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MINu'rE:S OF THE APOLLO SITE SELECTION BOl\HD MEE'l'n:G 

Held at 
Kennedy Space Center 

March 6, 1970 

On March 6, 1970, the Apollo Si t.e Selection Board 
met at Kennedy Space Center. The meeting agenda is shown in 
Attachment A and the attendees are listed in A.ttachment B. 

Introduction 

Capt, Scherer presented the current Board membership 
(see Attachment B) and presented a request by l-lSFC that they 
be given an additional Board seat to represent the Program 
Development side of Marshall. Dr. Petrone took the request 
"under advisement. Capt. Scherer then reviewed the role of the 
ASSn, noting in particular that it might serve <1 broader 
purpose, as a mission review or mission definition board 
in addition to conducting its site function. 
Dr. Petrone scdd that he thinks that the mission review uspects 
are nC)\<1 "le.l1 covered at other forums and that he would like to 
keep the ASSB focused on site selection related topics ,,"'hich, he 
agreed, covers a broad spectrum of. subjects. 

Apollo 11 and 12 Results 

N. H. Hinners, Bellcomm, revie\'wd the salientre::;u Its 
from the Apollo 11 and 12 sample anC'.lyses, \,7i th emphasis on 
relating them to the lunar science objectives as presented at 
prior ASSB neetings. The presentation can best be summarized 
with reference to Hinners' concluding chart shO\m in Figure :1 
where the shading "7i thin a box connotes on a relative SCellc hO'.I 
far along \'Ie are tOHcirds accomplishing specific objectives .. 

It is well established no\'] that. the rocks 
at the AporIC>r:fs1te in Mare Tranquillitatis \vere molten "-3.7 
b.y. (billion years) ago and that a similar situation existed 
at the Nare Procellarum site of Apollo 12 b.y. ago. Thus 
we are· well on the way to deciphering a sequence of and time 
spun for filling 2nd the remaining sites shon]d cn2.ble Uf' 

. to obtain both younger and older material. About all one can 
say regarding the age of the mare bClsins and highlands is that 
they are older than 3.7b.y. and younger them "-<1.6 b.y. This 
old age of 4.6 b.y., obtained for the Apollo 11 soil, is thought 
to represent the "age" of the moon although a lot of work must 
be done at future sites to ascertain just what happened 4.6 b.y. 
ago and why the soil retains evidence for that event. Lastly, 
work on the Apollo 11 samples sho\'7s that the surface is being 
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churned or gardened at a rate such that the top six inches 
or so are completely mixed on a time [;ca1e of. 'VIOO million 
years and that cratering events have shm'lI1 no significant 
variRtion over the past half billion years. 

Composi tion: He now helve hlO good samples of TTlelLe 
mRterial ",hle-h indicate that lunar materiRl has unc1cr<Jono. major 
chemical fractionation, possibly in hlO stepE. First, the 
materiill is extremely depleted in volatile clements relative 
to ",hat: one believes "primitive" solar system material ought 
to contain. This indicates a high temperature history for 
(all?) lunar material, possibly during the formation of the 
moon, and mRkes it unlikely that He ",ill finc1 primitive 
material anywhere on the moon. . Second, the marc fi 11 is mos t 
likely a product of in-situ chemical fractionation (differen-
tiation) in the lunar interior in which case \oW have seen only 
a non-representative portion of the lunnr interior. In the . 
Apollo 11 soil, smRll pieces of exotic rock have been found 
",hich many investigators may be snlnples of highland 
'material and ",hich may represent a rock creat:ed by a process 
similar to that "'lhich created mRre rocks. The emphasif; on 
future missions ",ill thus be to obtain deep-sC!Dten samples ann 
highlands material. 

Processes: In most experimenters I mincls there 
little doubt that the igneous rocks found at the l\pollo J.1 and 
12 sites Here form2c1 by a volcanic process in which 
heating of the moon is the prime energy source for melU!19 the 
rocks. IImlCver, one cannot unequivocally rule ·out impact 
generated welting as a major lunnr process. ']'he role of Illete--
oroid in generating the lunar soil is essenti.ally tindi.s-
puLed and has resulted ill the formation of a very fine soil wi.th 
abundant particles of glass I the glass being, in generell, simply 
a shock meltecl equivalent of the crystclllil1(! rocl;s. BcfO!:e. . 
l\pollo 11, there \'las \"idespread belief th,d: lunar ,dnuom; r5.Jlef; 
resulted from water erosion. The fi.ndi.ng that there if; virtuul.ly 
no water in the rocks, and probably never was, is forcing a 
re-evaluRtion of that proposal .. 

Geophysics: ']'he successful crnplelcernont of seismometers 
on l\pollo 11 anc}-12has only \·:hettcd the apPQtite of geophysi-
cists, especially since they are obtaining seismic signals 
unlike those seen on carth. The conSCI1SUS is that one is seeing 
a complex absorption and reflection plwnomc'.I1oTl thY()U9h a hi9h1y 
fractured lunar surface layer. NO heat f10\" mCi:sm-crr,cnt OdS 
yet been mane, but the amount of radioactivity and varial:ion 
thereof in the 11 and 12 saJ11p1es clf;SUJ.(' u.,; that it v:1] 1 be a 
significant experiI:1cnt and potentially valuable in deciphering 
the lunar interior composition. 'fhe success ful clnplacernont of 

3 the LR on l\po1lo 11 goes a long way towards establishing the 
basis for accurate determiJlation of the lunar ephemeris, moments 
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.of inertia and other orbital parameters. Emplacement of t\Vo 
more I"R3

,S at \'lell selected sites \·!ill enable the investigators 
to conduct a thorough investigation of those lunar parameters. 
'1'he finding of remnant magnetism on JI.poll0 11 rocks (indicating 
a small lunar field 3.7 b.y. ago) and of a slnall d.c. field at 
the Apol:;"J 12 site have incrense':; the sig.:ificance of the 
magnetic experiments and serve to emphasize the need for other 
well placed instruments. There is no significant inforloation 
on the. lunar atmosphere yet on account of the failure of the 
pressure gauge on ALSEP, but \ole nOVl knOl'l that: the solar \'lind 
is impacting the surface directly. Analysis of solar wind 
incorporated in the lunar soil has already led to advances in 
understanding solar wind composition and may enable one to 
study the sun's history by studying lunar sites of Vi-tryin9 age. 

Report on GLEP+ February 6-7 Meeting 

A. J. Calio presented the . results of n meet:ing of 
the Group for Lunar Exploration Planning (and other invited 
'scientists including ALSEP PIs, the Lunar Panel of the LPI1B, 
and "remote sensors") held at HSC on Feuruury 6 und -;. 'fhe 
objective of the meeting was to re-evaluate the site mission 
assi9nments in view of the deletion of 1\pollo 20 from the 
Program. The starting point was the site assigllments approved 
at the ASSB in October of 1969 as shown in Column 1 of F'igure 2. 

At the C-LEP meeting there \'las n consensus thnt Frn 
Hauro was indeed a good site· for Jlpollo 13. 'rherc \\Ins sen'ciment 
expressed, hm,ever, that for 1\pollo 14 one of the fd.tes ".:hich 
".lOuld potentially provide "deep-seated" lun,l): mnterial might be 
preferable to I.ittrO\v. CancUc1ntes for such Cl !3itc included 
Davy Crater Chain, Rima 130cle II and 1\ subsUHltial 
mRjority of pClrticipants Clgreec1 th<lt Litt.rm: f;hou)c1 remain CIS 

the site for 1\pollo 14. 'rhe nrguments in favor of one of the 
deep sample si tes \'lere pen;uasivc thc\t, coml>illed ".,i tll (1 
recently expressed ambiguity in the interprC'tation of Censorinw; 
(possibly Nectnris basin thrm' qut), P2rU.c:i.P(lIlt-S ncp:eed to 
rate Davy as preferable to censorinns on 1\pr;110 15.· On account. 
of the necessary reli ance upon ]"1'0110 13 phot.O(,P:,lphy to ohtain 
satisfactory coverage of tlw desired landing poinh;, the agreed-to 
option included the pair Davy /Cen!;orinus \.!i th th e ul1clers tClnding 
that D(1vy hns higher priori ty if one can lnnc1 at a point such 
that both the highlands and craters arc accessible to the astro-
nauts. It \Vas nbted by Calia that Davy is preferable to both 
'Hyginus Rima Bode II on nccoc;,·,t of i U: multiple objec::. ;.ves 

(J.lpland fill, highlands, and decp-sc<1tcc1 1:\at.cria1) m; contrasted 
wi th the more singUlar objective of c1ccp-seclted sClmples at 
lIyginus and Pima Bode II. 

Consideration of J-mission.sites (1t the GLEP+ meeting 
more of a problem for it hac1 been est:ablished that 
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one mission vlOuld have to drop out on account of the Apollo 20 deletion. All the sites werc discussed, pro and CO)l, with a consensus for the sequence shown in Column 2 of Figure 2. In that list Tycho \-laS selected as ·the site to drop in the prime sequence on account of the apparently ovenlhcl:ning operational problems -'.nvolveC: in conducting ti • ..! missivl1. 'l'ycho ... ,<IS lc·..:t as an alternate to the Dcscartes site, however, since it \'las realized that more photography is necessary (to be obtclinoc1 on Apollo 13) before one can make a final decision. Discussion of Hadley focuscd.on the opinion. that a mission oriented pri-marily towards the rille might be unwise for first it appears that Slumping of \'lall material into the bottom has covered up any signs of erosion which might have been ob-servable when it "laS formed ana. second, the lack of \','Clter in the Apollo 11 and 12 samples makes it unlikely that any form of watcr erosion was involved in the rille forlllation. The group thus decided that it would be better to reposition tIle landing site to it had been about a year ago Clllc1 to have multiple objectives including the crater Hadley C, Ule rjlJ.e, and the Apennine front. 

l>1SC recommended a site assignment as sho ... m in Column 3 of Figure 2. This follows the GLEP+ list "'Ii th the exception that they .\-lould delete 'fycho from any fUrther consideration on account of the operational difficulties and wouJ.d switch tIle relative positions of Copernicus and Hills.· The raU olwle for the s\"i tch was: 

1. The Marius Iii lIs has been a prima rover mission and the rover may not be ready in time to meet the r·1ad.lJ.s lJi lIs launch windo\"!. Copernicus \-lould make a better walking in lISC' s opinion; 

2. The traverse instrument.ation cannot be for an Apollo 16 launch c1ate but could be for the 7\1'0110 18 delte and it is preferable to have that instrtmentcd:ion available at the Marius Hills; 

3. \"le may learn enough on missions 13-15 to oDvi <Ite the need to go to the Harius Hills at all; and 

4. J.larius Hills is too complex a site for a first rover mission. 

Discussiu!1 

Dr. Petrone rioted that it' \-las only at this time to mClke the ",polIo 14 c'!ecision. Since there has been a favorahle concensus (GLEP+, MSC, ASSn) on Li ttrOl'l for that mis-sion, the decision was mad'c to assign it to Apollo 14. It was again 'noted that \·lC do not have the information neceSSctry to make the decision on Davy or Censorinus for Apollo 15. Dr. Petrone 
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accepted a philosophy of keeping the pair under consideration 
for Apollo 15 with Davy being of higher scientific priority 

. assuming that the landing point is within astrol1flut walking 
range of both the highlands and craters. In vie\-l of the ti.me 
needed to process and analyze the Apollo 13 photogrilphy and 
the leadH lYle nee oed before Apollr 15, it ':!c>.s agreed that the 
Apollo 15 decision should be made about bvo to three months after 
the Apollo 13 launch. 

In the discussiol1 of the J-mission sequence, Dr. Petrone 
noted that for some time nm-.' NASA has been advertis:i.ng the 
Marius Hills as the prime and first rover mission. 'J'o ch<\I1ge 
it now requires a good reason. Points brought up rcgardil:9 
the HSC position on tho switch were: 

1. 

2. 

3, 

4. 

C®5. 
6. 

7. 

\,1e I re as apt to learn enough from 13··15 to make us 
change our mind about Copernicus; 

CoperniCtlS is not a good walking mission si to con-
sidering the latest walking constrnints (budc1y···systew) 
and that the HSC preferred landing point (2 km diameter 
circle) is about 5 km from the central 

The topography at Copernicus is rougher th,1I1 at 
Marius Hills making it less dcsir<1blc as a fin:t 
rover mission. 

The Principal Investigators for tJ1e traverse 
instrumentClU.on have not identificc1 specific si to 
dependent objec·tives so one cannot make a better case 
for one site or the other; 

Harins Hills on 16 \Vould allm·, J110rC photo-
graphic coverage early which might be of usC' for 
later missions. 

Keeping f.lari us Hi 11 s in the 16 slot \'lO111<1 k cop til e 
pressure on file rover development. 

Keeping Narius Hills on 16 \'lould fOJ:ce the continuation 
of detailed traverse planJ1il1g. 

Participants agreed that there is valic1it.y to all 
points raised, pro and can. Perhaps most significant is Uw 
realizaLion that the arguments relativC! science J:lcrji are 
based largely upon educated speculation and hypotheses. Dr. Petrone 
stated thclt. pressure must be kept on the rover re-
gardless of the specific 16 site that mission planning must 
proceed on traveJ:se utilization. Since it was not necessary to 
make a decision CIt the Assn meeting, Dr. Petrone slated that he 
would take the matter of the Marius Hi11s··Copernicus trade and 
the assignments under advisement and make a decision 
in the next couple of \.,eeks. Hovlever, he requested thE! following: 
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Compare the relative merits of the narius Hills 'and 
Copernicus as '",a1king missions (]lction: l-lSC, Calia). 

Investigate the other sites as potential walking mis-
sions for Apollo 16 (Action: l-lSC, Calia). 

Discussion of Tycho re-affirmed the !-lSC feeling that 
Tycho is difficult operationally. Dr. Petrone re-iterated the 
desire. of the scientists to explore '1'ycho anci asked that it 
remain in the list of candidate sites. Realizing that it is 
a difficult site, he tentatively positioned it as an alternate 
to lladleY'-Apennine on Apollo 19. As such, it causes no large 
amount of effort nOvl but will keep it ·alive. 

A summary of the tentative position of the Assn re-
garding site assignments is shown in Column 4 of Figure 2. 

Regarding the site selection reviel'l process, Dr. Petrone 
said that vle need to eliminate the constant re-edllcation of nOl1 
participants since such has been time consuminS/ and 
in the past. He v!ou1d like the site selection rationalo documented 
in a NASA pUblication. In response, A. '" Calio said that S&.,\D 
is preparing a Site Data Book vlhich 1·,i11· contClin facts and photoS'·-
raphy on all sites.' N. \'1. Hinners noted tlHtt ho is vlOrking on a 
vlri te-up of thE' science rationale. Calia <'md Hinners indicat.ed 
that they vlOu1c1 coordinate those efforts. 

F. Bennett, l-mC, reported the resuli:s of the study on 
the effects of 1unC1.r dust during terminal c1r!scent. It " .. as con-

. c1uded thClt, within the error of the ilnalysns, tIle differellces 
in visibility behlCcm the l\po110 11 and 12 could be 
explained by differences in engine thru;;t ("020% of the effect) 
and sun angle ("080% of the effect). It "!as noted that unde1:er--
minClble differences in soil mechanics properties at t.he 1..\10 
sites might also account for the differencos. Bennet.t racoMncnacd 
that studies continue on dust scattering properties, affects of 
variation of cohesion, particle size distribution, albedo and sun 
cll191c on visibi Ii 1..y obscuration, and on the role of 9as diffusion 
through the soil as it aids soil erosion. '1'he summary comment 
was that there is no apparent ",ay to avoid dust on future landings 
but thClt a software change is expected to enable essentially 
"blind" landings. 

Next, Bennett summarized the l'_pollo 11 and 12 descent 
profiles below 500 feet and compared then ",ith the nominal auto-
matic history. A1thought there were devia1_ions 
from the nominal (both )\po110 11 and 12 took 'lonS/er beJ.O\'l 500 
feet) sufficient margin existed such that an a110\'limce of two 
minutes below 500 feet is still considered valid. 
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M. Cassetti, NSC, report8u on deltas to the LM/CSH 
payload capability. Revisions in the DPS II V included 
removing the bV a110vlance for the (merine valve malfunctions 
(+120 Ibs LM payload), adding bV for- the early Im'l level 
sensor anomaly (-400 Ibs payload), removing the 99.999% prob-

propellent non-dep1etj':"1, and <,o.e1:i.119 a 20 secon" 
abort pad (these last twei cancelled each other on the bV 
bucJget). On SPS, Cassetti noted that lower micJcoursc correc-
tion IIV and a revised LM reserve/contingency budget resulted 
in a of Ibs. 

A summary of the J-mission weight status indicated 
a current CS1-1 inert weight (less pay10'ad) of 24,900 Ibs with 
projected groHth to 25,450 (control \-Ieight is 25,000). The 
LH (full propellent loads but less payload) is currently 
35,131 with projected growth to 35,331 (35,350 cOJltrol weight). 
Consideration of current CSM science payloads Ibs) and 
LM science payload 'including the Ibs) led NSC to 
recommcmd 850 Ibs control weight on each and 1000 Ibs for a 
1imi t weight. For certain proposed scheduler,; and lanc1ing 
sites (Figure 3) the launch vehicle requirerocnts exceed the APO 
control weight of 106,500 1bs. MSC proposes to get around 
the problem by tai loring launch envi rOl1TlI(;nt (temperature, wind, 
etc.) requirements to a specific monthly sc.:hec1ule rv.thc:r than 
using yearly envelope as is 110\'1 done. In many cases one re-
quires a 90 nm orbit to gain perfornwncc. Such j s tl:uc in 
enough cases that J,lSC r.ecommended that the 90 nm' orbi t become; 
sLandard. 1-lSC and HSFC \-lCre asked to submit il Hrittel1 recom-
mendation to t.hat effect to Headquarters (lIc:t::ion: !,!SFC, Speer 
and MSC, McDivitt). Any launch vehicle payloaa deficiencies 
remaining after the above improvements would be 
ei t:her by reducing the launch \vindm'l or by nc;j n9 a non--free 
return trajectory. 

Pro},()sed IJalmch Onportuni ty Plan ---- --------_._. 
Since the cont_ent of this E;cejlrtOnt. of t.he agenda hel(1 

been cUscusf,;ec1 by Dr. Petrone and 1,'!SC tIl(! day beforc the AS;'!} 
meeting, only a summary \'l<lS HcDivitt fin;!: to.the 
question of the back-up site plnlosophy and noted that keep].ng 
a back-up or recycle site for a mission too much 
presents an astronaut training problem, J,r used results ].n 
a science loss. '1'his led to a recolllrnenc1at:lon (accepted) to drop 
further , .. lOrk on back-up sites. '1'herefore, the object is to no\'7 

,concentr",1..c on the prime site ant ':['-0 launches. In order 1:0 
maximize the launch opportunities for a given site, a look is 
being taken at. extending the launch \'7indO\'.' to three months (110 
clays on hypergolics). Results of that study should be avaiJ able 
in May. 

To increase the prospects of a successful launch, NSC 
investigated T-24 and T+24 opportunities. A T-24 
a cllilllge in the mission profile to "cat-up" extra tlllle elther 1n 
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translunar coast or in lunar orbit. The extended flight time 
leads to a projected shortage of consumables (1I2 ) which could 
be solved by a later loading of H2 (at T-20 hrs), by reducing 
power drain during TLC, and by' restricting nctivities during 
the extrcl time in lunar orbi t. .31:2 press,-,re margins also "Bcome 
critical in certain cases but a series of potential fixes 
indicate that it is not an insurmountable problem. The prime 
problem of aT+24 launch concerns visibility at the higher sun 
angle at landing (18 0 -27 0

), in particular can the crew see well 
enough to quickly recognize the landing site early in the 
visibility phase nnd \-lell enough to ayoid obstacles at landing? 
Although studies so far are incomplete on the '1'+2tJ visibility, 
the opinion was expressed that the visibility \-IOU] d be degraded 
but would be acceptable for landing. 'l'he prime concern was 
that one is apt to lose the capability for the pin-point land5 .. ng 
at certain sites which do not have obvious, eilsily distingllished 
landmarks. 

The agreed upon position for the opportunities for 
the Ilpollo 13 mission was: 

First month T-O only 

Second month T-24, T-O, '1'+24 

Si te IJeadtimc Reduction Ta'sk Group RCEort 

C. Perrine, MSC, reminded the 1\.SSD that in i 

1969, the '1'ask Group reported that a standard mode-of",operation 
leadtime for site selection was six monthr,. 1\. re· .. evaluation 
of that earlier work indicates that there ':,"'8 four critical 
pat.hs (Figure tJ) of seven mont.hs, thus 'l1IOl}6n9 it: impossible. for 
the results of one mission to influence the site of the! 11('Xt 
mission (the tilt18 available for that reaction only "-'four: 
months). Dr. Petrone agreed \'lith t.he reCOl'li'lcnc1ation that the 
sit.es be select-.eel by T-7 months (lnc1 th11t the G):Otlp effort 
be considered completed. 

StCltus RCl?Ol .. t on LUI1..ar 

'1'his part of the ASSn meeting consist:ed primari ly 
of informal discussions. Dr. Petrone noted thClt the object of 
the grime is to extend mission capability but L.hat·. in the t.raverse 
planning exercises U.s.C.S., Be II co;-nm) there docs v·t 
appcOlr to be consistency in' assumed (BI'l.) ratef; I rov(!r 
speeds, etc.). Col. sit"id "that. J.;SC h",; reCOSlni7.ec1 this 
problem and will provide an official \·,ith planning numbc,rs. 

Mr. C111io, MSC, discussed the ro]e of the mission scien-
tists (scientist-astronauts) in S&1\.D. He said that the system 
is "lork.i.ngHell and urged that they become the focClI point. for 
science input at MSC (now scattered C1mong 8&AD, 1\51'0, E&D, FCO!). 
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Discussion of the J-mission traverses again brought 
out the fact that so far Principal Investigators have not 
identified specific site-dependent objectives. Mr: Calio was 
9i ven the action item to coordinate such a plcln. 

Status Report on Orbital and Science 

capt. Scherer shmved the current surfuce and orbi tal 
experiments assignments (Figures 5-7). Of particulur note was 
the fact that the proposed traverse.science instruments (seismic 
profiling, gravimeter, electrical properties) will not be 
available for Apollo 16 and most of them not until 18 and 19. 
Regarding the orbi tal experiments I Capt. Scherer noted that it 
has been possible to integrate the subsatellite into the SIM 
on Apollo 16 and that. incorporation of the electromagnetic ex-
periment on Apollo 19 precludes carrying thc pan camera on 19 
(a volume problem). lIe further stated.that. t.he two electromag-
netic experiments (sounding radar and ml Sounder A) are being 
stUdied by' a tusk group and the Principal Investigaton; in an 
attempt to make a single combined exped.mcnt. 1\t this time 
such an integration appears desirable anc1 feasible. 

Summary of Action Items 

·1. Consider MSFC request for an additional scat on the 
ASSn (n. A. Petrone/J.m). 

2. Compare the relative merits of the Marius Hills and 
Coperni.cus as walking missions (A. J. Calio/ESC). 

3. Investigate the other sites as potential walking mis-
sions for 1\pollo 16 (A. J. Ca.lio/J.1SC). 

4. Submit a wri t.ten recOImnendation 
cerning use of a 90 nm earth orbit. (J. A. 
Speer/MSFC) •. 

to Headquarters con-
McDivitt/MSC and t. A. 

! , 

5. Provide an official document providing consistent: 
planning numbers for surface mission plunning (;r. A. McDiviLt/t1SC). 

. 6. Establish site-dependent ob:jectives for J-mission traverse 
science (A. ". Calio/HSC). 

7. Document the lunar sites Clnd site selection rAtionale 
(N. \\1. Hinners/Bellconun and 1' .. J. Calio/r·;sC). 


