward the 

Apollo 17 landing site at the edge of Mare Serenitatis (on the !fight). 

Several of the linear rilles so characteristic of bas in margins are 

seen in the center. The large crater in the center is Littrow B. The 

south ~ssif appears just at the upper tip of the RCS engine nozzle and 

the top of the North ~ssif jast below that. The dark mantle is readily 

visible south of Littrow and around the massifs. Plains units and low 

highlands are seen in the foreground. 

Geology of the landing area - The local setting of the landing site 

is shown in Figure ll and 12 and the distribution of major geologic units 

is shown on Figure 13, a geologic map which covers approximately the same 

area as Figure 12. 11 
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Massif Material - Massif material forms the high, steep, 
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relatively blocky mountain face immediately north and southwest 

of the landing point. The distinctive nature of the massifs is 

illustrated in Figure 14 which.shows them grouped on the horizon in a view 

looking south. South Massif is indicated by the arrow. The materials 

of the massifs probably consist of breccia. formed during impacts that 

created some of the major mare basins. Significant contributions of 

ejecta may have come from Tranquillitatis, Serenitatis, Nectaris, Crisium, 

and Imbrium (listed in order of decreasing age). These ejecta deposits 

probably overlie still older ejecta from earlier impact basins. Accord-

ingly, the age of the massif material is regarded as Imbrian. and pre-

Imbrian. Faults bounding the massifs may have originated in the Sereni-

tat is event. However, the sharp definition of the massif boundaries 

suggests that subsequent structural adjustments have occurred. 

A possible and less favored interpretation is that the North and 

South Massifs are volcanic in origin. Their very steep faces and arcuate 

convex-outward shapes (Figure 12) are similar to shapes common in silicic 

volcanic domes on earth and thus they could be viscous extrusive volcanic 

constructs. 

Sculptured Hills Material .;. The sculptured hills unit, characterized 

by the occurrence of closely spaced domical hills (Figure 11) is wide-

spread in the highlands between Serenitatis and Crisium. It is within 

traverse range northeast of the landing point (Figure 12, 13). Because 

of its occurrence in the walls and rims of old craters (e.g., Littrow), 

(Figure ll) the sculpturing may be interpreted as a C:egradationa.l effect 

controlled by pre-existing sets of fractures. Accordingly, the sculptured 
12 
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hills unit may be similar in composition and different only in structural 

history from the massifs or it may differ in composition so as to have 

responded differently to deformational stress. The lack of resolvable 

blocks at the bases of slopes in the sculptured hills compared with 

their relative abundance at the bases of massif slopes supports the 

hypothesis of compositional difference. Presumably the sculptured 

hills consist of ejecta of Imbrian and pre-Imbrian ages. 

Low Hills Material - Low hills material occurs in discontinuous 

patches adjacent to massif and sculptured hills materials where they 

border the plains (Figure ll). The low hills are most likely the 

tops of downfaulted blocks of massif or sculptured hills material 

that protrude slightly above the general plains surface (Figures 8, 12). 

In addition, they may include materials derived from the adjacent up-

lands by mass wasting. 

Plains Material - The relative evenness of the valley floor at 

the landing site suggests that a basin-filling unit (plains material) 

that submerged all but the highest projections of hill-forming material 

was emplaced after formation of the trough (Figure 8). Such fill might 

consist of volcanic flows, colluvium derived from the adjacent uplands, 

or sheets of base surge breccia. Similar materials may fill nearby 

upland bas ins (e.g., Li ttrow) or may underlie the topographic bench 

around the east edge of the Sereni tat is basin. Plains material is 

presumably present in the bright walls of the craters on the plains. 

13 
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The abundance of blocks in the crater walls and on their outer flanks 

indicates that the plains material is etther indurated or contains 

large indurated blocks. The large craters may penetrate through the 

plains material into the underlying massif or hills units, which may 

be represented in their ejecta. Plains material appears to be younger 

than the bulk of the massif and hill materials and is probably older than 

youngest mare fill of the Serenitatis basin. Hence an age of Imbrian 

or pre-Imbrian is inferred. 

Dark Mantle Material - Dark, presumably unconsolidated material 

with no resolvable blocks (i.e., no blocks larger than 2 meters in 

diameter) occurs as a blanket a few meters to tens of meters thick 

on the plains surface and on the floors of nearby upland basins 

(Figure 9). It is discontinuous on sloping upland surfaces and on 

the steep walls of pre -existing craters (Figure 16). Low refle cti vi ty 

in 3.8 and 70 em radar images implies relative scarcity of cobbles 

and boulders. The dark mantle is most readily interpreted as a 

pyroclastic deposit. A few small dark halo craters that could be 

vents for volcanic ash can be recognized in areas of massif and 

hills materials. No undoubted vents have been identified on the 

plains in the landing area. 

The dark mantle ·is interpreted to be younger than all of the 

large craters on the plains. Its relatively smooth uncratered surface 

and the sharpness of some of· the underlying craters suggest a fairly 

young, perhaps Copernican, age. However, apparent onlapping relation-

ships of Serenitatis mare material at the west edge of the dark mantle 

14 
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deposit suggest that the dark mantle may, in part at least, be somewhat 

older. 

Light Mantle Material - A bright ray-like feature that may have been 

deposited by an avalanche of unconsolidated debris extends north from 

the South Massif (Figures 12, 15). It seemingly overlies the dark 

mantle because craters with dark ejecta dot the surface of the 

deposit. The size of these craters indicates that the mantle thins 

northward from a thickness of about 20 m at the base of the South Massif 

to a few meters near the north end. Large craters and a prominent scarp 

are visible although mantled and attest to the thinness of the slide 

deposit. Resolvable blocks (>2m) are .absent except near the south 

end of the slide and on the adjacent south massif slope. The light 

mantle shows greater reflectivity than the dark mantle in 3.8 em 

radar imagery, which indicates a greater frequency of cobbles on the 

surface of the light mantle. The absence of all but fresh small impact 

craters, apparent position of the light mantle over the dark man~le, 

and the relative absence of mixing near the thin edges of the light 

mantle imply a young, presumably Copernican, age. 

Surface Features - Major surface feat1xres of special geologic 

interest include craters, shallow troughs at the bases of the massifs 

and sculptured hills,. and the prominent east-facing fault scarp. 

The larger craters (generally .>100 m) on the plains surface (Figure 

16) are of three types: 

(l) large (.5-l km) steep-sided craters that occur in a 

cluster near the landing point 

(2) large subdued craters with barely perceptible rims, 

(3) scattered clusters of smaller (<. 5 krn) craters. 
15 



Enclosure 9 
Page 17 of 71 

All three types are inferred to be older than the dark mantle although 

some could be contemporary· volcanic sources, Exposures of wall and rim 

material are discontinuous and genera.lly occur only on the inner wall 

below the rim crest. Elsewhere the ejecta are mantled except for scattered 

blocks large enough to project through the thin mantle. Although the lar-

ger craters are probably of impact origin, a volcanic origin for some may 

be considered. 

The dark mantle is excavated only by relatively small craters that 

are generally much less than 100m in diameter. The most likely vents 

for dark mantle material in the nearby uplands are small craters with 

related dark deposits of local extent. Vents in the plains area may be 

represented by similar small craters closely enough spaced so that the 

ejecta blankets· overlap. 

In many places the boundary between the uplands and the plains is a 

fairly sharp, topographic break accentuated by a shallow trough or slight 

depression at the edge of the plains. Although the great height and steep-

ness of the massif faces show large-scale uplift of the mountain blocks 

relative to the plains, the bounding depressions suggest a final slight 

subsidence of the mountain blocks or uplift of the trough floor. 

An apparently young, east-facing scarp, with local height of as 

much as 8o m, crosses the floor of the trough about 5 km west of the 

landing point and continues into the North Massif (Figure 15). The 

scarp, which probably represents the surface trace of a complex 

fault, consists of alternating north and northwest-striking segments, 

each on the order of 5 km long. Some segments occur as single, continuous, 

approximately straight scarps, others as zones of discontinuous en echelon 
16 
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scarps. Between the light mantle unlt a.nd the N.orth M.a.ssif the 

scarp is covered by the dark mantle unit, which it therefore appears 

to antedate. However, distinctness of some segments of the scarp in 

the area of the light mantle and absence of dark mantle on some seg-

ments of the scarp on the North Massif suggest that younger movement 

may have occurred. 

17 
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Fig. 8- Schematic view of Taurus-Littrow landing and traverse region looking east-southeast. 
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GENERALIZED GEOLOGIC MAP OF THE TAURUS-LITTROW AREA 

E. W. Wolfe, J. W. Head, V. L. Freeman, and H. H. Schmitt 

EXP LAllATION 

COPERNICAN Light mantle material 

COPERNICAN AND ~ 
ERATOSTHENIAN ~ Dark mantle material 

IMBRIAN AND (Plains) 
PRE-IMBRIAN 

Plains 
material 

(mantled 
except in Massif Sculptured Low Hills 
crater walls) material 

D 
Hills material material 

Contact (includes fault contacts) 

( 
.,.-" 
' 

Rim of larger pre-mantle crater on plains ) 
.... {plains material exposed in walls and rims) 

./ 

a zs Scarp; barbs point downhill 

Adapted in part from Lucchitta, B. K., 1972, Preliminary Geologic Map 
of the Littrow Region of the Moon: U.S. Geological Survey, 
unpublished map. 

Fig. 13 (Cont)- Source and explanation of symbols in Figure 13 geologic map. 

NASA-S-72-1710-V 
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Fig. 14- Southerly-looking obli~ue from Apollo 15. 
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Fig. 15- Detailed view of south massif/ light mantle/ scarp area. 
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The lunar surface science objectives are described in the Mission 

Science Planning Document and the Mission Requirements Document. These 

objectives are enumerated below: 

l. Apollo Lunar Surface Experiments Package 

a. Heat Flow Experiment 

b. Seismic Profiling Experiment 

c. Lunar Ejecta and Meteroid Experiment 

d. Lunar Atmospheric Composition Experiment 

e. Lunar Surface Gravimeter 

2. Field Geology, includes 

sampling objectives and deep drill core 

3. Traverse Gravimeter 

4. Surfa.ce Electrical Properties 

5. Neutron Flux Monitor 

A detailed discussion of these objectives and their priorities 

can be found ~n the aforementioned documents. It is the purpose of 

the present document to discuss in detail only those which bear on the 

traverses; principally the field geology observations and sampling, and, 

to the extent that traverses are affected, the traverse geophysics 

experiments (Surfa.ce Electrical Properties, Traverse Gravimeter, and 

Seismic Profiling). These discussions follow: The reader is referred 

to Figures 17 to 20 for identification of the traverse stations. 

Geologic Objectives and Exploration Rationale -

l. Massif and related units - Observations, characterization, 

and sampling 29 
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a. Mode of origin and emplacement - the massif and related 

units are probably composed of breccia'from various ejecta blankets, most 

likely arranged in subhorizontal layers with the youngest deposits lying 

at higher elevations. Observational and photographic data bearing on this 

problem will be gathered. 

b. Stratigraphy - the light mantle unit appears to be some 

type of debris fJ o-.v or avalanche which may contain massif material derived 

from the entire stratigraphic sequence comprising the south Massif. 

Sampling stations (2, 3, and 4) are scheduled in the light mantle in a 

direction normal to the mountain front in the hope that a maximum variety 

of Scuth Massif rock types will be collected. Sampling at the base of 

the massifs is also designed to collect the widest possible variety 

of samples of massif material through sampling of boulders derived from 

the mountain slopes and collection of rake, soil, and other documented 

samples (stations 2, 6, and 7). Investigation of boulders should provide 

the opportunity to examine and document internal structures indicative 

of the mode of origin of the massif materials. The distinct morphology 

of the sculptured hills suggests that they may be of different composition 

from the massifs. Station 8 is designed to investigate this possibility. 

Relationships of the massif and massif-related units to the dark 

mantle unit are being investigated at stations 6-7, and 8; with the 

light mantle at station 2 . 

c. Areal variation - sampling at and within the North 

and South Massifs and comparison with the sculptured hills is designed 

to provide data on areal variation of highlands material. 
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2. Dark mantle material - observations, characterization, 

and sampling 

a. Mode of origin and emplacement - the dark mantle is 

thought to be a. volcanic pyroclastic deposit. Sources of the wide-

spread dark mantle ·on the plains have not been specifically identified. 

The traverses are designed to investigate both a number of large craters 

which are thought to be pre-mantle, but could be sources (stations 1, 5, 

and 10), and a. number of smaller craters which may be potential sources 

(between stations 4 and 5). 

b. Internal stratigraphy - both the vertical compositional 

variation in the dark mantle and the time span during which it accumulated 

are of scientific interest. Radial sampling of craters at stations 4 

and 9 a.s well as numerous core tubes are designed to provide data 

on these questions. 

c. External stratigraphy - observations and photographs 

of the relationships of the dark mantle to other units will also help 

to establish its historical significance. Relationships to the 

plains unit will be studied at stations 1, 5, and 10 and with the 

massifs at stations 6, 7, and 8. Observations of the relations of 

the dark and light mantle will be made as the crew drives across the 

contact and at station 4 where they will investigate a dark halo crater 

in the light mantle . 

d. Areal variation - possible areal variations will 

be investigated at widespread sampling points in the dark mantle 

~tations 1, 4, 5, 8, 9, 10); these stations will provide samples over 
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an area of about 30 square km. If SO'l.\l'ces are local, a variety of 

sources will be sampled. 

3. Plains materiel - observations, characterization, 

a.nd sampling 

a. Mode of origin a.nd emplacement - the plains materiels 

may be volcanic in origin or they may be breccia~ related to the numerous 

basin-forming events in the region. Early characterization of rock 

types at station l should bear on this question. 

b. Stratigraphy - investigation of a variety of pre-

mantle blocky crater rims should provide access to a vertical sampling 

of mate-riel characterizing the plains unit (stations 1, 5, end 10). 

The relationship of the plains to the dark ma.ntle and possibly to other 

units underlying the plains will also be investigated. 

c. Areal variation - separation of stations 1, 5, and 

10 by several kilometers provides the opportunity to investigate areal 

variation. 
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During the 75 hour lunar surface staytime three 7 -hour FNA 1 s are 

planned. EVA 1 is largely occupied with the deployment of the LRV, 

AIBEP, and other experiments, with about 2 hours available for a 

traverse. EVA 1 s 2 and 3 are largely devoted to the traverses. This 

section presents the details of the LRV traverses as currently planned. 

EVA 1 - Approximately the first 1 3/4 hours are spent in the IM 

area off-loading the LRV, configuring the LRV for the traverse and off-

loading the ALSEP and fueling the RTG. The crew then moves to the ALSEP 

deployment site about 100 m west of the LM where they spend the next 1 3/4 

hours. During this period, the ALSEP experiments are deployed, the deep 

drill core is obtained, and the neutron flux monitor emplaced in the deep 

drill core hole, from which it will be recovered at the end of EVA 3. 

A geophone array is deployed as part of ALSEP Seismic Profiling Experiment 

and will be employed later to detect the seismic waves from eight separate 

explosive charges to be deployed at various points on the LRV traverses. 

Following ALSEP deployment, the crew proceeds to an area about 

100 m east of the IM where the Surface Electrical Properties transmitter 

and antenna are emplaced. This activity requires about 1/2 hour at the 

conclusion of which the FNA 1 traverse begins, slightly more than 4 hours 

into the EVA. 

Objectives for the EVA 1 traverse are to investigate and sample 

the dark mantle and the plains material, emplace seiemic profiling 

charges, and obtain traverse gravimeter measurements. Figure 18 shows 

the route of the traverse across the dark mantle material southeastward 
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to station l. Enroute to station 1, a short stop is made (noted by 

the X) to empla.ce the l pound explosive 'Charge for the Seismic 

Profiling experiment. Station l duration is l hour 01 minutes 

and details of the station objectives and activities are shown 

in the chart which follows Figure 18. Leaving station 1, the traverse 

returns along a slightly different path which takes it to the eastern 

side of the 500 m olocky rim crater which will be visited on EVA 3 

(station 10). A short stop is made at this location to emplace the 

3 pound explosive charge (noted by the X), and to observe and assess 

the area for EVA 3 consideration. Leaving this area, the crew return 

to the LM with a short stop eruoute to emplace the l/2 pound explosive 

charge. The final 3/4 hour of EVA l is spent in closeout activities 

at the IM. Details of the traverse parameters including consumables 

margins for traverse contingency cases appear in the tables following 

the station activity charts. 

EVA 2 - Objectives of the EVA 2 traverse are to investigate and 

sample the base of the South Massif and the light mantle material of the debris 

slide, further investigation and sampling of the dark mantle and plains material, 

emplacement of seismic profiling charges, obtaining traverse gravimeter mea-

surements, and obtaining data for the Surface Electrical Properties experiment. 

The initial 52 minutes of the EVA is spent in configuring for the tra-

verse. Equipment is loaded on the LRV, base measurements are made with 

the traverse gravimeter, the SEP transmitter and receiver are turned on 

and the traverse begins from the SEP site. A short stop is made about 

500 feet west of the ALSEP area where a l/8 pound explosive charge is 
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deployed. Enroute to station 2 (Figure 19), two short stops are 

scheduled (2 minutes each) where samples are taken from the LRV using 

the LRV sampling device. Approximately 2 l/2 hours of station time 

are spent on the light mantle material at three major stations (2, 3, 

and 4) and four short LRV sampling stops. 

Proceeding eastward from station 4, there is a short stop at the de-

pression about ~ km east of station 4 where the 6 pound seismic charge 

is deployed, and observations and photographs of the depression are made. 

Depending upon the crews' assessment, additional time could be invested 

here at the expense of station 5. Station 5, where approximately l/2 hour 

is available, provides an additional opportunity for investigating the 

plains material. The traverse then returns to the lM with an intermediate 

stop about 250 m west af the ALSEP where a l/4 pound seismic charge is 

deployed. The final 44 minutes of EVA 2 are spent in closeout activities 

in the IM area. 

Details of the station objectives and activities appear in the charts 

following Figure 19. Tables of detailed traverse parameters follow the 

station activity charts. 

EVA 3 - Objectives of the EVA 3 traverse are to investigate and 

sample the North Mass.if and sculptured hills material to the north and 

northeast of the landing site, further investigation and sampling of 

the dark mantle and plains material, emplacement of seismic profiling 

charges, obtaining traverse gravimeter measurements, and obtaining 

data for the Surface Electrical Properties experiment. 

The initial 45 minutes of the EVA is spent in configuring for the 

36 



Enclosure 9 
Page 38 of 71 

traverse. Leaving the LM area, the traverse proceeds in a northerly 

direction to station 6 with a single LRV sampling stop enroute. 

Approximately 2 l/4 hours station time is spent in the North Massif/ 

sculptured hills area at three major stations (stations 6, 7, 8; 

see Figure 20). Proceeding westerly from station 8, the traverse 

continues to station 9 where a fresh So meter crater provides an 

opportunity to investigate the dark mantle and possibly learn some-

thing about its stratigraphy. Leaving station 9, the traverse route 

goes in a southerly direction to station 10, an area which was briefly 

visited on EVA l. A single LRV sampling stop is made enroute to 

station 10. Sampling and observations of the dark mantle and plains 

material occupy the 36 minutes available for the station time. 

The traverse then returns to the 1M area. Two seismic charges 

(l/4 pounds and l/8 pounds) are emplaced in the vicinity of the SEP 

station at the conclusion of the traverse. The final 55 minutes of 

EVA 3 are spent in closeout activities, including the retrieval ~ 

the neutron flux monitor probe at the ALSEP site. 

Details of the station objectives and activities appear in the 

charts following Figure 20. Tables of detailed traverse parameters 

follow the station activity charts. 
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EVA 1 STATION 1 STATION TIME 1 + 07 
Study historical sequence and mode of emplacement of multiple dark mantle units; extend knowledge of the plains 
material exposed in crater rinr-at 500 m mantled cra-ter in plains area 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observation of dark mantle Dark mantle--investigate and 
along linear boundaxy sample lighter and darker 
separating two possible mantle dark mantle units 
units; 

, Observation of bright crater 
rim deposits 

"Observations 
•70 nun photos 
·structural or 

depositional 
relationships 

0:05 

t 1 
I 

"Rake sampling (if desirable) 
• Documented sampling (both 

sides of contact) 
*Double core near edge of 

darker mantle unit 

0:26 

DHC-Dark halo crater 
LM -Light mantle 
OM -Dark mantle 
P -Plains 
M -Massif 
SH -Sculptured hills 

(ejecta) 

Plains material--sampling in 
crater rim 

•Documented sampling 
•Rake sampling (if desirable) 

0:25 

Final 
over-
head 

Pan 

0:05 

______ Contact, dashed where gradational 
·-·-·-·-·Crater rim crest 
········Buried edge of raised crater rim 

2 Scarp, barb points downslope 
------- Boulder trail 

x Block larg~r than 2 m 
c_-_-_:_") Large sampling area 
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APOLLO 17 TAURUS LITTROW TRAVERSES 

EVA I CALCUL~TED DATA .JUN 8 1 '372 

START EVA 3 HRS 46 MIN AFTER LANDING 

STATION 

·sEGMENT 
DETANCE 

CKM> 

LRV 
MOBIUT'r' 

RATE 
<KM··'HR> 

RiriE 
TIME 
(MIN) 

TOTAL 
TRAVEL 

DISTF!NCE 
(1(1'1) 

ARRIVE 
·nATION· 
EVA TIME 
(HR+"'IN> 

:TOP 
TIME 

CHR+MIN) 

DEPAIH. 
STATION 
EVA TIME 
CHR+MII'O 

LM 
F'IDE 0.1 0 7.311 
ALSEP _DEPLOY I 

F.· IDE 0.20 7.30 
SEP TRANSMITTER DEPLOY! 
RIDE 1 .15 -.30 I 

1 LB CHARGE DEPLOY, r • 1.3 KM 
I 

2 

'=' 

o.oo 
I). 1 0 

0.:30 

1.4!5 

0+ 0 

1+~7 

3+39 

4+1'3 

1+'56 

1+41 

0+30 

0+ '3 

1+!56 

3+.38 

4+ '3 

4+22 

P..IDE 1.1~ 

1 
F'IDE 1. 00 
3 LB CHARGE DEPLOY, r = 

7.30 

7.30 
2.0 KM 

9 

:3 
2.60 

.3.60 

4+31 

5+47 

1+ 7 

0+1 0 

5+38 

5+57 

F. IDE: 1.45 7.3[1 
1/2 LB CHARGE DEPLOY, r • 0.8 KM 

12 
5. 05 6+ 9 .... 0+ .;, 6+12 

I RIDE 0.60 7.30 
LM 

5 
5.6'5 6+16 0+44 7+ 0 

TOTALS 46 6+14 7+ 0 

--------------- TRAVERSE CONTINGENCIES --------------
----------LRV FAILURE-------------- --PLSS FAILURE--

RETURN 
DI s:TANCE 

>TAT TO LM 
NO <KM> 

WALKEAC~ $TATION MARGIN ABOVE MIN LRV RIDEBAC~ 
TIME I.IALKBACI<. I=;:EQUIREMENTS SPEED REQUIRED 

TO LM FW 02 A"'P HRS 0 MIN 10 MIN 
<HR+MIN) CHR+MIN) CHR+MIN) CHR+MIN) CKM/HR) CKM,HR) 

AVG EVA 
MET RATE 
<BTLVHIV 

LM 0.00 
ALSEP 0.10 
·::·EP 0 .1 0 
l ::CHG 1.25 

0.00 0.00 0+ 0 •••• •••• •••• 
0 .1 0 0.12 0+ 2 3+~8 3+3'3 3+4:3 
0 .1 0 0.12 0+ .~ 3+24 3+ 5 3+11 
1.21 ! .45 0+21 2t45 2+26 2+39 

10'50.00 
1048.11 
1045.06 
1 026.1 0 

R=1.:.:: 
1 2.40 
3~;CH 2. 05 

2.33 2.78 0+40 1+ 2 0+43 1+ 4 
1.99 2. 37 0+34 0+~6 0+37 0+51 

997.73 
986. o::: 

P=2.0 
l/2~=CH 0.60 0.'58 0.69 0+1 0 1+23 1+ 5 1+ 0 97! .80 
F:=O .8 
LM 0.00 o.oo o.oo 0+ 0 1+11 0+'52 0+45 97'5.0'3 
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~PDLLO 17 

EVA J 

STATION 
no 

:TOP 
TIME 

<HRHIIN·, 

SEGMENT 
DlS'TANCE 

(VM:l 

RETU~<'N 

DI"STAI'iCE 
Of<'M) 

HEAT 
LERV 

(BTU-HP;o 

-r10BILITY PATES:-
loJAL~~ PIDE 

oV.M·HF') o I"'M/HI<') 

MET J;~ATE 

I,IAL~: 

•BTIJ·HP• 

:._M 
AUEP 
SEP 
1 ::CHG 
P=1 .. :· _, 

1 +'50:. 
1+41 
0+30 

·-:. 0+ ·-· 

n.oo 
I) • 1 (I 
0.20 
1 • 15 

0,0(1 
0 ,1(,1 
0. 1 0 
1 .25 

!) • 0 0 
(1,(1(1 

0.(10 
1),(1(1 

•••• •••• 
3 .r:.o • 3 (I ' 
3 ,t.o ( .. ?0 
3 • E. 0 7.30 

....... 
151!,=.(1. 0 
t 5~.1) .o 
1 56 (I • 1) 

1 
:::::CH 
P=2.0 
1 .-2::CH 

1+ 7 
0+ 1 0 

0+ 3 

1 .15 
1 .00 . .45 1 

2.40 
2 .0'5 

0~~60 

0 .. 00 
o.on 
n.oo 

:;: • ~.lj ? . ::o 
; .. .:.o 7. :::n 
3 • .:. 0 7. ::·o 

15-:. (1. 0 
1 '56 (I • (I 

150:.0. Co 
P=O .·::: 
Lt1 0+44 (I • .:. 0 I), I) (I o. or. :: • .:. (I 7.30 1 '5E. n • r• 

MET RATE 
ALSEP 

'BTU/HI;I::O 

MET PATE 
P Irill'lG 

•'BTIJ.·HP ':o 

t1ET RATE 
:.TATIDI'l 
<FTU,..HP) 

~1ET !='ATE 
LM O·H 

(P,Tf_I·HP;o 

LEAK 
F·RTE 02 
i LB ··'HF':. 

E'·/A 
:TAPT 

'F-1.1-LB' 

E'·/A 
:TART 

f(I2-LP.':o 

OP~ 

TIME 
• 1'1IN ·, 

t 05 0. 1)(1 '5'50.0(1 j50.00 10'50.00 0.020 1 (I, ;:CE. l .40 :· -1 
':•A . ::: 

NOTE: DPS TIME IS TOTAL DRIVING TIME RVRILABLE! 

TAURU5 LITT~CW TPRVERSES 

INPUT DATA 
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LRV TRAVERSE ASSUMPTIONS 

1. 30 MINUTES RESERVES MAINTAINED ON ALL PLSS CONSUMABLE$ 
AT STATION METABOLIC RATE 

2. ALL DISTANCES AND SPEEDS ARE MAP DISTANCES AND MAP SPEEDS 
(MOBILITY RATES) 

3. REQUIRED RATE= RETURN DISTANCE/AVAILABLE OPS RIDING TIME 
AVAILABLE OPS RIDING TIME= TOTAL OPS TIME LESS 
ALLOWANCES 
ALLOWANCES {5 MIN BSLSS HOOKUP 

13 MIN LM INGRESS 

4. TIME MARGIN AT STATION METABOLIC RATE 
TIME REMAINING AFTER ALLOWANCE 

STATION MARGIN= FOR 10 MINUTES AT LRV, WALKBACK, 
AND 13 Ml NUTES I NCRESS 

5. FINAL LM 0/H MARGIN= TIME REMAINING WITH NO ALLOWANCES 

6. RESPIRATORY EXCHANGE QUOTIENT= 0. 9 

7. FEEDWATER HEAT OF VAPORIZATION 1038 B~~ 

8. NOTES: 

t FOR CHARGE DEPLOYMENT, R IS STRAIGHT LINE DISTANCE TO CENTRAL 
STATION 

t LRV-SA IS AN LRV SAMPLING STOP 
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EVA 2 STATION 2 STATION TIME 0+51 

Study massif and light mantle and their relationships--at base of south massif and proximal end of light mantle 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

I 

Observations of massif, 1 
trench, blocks, and 
light mantle 

•observations 
•500 nun photos 

•Uplands 
•Scarp 
•Blocks in trench 

0:05 

0 

Massif--investigate and sample 
base of south massif 

·Rake sample (if desired) 
• Documented samples of 

rocks and soil 

0:20 

Light mantle--investigate and 
sample furrowed area at pro-
ximal end of mantle 

•Rake sample (if desired) 
•Documented samples 

•Boulders 
·Rocks and soi 1 

•Si-ngle core 

0:15 

Final 
over-
head 

Pan 

0:05 
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EVA 2 STATION 3 STATION TH1E 6+45 

Study scarp and light mantle and their relationships--small bright craters near base of scarp. 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observations of scarp ( 
and light mantle--origin 
of scarp, age relation-
ships with mantle 

•Observations 
•70 mm photos 
•Scarp 

0:05 

_,-·--... 

LM 

0 

Light mantle--sampling at 
intermediate point--small 
craters 

•Documented sampling 
·Rake sampling (If desirable) 
•Possible radial sampling of 

small bright craters 

0:12 

45 

Scarp--investigate relations 
between scarp and light 
mantle and sample materials of 
scarp face 

•Exploratory trench 
• Documented sampling 
•70 nun photos 

0:17 

Final 
over-
head 

Pan 

0:05 



EVA 2 STATION 4 STATION TIME 0+41 

Study dark halo crater, light mantle, and historical sequence in light and dark materials-- at edge of 
110 m dark halo crater near distal edge of light mantle 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observations of light mantle, 
dark ejecta, contact relations, 
crater interior 

•Observations 
•500 mm photos (from 

crater rim) 
•Uplands 
•Scarp 

, • 70 llll1 photos 
•crater interior 

0:05 

OM 

~
() 

., 
() 

4 

0 

Light mantle--sample distal 
part of small bright 
craters 

·Documented sampling 
·Possible radial sampling 

of small craters 
•Rake sample (if desirable) 

0:10 

46 

Dark halo crater--investi-
gate and sample to 
determdne origin (endogene-
tic or exogenetic) history 

• Radial sampling 
·Documented sampling 
•Rake sampling (if desirable} 

•Double core near edge of 
dark ejecta 

0:15 

Final 
over-
head 

Pan 

0:05 

....... 



EVA 2 STATION 5 STATION TIME 0+32 
Study relations between plains and dark mantle--on rim of low-rimmed 600 m mantled crater in plains area. 

Initial 
overhead 

Pan 

Geopllysi cs 

TV pan 

Observations of 
crater rim materials 
(plains) , blocks~ 
and dark mantle 

•Observations 
a 500 mm photos 

~uplands 

I ecrater wall 
{ • 70 mm photos 
~ s crater tv all 

l 
I • 

,__o :_o_6 __ L o: os 

0 

l 

I 

! 

Plains--sampling of crater 
rim materials and boulders 
near rim crest for comparison 
to other plains samples 

·Documented sampling 
• Rake sampling (If desirable) 
oCompare to plains material 
from earlier station 

47 

Dark mantle--sampling lateral 
variation; any possible source 
of dark mantle 

·Documented sampling 
·Rake sampling (i:l'" desirable) 

Final 
over~ 

head 

Pan 

!
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APOLLO 17 fAUPUS LITTPOW TRAVERSES 

EVA II CALCULATED DATA 
START EVA 26 HRS 16 MIN AFTER LANDING 

DEPART ·-R'·/ TOTAL ARPIVE 
STATIDf'i S.EGMHH MOP. I!.. IT\' PIDE TRAVEL 'STATtON :TOP 

TIME ·EVA TIME DI'STAfiCE F.' ATE TIME 'D I 'STA~KE E'·.IA TIME 
(HF'+MIN··, ( HF'+Mli'D ::TAT ION O:KM·· •.KM,..HR·· O:f1!N) O::Vt1 > 'HR+M I fi :0 

(1+'52 0+-~2 1.1'1 0.00 o~ 0 
PI DE o.;;:·s 7. ::n 2 

o . .=·s 0+54 0+ --=: Ct+'57 1/8 LB CHARGE DEPLOY, r . 16 KM "' 
..,. -.~ PIDE ::: .::::o .. . :-:o ...:.!" 

o~ 2 l +2f. LRV-SAHPLE STOP I .~:.55 1+24 
FIDE 0.50 ~ •. :;o 4 

4.05 1+30 0+ .~ 1+32 LRV-SAttPLE STOP i ..,. J;,-IDE "3. 15 .30 E'6 ' I +5::: (1+51 2+4'::. 2 7 .2 1) 

'-:> F'IDE 1 • o::: . ·~:o ·~ ' -, .::. ;:·J 2+5::: 0+ c 3+ 0 LRV-SAMPLE STOP I 
F'IDE 1.. t:r::: 7. :::o ::: 

::=:+ ::: 0+ 2 ?.+10 LRV-SAHPLE STOP ·~ .. 2t:. 
·:;t PIDE 1 .04 7. ·~:(I 

0+45 4+ 4 :: 10.30 :::+ 1 '? 
~·IDE n .. .::.7 7 • ::=: 0 .:. 

::, t 0. ·~? 4+ ~ I)+ 
~ 4+1 1 LRV-SAf1PLE STOP 

r;: I DE 0 • .:.7 7 • ::0 '=· 
4+17 0+ 2 4+19 LRV-SAf~PLE STOP 1 1 • fA .,. _, F'IDE o • .:: . .:. 7. ~:P 

0+41 5+ 4 12. :.::o 4+24 '=· 
F'IDE 1 • ~:5 ., • :.::0 1 1 ' 1 :;: . ~.'::; 5+16 (I+ (I 5+16 PHOTO STOP 

1 3 • .:.~ 5+16 i)+ 3 5+19 6 LB CHARGE DEPLOY • r = 2.4 KM 

F'IDE 1 • ·::o ..., • :;:(I 15 ' 11+32 .::.+ 6 5 15.45 5+34 
c:; PIDE 0.55 7.30 

1 E .. 0 0 6+11 0+ :: .:.+ 14 1/4 LB CHARGE DEPLOY • r = .25 KM 
:. F'IDE 0.:35 ;-'. ·;: 0 

·16. :::5 6+16 0+44 7~ 0 LM 
1 .-,c:- 4+40:. 7+ 0 TOTALS: :;. -· 

' 
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--------------- TI<'R\•'f::P ';E :: DfH lf·jGEi·iC rES --------------
----------LPV FAILURE-------------- --PLSS FAILURE--

r;•E TUF'~l 
D I =·rAriCE 

:.IALVBAC!< 
TIME 

cTRTIDr{ 
~AL~BAC~ 

7•1AF<·::::rr; ABO\iE 
PEQU!~EMEKTS 

t1Hi LPV RIDEBAO 
2PEED REQUIRED 

=TAT 
t10 

TO Ll'1 
I I<W• 

TO LM 
IHF<'+MHJ,> 

F!<.l 
•HP~~f"\I!"i• 

De' 
ch;.;+ If·< 

::.,riF- HF''~ 

r;• 
0 MIN 

:Vr1-·HP• 
10 r1IN 
·~·M/HP• 

MET F·ATE 
,. ETU-·Ht:-':1 

L1'1 0. 00 O+ n 0. !JO 0 00 1050.1!(1 
1 ·::::: H O.c:'5 0+ 4 5+55 (I ~4 (I 2'~ 10:=:6.?3 
F =. 1 
LP\1-
L F'\·'-

A :;: . 55 
A 4. 0'5 

0+5''"' 
1 +:::o 

4+40 
4+ ·::. 

4+1ff 
·;~+ 4 0 4+20 

4.11 
4 • .:. ? 

374.'?1 

7 .. 20 2+4 n 1+:0:1 '? :::4 ::::4 (i. :::::.· 
L F·'.,.'- ~:P. 6 • t:.3 
LP'.,.'-: A E.. 07 

5.50 
I 1""·/-~A 5. 06 
LPV-SA 4.;3;: 

2+1'5 

1+5_:< 
1 +4 ::: 

1+40 
1 +4::: 
1. t 14 

1+27 

l •' 1 0 
1 + ~ '31 
::!~;'·-45 

0+'5C: 
0+5'3 

1+5'? 

1 -,·1 s 
1 +20 

'=' 44 

:; c .::;4 
4 :q 
4. SCI 

? .. 0] 

5 F 36 

317.21 

::::.::·7. 11 
·3-=:c· .. l .-:. 

4 4.20 1+·:::3 0+~55 0+44 4 o:::: 4 ,:?,6 ·=· 34 II 50 
PHOTO 2 ::::5 0+47 l + ::t. t+ j:~: ::: . 3 (I ·::24 .52 

-, ,-,r;:-t:.~~C:H c lil•;:t._l 0+47 1+ 5 I 15 ::: 3 0 
F=2.4 

o .·;.o 0+1'5 1+40 1 + 1 ~~ 1+ i. 04 
1 ·4::CH I) • :::'5 0+ 6 1+4:3 ·:·22 0.34 0.41 :?2:::. o·:::o 
F'= .25 
U1 0.00 0+ I) !-f 4 1) Ci (I n.oo 344 .·:::.? 

EVA II CALCULRTEJ 
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MET f'IFITE I'IET RATJ; MET'RATE MET PATE 
ALSEP RIDII'1G STATION Ll'l o...-H 

<BTU..-HR) <BTU .... HR> (iTU.,..Hft> (BTU/HAl> 

LEAf( 
~ATE 02 

: <·L.B-"HR> 

EVA 
'S·TART 

<F.,..W-LI) 

EVA 
~TART 

< oe-LB> 

OPS 
TIME 
(MIN) 

NOTE: CPS TIME I~ TOTAL DRIVING TIME AVAILABLE! 

AF'OLLQ 17 

EVA II 

STATION 
NO 

LM 
1...-~#CH 

STOP 
TIME 

<HR+MTI'D 

O+~c 
0+ '3 

:s'Et5MENT RETI.JFN HEAT 
DISTANCE· lll~TANC£ · LEAl< 

Cf<fiD (KM".. nnu.~H~) 

o.oo 0. 00. 1~~. 00 
o.~s 0,2$ 13~. 00'· . 

.. f'IOBlLITY 
WALK 

<Kf'l/1-fP) 

•••• . :a ~.;o 

P.ATE.S-
Fl'CE 

(J(M.;.Wtt) 

, ... 
7:;.30 

MET.~ATE 

'•.IALK 
f8TU•'HR) 

• ••••• 
1'560.0 

R~ .16 
LRY-=~A 
LI~V-SR 
2 
LRV-SA 
LRV-SA 
.3 
LRV-tA 
LRV.:..SA 
4 
PHOTO 
6;;CH 

o+ ~ 
0+ 2 
0+'31 
0+ z 
0+ 2 
0+4'5 
O+ 2 
0+ 2 
0+41 
0+ 0 
0+ :I 

j,10 '3 .5!5 1~115~00· 
0 ,,0 . 4.9$ 1'3~. 00 
:) .1~ 7~20 1-3!5. 00 
l • 0:3 -: .• 63 . 13!5.00 
1. 03 .s • n1' 13~ .o.o 
1. 04 ~ ,'5(1 1'3~.00 
0.11)7 5. 06 . 13!5, 00 
0.67 4,63 11~. 00 
0.61$ 4'.;?0 13!5.00 
1.'315. 2 •. ?'5 13'5.00. 
0. 00 i' • S!5 13!5 •. 0 0 

3 .e-o 
i!.?'6 
.t·, 70 

·2,70 
a.7o a.1o -e ~ 70 
~. 7'0. a.ro 
l.60 
'3.60 

7 .. 30 
7 .:~o 
·7 .30 
( • . 31) 
7.;10 
7.30 
7.:30 
? • 30 
.7 •. 30 
7 • .30 . 
'7 .}0 

1~60,, 

\290.0 
129ft,(i 
1290.0 
12~0.0 
1290.0 
1290.(1 
~.~~0 ~ 0 
12~0.0 
1 '5€. 0. 0 
t~;;o.o 

R~2.4 

5 
f..''4;:CH 
R;o.2'5 
LM 

0+"32 
0+ '3 

0+44 

t.eo 0. '='0 13!!5.00 
0.!5'5 0,3!5 13!5.00 

0 .~'5 . O~CIO 11!5.00 

3.60 
3.60 

3.60 

7..30 
7 •. 30 

7.30 

1'560.0 
1'5t5(1.0 

1'560,0 

. TRUPVS L I TTFCI,.I lFIWift$ES 

JttP'iJT DATA 
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EVA3 STATim~ 6 + 7 STATION TIME 1 + 28 

Study northern massif and sample widest possible variety of rock types--near the base of the massif 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:12 

Observations of base 
of massif, mantling 
materials, boulders 

•Observati ons 
•500 mm photos 

•uplands 
·scarp 

1- 70 mm photos 
•boulders 

0:10 

Massif material--sample at 
base of massif; study 
relation to dark mantle 

•Rake sampling (if desirable) 
•Documented sampling 

0:18 

n:"' I 

Massif material--investigate 
and sample widest possible var-
iety of boulders near base of 
massif; investigate relations of 
boulders to dark mantle 

• Documented sampling of variety 
of boulders 

•Photo-documentation of boulder 
fabrics 

0:38 

Final 
over-
head 

Pan 

0:10 

-
s:
l
(

0

52 
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EVA 3 STATION 8 STATION TIME 0 + 44 

Characterize sculptured hill unit and study its relationships to dark mantle--near base of sculptured hills. 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observations of hill 
unit and dark mantle 

•Observation 
•500 mm photos 

•uplands 

0:05 

Sculptured hill materials--
sample at base of sculptured 
hill for comparison to other 
highland units 

•Rake sampling (if desirable) 
•Docunented sampling 

•Rocks and soil 

0:20 

Dark mantle--sample for lateral 
variation 

•Rake sampling (if desirable) 
•Documented sampling 

0:08 

Final 
over-
head 

Pan 

0:05 

53 



EVA 3 STATION 9 STATION TIME o + 29 

Study historical sequence and origin(?) of dark mantle--at fresh 80 m crater 

~---------T--------------------· ----------------------------------------------------------------------~r-------1

Initial 
overhead 

Pan 

Geophysics 

TV pan 

0:06 

Observations of dark 
crater and its ejecta 

•Observation 
•70 mm photos 
•Crater interior 

0:05 

,-·--. 
/. '· 
. ' { . 

/·-·,. . I ' . ( '· ·...._./ 
) 

\ I ~9 
'·-·__.;'· v 

lMof 
('. 

0 
·,) 

lt.n 

Dark mantle~-investigate crater and sample its ejecta 
blanket to study internal stratigraphy and/or origin; 
lateral variation 

• Radial sampling 
•Rake sampling (if desirable) 
·Documented sampling 

0:13 

Final 
over-
head 

Pan 

0:05 

l 
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EVA 3 STATION 10 STATION TIME o + 36 

Study relationships between dark mantle and plains--on rim of 500 m blocky-rimmed mantled crater. 

Initial 
overhead 

Pan 

Geophysics 

TV pan 

Observations 
of dark mantle/ 
plains relations 
in crater 
interior. 

•Observations 
•500 mm photos 

·crater wal~l 
·up.Iands 

~70 mm photos 
•crater wa_Il 
~blocks 

r--------.-,-,.. -;p- •• ·~-----. 

" 1 o lkm 
~·------------------~· 

Plains material -- investigate and 
sample on rims of craters 

eRake s~ple (if desirable) 
tJDoerunented sampll.ng of rocks and soil 

Dark mantle-- Final investigate and sample. over-
head 

Pan 

-
!.l
tm
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APOLLO 17 TAURUS LITTROW TRAVERSES 

EVA III CALCULATED DATA -JIJN 8 1972 

START EVA 48' HRS 41 MIN AFTER-LANDING 

LRV TOTAL ARRIVE DEPART 
S-EGMENT MOBILITY RIDE _ TRAVEL STATION ~TOP STATION 

:TATION 
DISTANCE 

(KM) 
RATE 

(KM...-HR) 
TIME 
(MII'O 

DISTANCE 
CKM) 

EVA TIME 
CHP+MIN) 

TJME 
CHR+MIN) 

EVA TIME 
(HR+MIN) 

LM o.oo 0+ 0 0+4!5 0+4~ 

PIDE 
LRV-SAtiPLE 

1.5'5 
STOP I 

7.:30 1 3 
1.5!5 0+!58 0+ 2 1+ 0 

RIDE 
E-

l. '5!5 7.30 13 
:3. 10 1+t2 0+44 1+56 

RIDE 
i 

1:· I DE 
.~:· 

1.30 

1. 7'5 

7.30 
.,. .30 I 

11 

14 
4.40 

6 .1 '5 

2+ 7 

3+ ,;. 

0+44 

0+44 

2+51 

3+50 
PIDE 
I~ 

1. '35 7.30 !6 
8.1 0 4+ 6 0+29 4+'j,'5 

-RIDE 
LRV-SAf.IPLE 
~-rnE 

10 

1.8'5 
STOP 

1 .40 

7 •. 30 
.,. .30 I 

1'5 

12 
. -;. .'3'5 

11 • 3'5 

4+50 

-':) 5+ ·..J 

-:> 0+ ... 
0+3E. 

4+'52 

5+39 
F'IDE 2.25 
l/4 LB CHARGE DEPLOY, r 

7 •. 30 
= .25 KM 

1:3 
1:3.60 '5+'58 0+ --:> ·-· ~·· 

!<:IDE 0 .1 (I 
1/8 LB CHARGE DEPLOY, r 

7 .. ::o 
• .16 KM 

1 
13.70 6+ 2 0+ .3 6+ 5 

FIDE 
LM 

0.05. 7 .:;.o 0 
13.75 . 6+ ~ 0+"5'5 7+ 0 

TOTALS 113 5-t- 7 7+ 0 

--------------- TRAVERSE CONTINGENCIES: 

RETUR,... 
DISTANCE 

:~TAT TO LM 
NO (I<:M) 

-------.,.--LR\1 FAILURE--------------
biALKBACK HATION MARGIN AEtOVE 

TIME I_,IALKBACK REQUIREMENTS 
TO LM FW 02 AMP HR'S 

;:HR+MII'O CHR.+MIN) CHR+MIN) CHR+MIN) 

--PL~S FAILURE--
MIN LRV RIDEPACK 

SPEED REQUIRED 
0 MtN 1 0 MIN 

Cf<M/HP) ( KN.-·-HP ·; 

AVG E'v'A 
MET RATE 
( BTLI/HR) 

LM 0.00 
LRV-:S:A 1.55 
t:- 3.10 
7 3 ,'30 
8 4.70 
9 2.70 
LRV-SA 2.53 
1 0 2.40 
1/4::CH 0. 1 '5 
F:=.2'5 0. 1 '5 
!/8~:CH 0.05 

0+ 0 •••• • ••• • ••• 
0+26 5+33 5+ 7 '5+56 
0+52 4+ 1 3+35 4+'34 
1+27 2+:37 2+11 3+ 4 
1+44 1+21 0+54 1+4:3 
0+4-=i 1+47 1+21 2+ 2 
0+42 1+:39 1+14 1+48 
0+40 1)+'58 0+<?13 1+ 3 
0+ 2 1+3'3 1+1'5 1+13 

0+ 1+:38 1+14 1+17 

o.oo 0.(10 
1.50 1.80 
:::. 01 -3.'59 
3.79 4.'52 
4.56 '5.44 
2.62 3.1-3 
2.46 2.93 
2 .·3"3 2.78 
0.15 0.17 

0.05 0.06 

1050.00 
·~40.03 
9tH.13 
891.78 
8:31 .52 
8E-9.40 
85-3.31 
":;'5'3. 28 
'338.54 

8::-~s .81 
~<:= .16 
U1 

0.05 
o.oo 0+ 0 1+ 2 0+'3'3 0+4'5 0.00 0.00 866.18 

--------------
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APOLLO 17 TAU~US LITTROW TRAVERSES 

EVA JII IfiPUT DATA .IUt"f '?. 1 '?7::: 

:s-TOP :SEGMENT ~·ETURN HEAT -"10P.tLIT'i ~·ATES- MET RATE 
STATTON 

no 
T lt'1E 

t'Hf"'+MIN::O 
[I I STA~iCE 

··vM··, 
D I :?TANC'E 

{ 1<:~1) 
LEAl<' 

..-'E:TU-'HP.':o 
lo1ALf( ~·IDE 

•VM..-HF'':o •.:Vf'VH~·:o 

IdA'-~. 
(P,TU ·HR··~ 

U·1 
LPV-S:A 

0+45 
0+ 2 

;) • 0 0 
II' <:"&:' 1 _, _, 

0.00 
1 • 5'5 

200.(10 
.:.~oo .. oo 

..... •••• 
?. ll60 7.'30 

•••••• 
! C::60. 0 

,::. 
;" 
::: 

0+44 
0+44 
0+44 

1 II "'"" ._I-~ 

1 .30 
":>c::' 1 • I ._1 

? • 1 0 
'3 .. '30 
4.70 

.:::oo • (II) 

2fl0c.~ 00 
200.00 

?: 1!60 '7 .?0 I .,. .30 ~~ ,;"(1 ' 
-::' 2 .70 I • ~: 0 

l":i.SO.O 
12:=<0,(1 
12':<0. 0 

:< 
L~·',.'-:S:A 

1 0 

0+2':;. 
I)+ 2 
0+?;::. 

1 .·3&~ 
,-.e 1 ., •=:t _, 

1 .40 

t:: ~ 7 0 
~::.5:::: 

2 .40 

200.00 
200.00 
200.00 

.., :::.60 • '? n ' 
? :::.60 .30 ' :::.so 7 • '3ft 

15t.n.o 
1 5f.. I). (I 
1"'i6U.l.' 

1 ··'4::CH 
~·= .25 

0+ :3 ..... ·~= c.'-_, (I. 15 200.00 3. 6 (I 7 • 3 (I 150:.0.fr 

1 ... ::::~:CH .... 0+ :;. (1. 1 I) 0.0':. 200.1)(1 _, 
-·' .60 7. ·::: n 150::.(1. 0 

f:=•= .16 
LM 0+'5'5 o.ns 0.00 200.00 .., • '3 (1 :::.60 I 15E. n. n 

MET PATE MET RATE MET RATE MET PATE LEAV EVA E\lf! OP~ 
ALSEP RIDING STATION LM o.~·H ~<:ATE 02 :::TAPT 5TART TIME 

<BTU···HR) (BTU,...HR) f'E:Tu~·Hp) (BTu.~w;·) (Lf!.~HR::O lF -'IAI-LB) ((12-LB) (MIN) 

1050.00 '5'50.00 950.00 10'50.00 0.035 1 1 • 2';:. 1 • "3'5:3 61 •:0 ...... 

NOTE: OP~ TIME IS TOTAL DRIVING TIME AVAILABLE! 
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SUMMARY OF TRAVERSE OPERATIONS 

WITH THE 

TRAVERSE GEOPHYSICAL EXPERIMENTS 

Enclosure g 
Page 59 of 71 

Surface Electrical Properties - Data are obtained continuously 

throughout the traverse portions of EVA 2 and 3· The experiment is not 

operated during the EVA 1 traverse because of frequency conflicts with 

the Lunar Sounder Experiment. 

Lunar Seismic Profiling Experiment - Eight seismic charges ranging in 

explosive size from l/8 pound to 6 pounds are deployed during the three 

traverses. Figure 21 shows the location of the deployed charges. De-

ployment sequence and the time at which the charges become active 

(ranges from 91 to 94 hours after deployment) are shown in the table 

following Figure 21. 

Traverse Gravimeter Experiment - In addition to measurements made in 

the IJA/.ALSEP/SEP area, a measurement is made at each of the numbered 

traverse stations on the three traverses. Figure 22 shows the location 

of these measurements. 
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DEPLOYMENT DEPLOYMENT TIME TIME AFrER DEPLOY. TIME AFrER LIFTOFF 
CHARGE LOCATI9N, E7A HR.: MIN FOR DETONATE (HRS. ) FOR DE'TONATE* ( HR: MIN) SIZE (LB) RADIUS FROM FROM EVA STARr 

ALSEP ~KM) 

1 1.3 1 4:21 91 24:18 
(outbound) 

3 2.0 1 5:55 92 26:52 
(inbound) 

t .8 1 6:11 93 28:08 
(inbound) 

1 .16 g 2 • :56 91 43:23 
(outbound) 

6 2.4 2 5:18 92 48:45 
(inbound) 

1 
4 .25 2 6:13 94 51:40 

(inbound) 
1 
4 .25 3 6:00 93 74:42 

(inbound) 

1 .16 ~ 6:04 94 75:46 B" Kinbo~d) 

LSPE CHARGE DEPLOYMENT PLAN 

* BASED ON THE FOLLOWING MISSION TIMES: 

LANDING 
START EVA 1 
STAR!' EVA 2 

112:59 GET 
116:45 GET 
139:15 GET 

60 

START EVA 3 
LIFroFF 

163:30 GET 
187:48 GET 



NASA-S-72-1715-V 

ez 
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JUNE 1972 

EVA TRAVERSE PLANNING PARAMETERS 
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Page 64 of 71 

The purpose of this appendix is to provide a summary reference 

source for primary data used in lunar surface traverse planning. 

These data are those that have been generally concurred with for use 

in current lunar surface operations planning and study. Officially 

approved data for each mission ultimately appear in the Apollo Space-

crai't Operational Data Books, Flight Mission Rules and the Flight Plan. 

Prior to that time, these EVA traverse planning parameters will be 

updated periodically through the Lunar Surface Operations Planning 

Meetings. 

Primary lunar surface traverse planning data presented herein 

are categorized for each reference Hith the organization and person 

responsible for the data indicated at the bottom of each page, along 

with the official data source reference. 
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APOLLO 17 PLANNING PARAMETERS 

1. Crewmen Parameters 

1.1 Metabolic Rates 1 , QM 

a. Riding on LRV 550 Btu/Hr 

b. Working 

(1) Overhead and ALSEP Activities 1050 Btu/Hr 

(2) Geological Station Activities 950 Btu/Hr 

c. Contingency Walking 

Duration 

Walking Speed2 
(Average) Metabolic Rate 

Including 20-Percent 
Uncertainty 

Over Uncorrected 
Map Distance 

Up to 1 Hour 
Total Return Time 

3. 6 Km/Hr 1560 Btu/Hr 

Return Requiring 
Over 1 Hour 

2. 7 Km/Hr 1290 Btu/Hr 

Enclosure 9 
Page 65 of 71 

d. Normal Walking (Average) 

2.5 Km/Hr, Uncorrected Map Distance, 1000 Btu/Hr 

1.2 Respiratory Quotient 0.90 

1.3 Time in Pressurized PGA 3 

Uninterrupted time in a pressurized PGA should be limited to 
7 hours of nominal EVA. 

Responsible Organization: 
Point of Contact: 

Official Data Sources: 

Medical Operations Division/DO 
J. F. Zieglschmid, MD; Ext. 42 

2R. G. Zedekar/CG3; Ext. 3091 
lSODB, Vol. II, LM Data Book, Part 1, Table 4.3-2, 
page 4.3-13 

3SODB, Vol. IV, EMU Data Book, Operational Con-
straints and Limitations, page 3.2-3, EPG-11 
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APOLLO 17 PLANNING PARAMETERS 

2. PLSS Parameters 

2.1 PLSS Battery 

a. Battery Capability 

b. Battery Voltage 

c. TM Usable 

( 1 ) Pre-EVA Checkout 

(2) Past- EVA Reserve 

(3) TM Inaccuracy 

d. Usage Rate 

1. 2 Amp-Hours 

1.43 Amp-Hours 

1.85 Amp-Hours 
at 7.6 Hours 

Responsible Organization: Crew Systems Division/EC 

Point of Contact: J. L. Gibson; Ext. 2352 
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25.4 Amp-Hours 

16.8 Volts de 

20.92 Amp-Hours 

2.7 Amps 

Official Data Sources: SODB, Vol. IV, EMU Data Book, EMU Consumables 
Tables 4.0-3A and 4.0-3B 
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APOLLO 17 PLANNING PARAMETERS 

2. PLSS Parameters (Continued) 

2.2 Primary Oxygen Supply 

a. POS Bottle Volume 378 Cu In. 

Enclosure 9 
67 of 71 

b. Full Charge {EVA 1) 
1432 Psia @ 70°F 
1.860 Lb 

(EVA 2 or 3) 
1395 Psia @ 70°F 
1 . 81 0 Lb 

(Z = 0.9485) (Z = 0.950) 

c. EMU Pressurization 70 Psia 
0.091 Lb 

d. LM Repress 25 Psia 
0.031 Lb 

e. TM Inaccuracy 48 Psia 
0.060 Lb 

f. Minimum Regulation Pressure 145 Psia 
0.180 Lb 

g. 02 Reserve at Normal Working Rate 76 Psia 
0.095 Lb 

h. Total Usable o2 1.403 Lb 1.353 Lb 

2.3 EMU 02 Leak Rates 

a. EVA 1 0.020 Lb/Hr 

b. EVA 2 0.028 Lb/Hr 

c. EVA 3 0.035 Lb/Hr 

Responsible Organization: Crew Systems Division/EC 

Point of Contact: J. L. Gibson; Ext. 2352 

Official Data Sources: SODB, Vol. IV, EMU Data Book, EMU Consumables 
Tables 4.0-3A and 4.0-3B, and Mission Appendix 
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APOLLO 17 PLANNING PARAMETERS 

Enclosure 9 
Page 68 of 71 

2. PLSS Consumables (Continued) 

2.4 o2 Usage Rate 1.627 x 10-4 {QM) +EMU Leak Rate 

2.5 PLSS Feedwater 

a. Feedwater Loading 

(l) Main Tank 8.50 Lb 

(2) Aux. Tank 3.40 Lb 

b. Transport Loop Makeup (EVA 1 only if 
PLSS launched with feedwater) 

c. Non-Expellable 

d. Slave Water 

e. Usable Leftover Slave Water (EVA 2 or 3) 

f. Reserve at Normal Working Rate 

g. Heat of Sublimation 

h. Usable Feedwater {EVA 1) 

10.86 Lb 
11 ,27 3 Btu 

Responsible Organization: Crew Systems Division/EC 

Point of Contact: J. L. Gibson; Ext. 2352 

11.90 Lb 

0.13 Lb 

0.09 Lb 

0.63 Lb 

0.30 Lb 

Provided by slave 
water and thermal 
inertia 

1038 Btu/Lb 

(EVA 2 or 3) 

11.29 Lb 
11 , 719 Btu 

Official Data Sources: SODB, Vol. IV, EMU Data Book, EMU Consumables 
Tables 4.0-3A and 4.0-3B, and Mission Appendix 

67 



WH 0 = 
2 

QT 
1038 Btu/Lb H20 

. 

APOLLO 17 PLANNING PARAMETERS 

2. PLSS Parameters (Continued) . 
2.6 EMU Heat Leak, Qhl 1 

EVA I II III 

T=O Launch 0 RLP* +135 RLP* +200 RLP* 

T+24 Launch TBD TBD TBD 

Enclosure 9 
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*RLP - Rough Lunar Plain 

2.7 Feedwater Usage Rate 2 

a. 

b. 

Cooling Rate, QT = 

. 
Feedwater, 

1.26 QM + 153 Btu/Hr + Qhl 

2.8 PLSS LiOH Capability3 

a. Nominal Loading 

( 1 ) Total co2 Absorption, No Thermal Soak 

(2) Total C02 Absorption, Thermal Soak 

b. Usage Rate 

Responsible Organization: Crew Systems Division/EC 

Point of Contact: J. L. Gibson, Ext. 2352 

10,900 Btu 

8,400 Btu 

Crew Metabolic 
Rate 

Official Data Sources: 1SODB, Vol. IV, EMU Data Book, EMU Heat Leaks, 
Figure 4.0-1 and Mission Appendix 

2SODB, Vol. IV, EMU Data Book, page 4.5-66, 
Figure 4.5-44 

3SODB, Vol. IV, EMU Data Book, EMU Consumables, 
Tables 4.0-3A and 4.0-38 
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APOLLO 17 PLANNING PARAMETERS 

3. BSLSS/OPS 

3. 1 OPS 1 

a. OPS Bottle Volume 322 Cu In. 

b. Full Charge 5.75 Lb at 5880 Psia 

c. Residual 

( 1 ) High Purge 0.706 Lb at 500 Psi a -40°F 

(2) Low Purge 0.4li Lb at 300 Psi a -40°F 

(3) Makeup 0.106 Lb at 100 Psi a 64°F 

d. Usable 

( 1 ) High Purge 5.04 Lb 

(2) Low Purge 5.34 Lb 

(3) Makeup 5.64 Lb 

e. Lifetime 

(1) High Purge 39 Minutes 

( 2) Low Purge 79.5 Minutes 
2 

3.2 BSLSS 
a. BSLSS Hookup Time Required 3 5 Minutes 

b. Emergency LM Ingress Time3 13 Minutes 

c. Time Limit for Walk-back to LRV 10 Minutes 
(Ops Low Purge) for BSLSS Hookup 

Responsible Organization: Crew Systems Division/EC 

Point of Contact: 

Official Data Sources: 

J. L. Gibson; Ext. 2352 
3R. G. Zedekar/CG3; Ext. 3091 
1SODB, Vol. IV, EMU Data Book, EMU Consumables 
Tables 4.0-3A and 4.0-38, Figure 4.6-5 

2SODB, Vol. IV, EMU Data Book, Section 4.7, 
page 4. 7-1 
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APOLLO 17 PLANNING PARAMETERS 

4. Lunar Roving Vehicle 

4.1 LRV Mobility Rate for Premission Planning 

4.2 LRV Emergency Return Speed 

Responsible Organization: MSFC 

Point of Contact: D. Arnett 

Official Data Sources: LRV Operations Data Book 
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7.3 Km/Hr 

Not to exceed 9.2 Km/Hr 
for premission planning; 
actual value to be 
assessed in real time 
over outgoing leg of 
traverse. 

NASA-MSC 
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REPLY TO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

ATTN OF TN3 

MEMORANDUM 

TO: Distribution 

FROM: TA/Chairman, Science Working Panel 

SUBJECT: Minutes of the 18th Science Working Panel 

18.1 Introduction 

The 18th Science Working Panel (SWP) was convened on October 2-3, 1972, 
at the Lunar Science Institute, Houston, Texas, by Chairman James A. 
Lovell (TA). SWP attendees are listed in Enclosure 1. The meeting 
agenda is included as Enclosure 2. The meeting was concerned with 
lunar surface science activities with the exception of a presentation 
of the planned timeline for orbital science activities. Chairman Lovell 
informed the SWP members that there would probably be one additional SWP, 
the 19th, for Apollo 17. 

Planned lunar science activities were discussed and proposed additional 
lunar surface experiments and activities were presented for considera-
tion. The severe lunar surface timeline constraints constituted the 
principal factor in considerations of tradeoffs and add-ons. Weight 
considerations, while always significant, were not as critical as the 
timeline constraints. 

Agenda items were presented on October 2, 1972, and SWP members met in 
Executive Session on October 3, 1972. Presentations and related dis-
cussions are summarized in paragraphs 18.2.1 through 18.2.10. Results 
of the Executive Session are presented under paragraph 18.3. A summary 
of SWP actions/recommendations is presented in paragraph 18.4 

Unless noted otherwise, SWP decisions/recommendations contained in these 
minutes represent the official position of the Science and Applications 
Directorate and may be used as such by other MSC mission planning and im-
plementing organizations with regard to procedures, experiment/hardware 
procurement, recommendations, priorities, and the like. 
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18.2 Apollo 17 Science Planning 

18.2,1 New Cosmic Ray Experiment Status 

D. T. Lockard presented the status of the new Cosmic Ray Detector (CRD) 
experiment. Mr. Lockard pointed out that the CRD flight units are to be 
delivered on October 24, 1972. In addition, he presented the planning 
status of deployment of the experiment. Enclosure 3 presents the de-
ployment locations for the two halves of the CRD. Nominal deployment 
time is 5 minutes. Three possible places in the tirneline were con-
sidered for deploying the CRD. The three tirneline locations, start of 
EVA 1, end of EVA 1, and end of EVA 2, are characterized as follows: 

o If the CRD were deployed at the start of EVA 1 
(allowing maximum exposure time) the nominal 5 
minutes deployment time required would come out 
of the Surface Electrical Properties (SEP) ex-
periment or the Lunar Geology Investigation (LGI). 

o Deployment of the experiment at the end of EVA 1, 
on an availability basis, could be free, insofar 
as time is concerned, but deployment at that time 
could not be guaranteed. 

o Deployment at the end of EVA 2 (enabling an ex-
posure time of 1 sleep period plus the EVA 3 time 
duration) could be guaranteed and would have less 
impact on the tirneline. 

The tirneline location for deployment of the CRD was referred to the 
Executive Session. 

18.2,2 Drill Core Stern Contamination Status 

Dr. L. T. Silver discussed the problem of lead contamination of lunar 
drill core samples. Results of his contamination analyses are summarized 
in Enclosure 4. Considerable discussion about the potential sources of 
lead contamination revealed that a comprehensive survey of potential 
sources has not been performed. However, the crew procedures planned for 
Apollo 17 appear to solve the problem by minimizing the exposure of the 
drill core material from the time the drill core sample is taken on the 
lunar surface until it is delivered to the Lunar Receiving Laboratory. 
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18,2,3 Non-Magnetic Keepers on Drive Core Tubes 

The metallic keepers which the astronauts insert into the drive core 
tubes on the lunar surface to maintain the integrity of the samples 
have been found to have magnetic properties. Thus, when the cores 
are returned to the Lunar Receiving Laboratory (LRL) and tested, the 
keepers provide extraneous fields. Dr. D. W. Strangway presented the 
planned remedy to the problem. The most feasible of several possibili-
ties is to remove the keepers from the drive core tubes when they ar-
rive at the LRL and replace them with non-magnetic keepers. It has 
been determined that this can be done without affecting the integrity 
of the samples. 

18.2.4 Core Tube Magnetic Orientation Procedures and Core Stem 
Follower Plugs 

In order to correlate the magnetic properties of core samples as de-
termined by magnetic measurements of the samples at the LRL with the 
lunar terrain where the samples are taken, the original orientation 
of the sample in the lunar surface must be known. Dr. W. D. Carrier 
(TN4) presented the planned procedures for Apollo 17. Anodized coded 
markings on the core tubes will show up in photographs of the tubes. 
Thus, photographing the tubes with the gnomon in the field of view as 
they begin to be driven into the lunar surface and after they have 
been driven in will provide permanent records of the sample original 
orientations as well as the depths of penetration of the tubes. 

Dr. Carrier also discussed the Core Stem Follower Plugs and crew pro-
cedures for installing them. These plugs are pushed into the top and 
bottom ends of the drill core string after the core has been extracted. 
The plugs are to prevent the sample from moving up or down within the 
sections in case voids exist. The SWP members were concerned about the 
possibility of the crew using too much force in installing the plugs 
with the result that the sample would be compacted, mixed, or otherwise 
changed. Dr. Carrier stated that less than two minutes is required to 
install the plugs. In addition, he expressed a preference by the crew 
to use the Heat Flow Experiment 1 s 11 rammer-jammer11 (Probe Emplacement 
Tool) to install the plugs because it's greater length would facilitate 
the task more than the Drive Tube Follower Tool (all aluminum, no paint) 
which is planned to be used. However, he pointed out that there was a 
possibility of considerable lead contamination of the sample because of 
the red painted markings on the Probe Emplacement Tool. Dr. L. T. Silver 
expressed considerable concern over the possibility of additional lead 
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contamination which past experience indicates already exists from other 
sources. Mr. D. Bland (CG3) stated that an orange, non-leaded paint is 
available with which the tool could be re-marked by the vendor (Bendix). 
The discussions resulted in the decision, announced by Chairman Lovell, 
that presently planned procedures for installing the Core Stem Follower 
Plugs, using the Drive Tube Follower Tool or the Probe Emplacement Tool, 
would be followed for Apollo 17 and the crew would be cautioned not to 
apply excessive force to the plugs. Furthermore, ASPO will investigate 
the feasibility of repainting the Probe Emplacement Tool markings with 
a non-lead-containing paint. [Subsequent to the meeting it has been 
learned that it is not considered feasible at this time to modify the 
Probe Emplacement Tool and the crew will use the Drive Tube Follower 
Tool as previously planned.] 

This agenda item ended with the announcement by Dr. R. 0. Pepin that the 
Samples Subpanel would discuss methods of minimzing lead contamination 
and make recommendations at the Executive Session on the following day. 

18.2.5 Long-Term Lunar Surface Exposure Experiment Status 

This passive experiment consists of photographically documenting selected 
reflective surfaces of Apollo 17 flight hardware to be left on the moon 
with 80 micron resolution so that the long term effects of the lunar sur-
face environment on the hardware can be determined assuming a future lunar 
visitation. Dr. F. Horz (TN6) stated that the planned photographs have 
been obtained, developed, and found satisfactory except for photographs of 
the Surface Electrical Properties experiment solar panels and the LCRU 
mirror surfaces. The latter equipment is yet to be photographed at KSC. 
In addition, Dr. Horz stated that work is proceeding on obtaining material 
samples, representing the flight equipment, for storage with the Curator's 
Office, 

Some discussion took place on what sample storage environment is recom-
mended, The result was that SWP recommends that the Lunar Sample Analysis 
Planning Team investigate the storage problem and make recommendations to 
the Curator's Office, 

Dr. Horz recommended that the helix antenna gimbal housing (one of the 
photographically documented items) be placed on the lunar surface by the 
crew in such a manner that all four surfaces of the box-like container be 
exposed in a known orientation, Operational problems and constraints on 
debris neighboring ALSEP experiments were discussed. This subject was 
deferred to the Executive Session. 
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18.2.6 Apollo 17 Padded Bag Sample Results 

Dr. R. 0. Pepin discussed the advisability of including padded bags for 
Apollo 17 samples. There appeared to be no decisive reasons for includ-
ing the bags, and the subject was dropped. 

18.2.7 Procedures for In-Flight Sealing of Lunar Rock Samples 

This item, discussed by Mr. D. Bland (CG3), is concerned with contamina-
tion of the rock samples. The rust may form sometime after the samples 
are placed in the LM. Mr. Bland presented information on the environ-
mental history of the rocks during the time the rust may form. See En-
closure 5. Possible methods of alleviating the problem of rust infor-
mation were discussed by SWP members. Chairman Lovell pointed out that 
the Apollo 16 CM recovery delay (longer time in sea water prior to re-
covery) could account for the larger amount of rust on the Apollo 16 
lunar rock samples. However, Dr. W. C. Phinney (TN6) stated that there 
was no protection of the samples during the time presumed for the forma-
tion of the rust. Furthermore, Dr. Phinney stated that no study has 
been done to determine what causes the rust, and whether it occurs dur-
ing the mission or is of lunar origin. 

This agenda item ended with a motion by Dr. L. T. Silver that the feasi-
bility of teflon bagging of the sample containers be investigated. The 
move was seconded and passed by the SWP with an action item to the Flight 
Crew Support Division, NASA/MSC, to investigate the feasibility of pro-
viding the additional sample protection of a teflon bag in the CM. 
(This item was discussed again in the Executive Session. See 18.3, Rust 
Reduction.) 

18.2.8 Proposed Lunar Atmosphere Noble Gas Experiment 

Dr. H. Michel presented a proposal for a lunar atmosphere noble gas ex-
periment which involved, basically, a metallic foil (similar to J. Geiss, 
et al, Solar Wind Composition experiment) which would be deployed and ex-
posed on the lunar surface during the Apollo 17 lunar stay. See Enclosure 
11 for copies of Dr. Michel's slides used in the presentation. The ob-
jective of the experiment would be to detect lunar ambient atmospheric 
helium and neon ions, demonstrating that these elements exist in the lunar 
ambient atmosphere and not solely in the solar wind flux. Solar wind and 
atmospheric ions should be individually detectable because they would ar-
rive from directions that are approximately normal to each other because 
of the effect of the solar wind electric field. Dr. Michel presented some 
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results from the previously deployed (and still operating) Suprathermal 
Ion Detector experiments, and other experiments which support these ideas. 
Crucial to this experiment, as presented, would be the availability of 
satellite data in near realtime to show the direction of the interplane-
tary magnetic field, and hence the required foil deployment orientation 
on the lunar surface. Mr. J. Bates (TDS) pointed out that this informa-
tion is available in Building 30 during Apollo missions. Capt. W. T. 
O'Bryant (MAL NASA/Hq) stated that the Principal Investigator of this 
experiment, if approved, would be Dr. Manka. The decision on whether 
to recommend approval of this experiment for Apollo 17 was referred to 
the Executive Session to take place the following day, with the advice 
that although weight constraints were not as critical, timeline con-
straints were quite severe. 

18.2.9 Deployment Criteria for Lunar Seismic Profiling Experiment 

The Principal Investigator, Dr. R. L. Kovach discussed deployment of the 
Lunar Seismic Profiling Experiment. He stated that the explosive charge 
deployment distances from the geophone array had been transmitted to 
W. F. Eichelman (TD4) along with the minimum and maximum allowable dis-
tances. Mr. J. R. Sevier (PD4) is investigating whether these distance 
requirements can be met with the existing LRV navigation system uncer-
tainties and other potential error sources. Dr. Kovach presented the 
priorities of explosive charge deployment in terms of the weights of 
the charges. The heavier the charge, the greater is its importance in 
being deployed. This information will be considered in contingency 
planning. 

18.2.10 Science Activities Timelines 

18.2.10.1 Orbital Activities 

Mr. T. W. Holloway (CGS) presented the CSM Flight Plan timeline. Enclo-
sure 6 presents the details from liftoff through splashdown. Features 
discussed by Mr. Holloway included the fact that the Far UV Spectrometer 
and the IR Scanning Radiometer will gather data throughout each CSM 
sleep period in lunar orbit as well as during transearth coast. In 
addition, the Far UV Spectrometer will operate during PTC in transearth 
coast. Mr. Holloway also pointed out that the first photographs of the 
Apollo 17 landing site from lunar orbit will be taken after LM landing 
when the sun elevation angle is 13° or 14°. A question was raised about 
what procedures would be followed if electromagnetic interference with 
the Lunar Sounder becomes excessive. Appropriate mission rules are being 
developed. 

18.2.10.2 EVA Activities 

Mr. D. Bland (CG3) presented a detailed description of the lunar surface 
timeline. Enclosure 7 summarizes the activities for the three 7-hour EVA's. 

f 
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18.2.10.3 Lunar Traverse Activities 

Mr. J. Sevier presented the latest planning for the Apollo 17 lunar 
traverse activities and contingency planning. Enclosure 8 contains 
a map of the three planned traverses. Experiment deployment and 
station priorities were presented and, in accordance with these pri-
orities, the current contingency planning approach was presented, 
These include the EVA 1 behind time plans, the 5-hour EVA 1 plan, and 
walking EVA plans, all except the 5-hour EVA 1 plan (see 18.3 Contingency 
Planning) contained in Enclosure 8. The discussion by the SWP members 
resulted in several questions to be resolved at the Executive Session 
the following day. The questions were: 

o What is the priority of the proposed Lunar Atmosphere 
Noble Gas Experiment, if it is recommended to be in-
cluded on Apollo 17? 

o What procedures does SWP recommend with regard to de-
laying deployment completion of the Surface Electrical 
Properties (SWP) experiment in behind time cases? 
(Nomin~l deployment and contingency allocation times 
to be clarified by D. Bland at the Executive Session) 

o Should the 500-mm camera be added to the Apollo 17 
science payload? 

18.3 Executive Session 

18.3.1 Recommendations and Conclusions 

The Executive Session was held on October 3, 1972 at the Lunar Science 
Institute, Houston, Texas. The voting members present were: 

J. Goree R. Pepin 
N. Hinners J. Sevier 
M. Langseth L. Silver 
J. Lovell G. Sinnnons 
w. Muehl berger D. Strangway 
w. O'Bryant 

Those voting by proxy on selected issues were: 

F. Doyle 
P. Gast 
R. Kovach 
A. Mitchell 
G. Wasserburg 
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The SWP Executive Session discussions, recommendations, and actions 
are presented in the following paragraphs. 

Lead Contamination 

Dr. L. T. Silver moved that the Universal Handling Tool (UHT) and the 
Probe Emplacement (PET) Tool be examined for leaded paint contamination. 
The move was seconded and passed unanimously. ASPO will perform this 
action with Dr. Silver assisting in an advisory capacity, as required. 

Discussion of this subject revealed that other core sample contamina-
tion (e.g., from the drill bit) can be reduced by procedures of remov-
ing the samples at the LRL. 

Dr. Pepin reported the results of the samples subcommittee discussions 
about lead contamination. He pointed out that the drill bit is as 
lead-free as possible and suggested that Dr. Silver investigate the con-
tamination status of the drive tubes. [This is being done.] 

[Subsequent to the meeting, it has been learned that the crew will use 
the Drive Tube Follower Tool, as planned, to install the plugs in the 
Drive Tubes and Drill Core Stems, thus eliminating the possibility of 
direct lead contamination by the UHT or PET. No further action towards 
reducing the possibility of lead contamination is presently planned.] 

Rust Reduction 

In response to item 18.2.7 above, Dr. R. 0. Pepin volunteered to investi-
gate the feasibility of bagging the samples with an additional bag, prob-
ably an existing teflon bag which would reduce the probability of rust 
formation on the samples. [Subsequent to the meeting, the Configuration 
Control Board rejected the proposal because of schedule problems and be-
cause many of the samples are already planned to be returned optimally 
protected in SRC's.] 

Report from Samples Subcommittee 

Dr. R. 0. Pepin presented the results of the samples subcommittee discus-
sion on the Apollo 17 planned sampling. Several changes of sampling ob-
jectives (e.g., the inclusion of a glass coated sample as a target of 
opportunity) were agreed upon and will be included in the Mission Require-
ments document. Dr. Pepin also expressed concern about the unavailability 
of the Special Environmental Sample Container (SESC) for Station 1. Ac-
cordingly, Dr. Pepin moved that the SESC be transferred to Sample Return 
Container (SRC) No. 1 so that it will be available for the shadowed sample 
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at Station 1. The move was seconded by Dr. Muehlberger and was 
carried unanimously. [Subsequent to the meeting it was determined 
that it is not feasible to transfer the SESC from SRC 2 to SRC 1 at 
this late stage. The SRC's are sealed and undergoing final tests at 
KSC. 

Cosmic Ray Detector (CRD) Deployment and Priority 

A discussion of where the CRD deployment should be timelined included 
consideration of the start of EVA 1, the end of EVA 1, and the end of 
EVA 2. The SWP decided that the end of EVA 2 would have the least 
potential impact on the other higher priority science items and would 
meet the CRD science requirements. Therefore it was recommended that 
CRD deployment be scheduled for the end of EVA 2 with a crew option of 
earlier deployment. 

Helix Antenna Housing Deployment 

The desirability and feasibility of deploying the Helix Antenna Housing 
so as to expose as many of the four photographically documented sides 
as possible was discussed. Current planning does not require any spe-
cial treatment of the box-like housing after the antenna is removed from 
it. Because of potential interference with ALSEP experiments and time-
line restrictions, SWP recommends no special treatment of the object by 
the crew. The housing will be left in the ALSEP debris area as planned. 

Proposed Lunar Atmosphere Noble Gas Experiment 

The scientific merits of this experiment were discussed at length. The 
SWP agreed that the scientific value of the experiment is considerable. 
However, the timeline constraints for Apollo 17 lunar surface activities 
would make it necessary to compromise other higher priority science ob-
jectives if the experiment were included on Apollo 17. Within this con-
text, Dr. L. T. Silver moved that although the experiment is scientifi-
cally worthy, its inclusion on Apollo 17 should not be considered at 
this time because of timeline constraints. The move was seconded by 
W. T. O'Bryant. Vote : In favor, 11; against, 1; abstaining, 1. 

Surface Electrical Properties (SEP) Experiment Deployment 

SEP deployment time and implications of delaying completion of deployment 
in behind time contingency cases were discussed in detail. Enclosures 9 
and 10 present background information which is fundamental to this problem. 
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The discussion culminated with Dr. D. Strangway moving that SWP recom-
mend that for the contingency situation of EVA 1 behind time between 
30 minutes and 1 hour and 2 minutes: 

1) Incremental degrees of the SEP transmitter time will 
first be taken out of Rover and station overhead as 
much as possible. 

2) Up to 15 minutes at the beginning of EVA 2 will be 
made available for the completion of the SEP antenna 
if it appears that the transmitter deployment can be 
completed in this period. 

3) Such time as is allocated will be taken out of geology 
traverse time. 

The motion was seconded and SWP approved with a vote of 10, 3, and 0. 

Lunar Surface Experiment Priorities 

SWP recommended that the CRD be last (12 out of 12) in the priorities 
as shown in Enclosure 12. SWP approved the remaining priorities as 
shown in Enclosure 12. 

Contingency Planning 

The contingency planning approach, station priorities, walking EVA plans, 
and EVA 1 behind times as summarized in Enclosure 8 were approved by the 
SWP, except as below. The proposed 5-hour EVA 1 plan was modified to in-
clude deployment of the Neutron Flux Monitor, provided it deploys easily 
(4 minutes allowed). 

SWP recommends: 

5-HR EVA 1 

• Complete ALSEP Deployment 
• Drill Deep Core and Extract 
• Deploy Neutron Flux Monitor 
• Provide 30-Minute Sampling Time 
• Delete: SEP Deployment 

ALSEP Photos 
Traverse Gravimeter 
LSP Charges 

.. 

r 
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Changes to the walking traverse plans may be recommended at the next 
SWP. The traverse geophysicists (M. Talwani, G. Simmons, D. Strangway) 
and Dr. M. Langseth (Heat Flow Experiment Principal Investigator) will 
reconnnend walking taverse plans and present rationale to the traverse 
subcommittee (Mr. J. Sevier). The information will be discussed at the 
next SWP. 

Further discussion of walking traverse details resulted in the motion by 
Dr. Pepin that SWP recommend that the crew carry the rake, scoop, and 
gnomon (in that priority) as part of the planned walking traverse equip-
ment. Dr. D. Carrier seconded the motion. [Subsequent to the meeting, 
it has been learned that this reconnnendation is consistent with the 
general guidelines for contingency planning. Precise plans for a walk-
ing traverse would, however, be formulated and implemented during the 
mission and would depend upon the specific contingency situation that 
prevailed.] Vote: 10, 0, 1. 

500-MM Camera 

Discussion of the value of the 500-mm camera as a geological tool re-
sulted in Dr. L. T. Silver moving that the 500-mm camera be included on 
Apollo 17 and the time required for using it be taken out of that allo-
cated for geological observations an.d geological photographic documen-
tation. Dr. Carrier seconded the motion. Vote: 9, 2, 4. 

Specific utilization of the 500-nnn camera on Apollo 17 would be left to 
crew discretion. 

18.4 Summary of Actions/Recommendations 

1. SWP recommended that the Lunar Sample Analysis Planning 
Team investigate the problem of storage of Long Term 
Exposure Experiment samples and make recommendations to 
the Curator's Office. 

2. SWP's recommendation for possible additional protection 
for lunar samples was rejected by the Configuration Con-
trol Board due to schedule problems and the existing op-
timum protection of many of the samples. 

3. SWP's recommendation that possible lead contamination 
from the UHT and the Probe Emplacement Tool be investi-
gated is a closed item. The crew will not utilize these 
tools in a manner so as to directly contaminate the samples. 
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4. SWP's recommendation that the SESC be transferred 
from SRC 2 to SRC 1 has been found to be not feasible. 
The SRC's are sealed and undergoing final tests at KSC. 

5. SWP recommended that CRD deployment be scheduled at the 
end of EVA 2 with a crew option for earlier deployment. 

6. SWP recommended that no special treatment of the Helix 
Antenna Housing be given by the crew. 

7. SWP recommended that the proposed Lunar Atmosphere Noble 
Gas Experiment not be considered at this time for Apollo 
17 because of lunar surface timeline constraints. 

8, SWP recommended that for the contingency situation of 
EVA 1 behind time between 30 minutes and 1 hour and 
2 minutes. 

1) Incremental degrees of the SEP transmitter 
time will first be taken out of Rover and 
station overhead as much as possible. 

2) Up to 15 minutes at the beginning of EVA 2 
will be made available for the completion 
of the SEP antenna if it appears that the 
transmitter deployment can be completed in 
this period. 

3) Such time as allocated will be taken out of 
geology traverse time. 

9, SWP recommended that the Cosmic Ray Detector experiment 
priority be 12th in a priority listing of 12 experiments. 

10. SWP recommended a modified 5-hr EVA 1 plan (see under 
paragraph 18.3) and approved the present Contingency 
Planning Approach, Station Priorities, Walking EVA plans, 
and EVA 1 Behind Time Alternatives as summarized in 
Enclosure 8. 

11. SWP recommended that for walking traverses the crew 
carry the rake, scoop, and gnomon (in that priority) 
as part of the planned walking traverse equipment. 

' 
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12. SWP agreed to discuss recommendations (to be 
made by the traverse geophysicists) on walking 
traverse plans and rationale at the next SWP 
meeting. 

13. ommended inclusion of the 500-mm camera 
lo 17 as a geological tool to be utilized 
discretion. 

alker(TN3/TRW):ss:l0-23-72:2711 
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B. Drill Core Stem Contamination Status 

C. Non-Magnetic Keepers on Drive Core Tubes 

D. Core Tube Magnetic Orientation Procedures and 
Core Stem Follower Plugs 

E. Long-Term Experiment Status 

F. Apollo 16 Padded Bag Sample Results 

G. Procedures for In-Flight Sealing of 
Lunar Rock Samples 

H. Proposed Lunar Atmosphere Noble Gas 
Experiment 

I. Deployment Criteria for Lunar Seismic 
Profiling Experiment 

J. Science Activities Timelines 

1. Orbital Activities 
2. EVA Activities 
3. Lunar Traverse Activities 

a. Traverse Update 
b. Contingency Planning 

III. EXECUTIVE SESSION 

A. Recommendations and Conclusions 

B. Action Items Summary 

D. T. Lockard 

L. T. Silver 

D. w. Strangway 

D. w. Carrier 

F. Horz 

R. 0. Pepin 

D. A. Bland 

F. c. Michel 

R. L. Kovach 

T . W . Ho 11 oway 
D. A. Bland 
J. R. Sevier 

All SWP Members 



.. 



LUNAR SURFACE COSMIC RAY EXPERIMENT 
(LSCRE) 

LANDinG SUN AHGLE . 

~ .·. . 

, ~su;J SHIFT ANGLE 

QUAD III PALLETS 

LSCRE 
(~HALF) 

C. oV 2 ~ 

. 





i 
! 

Tube No. l 

Exterior 

Interior 

Enclosure 4 (1 of 2) 

Tests For J,cid ).:;;!L·~Ic Leod on Surfaces of Drill Core Tu0es 
Cancdized b>' !'lew Procedures 

Leod Yield (micrograms)* 
1N HN0 3, Room Temperature 

New Pr-:.cedures Resu Its observed on Apollo 15 tubes 

First hr. Secc:~d hr. Toto! Toto! 

6 < 0.5 "'1600 

12 < l -12 - 400 

Tube No. 2(Two hours) 

Exterior" 

~n terror -2 

*Co!orimetric Dithizone method 

Results of Emission Spectrographic Analyses of Various Materials 

Teffon Coatir.g:; on Joints 
New Prototype Apollor 15 Coupon tube 

?b ( 300 ppm Pb ) 1400 ppm 
Maier element: Ti 
Other elements (ppm): Fe,300.; Al,5000; Ca,20; Cu,20; V,400. 

(anodizing Solution 

Pb ( 1 P?m 
f-},ajor elerr,ents: Na, Ti, Si. 
Other clements (ppm): B, 10; Cu,0.3. 

Xylon 1010, Lo.t No. 2535 

?~ ( 4 ?Pm 
... c.ior e!ement: n. 
0:-~er elemenL; (pf?m): Al:;p3, 100; Co0,30; Fe,4. 

L. T. Silver 
Caltecn, Sc~r. 5, 10-; 

I ~ .' 
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~H EQUI PI~ENT STOvJI\(;'E 
S/C 114 

ENTRY 

21 August 1972 

A-1 
16~~ Mags -7 in 2 Bags 
7CJI!ii·1 ll;ugs -4 ·j n 2 Bags 
Interval Timer 
Tilpt: f~ecorck:r 

A-3 
Fire Ext. (Side nf A-3) 
C02 Abscn'bel s -4 

A-4 

A-7 Cont 
EV Gloves & Wrist Tether in 

Ace Bag (CI~P) 
CB Actuator in Bag 
PPK -3 

Re~nte Control Cable W/Strap C02 Absorber; -4 
TV Cillii2ta & Zoo:n Lens 
TV Horti tor · /\-5 

Top of A7 (5R B) * Lunar Sample in Deco:n Bag .. 
TV Monitor Cable W/Strap 
TV 16' Cable vi/Strap 
TV Ringsight ' 
TV fvjounting Brkt 
l6MM Camera Sext Adapt 
70MM Camera Adapt 
Cf~ TOI'Wl (R':JB) -2 Ea. 
DSEA,-LMPPK,- Flag Kit 

C02 Absorber; -4 
A-6 

Bi ocore 
Vacuum Clean.cr (Side of A-6) 

A-7 
Fecal Col Assy i~ Bag -18 
OPS 

To::~ of /\-1 (2 Scf)'s) Vacul~_Jleanrr Dc:com Bag 
Lunar Sample in Decom Bag 

A-2 
Tiedown Rope Bag (2) 
Heel Restraint Bag 
FCS 
24" Panoramic Mag 
Tissue Dispenser -4 

Too of A-2 
ISA De com Bag (2 SC6S) 

Front of A3 - A6 
. •j/ . ");'\·Core Stem 1n Bag 

Neutron Probe Bag 

Vacu1;,n Bag 
VacuLMJ Clec-ner Pbwer Cable 

EVA Eo~:Tiel!J: Co:1tainer 
Pressure Cc:nt 'Jl v 
EVA Waist Teth2r -3 
OPS Adapter 
Tether IV Crewnan 
Pressure Gauge PNL 603 
OPS - PGA Attach Straps -4 
Purge Valve 
~Jter Connector Plugs -4 
Meter Covers -4 in Bag 

Lunar Sounder Film Cassette-
; n Bag 

SEP Recorder Return in ~ag 

Sideofr,-7 
EVA Umbilical in Bag W/Strap 

A-8 

SECTION I 
ALH·'IED Exp. 
35MM Cassett~s -4 
35~ii~ Filters -3 in Bag 
70MM Mag (LM) Xfr 4 in 2 Bags 
Tape Cassette Kit 
Tape Recorder Batt,eri es -ll 

in Bag 
EMU Maint Kit -2 
Inflight Exerciser 
H2 Gas Sepcrators in Bag 
Snag Line in Bag W/Strap 
PGA Interconnects -3 in Bag 
Tone Booster in Bag 
SECTION I I 
CWG -3 . 
LM Temp Stowage Bag (Purse) 
Lightweight Headsets -3 
ALH~ED Blindfolds -3 

·" 



';H:Tir·rJ III 
-c\0sEfcct Adapt -1 in Gag 
70MM Mag -3 in Gag 
35MM C2mera Brkt in Gag 
Urin~ R~cep in Bag W/Strap 
Tool Kit 
l6i'1~; r1aJS -2 in Bag 
~.r:vlS 3ac1.up Bag 

W~S Hater Panel QD 
W~ter Panel Coupling Assy 
\Ji,~S P u·Je r Cab 1 e 
Hii,S Qi Pressure Cap 

Urine Filter Assy -3 in Bag 
§idc_of A-8 in~ 
Vact:u:n Frush 
Urine Hose vi/Adapt & 2 Straps 
EVA Gua1ds, L, Ctr, R W/Strap 
Uni0ud Pole Assy 
~ , A-S ( 1 5 c 6) 

Lun 1 Sa:nple in Bag 
B-1 

3" icppi 19 Cam Mag 
B-2 

35tt~ Ca:r, ~ra \'J/55t-'ii~ Lens 
& Fil0 Cassette Plus 
(:;) 35:1H Film Cassettes 
i 1 Bag 

B-3 
16~; l Ca:n·ra & Mag 
l8i·~'i Len·; 
75:-', · Leon·. 
lG>l: LC1L 
lG:.:: Po.; ·r Cable \·!/Strap 
Ri qi t /J.n 11 c: iii rror 
701!11 C<>:-: & r~ag 
Spo·L 1.~ te , 

:~ _B-5 .. ,,~ ..... 
Rock Box #1 

f~/ B-_~ 
- ··Rod Gcx f!2 

G-_?1 c6 ~}2-~eo~~rtai n 
Stu:1 ~~:e ?ouch -2 
Data Ret Snap 6-Short 6-Long 
Oata Ret Hook 2-Short 2-Long 
Cl0:n •s -8 · 
Clip; -B 

B··E 
Chlot & Buffer Ampules -32 , 

In 2 Eags 
L-2 

CCU Cc,ni: Hcetd in oag 
CCU c~~~c Srarc W/Strap 
Tool "E" \J/Str<'<P 
Ground Cal)le 
70>Ii·1 PCi•1 Cable 
l6r-'t:·i P c;.; Cab 1 e 
Docking Probe Cable 

~. _,.. 

Food Package 
Cont Feeding System 

R- 1 
Flight-D-ata File 
BiOS tack 

R-2 
Flight Data File 
Datil Card Kit 

Meter Covers -2 
16MM Cam Fuse 
Data File Clips -6 
Eyepatch 
C/B Latch Guards -3 

R-3 
Flight Data File 
Ctr R-12 W/Books 

R-4 
Survival Kit~ #1/#2 

R-5 
Gen Use Ret Straps -5 
Couch Straps -2 
Probe Stg Straps -2· 
Utility Straps -3 

R-6 

IJ·· .) -------- ~. 

COAS Filter Enclosure 5 (7of 7) 
COAS Gulb 
l6t'IM Cam Grk t 
U~ Docking 1 arget 
Docking Target Adapter 

U-4 
Tape Recorder Cass -4 
Tape R2c Batteries -4 
Monocular 
Intervalometer (70MM) 
250MM Lens 

PGA BAG 
02 Hose S.creen Caps -3 
UCTA Clamps -3 
PGA's -2"H/FollovJing Attached 

IV Gloves -2 Pair 
Elect Conn Covers -2 
Neckring Dust Covers -2 

Helmet Stowage Bags -2 
LEVA's -2 on Helmets -2 
EV Gloves 2 Pair in Ace Bags 
In Helmets 

Water Bag Assembly 
Urine Bags -3 

Tape Fecal Bag 
G&N ~unfilter~ -2 ~f::.Lunar Sample in Deco:n Bag (.1.scf~ 
Penl1ghts -5 1n Bag W/Reinforcement Plate 
Ch 1 ori ne Syri ng_e 8~ \•lith: Tied Down \·J'i th En try Ropes -5 

Knob, Casing, Needle Couches 
R-8 

r~ed Kit 
R-11 

Urine Transfer System -3 
Urine Rec Spare 
Roll-on-Cuff (RWB) 
H.C. Urine Filter in Bag 

R-13 
l6MM Mag -3 in Bag 
70MM Mag -4 in Bag 
70M~ ~ag -3 in Bag 
70MM Mag -3 in Bag 

U-1 
LCG-2 
Rad Dos-Hze 

(In Center Pocket) 
U-2 

Helmet Stg Bag -2 
Cabin Fan Filter in Bag 
Binocu·lars in Bag 
MED Kit, Aux. 
Inte1·valometer 8 Sec 

Temp Stg 
PLV Ducts -3 in Bag 

----
Headrest Pads 1 Ea. 

Hand Controllers 
Harness Straps -3 

Aft Bul khd --·--
Under R/H Couch in R/H 

S 1 eep Restraint 
Secured ~~/l~i ed~:m Ro_Q_Q_ 

Center Sleep Restraint 
PGA W/IV Gloves, Electrical 
Connector Cover & Helmet Inst 

in Helmet Bag 
UEB 

vii n do \'I Shade Bag 
Window Shades -5 
Dim Light Shade 

AFT UEB 
02 Mask & Hose W/Strap 

3 in Bag 
Sleep Rest -1 on LH Side 

LEB 
Radiation Survey M2ter 
Above L/H Hindo\'1 
COAS 
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B 
EVA I BEHIND TIME PLANS 
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21 M IN. : 30 M IN. 
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Enclosure 9 (1 of 4) 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 77058 

TN2 September 21, 1972 

MEMORANDUM 

TO: TN3/R. Baldwin 

FROM: TN2/D. Strangway 

SUBJECT: Contingency Planning Related to the SEP 

This is an item which we wish to be sure is discussed at the SWP 
meeting. We are very perturbed by the recent action at the Mission 
Review and at the Mission Simulation in which the deployment of the 
SEP transmitter was placed at the end of EVA I. This position is 
not intrinsically a bad one but the present planning calls for the 
postponement of the deployment when the mission is only 21 minutes 
behind schedule. We understand that the present deployment times 
are listed as 10 minutes for driving and 16 minutes for actual 
hardware layout. The result is that the SEP transmitter would not 
be deployed until the end of EVA II. The net effect of a 20 minute 
delay in EVA I is that we would lose roughly half of our data. We 
have already had to give up data from EVA I because of conflicts 
with the orbital sounder, so that we would get data from only one 
EVA when the experiment was designed for three EVA•s. 

We should like to have the following specific issues addressed . 

1. How much sampling time at Station I is considered to be a 
minimum? I would propose that a minimum time of 20 minutes rather 
than the proposed 45 minutes is adequate in this contingency 
situation. Remember that EVA III returns to this vicinity and if 
Station I is of great interest after a cursory look, lower priority 
tasks on EVA III could be dropped to save time for sampling at 
station 10 and/or I. Half of the SEP data should therefore be 
weighed against the time at Station I and at all of the EVA III 
stations. 

2. There are probably ALSEP tasks that can be postponed which 
do not require deployment on EVA I to collect subsequent data. 
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In short, we do not think it is advisable to plan to lose half 
the data from the experiment when there is only a 20 minute slip. 
It is important to have a long run along the valley (EVA II) and 
one across the valley (EVA Ill) to give us the best chance of 
resolving the stratigraphy. 

flj~~~-·,iyY(;:~ l :J; v"d.~-r_l 
David Strangway 

cc: 
G. Simmons 
J. Meyer 
R. Baker 
R. Watts 
P. Annan 
D. Redman 
J. Sevier 
D. Cubley 
W. Ei chelman 
D. Beattie 
P. Mason 
J. Lovell 

.. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 77058 

ATTN OF PD4 SEP 1972 

.MEMORANDUM 

TO: TN3/Science Re~uirements Branch 
Attn: Richard Baldwin 

FROM: PD4/Chief, Operations Analysis Branch 

SUBJECT: Behind Time Contingencies on EVA l 

The attached diagram summarizes the current proposal.fDr accommodating 
behind time contingencies on EVA l. This diagram will be the basis 
for SWP discussion on this particular aspect of contingency planning 
at the October 2-3 meeting. I suggest you send it to the SWP members 
so they will have an opportunity to consider it prior to the meeting. 
If anyone desires further explanation or wishes to discuss it with 
me, I can be reached at (713) 483-4667. 

~e~~"'-
~hn R. Sevier 

cc: 
TA/J. A. Lovell 
TN3/W. F. Eichelman 

Enclosure 

PD4/JRSevier: cjg: 9/21/72:4667 



APOLLO 17 EVA I OFF NOMINAL PLANNING GUIDE 

0-21 MIN. REDUCE TH·!E AT 
STATION 1 

FROM 1+06 TO 45 MIN. 

DELAY SEP TRP.NS:\ITTER EVA 2 li1PACT = 25 ;.n;L ( E:iD OF EVA) 
DEPLOY TO E:l:J OF EVA 2 DELETE STAT:ON 5 

DElAY SEP OFFLOAD A;m EXPMW EVA 2 IMPACT = 33 MIN. (E~D OF EVA) 
TRANSPORT TO EN[) OF DELETE STAT18ti 5 STATION 1 EVA 2 

53 MIN. - 1 HR DELAY CORE RECOVERY, EVA 2 WPACT ,. 20 :-!IN. (D~O OF EVA) 
NEUTRO;I FlUX ~10~tiTOR. DELETE STAT IQ:; 5 

ALSEP PHOTOS TO 
END OF EVA 2 EVA 3 IMPACT = 33 MIN. (BEGINUl~G OF EVA) 

r·:OVE SEP TO DELETE STATim~ 9 
BEGHJ~HIIG OF EVA 3 

1 HR 11 HIN. - 1 EVA 1 TRAVERSE HR 55 MIN. ~ELOCATE STATIO~ 1 TBO 
i~AINTAHI :·IHHMU:·1 (89-45 Mlil.) 

OF 45 tHIL FOR 
GEOLOGY TRAVERSE EVA 2 AIIJ 3 I:·1PACT BREAKPOHlT SA::E AS ASOVE 

FOrt 5-HR EVA--~~ 
t.VA 1 EJA 2 = 48 MIN. HR 55 HIN. - 2 HRS 18 MIN. TRAVE~SE I~PACT 
TBD {45 NI:L) ~E:t;J OF E'JA) DELAY CORE DRILLING 

Am..l GEOPHO;;;:_ 3 t,;;:.; 4 TO EiEi EVA 3 INP;\CT = 33 i·:r ~i. 
OF E'JA 2 (SEGI~NI~G OF EVA) 

TRAVERSES 2 MW 3 TBD 

DELAY ALSEP TO BEGH;:HNG 
JF EVA 2 EVA 1 ~lOMINAl TKt.VERSE 

DO NQr~WAL EVA 1 TRAVERSE EVA 2 ALSEC• NORTH MASSIF {?) TO STATION 1 - DEPLOY 
SEP AT E~D OF EVA 1 IF EVA 3 NOMINAL EVA 2 TRAVERSE TIME PERt..,ITS 

*DELAYED TASKS ARE ACCUI·lULATIVE PROCEEDING DOWN ThE PAGE. 
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UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SUAVEY 
Center of Astroaeology 
601 East Cedar Avenue 

Flagstaff, AriEona 86001 

// 
September 26, 1972 

To ! TNJ/R. Baldvin / 

From 

Subjl!et: 

w. R. Huehlber8er, Principal Investigator, S-Q59 

D. Strangway'e letter of September 21, 1972 
rtcontingency Planning Related to the SEP11 

Strangway propose$ to reduce Station 1 time to 20 minutes for contingency 
planning before the SEP antenna deployment is delayed to KVA 2. This 
p~oposal 1a unac~eptable aa outlined belov. 

The attached timeltne for Station 1 {please study it carefully) shows 
that eYen for the nominal 66 minutes. it is crowded. Reduction to 
45 •inutes u it h ntN in the contingency plana coats us the virtual 
elimination of one of the ~o major objectives at this site: that of 
es .. ining the loWer part of the dark mantle and ita relationships to 
~be surface on which it ~as deposited. 

' 
Uoderstanding the nature of the dark mantle and subfloor unite of the 
plains ie fundamentel to both geology and the interpretation of all 
tr.verse geophysical experi~enta. 

Jecauae the dark mantle is nearly ubiquitous, it makes the study of 
the eubfloor extremely difficult. Most exposures are discontinuous 
aad are in crater walls that are tnaceeaaible to the astronauts. 

The aubfloor unitt which apparently represents a major episode of 
f1111u& of the landing site graben. is well exposed only in the larae 
c~atera east of the landing point. The unit is represented by lisht 
colored crater vall and rim deposits that include larRe bloeks 
p~~ly eject~d from the large crater$. 

StatioQ 1 1• located at one of the fev plaees where the blocks and 
fiaer arained materiala of the aubfloor are aeeeasible for investi~ation. 
It alao is one of the fev pl•ce~ where the crew c•n exa.ine the lover 
pvt of the dark m.antle and observ~ th~ relation of the dark. mantle to 
t~ surface on which it vaa depoaited. Henee "tation 1 ie critical for 
charecteri~in~ the aubfloor and interpretins the history of the dark 
-tle. 
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The nominal a tat1on timet 66 ainu tea (all that is left of the EVA 1 
traverse after los1n3 ae,ments of time to the addition of several new 
~xperiments), is clearly none too long a time to devote to the 
complicated obser\•ational and aampltns taaks in the blocky •ubfloor 
and ~verlying dark mantle at station 1 (see attached timeline). 
Reduction to 45 minutes for a 21 minute time deficit can be achieved 
by eliminating most of the timQ for exploration and •ampling of the 
dark mantle at the station. We cannot accept further reduction of 
station time. Reduction to 20 minutea aa Strangway proposes, vould 
reduce ob~ervstion and s~lin~ ti~e to 11 minutes (overhead consumes 
9 minutes per station). This would permit collection <,f 4 few Rrab 
samples fro~ the crater rim, far too Bmall s return for the hour 
invested in travel and atation time. 

The geography of the traverses ia •uch that there ia ~other opportunity 
.!.Q.. visit ~ of the good e?tposures £f. aubfloor material until the ~ 
end of EVA 3. Historically EVA 3 ha• been curtailed. Hence deferment 
of subfloor-exploration ~d ~ampling until after EVA 1 beara the 
se~fous burden that the eubfloor, with it• extremely aignificant 
bearing on all of the traverae geophyaic• experiments, will never be 
adequately explored and &ampled. 

A possible alternative to Strangway's p-roposal is to defer the- dE>~fl 
d-rilling to the end of EVA 2. The trade-off& here can better be 
debated in SWP. 



E\'A-1 Station 1 Timelinc 

Cl>l LMP 

!nitial overhead (includaa TGEa TV pan) 5 5 

Ob10entat ion 

~crater wsll, rim, ejecta 
•Blo~ks. characterize and compare 

•relate to subfloor 

9 10 

•Subfloor and mantl~ contact~ 

•Bloek-nantle relationships 

Suhfloor 
•Documented sampling-enrphash· on bloc.'ks 

•Rake/soil 
•Pan 

lS 
) 

lS 
3 
1 

Subfl~or and mantle contact~ 

·E~ploratory trench and photographs 
•Double core in youngest unit 

6 

8 
6 
B 

Very dark mantle 
·Documented sample 
•Rake/soil 
•Pan 

3 
3 
l 

3 
3 

Dark n:antle 

•Documented s~ple 6 3 

Seismic char&!. depl2.t 

Final overhead 
2 
4 

66 66 
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EVA-I Station 1 Station time 1+06 

Lc.cetion: Ea.st rilii of 650 m crater at boundary b~tween dark m.antle and blocky 
subfloor material. 

C~ologic setting: Subfloar material is exposed in parts or the crater wall and 
ri~ as ejecta; talus, and perhaps outcrop. The eubfl0or unit is 
interpreted as basin-filling material such aa lava flova, impact 
breccias. impact melts. or colluvial deposita empla~ed after formation 
of the landing eite valley. The original valley floor upon vhic:h 

Objectives: 

the subfloor unit was deposited may have consisted of th~ upper part 
of the massif or tculptured hills units. and these material~ may have 
been included in the ejecta at atation 1. 

Dark mantle covere the floor and parts of the crater vall and rim, 
Unusually dark mantle that could repre8ent a younger or thicker (and 
hence less mixed) mantle deposit covers the southern half of the 
crater. Its northern boundary crosses the crater floor and wall as 
a di•tinct nearly straight line. An additional ~~all patch of very 
dark mantle occurR on the north vall and rim of the crater. The dark 
mantle may be young, fine grained p~·roclastic: material derived frotn 
abundant~ small vents that are generally unidentifiable in the orbital 
photographs. 

•Charac:ter-i~e Auhfloor material 
•InveRtigate historic•l sequence and mod~ o£ ori~in of dark mantle 

-- -

[) 1.' ;· 
( t c ... ~.arc 

y 

r -
{' 

' 

c 

r 
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EVA-1 Station 1 continued 

Ta~ks 

•Observe/photograph crater valls, 
-rims • ejecta 

Sub floor: 

•Blocks 
•Observe/photog~aph s~cturee and 
textures in several blocks in both 
bright and dark portions of crater 
rim 

·Documented samples 

• R.oeka and aoila 
•Document~d sa~plee 

•Rake 

·Pan 

Dark mantle: 

•Observe hoto ra h dark mantle--
very uk rr..a.ntle-subfloor conte.cts 

•Documented samples - dark mantle 
and very dark mantle 

•Rake-very dark mantle 

·Trench - dark mantle--very dark mantle 
contact; very dark ~ntle--subfloor 
contact 

•Double core in very dark ~ntle near 
contact vith dark mantle 

•Obaerve/pbotoaraph mantl~--block 
relationships 

•Observe/photograph contrasting light 
and dark areaa elsewhere on crater 
rim (especially dark patch on north 
rim) 

•Pan 

Enclosure 10 (5 of 5) 

Rationale 

•Origin of crater 

•Block structure and lttholo~y aa 
recorded in photograph• and samples 
provide data on variety and inter-
relations o£ rock types and on origin 
and history of subfloor unit; 
lithologic distinction across ALbedo 
boundary would sussest high ansle 
contact between diAtinct suhfloor unita. 

•Supplemental to block samplin~; 
increases ~r~bahility of comprehen~ively 
sampling subfloor materials. 

•Location; setting; crat~r wall 
•tructures; plains--dark mantle 
relationships 

•C.eometry and origin of mantle 

•Composition: age; mixing 

•Texture of mantle permitting, rake 
might optimize collection of 1cattered 
lithic fragment• 

·Geometry and origin of ~ntle units; 
relative amounts o£ regolith 
development 

•Stratigraphy; contact attitude; 
regolith history; sampling undisturbed 
mantle material 

•Chronology of blocks and mantle; ori8in 
of 'IJI.an tle 

•Possible clues to origin of ~antle 

•Stereoscopic view (with earlier pan) of 
crater vall, very dark mantle contact 

.cro•dna et'ater 
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APOLLO 17 LUNAR SURFACE EXPERIMENT PRIORITIES 

(MSC MISSION REQUIREMENTS DOCUMENT, REPRINTED 18 SEP. 1972) 

PRIORITY 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

%'2-

EXPERIMENT 

DOCUMENTED SAMPLE COLLECTION AT HIGHEST PRIORITY 
TRAVERSE STATION (PART OF LUNAR GEOLOGY INVESTIGATION) 

HEAT FLOW (S-037)* 

LUNAR SEISMIC PROFILING (S-203)* 

LUNAR SURFACE GRAVIMETER (S-207)* 

LUNAR ATMOSPHERIC COMPOSITION (S-205)* 

LUNAR EJECTA AND METEORITES (S-202)* 

LUNAR GEOLOGY INVESTIGATION (S-059) (PORTIONS OTHER 
THAN PRIORITY ITEMS 1 AND 8) 

DRILL CORE SAMPLE COLLECTION (PART OF LUNAR GEOLOGY 
INVESTIGATION) 

SURFACE ELECTRICAL PROPERTIES (S-204) 

LUNAR NEUTRON PROBE (S-299) 

TRAVERSE GRAVIMETER (S-199) 

COSMIC RAY DETECTOR (SHEETS) (S-152) 

*PART OF APOLLO 17 ALSEP 









REPLY TO 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 77058 

ATTN OF: TN3 

'. 

MEMORANDUM 

TO: Distribution 

FROM: TA/Chairman, Science Working Panel 

SUBJECT: Minutes of the 19th Science Working Panel 

19.1 Introduction 

The 19th Science Working Panel (SWP) was convened on November 16, 1972, 
at the Lunar Science Institute, Houston, Texas, by Chairman James A. 
Lovell (TA). SWP attendees are listed in Enclosure 1. The meeting 
agenda is included as Enclosure 2. 

Chairman Lovell opened the meeting with the statement that this was the 
last SWP meeting. He further announced that the Apollo 17 simulations 
were proceeding satisfactorily, and that mission support individuals 
would be notified of any change in the mission support schedule. 

This final meeting of the SWP was concerned exclusively with lunar sur-
face activities. 

A summary of the closeout of action items was presented by R. R. Baldwin 
(TN3). Updates to the nominal traverses and contingency planning were 
discussed by D. A. Morrison (TN6) and others. 

Experiment hardware photography procedures, deployment constraints, and 
deployment and operating tradeoffs were discussed by the cognizant in-
dividuals. 

A resolution concerning the present and future processing of Apollo 
science data was passed by the SWP. 

Agenda items were presented and discussed on November 20, 1972, and are 
summarized in paragraphs 19.2 through 19.6. Additional items not on the 
agenda are summarized in paragraph 19.7. A summary of SWP actions/ 
recommendations is presented in paragraph 19.8. No Executive Session 
was convened for this final SWP meeting. 
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Unless noted otherwise, SWP decisions/recommendations contained in 
these minutes represent the official position of the Science and 
Applications Directorate and may be used as such by other MSC mission 
planning and implementing organizations with regard to procedures, 
experiment/hardware procurement, recommendations, priorities, and the 
like. 

19.2 Action Items Closeout Summary 

R. R. Baldwin presented the disposition of six action items (Enclo-
sure 3). All but one item were closed subjects. The "SESC Transfer 
from SRC 2 to SRC 1," although a closed item per se, was further dis-
cussed from the standpoint of adding a second SESC in order to have 
one available during EVA 1. [Subsequent to the meeting, it was de-
termined by ASPO that the addition of a second SESC on Apollo 17 was 
not feasible at this late stage because of schedule problems.] 

The 500-mm camera usage was discussed briefly. The "targets of oppor-
tunity"/crew discretion rationale remains the planned utilization of 
the camera. 

W. T. O'Bryant (NASA/HQ/MAL) raised the question of the storage loca-
tion for the Long Term Lunar Surface Exposure documentation and ref-
erence materials. However, this was considered to be outside the 
scope of SWP's jurisdiction and the subject was dropped. [Representa-
tives of the Curator's Office state that the samples are and will be 
received, repackaged if necessary, labeled, heat-sealed in plastic bags, 
and stored in a special safe in clean room secure storage where lunar 
samples are stored.] 

19.3 Experiment Hardware Photography Procedure 

R. G. Zedekar (CG3) presented the planned photographic procedures for 
documenting deployment of the lunar surface experiment hardware (En-
closure 4). The photographic documentation is that which has been 
planned in the past and is documented in the Mission Requirements doc-
ument for Apollo 17. 

19.4 Lunar Neutron Probe (LNP) (Background Estimates - RTG vs. 
Emplacement Distance) 

D. S. Burnett, the Principal Investigator for the LNP experiment, pre-
sented the results of tests, so far completed, to determine the effect 
on the LNP of radiation from the RTG (the radioisotope thermoelectric 
generator power source for the ALSEP). Enclosure 5 summarizes the data. 
The actual background neutron flux is greater than was expected. Al-
though the LNP experiment data will be corrected for the RTG effects, 
the corrections themselves will contain uncertainties. Therefore, 
Dr. Burnett announced that the LNP should be deployed as far as possible 
away from the RTG and terrain-shielded from it as much as possible. 
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He would prefer the separation distance to be 50-m instead of the 
25-m presently planned, The larger separation distance would re-
duce the effect of the RTG on the experiment data and hence the 
magnitude of the necessary corrections and uncertainties. In any 
case, the actual deployed LNP/RTG separation distance must be known 
in order to make the corrections. Hence, adequate photographic docu-
mentation for postflight calculation of the distance is essential. 

Chairman Lovell summarized the discussion and agreement as follows: 
the crew will deploy the LNP as far away from the RTG as possible, 
within the constraints of other experiments and activities, while 
still documenting the distance photographically. Furthermore, in 
real-time after some feel for the local lunar topography has been 
acquired, the crew may be advised of the optimum location for the 
drill core sample (LNP deployment location). 

19.5 Lunar Surface Gravimeter (LSG) Operation vs. Lunar Seismic 
Profiling (LSP) Listening Mode (30 min/wk) 

P. Mason (NASA/HQ, speaking for J. Weber, the Principal Investigator 
for the LSG, discussed a potential conflict between the LSP and LSG 
operating plans. When the LSP is operating (listening mode), no other 
ALSEP experiment can be operated. The planned 7-day cycle of 30-minute 
listening periods for the LSP is felt by Dr. Weber to be unacceptable. 
Dr. Weber states that the Fourier analysis method which he will employ 
in his analyses of LSG lunar tides data will be seriously affected by 
the 7-day cycle of interruption of his data. He therefore requested 
that a different cycle of LSP listening periods be adopted, once every 
10 days or on a random basis, or something other than a multiple of 
7 days. 

In the discussion that followed, R. L. Kovach, the Principal Investi-
gator for the LSP experiment,presented some of the results of past 
listening periods from the Active Seismic Experiments (similar to the 
LSP experiment) that were deployed during Apollo 14 and 16. These re-
sults demonstrated the importance of not reducing the total yearly 
or monthly amount of LSP listening time that has been agreed to. 
Numerous important seismic events were monitored at frequencies out-
side the response of any other ALSEP experiments on or scheduled for 
the moon, 

The discussion of various alternative schedules resulted in the action 
item for R. H. Koos (FC9) to schedule the Apollo 17 ALSEP support op-
erations so as to eliminate the LSP 7-day cyclic interference with the 
LSG data acquisition, and to maintain the same total LSP listening 
time [26 hours/yr]. 
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19.6 Lunar Traverse Activities 

19.6.1 Nominal Traverse Update 

D. A. Morrison discussed briefly the recent update to the nominal 
traverse plans. He pointed out that the changes were few and minor. 
No further discussion ensued. Enclosure 9 shows the nominal traverse. 

19.6.2 Contingency Planning (Contingency Planning Team Recommendations) 

a. Use of Deep Drill Core Hole [Heat Flow Experiment (HFE) Probe vs. 
Lunar Neutron Probe (LNP)] 

G. P. Barnes (S&AD/GE) led the discussion of what action the crew 
should take in case a HFE bore stem breaks. Considerable dis-
cussion followed, focusing on whether two HFE probes were manda-
tory or not, whether or not the ALSD (drill) treadle should be 
left in place (for hole stability) over the deep core hole in 
case a HFE probe had to be inserted there, and where the deep 
core should be drilled. The discussion resulted in the SWP 
recommendation: 

In case of one good HFE hole, the deep core sample 
will be drilled where the second HFE probe was to be 
emplaced. The HFE probe will be inserted into the 
deep core hole without the treadle in place. The 
lower section of the LNP will then be drilled in 
elsewhere as deep as possible with the treadle in 
place. After the drilling, up to 1 minute of ham-
mering will be permitted with the hope of inserting 
the upper section as well. If the upper section 
cannot be inserted, the crewman will activate it and 
place it in the shade of the LM to be subsequently 
turned off and retrieved with the lower section. 

b. Lunar Seismic Profiling (LSP) (1/8 lb Charge Detonation) vs. 
Lunar Atmospheric Composition (LAC) (Dust Cover - 160°F) 

R. 0. Pepin discussed a possible- LAC- thermal problem which could 
affect deployment or detonation of the 1/8 lb LSP explosive 
charges (the two 1/8 lb charges are the closest of the eight LSP 
charges to the LAC). 
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If the LAC begins to overheat, it may be necessary to remove 
its dust cover before all of the LSP charges have been detonated. 
Removing the dust cover prior to all the LSP charges being deto-
nated runs the risk of allowing dust to degrade the thermal control 
surfaces of the LAC. This could occur before or after astronaut de-
parture from the moon. If the LAC begins to overheat early enough 
in the lunar stay, the crew may be directed to move the 1/8 lb 
charge(s) farther from the LAC. If it occurs too late (e.g., after 
LM liftoff) for the crew to move the charge(s), then detonation of 
the 1/8 lb charge(s) may be scrubbed. R. L. Kovach, the Principal 
Investigator for the LSP, stated that he would sacrifice detonation 
of one or more charges to insure success of the LAC experiment. 

It was agreed that because of the variability of this potential 
problem, it would have to be handled on its merits in real-time. 

c. Surface Electrical Properties (SEP) Operation - No LRV 

R. A. Parker (CB) discussed deployment and operation of the SEP ex-
periment in case the LRV has not been offloaded or in case it fails 
during a traverse (prior to completing the SEP experiment). Trans-
mitter deployment would be nominal. The problem would be carrying 
the receiver and keeping track of distance for approximately 500-m. 
If the LRV had not been offloaded, the receiver would be readily 
available; otherwise 16 man-minutes (2 men, 8 minutes) would be re-
quired to remove the receiver from the LRV and configure it to be 
carried. If the LRV fails during a traverse far from the LM, the 
SEP experiment will be abandoned after the tape has been retrieved. 

The SWP agreed to these plans. 

d. Payload/Equipment for Walking Traverses 

R. A. Parker (CB) described the payload equipment to be carried by 
the crew in case of walking traverses. The list is the same as 
that which has been agreed upon in the past and includes, in addi-
tion to deployment of the ALSEP, carrying the SEP receiver on one 
traverse (item c., above) and the Traverse Gravimeter on another 
traverse. The latter will be carried up to 2 Km for 4 traverse 
gravity readings. One reading near the LM would yield a total of 
5 gravity readings with the instrument. In addition, all except 
possibly the 1/8 and 1/4 lb LSP charges would be deployed. Planned 
walking traverses are shown in Enclosure 6. 

e. ALSEP Deployment Procedures for 1-Man EVA's 

D. A. Morrison briefly discussed the 1-man ALSEP deployment procedure. 
The procedure recommended by the Planning Team is for one crewman to 
deploy the entire ALSEP during EVA 1. The planned one-man LRV con-
tingency traverse is shown in Enclosure 7. 
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19.7 Additional Items (Not on Agenda) 

19.7.1 Apollo Science Data Processing 

W. T. O'Bryant raised the subject of Apollo science data processing. 
He cited the recent internal NASA/MSC decision to stop processing 
certain Apollo subsatellite data without consulting an appropriate 
scientific group. This elicited considerable discussion among the 
SWP members, and resulted in the formulation of a resolution: "The 
arbitrary decision to terminate processing of data from the Apollo 15 
Subsatellite is viewed with great alarm by the SWP. SWP strongly 
recommends that Apollo data continue to be acquired and processed, 
and any proposed change in this policy be reviewed by an appropriate 
scientific panel." W. R. Muehlberger (Principal Investigator, Lunar 
Geology Investigation) moved that the SWP adopt the resolution. The 
motion was seconded by L. T, Silver and was carried unanimously. 

19.7.2 Drive Core Samples, Lead Contamination 

L. T. Silver announced, for the record, that the lead contamination 
found in the Apollo 16 Drive Core samples is no longer a problem. 

19.7.3 Behind Time Planning Guide for EVA 1 and Impact on Subsequent 
EVA's 

R. G. Zedekar presented the Apollo 17 Behind Time Planning Guide for 
EVA 1 and the Impact on Subsequent EVA's of off-nominal EVA 1 (Enclo-
sure 8). This information will be utilized during the mission in case 
of an off-nominal EVA 1. 

19.7.4 Additional Special Environmental Sample Container (SESC) 

R. 0. Pepin discussed the availability of the SESC (only one SESC is 
included on Apollo 17) at traverse Station 1. Since having an SESC 
available at Station 1 for a possible shaded sample is considered to 
be very desirable, potential solutions to the problem were discussed, 
focusing finally on the addition of a second SESC. G. Barnes (S&AD/GE) 
pointed out that the hardware was available and the preparation (bagging 
and sealing) for flight could be handled by the Curator's Office. How-
ever, R. Parker (CB) indicated that the flight crew was not keen on the 
idea of adding lunar surface payload items this close to launch time. 

The discussions culminated in a motion by R. 0. Pepin as follows: 

SWP recommends that a second SESC be included on 
Apollo 17 for possible use by the crew prior to 
EVA 3. 

L. T. Silver seconded the motion. Vote: For, 7; Against, 0; abstain-
ing, 3. 
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s. M. Blackmer (PD12) accepted the action for ASPO to investigate the 
feasibility of adding the SESC. [Subsequent to the meeting, it was 
found by ASPO that the addition of a second SESC on Apollo 17 is not 
feasible because of scheduling problems]. 

19. 7.5 Mission Requirements Documentation and Implementation 

s. M. Blackmer informed the SWP of a recent policy statement by MSC/FOD ) 
to the effect that specific science data processing requirements will 
not be met unless they are included in the Mission Requirements document. 
However, W. T. O'Bryant reminded the members that the NASA/HQ document, 
the Mission Implementation Plan,is the controlling document and can 
therefore be utilized to resolve any conflicts which may arise. 

19.8 Summary of SWP Actions/Recommendations 

ALSEP 17 Support Operations 

SWP agrees that LSP listening mode periods should be scheduled to be com-
patible with LSG data acquisition requirements. Action for R. H. Koos to 
schedule the Apollo 17 ALSEP support operations so as to eliminate the 
LSP 7-day cyclic interference with the LSG data acquisition while main-
taining the same total LSP listening time [26 hours/yr]. 

Use of Deep Drill Core Hole [Heat Flow Experiment (HFE) Probe vs. Lunar 
Neutron Probe (LNP)] 

SWP recommends: 

In case of one good HFE hole, the deep core sample will 
be drilled where the second HFE probe was to be emplaced. 
The HFE probe will be inserted into the deep core hole 
without the treadle in place. The lower section of the 
LNP will then be drilled in elsewhere as deep as possible 
with the treadle in place. After the drilling, up to 1 
minute of hammering will be permitted with the hope of 
inserting the upper section as well. If the upper sec-
tion cannot be inserted, the crewman will activate it and 
place it in the shade of the LM to be subsequently turned 
off and retrieved with the lower section. 

Lunar Seismic Profiling (LSP) (1/8 lb Charge Detonation) vs. Lunar 
Atmospheric Composition (LAC) (Dust Cover - 160°F) 

SWP agrees that because of the variability of this potential problem, 
it will be handled on its merits in real time. 
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Surface Electrical Properties (SEP) Operation - No LRV 

SWP agrees to the planning team recommendations (Paragraph 19.6.2, c). 

Additional SESC On Apollo 17 

SWP recommends that a second SESC be included on Apollo 17 for possible 
use by the crew prior to EVA 3. 

Action to S. M. Blackmer to investigate feasibility. [Subsequent to 
it ound by ASPO that the addition of a second SESC on 

is ·ble because of schedule problems.] 

Enj:losures 
f '; 

TN3)RRBaldwin:CVWjlker(TN3/TRW):ss:ll-22-72:2711 
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AGENDA 

NINETEENTH MEETING OF THE SCIENCE WORKING PANEL 

November 16, 1972 

Lunar Science Institute 
Manned Spacecraft Center 

Houston, Texas 
8:30 a.m. 

INTRODUCTION Chairman, J. A. Lovell 

APOLLO 17 SCIENCE PLANNING 

A. Action Items Closeout Summary 

1. 500-mm Camera System 
2. Deep Core Sample Lead Contamination 
3. Lunar Sample Rust Reduction/Over-Bag Protection 
4. Cosmic Ray Detector Deployment 
5. Long-Term Lunar Surface Exposure Objective 

a. Stowage of Reference Data/Equipment 
b. Deployment of Helix Antenna Housing 

6. SESC Transfer from SRC 2 to SRC 1 

B. Experiment Hardware Photography Procedures 

C. Lunar Traverse Activities 

1. Nominal Traverses Update 
2. Contingency Planning 

a. Use of Deep Drill Core Hole (Heat Flow Probe 
vs. Lunar Neutron Probe) 

b. Payload/Equipment for Walking Traverses 
c. ALSEP Deployment Procedures for 1-man EVA's 

R. R. Baldwin 

D. A. Bland 

J. R. Sevier 

III. CONCLUSIONS SWP Members 
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A. ACTION ITEMS CLOSEOUT SUMMARY 

ITEM 

l. 500-MM CAMERA SYSTEM 

2. DEEP CORE SAMPLE LEAD 
CONTAMINATION 

3. LUNAR SAMPLE RUST REDUCTION/ 
OVER-BAG PROTECTION 

4. COSMIC RAY DETECTOR DEPLOYMENT 

5. LONG-TERM LUNAR SURFACE 
EXPOSURE OBJECTIVE 

6. SESC TRANSFER FROM SRC 2 TO 
SRC l 

STATUS 

SYSTEM APPROVED BY CCB. CREW PROCEDURES 
ARE COMPLETE. 

CREW WILL USE THE DRIVE TUBE FOLLOWER TOOL 
(ALL ALUMINUM, NO PAINT). 

NO CHANGE TO PREVIOUS PROCEDURES. 
REJECTED BY CCB. 

DEPLOYMENT SCHEDULED FOR END OF EVA 2. CREW OPTION 
FOR EARLIER DEPLOYMENT. (COMES DOWN IN ETB IN EVA 1) 

CURATOR 1S OFFICE IS RECEIVING REFERENCE MATERIAL FOR 
STO\~AGE. 

DEPLOYMENT OF HELIX ANTENNA HOUSING WAS REJECTED DUE 
TO FULL LUNAR SURFACE TIMELINE. 

REJECTED BY CCB. (SRC~S ARE SEALED AND TESTED}. 
ADDITIONAL SESC MAY BE FEASIBLE. 
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CALIFORNIA INSTITUTE OF TECHNOLOGY 

DIVJeiON 0~ Gk.OL.OQICAL. 

AND ~NKTARV' .CIIE:NCE.. 

Commander James Lovell 
Code TA 
Manned Spacecraft Center 
Houston, Texas 77058 

Dear Jim: 

...... ADENA, CAL.II'ORNIA QIIOQ 

November 13, 1972 

This letter is to inform you and SWP about test results of a field 
simulation of the background produced by the RTG for the neutron probe 
experiment. These data are important for the S\~P discussions on Thursday 
concerning the location of Apollo 17 core stem. Previously, we had asked 
that the neutron probe be deployed greater than 25 meters from the RTG, 
but our tests indicate that 25 meters is too close; consequently we request 
that the core drilling be carried out oa a spot 45-50 meters from Lhe RTG. 
Unfortunately, this request affects the nominal time line as well as the 
contingency situations to be considered by SWP. 

The RTG simulation utilized a milligram of 2 52 Cf, a neutron-emitting 
spontaneous fission isotope, to represent the RTG. An array of detectors 
at various distances and depths was exposed to this source. The simulation 
was made at the Red Hill cinder cone in the Mojave north of Pasadena. We 
have wanted to carry out such a simulation for many months; however it was 
not possible to borrow the source for the simulation until last week. 

The first figure shows the results of the simulation (the "measured" 
curve) expressed in terms of the ratio of the track density produced by 
the RTG neutrons to that produced by lunar neutrons as a function of 
distance from the RTG. A comparison is made with "calculated" curves both 
for the surface and for 50cm depth in which the RTG background was estimated 
theoretically. In all cases lunar contributions are obtained from the calcu-
lations of Lingenfelter et al. Although the chemical composition of the 
cinder cone material differs somewhat from that assumed in the calculated 
curves, it is clear that the calculations have seriously underestimated 
(by about a factor of 5) the actual RTG background. We believe that the 
reason for the discrepancy is that the calculations assume the direct irr~di
ation of a plane surface by neutrons from the RTG, whereas, in reality, most 
of the neutrons striking the area around a detector at 25 meters do not come 
directly from the source but, instead, are scattered in from positive surface 
relief in the area between the source and detector. The area used for the 
simulation had small scale surface undulations (20-40cm) which could provide 
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CALIFORNIA INSTITUTE OF TECHNOLOGY ~A6A0ENA. CALIFORNIA 8110&t 

Commander James Lovell 
Code TA 

November 13, 1972 
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the required relief, but it is possible that similar relief might also exist 
on the lunar surface. 

The strongest evidence for our interpretation is that the variation of 
the measured track density with distance from the Cf source dropped off 
closer to 1/r than the 1/~ expected if the neutrons were coming from a 
point source. Physically, the slow drop-off means that the neutrons are 
coming from a large source area rather than a point source, i.e., they 
must be predominantly scattered. 

Using the simulation data, the estimated background at the surface is 
about 25% at 25 meters. Fortunately, as the second figure shows, the RTG 
background contribution drops rapidly with depth. The effect of differences 
in composition between Red Hill and lunar material is such as to make this 
the worst case, however the background could be this high. ·Nevertheless, 
because there are uncertainties in these curves and because the data in the 
upper 30cm are important, we wish to be deployed further from the RTG than 
we had previously indicated. We can cut the background by at least a factor 
of 2 (even with a 1/r dependence on source distance) if the core stem is 
drilled at 45-50 meters from the RlG. lt mav also be pob&ible to exploit 
the local topography to provide some shielding by drilling the core stem in 
a depression or subdued crater floor. 

If the core stem hole is drilled in the direction defined by the RTG and 
the LRV, and the core stem hole drilled at 50 meters from the RTG, then my 
estimate is that the hole would be 30-35 meters from the LRV. As far as 
walking distance to the LRV is concerned, this is not much further than if the 
core hole were drilled at 25 meters from the RTG in the direction of the 2nd 
heat flow probe hole. 

By Thursday I should have more of the test data worked up for SWP, but 
I don't think any of the essential conclusions will change. At present, I 
am planning to attend the meeting Thursday. 

DSB :jag 
cc: Peter Mason 

NASA Headquarters 
Washington, D.c. 

B;c::e;~ 
Donald S. Burnett 
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IMPACT Otl 
SUBSEQUENT £' 
(SEE NEXT P~ 

IIJIIJTES BEHIND ACT.IOII 

0- 21 REOOCE STATION 1 OURATIOII BY lfli1BER OF MINUTES BEHIND 
(66 TO •s MINUTES) ' 

AND 

Zl • 24 DROP TV FOR SEP DEPLOYMENT 

MD r 

POSTPONE CC»tPlETION OF AL.SEP PHOTOS (TRUNCATE AfTER Z4 • l1 STER£0 PAH) 
0 

AIID 

I 
POSTPONE C()\PlET ION OF SEP DEPlOYHE!IT 31 - 52 - (!) r 

AIID 

I 
52 .. 1+00 POSTPOHE SEP OFF-LOAD AHD WALK-OUT <£) r . 

AND 

1+00 • 2+00 ABAHOON STATION 1 - TRAVERSE TO ALTER!~TE LOCATION; TOTAl 
TRAVERSE T HIE • 91-31 

. 
HlNUTES 

AIID f 

2+00 • 2+Z7 . POSTPONE ALSEP AREA ACTIVITIES IN FOLLOWING ORDER: 
1. CORE CREAK AND CAP 6 MINJTES 2. NEUTRON FLUX t()NITOR EMPLACEH£HT 
3. CORE RECOVERY - 7 MINJTES 

(CD:l TAKES STEREO PAH) 
® 

4. CORE DRILLING AIIO STEREO PAit . 1' MIIIJTES 
(COR ASSISTS WITH GEOPHONE DEPlOY) 

MD I 

1

POSTPOME HFE NO. 2 (ASSUHIHG HOLE 1(). 1 IS NC»1INAL.) AMO GEOPHONE E 2+27 - 2+56 DEPlO'tMEHT. TRUNCATE AL.SEP AFTER LEAH 

. All) :1 . 
/ 

>2+56 POSTPONE All AL.SEP SITE ACTIVITIES 
REINSTITUTE TRAVERSE TO STATION 1 (45-HIMJTE STATION .•• ME) 
REINSTITUTE SEP DEPLOYMENT AS TIHE PERMITS 

0 





0 
0 

.0 

0 

IMPACT ON SUBSEQUENT ·EVA's OF OFF-NOMINAL EVA 1 

ALSEP PHOTOS - 12 MINUTES REQUIRED - PERFOP~ AT END OF EVA 3 UPON RETURN TO ALSEP SITE TO 
RETRIEVE NFE. REDUCE STATION 9 DURATION AND RETURN FROM TRAVERSE 12 MINUTES EARLY 

SEP DEPLOYMENT - IF PARTIALLY DEPLOYED ON EVA 1 AND CAN BE COMPLETED IN 15 MINUTESt THEN 
.. PERFORM AT BEGINNING OF EVA 2, REDUCING TIME AT STATIONS 2 OR 3 
IF GREATER THAN 15 MINUTES REQUIRED, THEN PERFORM AT END OF EVA 2, REDUCING TIME AT STATION 5. 

(NET IMPACT • 19 MINUTES AT END OF EVA) 
EVA 3 IMPACT - SAME AS ~ ABOVE 

SEP OFF-LOAD - 8 MirruTES ADDITIONAL REQUIRED.OVER (!) ; PERFORM AT END OF EVA. 2, ELIMINATING 
STATION 5 

EVA 3 IMPACT SAME AS ~ ABOVE 
. . 

DEEP CORE AND NEUTRON FLUX MONITOR 
SUBSEQUENT EVA IMPACT 

(D 5 MINUTES 
(D+@ 8 MINUTES 
(D+@+@ 20 MINUTES 
(D+@+Q)+@) 35 MINUTES 

PERFORM(i)-(4)ABOVE, AS REQUIRED, AT END OF EVA 2 •. LMP ASSISTS COR IN ABOVE TAS~ AND COMPLETES 
~LSEP1HOT1fS IF TIME PERMITS. REDUCE OR ELIMINATE STATION 5 DEPENDING UPON TIME REQUIRED 

t«lVE SEP DEPLOYMENT ( @ + @ ) TO BEGINNING OF EVA 3, ELIMINATIUG STATION 9 

·COMPLETE ALSEP DEPLOYMENT (HFE PROBE NO. 2 AND GEOPHONES) - ~MINUTES REQUIRED. 
IMPACT:~AME AS @ ABOVE PLUS REDUCTION IN STATION TIME AT 2, 3, 4 BY 27 MINUTES 
@ + @ • 1 HOUR 02 MINUTES . . \ 

PERFORM ENTIRE ALSEP AREA ACTIVITIES-- 2 HOURS 30 MINUTES REQUIRED (INCLUDES NAVIGATION 
INITIALIZE AND TRAVERSE PREPARATION) .- ---

PERFORM AT BEGINNING OF EVA 2; EVA 2 TRAVERSE TBD 








