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CERNAN

EVANS

1.0 BSUITING AND INGRESS

Except for one small item, the entire suiting asnd ingress and
all equipment supporting it wss nominal., There were no com-
plications or problems. Buit circuit checks and cabin cleseout
were rapld and complete and, tc the best of our knowiedge from

inside the cabin, went very well.

The anomaly Gene mentioned was ry insuit drink bag. Uafor-
tunately, I didn't try 1t out pricr to putting cn the helimet.

I wigh I would have now, because the waterbag itself had gotten
twisted sideways underneath the neckring instead of hanging
straight down from the neckring. The tube was crimped and I

was ungble to get any water whatscever out cof it.
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2.0 BSTATUS CHECKS AND COUNTDOWN

Ground communications with the spacecraft and all the lsunch
preps for a nominal on-time launch went well. There were no
gpacecraft anomalies or problems during the launch prep. All
systems checked out well. Controls and displays went well
through T minus 30 seconds, when there was an automatic se-
quencer hold due to a potential problem that the ground support
equipment saw on S-IVB pressurization. However, to the best

of my knowledge, the S-IVB was GO on the cockpit displays. The
S5-IVB pressures were nominal, but, nevertheless, we had an auto-
matic held in the sequencer at T minus 30 seconds. From then
on, for 2 hours and L0 minutes, we had a series of 20-minute
recycles., I don't know exsctly how many now. Did we ever get

down to 8 minutes one time in the count?
No. Once we got started below 20 minutes, we went all the way.

The problem turned cut to be apparently in the software of the
ground suppert equipment. The workaround was caught up, checked
out through the Cape and Marshall, and once the count picked

up, we had two azimuth updates.

We had two azimuth updates, because the first recycle was more
than 20 minutes, wasn't it? Tt was more than 20 minutes and

we recycled to that point and then they found out that they
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weren't going to be able to pick it up agein in 20 minutes.

And we stopped at 20 minutes and made the second azimuths.

The point here being, both azimuth updates in the spacecraft
went well. The CMP put them in the computer. The computer
tock it. I watched the IMU torque., After each one of those,
they had to reset the GDC, which worked fine., 5o we launched
with a good GDC following the platform. The only difference
wes & small roll angle, and it was reversed, because we had
gone through 90° on the azimuth change. But that didn't really
bother anything because the roll came in on time in & reverse
direction. It was a small roll that culminated in Just a few

Seconis.

The count and lift-off, through the yaw and the roll program,

were nominal once we got through T-0.

Distinction of sounds in launch vehicle seguence countdown to
lift-off - I think the only thing that really comes across in
there is that a2t some point you get a good vidbraticn. At some
point in the countdown, you get a good vibration as you're sit-
wing up there., It's not part of the C3M's operation, so you're
not sure what's going on. And this hagppened in the CDDT and,
of course, all we did was check aznd find out we were doing

something witn the booster.
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When they ran through some gimbaling programs.

The major portion of the launch count has to do with checking
out the systems, 50 the commander stays Very busy and many
times on separate icops. The entire EDS system checked cut
very well., We only checked it out once in the initial count
and during most of the recycle we steyed in EDS AUTO and then
we de-armed zDS AUTO but still maintained a manual EDS capa-
bility to abort during that recyple time. We picked EDS AUTD

as part of the T minus 20 recycle for fipnal 1lift-off.
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3.0 POWERED FLIGHT

The S-IC ignition ~ The lights started going out at 7 seconds,
and somewhere around 3 seconds they were completely out. You
could feel the ignition. You could feel the engines come up

to speed. Just prior to lift-off and during the first few
seconds of 1lift-off when we were near the pad, both the CMP

and T could see the reflecticn of the engine ignition out the
left-hand window and the hatch window in the BPC. We could not
see the fire but could see a red glow through the windows
reflecting a@parently off the surface. Ignition was like a big
old freight train sort of starting to rumble and shake and
rattle and as she lifted off. We got a good tower clear. As
you go through max-q, as in the past, 1t gets very rough and
much noisier, but T don't think we ever had any trouble hearing
each other in the spacecraft. I had my intercom very high and
all my S-bands and twesked everything up prior to lift-off.

We went through max-g and the only unusual thing going through
max-q, considering wind components that we had was that I saw
25 percent on the ALPHA going through max-q. The yaw needle
was right on, but the pitch needle had dropped to a degree and
g half at the most. I guess I didn't really expect it because
of the predicted wind components. After we got through max-q,
you could still certainly tell the bird was burning as we

pressed on toward steging, but it got much gquleter and it was

DB
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CERNAN
(CORT'D)
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very evident that you were through max-gq when that time came.

We had center engine shutdowr on time. We had staging on time.

I den't think it's ever been recorded on a daylight launch be-
fore, but as soon as the 8-IC shut down during the time
involved in recycling and geitting tke staging sequence goling
and the 5-IT 1lit off, apparently the trailing flame of the

S-IC overtook the gpacecraft when we immediately went into that
zero~g condition. And, for just a second, as tne 8-I1 1lit

off, we went through the flame. Tt was very obvious. We could
see it out of both windows. I particularly could see it out of
the left-hand rendezvous window of the 3PC. It was not a
smoke; 1t was not an orange fireball; it was just a bright
vellow fire of the trailing flame of the 5-IC; anc it happened
for just a split second. Then we got off on the S-II and
things got very quiet and very smooth and was a very long,

quiet, smooth ride.

I really wasn't watching the lights because I guess T didn't
expect the thing to shske quite as much as it did. Tone, I
felt like I was really vibrating. I wanted to find out what
was maeking me vibrate. I wasn't expecting that much vibration
when the S-IC lit off. At 1ift-cff, again, once it got vibra-
tirg, I didn't feel the yaw. I was watching the needle on the

thing but didn't feel the yaw, though. The ghaking increased a




EVANS 1ittle bit up to max-gq and then there was a different type of
(CONT'D)
sheking. It was more of & vibration, I think, going through
max-g. And there was more noise associated with going through

max-g. Of course, with the shutdown of the S-IC, I think that

was sbout 4-1/2g.
CERN AN We pushed Lg.

SCHMITT  Just pushing lbg on the thing and it quits Just like that. I
was prepared for it because Gene had said, "Hey, brace your-
selves because it is going to hsppen," and it happened all

right. It just flat quit when we went from hg to O.
CERNAN The great train wreck.

SCHMITT I think in s8ll those booster cutoffs, it's hard to see how
rapidly the g-level decreases. I guess the qnly other comment
I have is that T think that it is good to do a lot of simulation
about malfunctions during launch, but up through max-g it is a
little bit unrealistic to think that you are going to analyze

a malfunction in the spacecraft.

CERNAN To sum up the S-IC, I perscnally didn't think it was any dif-
ferent than my previous ride on the S-IC and up through this
point being a night launch really didn't make any difference
et all. The only thing I did different that I hadn't really

though & lot about until T sat on the pad and began to think

-
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CERN AN
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about staging was, just prior to steging, I took my hand of?
the abort handle and held the support arm rather than the
translation contrcl handle until after staging. I did this
Just & couple of seconds prior to steging. I had talked about
it with Jchn Young a 1little bit prior to the flight and it

turns out that's what he did, also. PFProbably a good thing.

The S-I1 igni%tion was very smooth. We got skirt sep right on
time. 1 could feel skirt sep going. We had tower Jett, which
was really sort of gpectacular at night. I think the LMP is
geing to add something to it, but from the left-hand rendezvous
window, I could not only see the Tlame, but the inside of the
BPC seemed to be 1it up. Of course, it doesn't stay there very
leng; it's gone in just =2 split second. But it was a very
spectacular sight at night to see that tower go against the
blackness of space out there. We could see guidance come in
very definitely. It was not as big a pulsation as I've seen

cn the simulator but I did see the needlie and the spacecraft

did change its attitude slightly.

You could see the mixture ratio shift. It was Just a long,
smooth, gquiet ride. Inboard cutoff was right on time. You
could feel it, a definite physiclogical feeling. Of course,
the g-meter saw 1t also. The 5-11 cuteff, as Jack sald, Is

again very sharp, almost Iinstantaneocus, from almost 4bg to 0.
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But on the S-IT, although it's sharp and a very hard hit, you
don't unload the entire stack like you do when you're on the
5-IC. The staging was very smcoth. It did not seem like an
exceptionally long time before we separated and the 5-IVBE lit

off.

On the tower Jett, I wouldn't say a split second. As a matter
of fact, I was surprised it lasted as long as it did. It was

a few seconds.

I couldn't see the rocket go. All T could see was an orange

glow out the center window.

While we were on the S-II, we would see no indication of light
from the engines. We were just thrusting out in the darkness
of space. 1 tried to see stars for potential mode IV and, of
course, at that time, mode TI gbort and turnéd the lights down
on the left side once or twice. But even with the lights down
(we had the IEB lights relatively low), in my estimation, it
would have required all the lights in the spacecraft to have
been off and certainly more than a few seconds to become night
adapted to be able to gee through the windows and pick up stars
that would have been sble to help in an abort situation had
you lost the computer and the SCS. We had locked, potentially
tlanned to use those stars in an sbort condition if we had to.

We had excellent constellations to look at. They obviously
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CERN AN
(CONT'D)

SCHMITT

CERN AN

were there, but I could not see through the low glow reflection
on the window even with our lights, floodlights, turned almost
all the way down. I even went tc the extent of trying to
shield my eyes on the S-IT and locked out the window and I
still could not pick up anything that I could have recognized
for an abort, I also could not pick up any night horizons
during that point in time which I thought i might be able to

base on seeing where the stars cut off and where they do not,

We had another indication of that during entry when we were
locking for a night horizon and finally saw it, but it was

extremely hard to find.

We got 1it off on the 5-IVB, and, unlike the flame we flew
through on the S-IT, we did not do that on the S-IVB. I don't
¥now where the reflection came from, but T could see the
reflection from somewhere cut the forward window. Either it
was the S-II trailing flame trying to overteke the vehicle but
ddn't quite make it, or it was S-IVB ignition reflecting off
the 5-II because there's nc atmosphere up ithere at that point.
But I did not see & flame, but a residuai back light out that
window just for a short period of time, either right at staging
cr Just at S-IVB ignition. As I think back, my best guess
would be that the zame thing hapvened on the S-II, that the

trailing flame, when you go from bg teo 0 instantanecusly, tends
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to overtake the vehicle., But in the case of the S-IT, it's
not nearly as big a pattern and Just didn't quite make it up
the stack. 1 Jjust saw some of the glow of it. That's my best
guess. After the S-IVB ignited, we never saw anything except

the APS firing throughout that burn.
You could see the mixture ratio shifst.
But PU shift, both vehicles, was surprisingly noticeable.

Communications throughout the hooster phase were excellent. T

never had any problem hearing either Stony or CAPCOM.
Controls and displays performed super.

Crew comfort through powered flight - I felt very comfortable

throughout the entire flight in orbit.
As far ss I'm concerned, there was no pogo on the burn.
Ne, none.

Surmming up the birds. If you want to put them in more layman
terms, I think the 3-IC acted and performed like some big, old,
rugged, shaeky, big monster. It has to be noisy, has lots of
vibration, and.smoothed ocut somewhat after max-g, but still was
a rumbling bird. The S5-II was a Cadillac: quiet, less than

1lg flight most of the time until we built up our g-load prior
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CERN AN to staging. It wag quiet, smooth, had very little noise, or
(CONT ' D)
feeling of rumbling or anything else. The S-IVB: a light
little chugger is probably the best way T can describe it,
which is not different than I remember it in the past. It
Just seort of rumbled on, not anywhere near the extent of the
S-IC, but just sort of continued te rumble on through the burn.
After a while, especially during TLI, it got to be a very

plegssaent, warm feeling that she was burning like she should

burn.

TWANS Chugging, I think, has two different connctations. I felt the
S5-IVB was more of a very light rumble in the background, some-
thing that is kind of rumbling as opposed to chugging. A chug
to me is a bang-bang type thing, and toc me it was more of a

rumble .

BCHMITT I agree, it may be a sense of rumbling but the ride was smooth.
T could sense some activity behird it, but I wouldn't haeve gaid

that it was chugging.

CERYVAN I'11 modify chugging to say i+ was a hurmocxy chug, just &
rolling type. Nothing different, and, as I ssy, the best
recollection, similar tec the S-IV3 I had the opportunity to ride
on before, but probably even mocre steady and continucus flow of

light rumbling.
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4.0 EARTH ORBIT AND SYSTEMS CHECKOUT

Evaluation of insertion parameters - We got a good onboard

orbit. Ground gave us a GO for orbit.

The postinsertion systems configuration systems checkout and the
conplete spacecraft and booster preparation for TLI weni extremely
smooth end extremely rapid., By the time we came back over the
States on the first pass, we were ready and the spacecraft. was
ready, and we were configured and could have gone on a TLI-0
without any hurrying and scurrying whatsoever. From that point
on, when we got owr GO on the booster and a GO for TLI-1, it

was an Earth-orbit, an extra Farth-orbit ride to =it back and
just nmoritor ocur systems in the spacecraft and see what we

could see from Earth orbit in terms of viewing. It was an

extra 90 minutes of the fiight that, if you really had to do
without, you could have. And it was not hurried. It was very

comfortable, even progressing toward the TLI-0.

et me add just a couple of things. One thing that we had
because of the later launch was z nurber of LIS/A0S8 updates o
plot which did not interfcre with ocur getting through the
checklist. The cnecklist, I had 2 feeling went more slowly
than it ever had. 3Dut, as Gene says, still with plenty of

time to meet the zerc up time and to have esserntially a whole
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SCHMITT daylignt pass to just relax and lock at the Earth. We had cne
(CONT' D)
note here. 1 didn't even remember until I read it here that In
the ECS checks the hydrogen pressure indicators, or part of the

indicatcors, were reading about 10 percent lower than we expected.

But, as 1 recall, it may have been expected.

EVANS ''he optics cover Jjettison worked as advertised. We Jjettison-
ed the opties cover in ihe daylight and you could see the two

covers flipping off straight down the optics path.

CERNANW I think everyore reacted normally to weightlessress. There was
nc feeling of discorientation or vertigo or any other disturb-
ances at that point. The CMF is the only cre wheo teft the

couch prior to TLI arnd that was for his F52.

EVANS I é¢idn't get that fuilness in the head at Lhat peint at al.l.

That wasn't until we'd been up there for 5 cor 6 hours.

CERNAN Launching at night, we just had a somewhat different view of
the FEarth than most other flights have had. The first real
view we got of beirg in orbit at that point was pretiy spectac-
ular vecause it happened to be Earih sunrise and that's a very
intriguing and interesting way to get your first indcctriration

to BEarth orbit.
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SCHMITT  The transcript ceontains some descriptions, by all three of us,
cf seguences of that sunrise which, in the celor handing, may

be of some significance for other people.
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5.0 TLI THROUGH S5-IVB CLOSEQUT

The TLI burn from the ground targeting peint of view and tar-
geting went just as written. We went down the checklist and
cue card without any problems or any shomalies, without any
changes except to the manual. We had a change to all our
manusl angles to monitor the S5~IVB burn because of the late
1ift-off. We wrote those down on cur cue cards and were going
to use those in case we had to take over during the burn.

We had to change to the nominal and we rewrote both of those
on our cue cards. That's the only basic change I think we

had.

The communications all through Earth orbit were excellent, as
I recall. There was no difficulty getting the pads up. They
came up expeditiously and well read. We actually geained a

little time because we didn't have television. But we didn't

need 1t. We could have configured it for use.

If there's ever any attempt to do weather cbserving from
Earth corbit, in the low orbit like that, you're going to have
to have a very clear plan of where you're looking at what time
you're leooking in order to make reference as to where you are
beceuse you're moving so fast. You can't really Keep track
of where you are and specifically in terms of weather cbser-

vation. Later on, once you get the whole globe in view, it's

i
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SCHMITT a relatively simple thing to pin down to within a few
(CONT'D)
degrees of latitude and longitude where you are looking

on the Earth.

CERNAN On all these lunar missions, we've never really done much

in Earth orbit except get prepared for the TLI burn. Future
Earth-orbit flights need this continual map update, you're
right. You have to do that. As I think back to 3 days in
Earth orbit, unless you continually follow a map and a map
update ags to your rev ag you progresgs around the world, what
part of that world you're locking at is very difficult to
follow except the precise piece of real estate you're flying

over.

SCHMITT The lunsar orbital operation is somewhat different because

you stay in the same groundtrack much longer I think.

CERNAN The 3-IVB performance was outstanding. ©She 1lit off on time
and burned for % minutes and some odd seconds as I recall.
And we had shutdown on time. The residuals snd the EMS on
the spacecraft are written down somewhere, but they were all
very nominal, very excellent. We stayed in IU. As the S-IVB
maneuvered, we flew through a sunrise during TLI, which in
itself was also very interesting, very spectacular. We had

nominal S-IVB performance after shutdown; and maneuvering



CERNAN te the sep attitude, we went through checkout load NOUN 17
(CONT'D)
and NOUN 22. There was again no noticeable poge. The S-IVB
scunded and performed Just like it did on the insertion phase

burn and I':I1 let the CMP pick up the separation and the

transposition and decking.

SCHEMITT We all were very aware of PU shift.

CERNAN I guess I could have called that or I was locking forward to
seeing it. It is on my checklist. It's on my cue card and

I've looked for it and I've seen it in the simulator.

SCHMLTT It just didn't register in the simulators, I guess. And the
cther thing flying through that sunrise, it did to a small

degree interfere with visibility in the cockpit.

CERNAN It didn't bother me from the stendpoint of monitoring on my
side at all.
EVANS As far as the separation from the SLA, it was nominal. There's

a louder bang than I expected from pyros. Thils is the first
time thet I really noticed that in the plus-X translations, or
in any translstions as far as that goes, you get about 0.4°
per second rates within the dead band. As opposed to the
simuleteor, it has about 0.1° per second on any cof the trans-

lationg maintalning attitude.
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Formation flight was great. The S-IVB by itself was as steady
2s a rock out there. No preoblems. I couldn't tell 1t was
dead banding or moving at sl1l. I came in relatively slow,

about 0.1 ft/ser, somewhere in that area.

Docking was nominal. As soon as he got capture on the thing;
there were no rates. Everything was steady. I didn't have

to handle the translstion controls or null rates at all. We
went direetly to hard dock. There's more spacecraft movement
during that period because I feel that the COAS and the dock-
ing target were off a little bit. And I don't say misalined,
but it's a Little bit off. But, of course, it was in limits

and was no problen.

When we went to retract, we got our big ripple fire - bang on
the latches, so we had a relatively good hard dock. We only
got cone gray indication on the talkbacks. The other cne was

barber pole.

There's a lot of descriptive material, I think, in the tran-
script on that, As I reeall, we got two pulses in the ripple
fire. It seemed like there was one or two latches and then

the ripple fire,

I just recall a woomph!
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I think, if you lock at the transcript, we =aid that there

were two pulses to it.

Subseduent inspection of the latches showed that there were
three latchez which were not made entirely. One of them, as

I recall, had to be recocked. Anyway, it turned out that once
we got those three latches (which at that time locked like

they were cperating properly) reset, we got two barber poles

on the talkbacks. Ultimately, latch 4 was found to be uﬁseated
on the ring, although, at that time, it locoked nominal. The
attitudes given us were excellent; we were able to watch the
S~IVB maneuver. We were able to see the 5-IVB wvent and it all

went well and nominal.

It was very clean as far as any debris or anything coming out
during the docking phase, and I could see a few little things
that were bouncing arocund inside eround the LM, particles of
some kind. It was nothing like previous flights where they

had a lot of debris. It was very clean.

As I recall, we undocked and separated Jjust a little earlier
than had tentatively been planned, but that was no prcblem

because we were ready to do it.
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6.0 TRANSLUNAR COAST

EVANS The IMU realinement and optics calibration - We've mentioned
the visibility of the stars in talking about the systems in
the section on systems, Systems anomalies — We already hit
that one. Heat flow demonstration - it worked great. There
were no real problems on it. It was a real time operation with

ground., Everything is recorded on the down-link.

SCHMITT  There was some problem with the orientation of the experiment.
Az T recall, you reoriented it bhetween the two experiments.
I never quite understood why there was that problem. It was

8 checklist problem or something,

EVANGS The problem was something about the orientation of the radial
experiment with respect to the X-axis., T pointed the radial
experiment alcong the X-axis. It was supposed to be perpendicular
to the X-axis, but it shouldn't have made any difference in

the results anyhow.
PTC - We got it started and had no problem.

Cislunar navigation or navigational sightings - It's already

mentioned in the systems part.

SCHMITT  You mentioned apparently you had a very good Delta-H determina-

tion - horizon determination,



EVANS

SCEMITT

The P23s worked out great. The vehicle is heavy enough that
you can control it guite easily with minimum impulse, I used
the EMP on P23 s¢ that cnce you had the star in the field of
view and all lined up you could recycle through the program
without getting all the maneuver data on the thing. While it
was recycling, I could just watch the spacecraft and not lei
it drift too far out of field of view. When it came back in,
I would maintain the star in the middle of the crosshairs of
the sextant and maneuver the spacecraft so I could get the
substellar point and maintain the substellar point. As it turns

out, I guess the resulting Delta-H is within the limits that

are recorded in the FE-memory.

Midecourse correction = I think that's all recorded on *the

down-1ink. There should be nothing anomalous sbout that.

Photography - Jack, I guess vou've takXen most of the pictures

on the transiunar coast.

Most of the photography came to GET within a few minutes. I3
was almost a continuocus effcrt at the beginning of the day and
maybe in the middle and at the end with some irregularities -
getting a continucus record of a very nice view of the Earth
and the weather patterns. We had asbout three-quarters to
two-thirds Zarth through most of the transliunar coast period.

g c logs on the ground.

And that should be in
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High gain antenna performance - Through the whole mission, not
Just translunar coast when I was using it, it was perfectly
nominal, The ground did most of the calling on it., Between
omnis and high gain when they didn't call, it was easy enough
to get the high gain to peak up., Usually in MARUAL and WIDE
and either AUTQ cr REACQ depending on the occasion, it seemed

to werk very well, I wasn't aware of any high gain ancomalies,

Daylight IMU realine and star check - Again you can't see fhe
stars through the telescope. Most of the time you can't see
the sters through the telescope. However, if you have a good

alinement and it shows up in the sextant, there's no problem,

ALFMED experiment - I think %that's all recorded on the down-
link. The one thing that I might add to that is that prior
to this time T hadn't seern a light flash. So I put it on ary-
how and sure enough the light flashes are there, And that's

all recorded.

In the experimentis notebock, where the IMP was taking noies on
the ALFMED experiment comments, it was necessary in this trans-
lunar coast pericd because we were on omnis and PTC, It is
very difficult with two guys cbserving to take notes if they
toth start seeing marks at the same time. Interestingly enough

maybe even for the experiment the marks seem to come in betches,
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Tiey'd be periods of guiescence, then woth of us would start
seeing marks., So the notes are relatively incomplete and,
hopefully, the D8F plus the down-link will fill in all the

gaps, Jt's feasinle to take notes but they will be incomplete

compared to the verbal description.
CM/IM Delta-P - Nominal,

Urbital science photos - We really didn't have any on trans-

lunar coast.

Notning was called cut. We used about a half a mag on the

Farth, maybe more,
More than that, We used a full mag before we got to the Moon.
and tunnel pressure was okey, nc problems.

Rermcval of the probe and drogue - Went as advertised. Worked

great,

Jdors - Every time I got up in the tunnel after docking or
anytime, there was always a musty burned odor or something.

Tt's hard to describe,

Like a powder burna.




EVANS Kind of like a powder burn, I guess, This was there both in
luner orbit docking and transearth docking. This was the second
day we were oul when we finally went up in the tunrel. Fvery

time I opened up the tunnel, that's what it smelled like,

We didn't mention the SIM door Jett. I guess I never did see

the door. You guys wouldn't let me up to the window.

SCEMITT Yes, we saw the door. T didn't get it right away. I was sup-

posed to be taking pictures cut of the window.

CERNAN T saw it right away out of tnhe hatch window. You should have
been taking pictures out of the natch because it wasn't immedi-
ately obvious out the window. It came off Just as clearn as
a whistle, with almost no tumbling until it got 20 or 30 feet

~away from the spacecraft. Then you could see that there was
just a little roll and a little pitch as it drifted orn away,
but very very litile. Not a great deal of debris and garbvagc
as I recall came off with it either. You could prcobably sum up
all the pyro operaticns by saying there are absclutely no
questions. They're just geood, solid, hard thuds, including
SIM door Jett, <ust a big solid bang, really rot that much
different than some of the other big bangs when you separate

the spacecraft, They're just all big, hard, sclid eclunxs.
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SCEMITT I don't remember what Apolle 16 said sbout it. Apollo 15 was

suited, and they commented they didn't even xnow it went.

CERNAN I'm surprised at that, even suited. It was a very definite

Jolt to the spacecraft when the door was Jettisoned,



7.0 LOI, V0T, LUWAR MODULE CHECKQUT

CERN AN The only thing leading up to LCI that had to be changed in the
Flight Plan or in the Cue Cards, since we did a 2-hour and
4Y0-minute cloex uvdate which by the way went perfectly, was
the fact that I had to replot all the LOI abort parameters on
the card. But the words came up very smoothly, and we Just
replotted the curve and changed the numbers. We had all our

LOI abort constants and numbers for the new LOI configuration.

SPE burn - I thought the SPS burn was very smooth. We had an
on time burr. The burn report came back to you, and the re-
siduals and everything were Just as nominal as could be. Ii

was just a short little "g-thud," if you want to call it that,

at 1gnition; throughout the burn, it went smoothly. Jack, you

got anything about either one of the LOI or DOI SPS burns?

SCHMITT They were all auto shutdown. We covered the problems before.

Gravitational Effects on the Spacecraft Attitude - That was on
rev 1, wasn't it, where we had the pan camera going and we had
it all figured that we had one jet firing and the gravitational
effects were supposed to keep the spacecraft within that dead
band. Sure encugh, 1t did. At least, we didn't get out of the

dead band at 811 and didn't have to change the DAF at =1l on

—
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the first rev. This is to keep the jets from firing into the

mapping camera.

Cormunications - We never had eny problems with communications

at all throughout the flight.

PGA Donning ~ Our PGA donning practice was a worthwhile exer-
cise. It takes a lot of work to get the suits unstowed and
stowed, because putting the suit on in zero-g is Just a little
bit different. Unlike the previcus flight or two, none of the
three crewmen had any problem in donning or doffing their sults.
I'd say donning is eassier in zero~g than doffing. The CDR arnd
the VP helped each other with the zipping on every donning and
doffing, as we've done in training. We nad no problems at all.
I'm glad that we were aware of the problems that Apcllo 16 had.
I think we were more conscious of the potential problem that
existed wher zipping the restralnt zipper. We were conscious
of it and had scrt of trained in a directicon to cover all bets
on weing able to zip up. I would say that in zero-g the zipper
was a little bit more difficult to zip, but certainly I can't

really say it was a problem for either one of us.

The only problem was that little blue donning aid always got in

+the way.

Fvery time we zipped it, we hooked the zipper comirng around,
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One time, I can't remember whether it was on the surface or in
oroit, I got some s'ing in the lower portion of your outer

I

zipper, and we lost maybe 5 minutes while I worked that over.
Other times, T learned that you just have Lo move through that

smoothly, and it's no problem,

Tunnel mechanics and pretransfer coperations - They all went as

advertized.

We might mention that we did take that extra film magazine
over there. That was purely because that was preplanned in
our minds, an extra 16-millimeter magazine, mag FE, because we
felt that we just didn't have enough £ilm to get the orbital
CoM/LM activities in addition to the planned activities for

descent/ascent and lunar surface.

Tf you're going to use that film during that periocd of time,
Sy } g

it's better to have it in the LM than in the command module,
and if it weren't used, you could always bring il back and use
it in the command module. That worked out fine. T think we

used it all.
We used it but there was something wrong with the mag though.

We had a gear strip in the mag, apparently.

CBi Db
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SOHMITY It showed a half o magawvine of 7i1lm asuge, sc we did somelalng

TEIAN “he cordition of fne UBM thermal cosling waes excellent.

8]

GCHMITT Comm checks - We did nave an O-band comr provlern dinitislly. I
talzed to some guys o listle bis _ast nlgas abous 1., As renr
as I can tell, it wes primarily zhe cembination ol wwo Sningus:
{i; Up-link data dropouts wnicn were causing —he problem on
the _ockup, plus (27 scme phasing, whern T would switeh asntonmas
wher they would Just about have loexup, D othirk we're zolng

w0 have Lo walt until we get witk Lhe cormmurications peonle in

tne systems devriefings Lo really work that cut exactly what

was o4 combinslion

ot

napporing.

ol pouting lookup vlus the unTorturale swiochlog on omy pars,

Tne trarsfer and restowage of egulnment wore roricel. T cant's

thoivk of ariythl
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8.0 ACTIVATION THROUGH SEPARATION

That's prcbebly one of the mest nominal parts of the mission.
Tt really went smocth. We oscillated on the timeline. We'd
get =2 little ahead, and then we'd get a 1ittle behind; we'd
pick up a few minutes, ithen we'd loose a few minutes. Basic-
ally we worxed around the nominal timeline. I certainly

wouldn't wanrt to shorten it any, bubt we came to the milestones

on time and met the ground at the right places.

Pricr to LOI, we manually pressurized the SPS, which was nc

problerm. It was because of the oxidizer helium.

Ir a2ll the sims we never got suited in the spacecraft. We
never have all three guys in there trying to get suited and
cing through the sims. BSo the sims for the CMP were fat,
durb, and happy. There is all kinds of time.in the sim; you
could go out and get a cup of coffee and come back and still
pick up everything. It's not that way in the real world.
You get into the real world out there and you work your tail
off trying to keep up and get tkhings going and get suited.
When I'm scheduled to do the P52, the CDR and the LMP are down
in the LEB getting suited. There was nc way I could dc the
Pe2 at that time. By the time I had a chance to d¢ the P52 at

the sep attitude, the optics were looking down at the Mcoon, so
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1'd kave to manually roll and do some pitching to get the optics
back up in the air, in the daylight, until 1 could get picapar
to work. And when I Zinally got the P52 on, I had a little bit
of a problem getting ny suit on that day. There was cvidently
an "8" or something right in the back part of the crotch. T

had a hecx of = time getting the zipper across that little
S-bard thing by ryself, which was back there where I couldn't
pll it through with thne Zanyard. I finally backed it of7 the
cther way to make sure everylhing was all clean esnd clieared

out, A little squishing sideways ard a contorviorn here and
there, and T finally got the zZipper all the way around., 1

think the rest c¢f it was nominal. T was down ir the "B when
you guys lowered your gear, but I cculd stlll feel the clurk

in the CSM.
You could feel it in the CSMY
Yes.

We could feel 1t in the TM, und we could alsc see the forwsard

gear and the ladder.

Cnice T went back up fto the ccuch, T could ges the gear sticking

cat, too.

Which cne?
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EVANS Whichever one is over there.

CERNAN Did it have the ladder on? Probably not. I think the lsadder

ie on one of the Y-struts.
BEVANG I think so.

CERNAN Well, anyway, that's interesting. I didn't know you could

feel it over there.
EVANS Yes, I could feel it when you dropped.

CERNAN In the rendezvous radar or the landing radar self tests (the
transeript will have it} there were some residual numbers in
the registers thet I had not seen before during these tesis,
vhen I brought up VERB 63. They didn't affect the test. The
tests came out very well, and there's only one other slight
anomaly in the rendezvous radar and that was during the
rendezvous radar test. It was either on this rendezvous radar
test or the rendezvous radar test prior to lift-off - I think
it was shaft. I did not get the cyclic oscillation in the
DEKY on shaft. But the interface was good, and I'm not sure
what the particulars of that problem were. At undocking we
had P47 running in the IM, and I got zero in all three registers,

zero residual velocity as a result of the CSM soft and open
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“otal undocking., Systens operation taroughout that time was
rormal. Vehicle performance was as expecied, in terms of

attitude contrcl.

lunar landmark recogaition - We were able tco be in attltude
and reccognize and lock at the larding site on that firsi pass
when we went over. The M3FY relay worxed. Generally through-
out the flight, I think MSFN relay is more of a pain waen
vou've got good VHF with the other vehicle than it is anyihing
else, because you ond up getting a revea’t on the voice. T

recomrend against MSTN relay when you can use direct Via¥ voice.

Yes, I agree. On ithe systems, T waus surprised that the ccmpo-
nent iights irn tae tesi nesiticns were very dirm. But when they
are activatec oy the caution and warning system, they are
bright. 1 guess I never realized that before. Purely acadenmic

interest at this stage.

The secondary glycol pump stzrt up was, T reczll, & somewhas
ragged start up, as if the pump was slightly cavitating for
atout. 15 seconds. Thnen it waz smootn. There was nc subsegusat
indicatior of the problem with the secondary _cop because wo

dldn't use it subsequently.

.

ReTerring to that radar test, 1t was the PGA08 turn on self

test. I had a LOD in R-2 initially, and I nad never seer thul
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before in PGNCS turn on. That's what I was referring to gbout
something different in the registers. It was on the initial

PGHCS turn on, and self test.

All the alinements went well. One thing that we discovered -
the gimbals apperently were mistrirmed on the descent engine
pricr to 1lift-off. Somecne is geoing to have to resclve whether
that's true or not. The piteh and the yaw gimbal trim in the
DAP were reversed as to our checklist. When I incuired about
it, I found out that our checklist was correct, which gave me
an impression that the gimbals were both mistrimmed. But they
were so close to each other that the ground indicated we should
press on and we should see no reaction to that mistrim, and to
start up. We did and we did not see any indication of the
mistrim. If pitch and yaw had been separated quite a bit, I'm
sure we probably would have had to go througﬁ a retrim of the

gimbals during the DPS throttle check.

One clarificetion comment with respect to the AGE. I men-
tioned yesterday that I thought it was & Z-gyro i1hat indicated
greater than gspec calibration. It was the Z-gyro, just

slightly greater, about 0.L.
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9.0 BSEPARATION THROUGH LM TOUCHDOWN

9.1 COMMAND MODULE

In optics tracking, I tracked RP-3 which is about 5 minutes
prior to the subsolar point. And that's too close to the sub-
solar point to be doing any coptics tracking. As soon as I

got to the TCA on that thing, I completely lost the visibility
of the landmark. BSo the only good marks on that are going to

be prior to TCA,
What was that landmark?

That was the landmark for updating the mapping camera film.
Actually, it is a recalibration of those particular points

that had been tracked on previous launches.

The circularization burn was a good burn. The only anomalous-
type thing on that is that the residuals prior to trimming

were plus 1.70 and minus 0.6. The minimum impulse is a
bosecond burn. It underburned in the minimum-impulse case by
1.7 ft/sec. 1t turned out to be no problem. The ORDEAL worked

as advertised throughoul the flight.
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9.2 LUNAR MODULE

Prep for PDI - We just went out of the Activation Checklist
intoc the Timeline Book. There are ro notes concerning any

ancmalies. We stayed on the time line and as I said, we nmet
“he milestiones with the ground. We came around the horn for

PDI and established comm, and the ground had a load waiting

for us. We had no NOUY 69 prior to P63.

We did have the communications probiem prior to PDI. The
thing that started it off was the ground started up-linking on
the omni, which they had never done before in the sims that I
remember, urless it was a situation where we hadn't gotten the
steeragble, They started cn the omni. I was not watching
that, and T switched ocut of the cmni to the steerable in the
middle of the up-link. That started the problem, which ap-
parently was compounded, as I found out last night., Anyway,
the Goldstore antenna wert belly up somehow, and the men who
talked to me last night still do not know how. Somebody may,
and I'm sure it'11 be worked ocut. The up-link did get in and
all you had to do was proceed on the VERB 33, We did have a
good up-link, and that wheole thing was in ihere but nobody's
guite sure how it actually got in there. The ground surprised

18 by coming up almost immediately with that up-link, which
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we've never seen before. In fact, I expected it would be

quite late.

We'd seen them come up fast, but they always waited for the

steerable.

Yes. That's what caught me by surprise. At any rate, we got
it in there and there was no subsequent problem. The comm
thing did delay us, and we were running a little hit behind

the time line.

Let me mention one thing on the DPS start which I didn't
mention yesterday. And that is monitoring L7l in the AGS
showed essentially no Delta-V accumulation in ¥. 'That was &

good idea, although it was unnecessary.

As far as the start was concerned, the LMP confirmed ullage,
I had my physioclogical cue, and I knew we had ullage. I was
prepared to back up the ullage and back up the start, but we

got an automatic performance in both.

It was very clear that the SHe tank had opened up within a
few seconds. We got our first jump in pressure a lot socner

than 1 expected.
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All the pyro functions pricr te PDI in the LM we could verify
with a physiological cue. We could feel, and/or hear all of

these functions.
Ard this was suited.
In some cases, it was suited; not all.

I covered the performance of the engine. The PGNCS performed
admirably. I called up the NOUKs I needed: 68s and 92s. We
loaded NOUN 69s, and she Just spit them out just like she

always has.

The SHe pressures during descent held Zow. About 30 psi, as

I recail, beneath the predicted number,

NOUN 69 was plus 3400 feet, and that sounded very familiar,
as I recall, Didan't we almost always in the sims have a
vius? EKEven the nominal ones have a plus., Is that the prob-
lem they had? As it turns out, as soon as I pitched over, I

tock it right back cut to get to our landing area.
Is that right?

It was almost exactly the same number, which means that <their
targeting was essentially perfect, because the pvlanned ianding

area was about at least a crater diameter short of Camelot.
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That's where we pitched over and that's where we would have

landed, whica was the planned, targeted landing aresa.

We did not say anything shout DOI-2. DOI-2 was slignhtly
smaller than we'd seen in the past, bpecause of the orbit deg-
radation we were in. I think it went down tc something like
11 miles, but the DOI-2 just went super. We got the residuals
down Lc 00 and C.., something to that effect. We saw a

7.0 perilune out of the PCHCS and a 6.7 out of the AGS, which
is exactly the tyrpe of thing we expected. We went around to
POI in good shape. We got excellent radar and VHF ranging

correlation during thset radar checkcut,

YHF Ranging and Radar Tracking - Everything was nominal during
PDI right through pitchover. We got throttledown on time.

We watched the computer and followed NOUN 92. The computer
was havpy, the GDC was happy, and everything was Just perfect.
At 13 000 Teet, T could look over the edge of the window and
soe the Scuth Massif®. At 13 C0D feet, I Xnew we were conming
down 1n the vulley tecause T could see the South Massif, and

T ecou’d tell tha. we were in the wvalley or coming intc it.

At 23 000 feet, I had the impression we were level with the

sop cf those mountains. (Laughser) I really did.

T
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We pitched over, the needles dropped, pitchover occurred, 6k,
everything was nominal. Our target point was about a crater
diameter short of Camelot. I used LPD frequently. I den's
know how many times I used LPD, several clicks bhack, a couple
left, a couple right. I just flew it where I wanted wo fly
it. I brought it back to an area in the vicinity and to the
right of Poppy. As scon as I did that, I just sort of tumbled
in on that area and did some more LPDs to finally what I'd
call a suitable landing site. That suitable landing site
became more evident the closer you got. Iritial LFD changes
tec bring the landing site nack east were Just gross to change

the area.

Once I had my area, I started tweaking it up to find wnav I
ccnsidered a blockless and level area. 1 endez up taking cver
in P66 lust a little belcw 300 feet. The reascn I took cver

is that I wanted to siow our forward velccity down. I did

rot want to go any farther west, because there were more blocks
and mcre hurmocky terrain. As a resuZt c? all of our aft
LPDing, we ended up {1} with a great deal mcre fuel ithan we
might have anticipated, between 7 and 9 percert, I believe,

and {2) the rate of descent, H-dot, was a little bit higher
thar normal, because of ocur steeper descert in the latter

rhases of the braking and landing. But as far as the CDR was
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CERNAN concerned, they were very comfortable rates of descent., The
(CONT'D)
IMP vassed them on and saild they were a little higher. I knew
where we were. [ think the most sigrnificant part of the final
phases from 500 feet down, as far as the CDR was concerned,
was that it was extremely comfortable flying the bird, either
ILPDing in P6hL, and/or flying manually in P66. I contribute

that primarily to the LLTV flying operations. That's why the

rates of descent and what have you were just very comfortable.

I kent a geoed rave of descent down through 200 feet, slowed
it down at a little bit over 100 feet to 1 or 2 feet per sec-
cnd, and then started 1t on down again. We starled to get dust

somewhere around 100 feet.
SCHMITT In my window, I didn't see dust until ehout 60 or T0 feet.

CERNAN The dust layer was so very thin that [ could definitely seé
through it all the way down. Jt didn't harver our operations
at all. Wnhen I was satisfied that that was my landing site,
T mgde sure we had between 1 and 3 feet per second on the
crosspointer fourward velocity, and to the best of my ability,
zerc left and rignt. We continued on down with about 3 feet

per seccnd to landing.
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I saw the shadow come right on up to me, and this is very well
done in the simulator. When it passed on under me, I was
expecting a blue light. It seemed like it didn't quite come,
when the shadow passed on under me for just a split second or
twe. We got the touchdown light. I had plannedé to say,

"1 potato, 2" and then pusn the stop button. But I didn'+.

As goon as we got the touchdown light, I, like most everybhody

else, hit the stop button. Then things just went "plunk."

We plunked down with a relatively good thud, I'd say.

Visibility through the final phase was excellent. The tendency,
once you redefine your landing area, is to become a little bit
less concerned with your peripheral landmarks out there, be;
cause youd Know now about where you've going o go. You get

mere tunnel visicn, and you are conecerned with finding these
specific touchdown poinis within that landing area. That's
effectively what I did. 1 had no Sun angle problems. At

that point in time, estimaticn of distances didn't mean much,
because I was concerned more with what was right down below me

ard in front of me.

I can't say enough for what I consider fhe accuracy of the
guidance. Manual control of the spacecraft was hard and firm,
different certainly than the command module cperaticn bubt ex-

actly wnat I expected the IM to be. The simulator, I think,
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does an excellent job of controlling the firm good sclid
ATTITUDE HOLD, RATE COMMAND capsbilities of the LM. I'd say
that I touched down with about 1 to 3 ft/sec forward, and

0 left and right, and about 3 ft/sec down. We'll just have to
find out what those numbers were. I don't know. The fuel

remaining was between T and 9 percent. From the CDR's side,

the systems were excellent.

COPiuiD i
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10.0 LUNAR SURFACE

Postlanding powerdewn - We got the verb for 3TAY at jl’ Tg’ but,

we got & G0 for at least a © and we started right through *he

3!
checklist and the power on configuration. Based upon the
review of the Surface Checklist, there were no anomaelies Iin

powering down the spacccraft. We just Icliowed rignt on

through.

PGNCS and AGS worked fine. Z, cnce again, had a higher than

spec gyro count. It was nothling seriocus though.

Bat and rest vperiod - We had an ezt pericd on the surface. As
we were beginning cur EVA-1 prep, we took scme plctures out
tne window. We just followed the checklist, and, 2.1 told, we

ended up getiing cut some 30 minutes late., I'm not sure way.
Part of it was that P57,

On, we kad to do a PST over because we reversed the marks on a
gpiral curscr, which was just an cnboard problem cn our cart.
So, we 4aid the P57 over, and we lost several mipuses, Wo sorg

of never lost any thereafter, bul we never made them ur oliner.

Suit deff and den - This wilil cover all the =V prep and post
activities. We both found, [M? and COX, that Zonning and

doffing the suit in 1/6g was relatively easy. Once again, we
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nad ro problems zipping up tne suits. In the course of doffing,
and prior to getting the suit fully off, we mutually lubricated
each other's opern zilppers and all the connectors. When we
doffed the suit, we went intc a drying mode az tne checklist
suggesis prior to the sleep period. I'm really glad we did
because our suits stayed relatively fresn and clean on the
inside. We doffed cur LCGs every day and slept ir CWGs rather
than the ICG. And Z'm glad we 2id that beceuse it was much

more comforteble, We made it a buddy system in the entire
donning ard prep when it came to tThe suit operations, excedt

for putting on the gioves., We fcund i essier tc put them on

ir parallel and get them locked znd verified lccked, We
actually, esch individuslly in almost 21| cases, ©a% Sur own
glove dusti covers and ring dusi vcovers on. Maybe we hid o
help cach cther once in a while. And contrary tc some cof our
iritial desires, we declded to go ahezd and put those dust
covers cn for every wVWhA, Aftecr the first VA, we Tound out

wnat the dust problenm really weas.

Une of the tebs on the 2MP's dust covers did break off on the

first prep.

But besides that, we never uscd *that donning lanyard that we

kad avallaple, We never necded it. I can't really say anytaing

]

lse except that the doff and don went nretty much zs we boih
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expected it to. We obvicusly tock extreme care of our suits -
the best we could - because we had to use them several times,
T think that care paid off because even at the integrity check
of the CM/EVA, the suits were tighter than a drum. I think the
wrist comnnectors, even with the dust covers, were tending to

get a little bit stiff.
Yes, mine were very stiff.
But nothing ever really froze up on us.

LM vehicle systems operations - There weren't many systems
operating during the lunar surface activities other than the
EPS and the glycol system. We get it up per the Flight Plan.

We updated the PGNCS periodically. It was all nominal operation.
10.1 TFIRST EVA, MASSIF

First EVA prep activities - And all I can say about the PLSS
donning and checkout verification, cabin depress, communications
checkout, and power transfers, is that it just followed the
checklist and went nominally. The only thing that we might
consider as a deviation is the fact that the CDR left his

O2 hoses off during most of the donnings because I felt T

didn't need them with the water cooling from the spacearaft.

It was easier to get them put out of the way early, and there

was certainly adequate airflow. We left the flow on through
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the hoses to keep circulation in the cabin during that time.
I felt very comfortable and less contained by having those
two hoses out of the way. All T had dragging from me was the

waler hose and the comm hose.

IMP wore the hoses most of the time to partly have a convenient

place to put them. Alsc, I like the airflow.

And they're more out of the way of the LMP bercause they're on

your gide.

EVA 1 -~ We just commenced the egress very slowly to get
familiar, but basically there were no real problems with the
egress. I felt you had to get down & little bit lower to the
floor than I'd seen in the airplane, but cnce you understood
where you had to get, getting cut was no problem at all.,
Everybody knows that the IM cabin is very small, and you're
restricted, You cannot move very fast or get out of each
other's way very easily. 5o when you did have to turn your
back to change valves or switches or circult breakers, you had
to move one at a time to get cut of each other's way. Once we
found out what those requirements were, we wWere able to work
together very well and stay out of exch others way most of the

time.
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Yes. Let me comment sbout the ILMP's egress and ingress and
general activities a little bit that I've done in the 1/6g air-
plane in the mockup. They seem to be more zifficult ana more
constrained in the LM thar they were in the airplane, I don't
know exsctly vwhy. Part of it may have been in the pockets. I

kept finding I was hanging my leg pockets up on those things.

I don't remember whether I had those on in the alirplane or not.

The key to ingress was to get all the way in and then bend my
legs up. As scon as I bent my legs up, all of & sudden every-
tning broke free. I think it was that the pockets were henging
out on the sill, and as soon as I bent my knees, it foox the
pockets off *the sill, and I !ust siipped right in. I didn's
learn that until the second sgress. Worx on the piatform and
cn the poreh was fine. ¥We got the MESA deployed. 'Lhe LMP

egressed, We got the LAV deployed.

Cosmic ray was deployed nominaily. IM description and pian -
There wasn't much to say. I kad the Ilmpression maybe the strus

was stroked, but that was discussed and photographed.

t

The whole BVA, as we call it, "closein,' wens so 2lose to our

EVA closeins and eventually closecuts at the Cape that even I
was amazed. It turned out that I get to the flag Just aboutb

the time I always got tc the flag, and you were ready. It Jusz:

couldn't have been a better reproduction of the training
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activities at the Cape. I think the transcript and the
television better describes and debriefs that portion of the
EVAs than we could by just sitting here and saying everything
went nominal by the checklist because that's essentially what

happened.

You've heard all about the AL3EPs and the 1TG problem in real
time. It's on the ilranscript. It was something in the dome
removal strip. We pried it off with a hammer. The ALSEP frav-
erse surprised me in that the package seemed heavier than I

had expected.
You lost a block.

I lost a block. It Just came off the Velcrc. I may have hit
it with my leg. Really the dust was so deep and soft that the
blocks were relatively ineffective, and I ended ur putting a

rock undernesath one corner.

ALSEP depley - Tn the LMP's poini of view, it was slower than
I expected it to be. Bubt, everything got deployed. And, the

geophones were faster as we expected.

The heat flow went very well. It just went bang, bang, bang.
Really lhe only difficult thing in 1/6g is that fact that you

cannot bend over very easily to plex things up. I used the
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drill for a brace almost every time I had 4o get the wrench
off, as you saw and heard in the itranscripi and pictures.

Every time I found out that I reduced a work cutput and reduced
the frustration when I set the drill in the right place, leaned
on it, and tock the wrench off. The only littlie taing I had
gome problems with was with the core and the bore; you have
trouble in 1/6g with the gloves on to aline the threads sand
make sure they get all the way seated on the following bore

or core prior %o starting %c drill. I had =z couple of problems
with that, but eventua ly I got them all. T never rammed a
thread down with the driil, I always had 1t 231 the way flush,
which preserved the bores, of course. The wihgle Cperaticon Just
went well, You saw it; you heard it. We followed the pro-
cedures. The IZGE could have been taxen on and off very easily
on the Rover. The only thing that we didn't anticipate about
taxing readings when it was off the Rover was again the same
proolem. ¥You have to lean down to get to anythinag, and the

TGE is very low. It's very difficult to get down there and
make anything but & swipe at the buttens when ii's on the
surface. I'm very glad we 4id not have to take it off the
surface for all the readings because it made 14 much more
convenient. It was not a problem of taking it on and off, It

was a problem of pushing the button once it was on the surface,.
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SCHMITY  The ALSEP photos were not taken in the normal way., I think
that by tne time we had finished our second and last traditicnal
revigit of the ALSEP, a fairly good collection of photos had
been cobtained, both on specific request from the MOCR and also

random photos I took wajile tney were tninking.

CERNARK The whole EVA-1, all the way through the stalion 1 activities
and the SEP deploy, although there were modifigations in it,
feilewed the checklist. The best devriefing is the Transcript
end the TV. I don't think there's anytnirg we can really adg
%o that or any of the other particular stations that hasn't

already been said in real time,

SCHMITT Let re mention again, for the record, Shat the geophene module
rackage 414 not constrain the gecphone's lines very welil., 3ut
the net result was a good triangualar deployment of geophones,

even though they are not anchored at the tase of that triangle.

CERNAN We go into ingress aznd the EVA zleoseout was zgain pretty muach
as pianned without anything worth talking about other than what

was heard and seern.

SCEMITT I don't know whether you've been told yet or nch, but both the

SxCs have excellent vackings.

CERIVAN Good.
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Jumber 2 has the best they ever had.

I tock peins 4o make sure that that thing was sealed. They

did have excelient vackings? That's good.

FVA post-activities - Again, the refurbishing of the FLSSs went
as was written in the checklist, both with oxygen and water.
Apparently, we got them completely refurbished for every EVA
because the tota: time we were able to accurulzte on them in
the second and third ZVAs. I never had any problems throwing

the CDR's PLSS back in the recharge station.

Let me go back to the EVA c¢loseout. The transfer of the gear
up the ladder by hand was not difficult, but it was more dif-
ifoult than I hed ekpected. Getting the EVA psllet in ahead

of me looked like it might be a preoblem, but I focund that by
pushing the hatch full open and putting the pallet off to the
right, I s5till had plenty of room to move around, I put 1t to
the rignt, next to your stowage area, and it was cut of the way.
I got in and then reached over and undid it. Taxing the gear
off the pallet took longer than it did in training. It was &

more daifficult lcb.

That whole transfer seem to go very well, the transfer into the

cabin and transfer back cut of the cabin.




12-10

SCHMITL

CERTAN

CERYAN

Zo0l management rominded me cf tnat for scme reason the ieft-
nand pocket down low on the left leg was essentially rot used.
L coular't get Lo it eessily. I was able to get to the right
cocket ang I 2id stow odda and ends of samoples in there
occasionally, and once or twice, the nammer. in general, it
was only the right-hand pocket thal was useful %o me. Tool
management was as we had trained, wlth the exceplion that as
the ¥VA's progressed, Lac spring-loaded latch that locks the
scocp into z given position in the detent ceased to faneticn

very well.

P¥A pest activities - Yeu got anytning to add?

We did that irn pursllel with other zetivities.

T

We approached that relatiﬁely casualiy out with the idea of
gelting to ted on time, and Tor the mos. pa:‘f, Z thinx we had
a little fal in there. Wacre we didn':s we still preserved toe
f8-hour sleep period becausc the next day was not necessarily
eriticel, except the day of launch, con which we wanted toc get

up ca Lime.

Performznce comments, eguipment - I cannos say enough for the
PL8E operaticn. Cocling capaiility was there tight as a drum;

comriaiecations were excellernt; and the suit performed well.
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The only problem we botha had was in the gloves. Just general
fatigue and also continual pregsure zgainst the nall there

bruised under the nails.

That pressure aguainst the nall areas was net a pressuare taudsed
by short gloves for me. It was Just because of use, You

required so much dexterity during the ALSEP deploy that 1t was
apparently & pressure thet got you &cress the tep of the hands
or the tep of the fingers, but it w=s not a fore and a7t pres-

sure for me.

But you still got some brulses under your nail? T don't see
ary otrer way fo get that but by pushing against the naill,

There was no way to avoid it either.
10.2 SZCCND EVA, SOUTH HASSTE

Jere again, you can talk about the prep activities. We were
cobvigusly smarter, Scme of the things you <o In EVA-1 dc not
have to be done during EVA-2 because they're only dene once in
terms of stowage and what have you. We had scme SJT on EVA-L,
and EVA-2 just went righit down the lire. We got the czbin
depressed, gct out, and went to work. I cannct say anyihing

about ZVA-2 egress or equipment transfer or anything else.

Yes., I don't want to waste time on the traverses Teceause 1

plan to do that with the tapes.




10-12

CERIAN

SCHMITT

CERNAM

I've taiked about Rover mebility and capabiiity and the
requirements of the driver for continucus attenticn and “hat

became very evident on EVA-2.

Although I made reference fc most of the little memory Jogs

we nad in the Cuff Checklist, it turned cui they were nct
specifically necessary to have thnem In the checklist since our
continuous observation and discussion of tae surface covered
shose things as a matter of course, f they were there, T
vhink the most important shing that they <“id was to force us
Lo review cuff checkiists prelaunch tc learn, train, and think
gpous the kind cf problems they were referenced %o, In the
actual cperation, most of those discussions took place relza-

tively automatically.

The CDR's navigation page used in sSraversing tc each station
was pronably one of the most useful things T carried on my
cuff checklist. It kxept me very mueh aware of the general
heading I had 4o go and general lerge features we were looking
for. 1 just think it was exiremely useful. 3Because 0f the
terrain and the Inability to travel onr a straight Zine Tor
very long periods of time, T primarily <£id not navigate on
neading. I primarily ravigated tc a point. And so the parti-
cular points that were shown fer Jogs in the Traverse, or for

Rover samples, or charge deploys, or for stations were most
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and didn't worry varticularly apout the exact heoading. That
seemed to werk out very well, And that's why we never, on any
of the three LEVAs, followed cur tracks back to anywhere, We
crossed our <racks a couple cof times but we never covered the
same plece of real estate twice. Performarce of all egulpment
afYer ZVA-2 was excellent. Going into tne EVA-3, the pren,

egain, was femiliar.
10.2 THIRD EVA, KORTH MASSIF

SCAMITT tation 3 - We both did most of that staticn separately. Gene
was working the double core &s planncd and I was fcing sampling.,
I got a little inefficient gt the start because I didn't Lave
a bag to put samples in. Once I got = bag, it was & “ittle
hard to handle because I was on a side siope. But in the time
that we spent there, I thinx it turned out that Gene got an
excellent double core Canncd and I got on the crier cf 0 or
11 accumented samples, 2oth surface and trerch samples &t the
edge of that crater. I would still have a hard tinme evaluating
now whether we could have operated more efficlently tcgether

cr separate In that particular csase.

CERNAN EVA-3 rclogsecout was noninsl. It was modified because the TME

had o go back to the ALSZPE again, As far as I'm concerred,
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off the S:2P and going through all that worked very well. Here
again, any nodifications tc¢ these closeouts are really not bad
ot all because we ugsed the checklist as a refercnce and not 4s
a cockboox. We understocd what had to be done and what had to
be closed cut so that we could zecept modificaticrns and also
nick up each other's task. And we cid that quite fregquently on
the cicseocuts. We could see what the other guy was colng, and
nicking up the other gay's task occasionally, when you hud a
free rmoment or an easiecr reach, was a very sinpie thing to do.
That comes from having done this Together rary, mrany Ttimes.
Frovatly the most difficult job of all the closeocuts was trying
te dust the suits, It's a difficulil and awkward position,

g movements In 2 stiff sult. We

o

It's hard to make fast sweepin
did our best, and 7 think prcoebly the time spent was well spent.
21t L thinx slsc 1t was & it more Lime Lnarn we nad anticipated.
The real-time transcripts will show Jusl now much Sime and

effort was spent in dusting. 3oth of us Tound that our lower
limos and koots could'probab;y be bettor duasted by Jumping up

ang down on & _adder or clapping your feet vogether or a ladder,
wiaich, incidentzlly, the COR hud Lo do in every case bocause ne
was the 1ast cne in. Els feet were always 1n Lhe aust pricr to

getting on the ladder. But I thing that worked out pretty well.
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warked con slopes on ootn EVAs., On the third we d4id have <he
Rover on the siope. That didn't seriously perturbate the
operations., I intended to reke larger areas for semples than
I had planned to, but that was mainly because we weren't getting
very many samples per rake swipe in most places. I think the
cnly piace we got a2 large rnumber of samples was at station 1.
After thet we were dealing with no more than 10 in raking over
a very large ares in any of the other reke samples, But that's
clearly documented in the samples. I den't know how many LRV
samples we actually took, but it wasn't & problem. And the
sampler was used whenever I worked arcund the Lil or went out
to the ALSEP or anything. As a result, I plcked up naybe a
halfla dozen more samples Jjust because it gave me sometairg to

carry & sample in.

CERNAN The only pilece of hardware I remember that broke was the hag

fastener on your camersa.

SCHMITT  Somehow or another I strained that and I taped it on ir the
cabin between EVA-2 and EVA-3. That taping Job, using the
food-pack tape, worked very well. We had nc further probiems.

The EVA-3 post comments are the same.
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Fauipment jettison went smoothly with no problems. You had the
feeling that if you had an infinite amount of oxygen and water,

you could have used those PL38s indefinitely. Good systems.

In eclosing, as obvious and as always true in the past, the
cfforts put forth on the surface of the Moon, or any place else,
are based upon a great deal of work by a lot of other people.

In general, the most significant group of people that supported
us in excellent fashion, and probably the best I've ever beecn
associated with, 1s our team led by Dave Ballard. Those guys
continually went out of their way to make sure that things were
deone right. 1 just can't say too much for the effort that

they expended. ‘''hey performed in a super professional manner,
Without that team and the training, the debriefing that we've
Jjust gone over here for the last 2 days might be a lot different.
The success of Apolle 17 is due to a lot of people. In parti.
cular, the IM activities went so smooth. The LM stowage, in
which there were a few changes right at the end, the interior
cockpit stowage and the exterior descent stuage stowage, was
really in outstandiog sbape, and it was due ia no amall part

to the efforts of lerry Neal. Yerry's had a great deal of
experlence in the past on previous Tlights, and that eXxperience
really showed itself. He was a tireless worker., He supported

every activity without being asked to at the pad, and came back
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and told us what he had to support. He kept us informed. IHe
made sure that people who were in charge and rcesponsible Ior
all the training gear had all the knowledge to keep it up to
sveed, based upon fliight configursiica of gear. Ee was
concerned about the type of detalls and things that the crew
is either too busy to handle or certainly would have iet slip
Dy. He's the guy that got the Job done for us sc that when
we got up there, to unstow the gear and to put 1t to work, it

was nct only 2ike we nad planned it to be, but it was all there

and 1t was properiy ard professicnally done.

Your statements are certainly echoced in my mind with respect
to the entire team. Zvery time sometning rneeded o be done
there was somebody there who had already dcne it, generally.
It wesn't a question of zsking. it was a guestion of doing,
or of utilizing the results of the team's offort. Terry Hezl
certainly made the Zunar surface stowage and eguipment opera-
ticn, both in f1light and in training, calstanding, lhere Is
no other word for it. We had no éifficulty at all In learning
where the equipmen® was and how to uge it in its stcrage loca-
tions. I'd alsc 1ike to congratulate the EVA cperations group
for their work in putting together threc, very complex Culfl
Checklists, ard in XKeeping a general trend cf training gecing
that was just abtout at the right level. We reviewed ine

various SVAs in a reasconable segience. And by the time we
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launched, I think we nad encugh of a feeling for wnat was In
the cuf™ checklists that we reaily, =zs you said earlier, only
used them Iin the review and that can't be to anyvody's credit

oul tne peopie who organived the tralning program.

And Lhe ontire support lLeam - 1L wasn't a case of them keeping
Ay with Us gelting rezdy Yor the flight, but &a casze of us
keeping up wiilk taem. Because they were going <o be ready for
the fiight and they made it 4 voint of making sure that we

were going to be ready also.

I taink it's also worth menticning that we neve nothing to give
bar pralse for Lkhe abllizty of the sult vecnniclans net only

to Reep our gear in working craer anc up To date with the
changes that night bhe coming zioag, but =2lsc in treining us on
now Lo use the gear, That i3 nerkaps rot in thelr job deserip-
Lion., Lo small pars of cur sbllivy te get in and cut cof the
suits, and uwndersiand wial you can do znd can't do with Lhe
suits, in sormg of doffing and donning, goes to the four guys

whe were outr suit techniclans.
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11.0 CEM CIRCUMLUNAR OPERATIONS

Operation of the spacecraft - The CSM solo opersticns are
essentially nominal. One time on the back side of the Moon,
after 1'd done the zodiacal light, where you had tc switch to
CMC free during the pass to prevent any jett fires and then
you switch back to auto, I missed the switch back to auto and
proceeded on into the waste—wéter dump and urine dump. Un-
fortunately, I locked the spacecraft control switch and CMC
free. The waste-water dump evidently puts in gquite a torquing
force or perturbates the spacecraft such that I was getting a
master alarm with the gimbal lock light. As soon as I had the
caution and warning, I checked back and found that it was get-
ting close to gimbal lock, I switched to SC3, and it backed
away from gimbal lock. Then I pushed back to auto and got

back to P20 attitude.

Navigation, normal state vector updates - When the down range
error got to about 30 000 feet, I let go and shifted up a
state vector. The RQ mecdel being used over in mission control
to project the orbital decay didn't work quite right, so I
ended up with the orbit not decaying down to the circular
orbit prior to the plane-change burn. 1 ended up making the
high adjust maneuver or trim burn to bring the orbit down to

63 by 63. The trim burn was performed about an hour before
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the plane-change burn. Trim burn was a 9-foot-per-second

RCB burn.

[4)]

LM acquisition - Nominal in a1l respects. The thing that
somewhat of a surprise to me, and I should anow this, you get
molded into a false sense of security bty deing rendezvous in
the CMS, You look through the telescope, and there's a big
blob of light. The telescope 1s indicatirg where the LM is.
In the real world yvou look in the telescope, and you can't
see. It's very hard to see 150 miles away. AS a matter of
fact, the TM was at about 80 miles before T uctually saw the
flashing light irn the telescope. As I went irnto darkness, I
could see the flashing lights in tne sextant. I did not get
M acquisition prior to going into darkness, and @ 414 nou
have it in the first paru of the rendezvous. 1 did not have
the Sun ir the sextant. There was rc Sun in the velescepe,
arrd it was about 3 minutes prior to spacecrsaft sunset before
1 had the 8un in the sextant and in the 1elescope. 1 could
not pick ur the IM ir either the sextant or the telescope.
Cnce I had picked the IM up in tke sextant, I fad no problen

from tnern on.

Update pad and alinements - No prcblem. We kept the P30 pad
in R-1] where it was always avallable in case I needed it.

I slways realined to different REFEMMAT. In translunar coast
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(CONT'D)
band and gyro torgued. As I picked stars on the dark side of
the Moon, I would coarse aline to the new REFSMMAT. It might
be interesting to note that con PDI day prior to IM separatiom,
there's a P52 scheduled about the same time the LM crew is
getting suited up. T delayed the P52 until they were in the
Challenger. By this time, the SEP attitude pointed the optics
right down to the Moon. The PICAPAR‘didn't work, so I just
started the spacecraft roll and kept recycling the LOk alﬁnn

until I finally was able to get it to work. After I got to PS2,

I maneuvered back to the IM sep attitude.

Lunar gcounder boom deployed — We had a little test to extend
and retract the booms. Extend worked ckay. Retract and HF 1
never did get the gray. The antenna retracted to the extent
that there was no problem for RCS or SP5S burns. In trying to
retract prior to plane change, we looked out the window and
could see it start back in. The extensions on HF 2 - Number 1
always extended all right, but number 2 would go out for a
little way and stall. We retracted it for 5 or 10 seconds

and then switched it back to extend until it deployed fully.
At any rate, with a 1little bit of work, we got the booms in

and out.
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Monitoring lunar activity - 1 did not attempt to monitor it

but I could put on VHF and talk to them. I was usually oper-
ating during VOX during the solar periods, so I just left the
VHF off. Prior to lift-off, we had MSFN relsys activated that

worked real fine.

Lunar sounder pad experiment - No problems. Everything worked

fine.

8IM bay dally operations - On the mapping camera, the first
extension tock longer than anticipated, so it was elected to
leave the camera extended throughout that day. It took about
4 minutes to retract when we retracted it. On one of the
mapping camera oblique passes where we were starting at the
spacecraft sunrise terminator, I went to operate and got the
barber pole., The Malfunction Procedure is to go to standby,
which we did. We left it in standby until we Jjust about came
up to AO0S. At that time, the barber pole disappeared. Evi-
dently it was caused by the mapping camera area being too cool,
And as soon as I got the gray indication, I went to operate

and had no problems the rest of the time.

Laser altimeter - It seemed to work fine. There were no

anomalies.
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Pan camera - There were no ancmalies that I know cof with the
pan camera. There was scme concern at one time if it was
getting a little warm in there and also some concern as to

whether the lens had really stowed.

UV spectrometer - As far as I know, we got cutstanding data.
The information that was passed up toc me Indicated that there
isn't as much hydrogen in the atmosphere arcund the Moon as

was originally thougnt.

IR scanning radiometer - It werked real fine. We're still
getting good information, and we were getting good information

on the way bacx. It was on mnost of the time,

The SIM bay pactos -~ Let's see, that means vhotographs by
tne M., It seemed to work all right. The Challenger was
easily maneuvered around to the right viewing attitude. They

got some good pictures. Bunlight was okay.

Cim light photography - The dim light phctography was the

zodiacal lignt and the solar corona. It was okay.

Terminator photos - Hopefully, those are going to come out.
I used a lot ¢l dikon film for terminatcr protos. We should
nave & lot of 35 mm stuff that was not plarned or not scheduled

in the Flight Plan. We used the Nikon wiith a red filter and a
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Plue filter and took three shots with the red filter and three
different shots with the blue filter of the landing site area.
We alsc used two different polarizing filters in one direction
and then in the other direction. That information should be
in the Flight Plan. In each case, the zcdiacal light with the
filters worked out real fine. The timing and the settings
worked correctly. I've got it noted in the experiment check-
iist that I had the wrong setting for half a second. I ended
up on the l-second mede. I 4think that was in the polarizing
part. In any event those plctures snould be good. In sketch-
ing the zodlacal light as you come up to the spacecraft sun-
rise, I think we probably didn't get the longest streamers
tnat are just half a second or guarter of s secornd prior to
the Sun popping over ifhe horizeon. In each case of the zodiacal
light passes, the sequence ended T to 10 seconds pricr to
spacecraft sunrise. I think we probably missed the longest
streamers., I didn't really observe this phencmena until the
iast day of lunar orbit and didn't have the cpportunity to

taxe a hand-held target of that particular phenomena.
Solar corona - The seguence worked real fine, no problems.

Earthshine photography - We worked it differently than it is
indicated in the experiment checklist. I used Aristoteles

and Copernlicus starting out with a 1 second ard taking two
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1-second exposures. As we rotated around about every 30 sec-
onds, it ended up a little closer than I thought. We were
passing up the target too fast because we'd never get every-
thing. The timing sequence may not be correct. It may not
be exactly 30 seconds between each one. We would cycle down
the exposure setting to 1 second, 1/2 second, 1/4 second,

1/8 second, and 1/16 second on Aristoteles and Copernicus.
We'd leave it on one-sixteenth of a second following Copernicus
and switch over to window three and pick up Reiner Gamma

and do the same type of seguence. Then we stopped on
1/8-second exposure and carried it out until the end of the

film mag.

Orbital science photography - It worked acccrding to the Flight
Plan. We would have the initial setting, and on the orbital
monitor charts, we would have the inpoints and then pick out
specific craters and have these noted on the chart as to change
settings. I did notice that it is very easy to bump and change
the camera settings as you bounce around in the spacecraft -
trying to keep track of the camera pointing as you try to
maintain your own equilibrium. A couple of times at the end

of a particular sequence, I noted that it had changed from

what I had started with. The orbital science photography was

accomplished with no particular problems other than trying

@D |
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to maintain a constant camera setting. We had two magazines
of what we call CM option or option-photography colored film.
Those two magszines were completely filled up with just targets

of copportunity.

Plane change 1 - I previously mentioned the trim burn part of
plane change 1. Plane change 1 was a little larger than antic-
ipated because of nondecay of corbit., Flane change 1 is where
I had 0.7 ft/sec and it seems tc me like an X. I did not trim
it because we were only trimming Y. There was also a plane
change where I ended up with a different roll because the pan
camera was loocking right into the Sun. No real problem., If

I were going to trim anything, I would trim Y and Z just to
make sure I didn't perturbate the apogee and perigee orbit.

To keep the pan camera out of the Sun, I went into PL0 trim
and utilized that roll angle. Communications were outstanding.

Maneuvers done to support the 1lift-off presented no problem.

Rest and eat pericds - I never got to sleep on time. It just
toock a great amount of time for one man to go through that
Presleep Checklist - to go down and chlorinate the water, take
the panel off, pull the return valve and clean the hoses - it
Jjust takes a lot of time to get it all done. But, there's no

real problem.
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Challenger, no problem.
Midecourse backups — I ran into a bit of a problem. I ended
up with 5 ft/sec as a Z-value, and the LM ended up with
1 ft/sec. I don't understand why there's that much
difference between the two midcourse solutions. Of course,

the Challenger made all the burns during rendezvous and braking,

so I didn’'t have any problems there.

Prep for docking - There is no time to get all the cameras
and things squared away prior to going into rendezvous, so I
strapped the TV monitor to the XX strut by the CDR's couch
and utilized it during the rendezvous and braking phase or
finsl phase of the burn. I used a P79 to point the X-axis
out the IM., And once it got close, I essentially pointed the
spacecraft such that the IM was alweys in the center of the

TV field of view while coming in for docking.
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12.0 LIFT-OFF, RENDEZVOUS, AND DOCKING

IM powerup and launch preparation went well., We did not do
the P22, Everything else Just went as advertised on the IM.
She powered up beautifully. The lift-off was normal. Obvious-
ly, we got all our pyros, and we lost no changeover, Parker
valves, or anything. Very soon after lift-off, we had apparent
loss of comm, a lot of noise in the S~band. It turned out that
we were down-linking, but there was something wrong with the
up-link. 8¢ the CDR watched most of the guidance and would
call out, in the blind, altitudes and GOs and what have you as
we pltched over and pressed on up. For about the first 2 or

3 minutes, the lunar module pilot had to concern himself with

trying to get comm back.

Apparently, Goldstone dropped the up-link. When they were
getting it back, I was switching omnis, and for a while there,
it was Just completely out of phase. They had a continuous

down-1link on us.

It was a Vvery inopportune time, I might say, because it hap-
pened just right after ignition. I think that's something,
though, that the INCOs are going to be able to.clarify. We
certainly can't give you the details. It's just that there was

essentially no comm on all the antennas,
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CERNAN We flew into & trajectory that appeared to be nominal. The
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AGS showed us slightly out of plane. As a result, our tweak
at 9 ft/sec was minus 4, minus 9, and plus 1. We burned out

X, 4, ¥, in that order.

SCHMITT It was about 7 ft/sec, a little over T ft/sec.

CERNAN it looked like we might have had a g-sensitive drift in our
Y-accelerometer in the PGNCS. The twesk was excellent because
cur rendezvous was Just as nominal a rendezvous and as nominal
a trajectory profile as I've ever been involved with. The
drift in accelerometer did not bother us anywhere else in the

tracking or in the rendezvous at all.

Rendezvous navigation followed the checklist; we got right off
the form very well. We got all the updates into the AGS. The
residuals in the TPI burn were greater than what I had expected.
We did not record them because I wanted to get them nulled out
just as scon as possible. I don't know the tenths, but they
were minus 7 in X, and they were 4 and 4, and I'm not sure
whether they were plus or minus in ¥ and Z. They were large,
larger than I'd expected. They were minus 7 and L-point some-
thing and a 4-point something. We reduced those to less than
0.2 ft/sec. From then on, we continued to plot right through

the midecourses right up the pike on a nominal trajectory.




SCHMITT  The comm was good. I have a couple of comments about the AGS,
Early after insertion, I alwsys checked the accelerometer.
“hey looked real good. About 5 or 10 minutes later {I can't
remember exactly), I locked and I'd accumulated maybe a foot
and a half per second in X. I did a gyro cal, and after that,
there was no significant accumulation in X. It went very
well., I did that without talking to the ground, but I felt I

had an understanding with them on that.

On the TPI sclution, the AGS was essentially within 2 or

3 ft/sec, a good TPI solution after six marks. The insertion
so;ution was not very good. It was off by a number of feet
per second in X and even more in Z. This was the first one
of 17 marks, The PGNCS recycle and PGHCS final were very

clese, within a couple of feet per second.

CERNAN Midcourse Solutions - The first midcourse solution agreed
effectively all systems, except AGS out of plane was a little
bit high. The decision was made to burn the onboard PGNCS
solution out of the IM, which was minus 1.2, plus 0.k, and
plus 0.3. We continued to track right up the pike. Midcourse 2
came up, and we again prepared all the sclutions. The AGS out
of plane was still a little bit high and actually in the oppo-
site direction from the PGNCS. We had a slight variation in

the C3M solution in 2, I don't know why. It came up with

€= i o
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CERWAN plus 5.4 ft/sec in Z. So we really cidn't get a very good
(coyT'D)
correliation between the CSM and the LM on the second midcourse.
But the PGICE was still performing, the radar was still per-
forming, and based upon our trajectory plot =nd based upon
our fecllowing a nominal inertial line of sight rate, we
decided to burn the onboard PGICS solution in the LM, It was
minus C.4, minus 0.7, and minus 1.6. From there cn out, we
Just continued to follow the inertial line of sight angles.
There was very little tweaking in either ¥ cr 2, We just sort
of floated right thrcough the braking gates. At 1 mile, T _
thing we tcok aboubt 6 or 7 ft/sec ¢ff to hit 30. We met &ll
the gates d4s prescribed and just came moving very =lowly inte
the firal stavionkeeping. We went intc a formation flight
around the CSBM. We got = goed inspection ol the spacecrafls
und the B3I bay, the repcrt of which Is in the transcript.
Fverything leooked good to us, The command module maneuvered
to the docking attitude. The M juast toox 1ts decking attitude,
gave stationkeeping contrel to the command rodule, did pitceh

ard yaw maneuvers, znd stood by for decking.

EVANS Crie of the nollceable differences peiween tails docking and the
dccking with the 5-IVB is the fact that the asceni stage did
dance a _ot more than the 85-IVE did. The 5-IVE is steady as a

rcex. C“he LM dead vand would change attitude, and yvou'd try to




EVANS
(CONT'D)

CERFAN

EVANS

CERRAN

12-5

follow it. ©On the first attempt, I must have had less than

0.1 ft/sec, Jjust barely closing., I was Just teking it nice

and easy. We made contact and did not get capture. As scon

as we didn't get capture, it was obvious we were clogsing too
slowly. We backed off & couple or 3 feet, renulled the rates,
initiated the closing rates, and got capture. As socon as we got
capture, both vehicles went to CMC FREE. I locked out, and I
had some rates in the CS8M and I'm sure that the LM had rates

algo, Hde must hawve had.

.

We went FREZE. Upon capture, the LN went FREZ. The T8M trying
to null the rates ended up perturbating the M and giving us

rates.

We finally gave up on that mode and had the LM go te ATTITUDE
EQLD. Once you get ATTITUDZ HOLD, the CSM could null the rates,
We got it lined up &and attempted the hard docxing. There was

ne prcblem. The prove reiract came back. This time, It didn't

sound like it was as muach of & ripple fire. It was more cf a
"phhtt," It was a guicker nard dock than 1t was the previocus
time.

I want to say something about the visual signting during
rendezveus. From the M, T was able t0 see the commarnd module
when 1t was sunlit at somewhere arcund 100 miles. I definitely

defined that that was tThe command mcdule. After the command
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module went into darkness, I could not pick up his tracking
lights until we were well within about 40 miles. I could not
pick up the docking :ight, the rendezvous ]ight, of the command
module until we were well within #0 miles. It was initially a
very dim, feint flash. I was able to verify on board that thne
LM tracking light was working. I finally figured out how; it
was reflecting off the underside of the EVA handrail on the

left forward side of the M., 1 could see the LM tracking light
flushing. 'lThere were scme particles we Took with us that stayed
witn the spacecra®, and ycu could see -he sequentisl f£lash off

the particles as the result cof our LK tracking light.

Regarding the televisicn and photograpay from the LM, we'll
Just kaove 1o wait ard see how 11 turred cut., I tock a lct

cf footage. We puat it cn not cnly the ascent mag, but we put
it orn the obrer mag. That inciludes the S1M bay. Right cr
wrong, we ¢id have a dasselblad on board, so we have a lot of

Hasselblad photography.
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13.0 LUNAR MODULE JETTISON THROUGH TEI

FPostdocking Check and Preséurization - The general cormment I
want to make about the postdocking operations is that beoth
pilots in the 1M tock their helmets off to keep the dust off,
rrimarily. The commander tock off his gloves almost immedistely
after insertion, and flew the entire rendezvous that way. Jack

took nis off some time later.

I kept mine on for some time, I can't remember exacily when
I tcok them off. I did most of my preinsertion werk with the
gloves con, because I didn't want to taxe the time, I wanted
to get that initial AGS solution. I could get that fairly
rapidly with the gloves. T dién't take the gloves off until
maybe 10 or 15 minutes after inserticn. I kept the heimet on

a1l the way through most of the transfer, just to aveid treath-

ing the dust. I had the sinus irritation on the surface.

The commander zept his heimet on %thrcughout the rendezvous and
docking., I took my gloves off after insertion and left them
off. As sooh ss Wwe were hard docked, the commander took off
nis nelmet. As I look back at that, because of the dust debris
in the IM spacecraft, I'm sorry I éid. I could have left the
helmet or, and I wculd have had a lot less eye and mcuth type
of irritation. You Xnew you were in a very heavily infiltrated

atmosphere in the LM because of the lunar dust. 1T don't xnow
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how much lunar dust previous flights had, but I think we saved
a great deal of grief by sweeping all the dust we could find
on the floor into the holes and putting our tape covers over
those holes. T think that had to help a great deal. There was

an awful lot of dust on the floor that we didn't see.

The commander had his helmet and glcves off all throughout the
entire transfer. We handled the transfer the way we'd planned.
The LM pilot did most of the preparation of the gear in the IM,
and the commander stayed in the tunnel and passed things on.
The inventory was going on in the command mcdule side and on
the LM side, both. We wvacuumed each other's suits the best

we could and everything else that got supposedly transferred,

unbagged, or uncovered.

In spite of the CMP's comments to the contrary, I think we got
things remarkably clean. There wasn't an awful lot of dirt in

the command module coming back,
That's true.

In contrast, he may have thought it was dirty, out I was sur-
Prised we were able to keep the level of contamination in tne

command module down.

After T took my helmet off, I could go halfway through the tun-

nel and stick my head up in the command module, and it was a
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totally refreshed, unpolluted atmosphere up there. It never

did get polluted.

I tnink heaving that vacuum cleaner running in the LM had a lot
to do with keeping the flow in the cther direction, filiering

out the alir.

We never did vacuum in the command module because it just wasn't

necessary.

The suits were noticeably cleaned vy the wacuum cleaner. You
could tell you were pulling stuff off them, althcugh they were
still dirty. Zvery subsequent time we handled them, we got our

hands dirty. I think meost of the free dust was tazken care of.

We effectively stayed on the transfer list. I say effectively,
throughcut the transfer. However, scme things got transferred
out of order and temporarily stowed irn the command module. We
effectively used the trarsfer list not as a cookbook recipe Lype
of thing, but as an inventory 1ist. We invertoried it several
times from both ends and were safiisfied we had everything trans-

Zerred. We then pressed on with the LM closecut,

The LM closeout went nominal. We got back intc the command
module, and the LMP c¢losed cut the M, For convenience, the
commander went bacx and closed out the LM hatch and put in the

command moduie katch. Because of the slow tunnel vent, cr the
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leng duration of tunnel vent, the commander stayed in the tun-
nel, the 1MF in his seat, and the CMF in the left seat. We

sulted up and prepared for our integriiy check. As scon as the
M tunnel vent was complete and we were gatisfied with the in-

tegrity of the hatch, we went inte the suit integrity check.

I pet it must take at least three or four times longer than

the simulavor did for the tunnel wvent,

I think thai's going to be applicable to Ssylab. They're going

to nave tc vent before they undock, 1 think.

Tne tunnel cleoseout was easy. We had no drogue and probe which
were stored in the LM for LM Jett. We just followed the check-

List, and it all seemed to aapper Just as advertised.

We got a little it intrigued with the LM jettiscon. It was
great. TL Just salled out tnere nice and pretty, and we got

2 lot cf good pictures of it. We should have been maneuvering.
We ended up getting into P41l after Jettison for sep burn, a
iittle ©iv late. That was no problem either, because we Jjust

Lrimmed the residuals for PLl ard got a gcod sep burn.

Cleaning control in the command nmoaule was excellent, consia-
ering all the dust and dirt that Jlust seemed Lo adhere Lo every-—
sning in the LM. When we got back in <he command module, with

1he exception of <he suits, and LMP ang CDR, everything was
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CERNAN clean. EBEverything was clean because everything was bagged be-
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fore we brought 1t over - bagged and zipped. We never did open

anything once we got it zipped up. BSo the command module stayed

exceptionally clean throughout the remainder of the 1ight.

SCHMITT In the bagging of the decontamination bags, I made a special
effort, alter requests prelaunch, tc pull those zippers as

tight as I eould. They should be pretty tight.

IVANS High gain always worked good; omnis and S-band were good. Fho-
tography went as advertised. We had lots of targets ol oppor-

tunity. S5IM bay operations have been mentioned before.
TELI updates, normal. Sextant star cnecks were gocd for TEI.

CERNAN Every one all through the fiight was good, whilch made me feel
real good. I made sure I got it on those last few. I wasn't
goirg to change any mode of cperation. I made sure I get It
cn TEI. Just to make you guys feel ai home. I figured wyou'd

think I didn't do it right, if I didn't get the master alarm.

SCHMITT The TEI, at 1/2g, or whatever we were pulling there, seemed

like more than that.

EVAKS It sure did; it seemed like it was really pushing you back in

the seat.

— -
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Ron and I both started out holding our heads up and eventually

reiasxed them back on the couch.

I guess we must have had the svacecraft pretty well stowed, or
tied down. I briefed the CMP and IMP, and, as I recall, those
kird of burns back on Apollo 10, lots of things start moving
tarough the spacecraft and find iheir way to the aft end of

the spacecraft because of the g-load. Much to my surprise, all
we had was an initial thud as we moved away from the statlon,

and we d:dn'%t have any gear flying through the spacecraft.
I found a white tag, wetwipe.

Other than maybe one or two of those things, in looking back,
I would have expected more gear to come from somewhere, but we

prepared for those burns pretty well.

That reminds me of all this water condensing on the ECU unit,
the pipes, and what have you. When we put our suits on for
the EVA the next day, your suits were noticeably wet. When I
pulled the PGA bag up, it was damp down underneath the PGA bag.
As a normal procedure, we shoutd have, either after the burn,
probably before the burn, made sure we wiped up the water in

the LEB.

Sur suits were darp when we put them on, tut I could not find

any real wahber down there.
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EVANS There's always water down there in the ECS. T just assumed
that's where all of it came from. There's not a puddle of

water. Like I said, it's just damp.

CERNAN It's almost as if it was colder down in the LEB, and water was
condensing all over the suits. It wasn't as if they were in

a ruddle.

EVANS The simulator is set up such that in roll dead band, it goes
over to one side of roll dead band and just kind of stays there.
During the TEI burn, it was bouncing back and forth from one
side of the dead band clear over to the other side of the.dead
band. When it's bouncing back and forth, the roll rate is up
around, oh, 0.4° per second, arcing back and forth across the

roll dead band.
I'd like to mention chlorination at this peint.

CERNAN  Without fail, almost every chlorination leaked. Sometimes

large quantities of water, other times just small quantities

of water.

EVANS Water or chlorine?

CERNAN A combination. ‘Where it leaked appeared to be around the bag.
It was the cylindrical chlorine dispenser that was continually

wet. It was not where the dispenser fit into the needle or
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witere the needle adaptor fit into the spacecraft. Tt was
within the chlorine digpenser itself. Chlorination was a case
of always cleaning your hands with chiorine because you always
had it available down there within that dispenser. In some
cases, you had a larger quantity of water that had to be wiped
up with a tissue. That plagued us throughout the whcle mission,
It turned out not to be a serious problem because we learzned
how %o nandle it. That was one system anomaly that hadan't

really been brought up.

In two cases, I'm almost positive, it did not puncture the
ampuie. The reason I believe that's correct is that, when ycu
started to crapk the cutside of the cassette down to push the
chlorine into the water system - it was very hard to tuwrn. If
you tried to forece it, you could force it on down there, andg

I'm sure that's a good ﬁay to break an ampule on the thing.

In two cases, we took the bayonet fitting Zcoose again and put

it vack on there, and in both cases, then you'd start to squeeze

the chlorine out of the ampule into the system, and it wculd

tdrrn easier.

We got the chlorination done. We didn't miss any injections
of chiorine, ard we didn't miss any of the buffer samples. I

guess we got the Jiob deney it was just a little it messy. The
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CERNAN chlorine was evident because the CDR eventually peeled all the
(CONT'D)
outer skin off his right hand. I'm convinced it was due to the

chlorine, and had nothing toc do with the EVA.






1L4.0 TRANSEARTH COAST

CERNAN Pasgive thermal contrcl was what I would call unusual attitude
because of the UV/IR reguirements. These unusual aititudes
did two things. They regquired us tc remaneuver the sracecraft
several times and enter and exit PTC several, several times,
which, in itseif was not a problem, just additional coordina-
tion. Coincidentally, most of these particular PIC attitudes
were within 30°, certainly U5°, of gimbal lock most of the
time. We were looking at the red apple = good portion of the

trip home.

Some of those ghtitudes where you actually were in attitude or
PTC in these relatively unusual positions, change the equilib-
rium heat load on the spacecraft. RCS guad temperatures were
all right, but you could see it in helium package temperatures
and, most noticeably, you could see it on the change in con-
densaticn Zrom the tall hatch to the forward hatch. 'The tail
natch eventually, for most of the way nhome, ended up to be very
dry. The second degy out on the way nome, the center hatch got
sceking wet to point that we even tock a dry rag and wiped off
some of the lat?h components and some of the gearbox components,
externally. ot that it 4id much good, but there was jfust Ynat
rmach water on there. I think this is all due tc the PIC atti-

tudes regquired for the S5IM bay experiments on the way home.

—
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It was cold in the spacecraft, too.

Oh, yes, it wag cold in the spacecraft.

Hot as cold as the commander thought it was.

Cold encugh to warm it up, on the commander's orders.

We mentioned we warmed it up on the ground's suggestion of an
extra invertor and going to MANUAL on the temp gain. I think

we digcussed that.

Ror.,, all your REFEMMAT changes, your platform torquings, all

those went very well, I thought.

They were great, went really well.

£11 the way hack home, it was just changing attitudes, changing
attitudes, changing attitudes, with the exception of the ZVA

day, which we'll cover here shortly.

T

BM ZVA - On EVA prep, we really didn't have any problem. We
didn't xnow of any at that pcint. 'he ZVA urep went right down
the line, essentially. 7t was well 1luaid out witnin the experi-
rents cnecklist., We checked things off az we went, and stayed
pretty much on the timeline. We sitaried about a half hour

eariy, mnd firished a hall acur early.
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We were a half hour early throughout the whole thing, and we
lost that half hour in opening the hatch. We turned out to be
exactly on time. Where we lost that half hour was c: a comm

carrier change.

Post—-EVA - One thing that helped us immensely on what ended up
to be, I think, a very fine entry stowage was that we backed
off after EVA and tock a good long lock at the long=-range
stowage as well as the post-EVA stowage. We really started
housecleaning, cleaning up the cabin, and effectively stowing
some of the articles that were not going to be used any further
in the missien for entry at that time. Our entry stowage really
started with the EVA timeframe pericd, and I think that really

helped us out in the long run.

The only change to the prechecklist and postchecklist was the
order in which we doffed and donned suits. It was very evident
there were certain convenient ways, because of the way the suits
were stowed and the way that people fit inte the cheeklist, that
when we donned the suits. The commander was first, then the
IMP, and the CMP donned last. It worked out very fine. The

CMP had less work to do in his suit, which also aided him ia

the long run.
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In doffing, the LMP was first, then the CDR and then, the CMP.
That wasn't exactly the way 1t was called for, but that's the

way it worked out.

We stowed our suits in the L-shaped bag prior to putting the
center couch back in, This was another good decision, I
believe, in helping us get the suits stowed back in that

L-shaped bag.

Cabin depress — No problems. Normsl depress. Hatech opening.
Even though the cabin was completely depressed, we were reading
zero pressure. As soon as I opened the hatch, there was enough
residual pressure, or something, inside the spacecraft that it

actually tended to pull the hateh out of my hand.

Because your suit is bleeding into the cabin all the time, so

you never truly get zero.

That's right, you never truly get zero. The dump valve was
still open, and if I had not been hanging ontc the hatch, it

would have blown it all the way open.

That's not unexpected because it's exactly what we had on the
lunar surface. We completely dumped the LM, I'd still have
to break that hatch loose and hold it copen about 6 or 8 inches
until things just vented. Then, I could let go of the hatch

and open it all the way. If I didn't it would slam back,
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closed. It was basically the same thing. You have Lo cpen

taat door and really let things get down to zero.

When I opered the hatch, all of the litile ice crystals started
flowing cut. A pen went floating by, and something else went
floating by - wasn't guite sure what it was. There's all kinds
of little particles and pieces that start coming oul through

the hatch.

I locked specifically for the secissors. I dldan't see any
scigscrs go out that aatea. I hzte to say it. Ron, I'4d Tike

te say they went out the hatch, but I sure didn't see thenm go.
Sure you didn't see them go?

I caught the one thing that started 4o go by me, and T put 1t
in your pocket. Cnce all particies and junk were cut of the
way we pushed the hatch copen. We disconnected the counter-
palance with the togl E. BSo, that we lockxed the hateh 1In the
open positicn, so I just shoved it open, .It went beyond the

center position and locked in the copen positiorn with no problem.

Egress - I had a tendency tc float up against the MPC. T had
to cauticusly duck to get my Face as close as I cculd to the
hotteom of the hatch in crder to get the 0FS past the MOT arnd
get on aout. IV and DAC installation worked fine. I cculd hang

on with the right hand on the hatch, the great big J-handle on

CaiainiiD Sy .
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the hatch, with the TV pole in my left hand. Worked out real
fine. Just stick it in there and line it up; make sure it was
locked in, then climbed on up the pole to turn the TV on., I
turned the back on. You couldn't see the light on the thing,
but you could feel the camera running once you turned it on.

You could touch it and you could feel it vibrate a little bit.

The lunar scunder cassette retrieval should be on the air-to-

ground tapes. Most of it was no problem.

The pan camera cassettes were next. No problem on the pan
camera cassettes. It's obviously a bigger mass, and it's
gquite apparent vwhen you try to move that big mass around. It
iz heavier and it weighs more than the other things. It's
easy to move, but it is it takes a little effort to get it
started. You know that if you ever get it started in one
direction and it's going to keep on going and you have to stop
it. I just tried to keep it under control. Mapping camera
cassette had the same problem I had in the SIM bay cefz. That
was getting the thermal cover off. It stuck underneath the
mapping camera laser altimeter door. I gave it a big jerk and

it came off.

SIM bay inspection - That's all covered in the air-to-ground
tapes. TV/DAC removal again was real simple. You just had

Lo squeeze the lever and TV came out. It was easy to hang on
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to with one hand and maneuver the IV around and point it
toward the Moon. I didn't have to worry about shining it into
the SBun. I tried to again hang on with one hand and point the
TV around toward the Barth. The Earth was maybe 15° away from
the Sun. I tried to be a little more accurate. When T did
that I really lost controel of my body pogition. I was trying
to maneuver the camera. You need both hands to maintain

your body control.

Comm during EVA was loud and clear for me throughout the EVA.
There was a lot of background noise; I'm sure 1%t was coming

over the VOX circuit.

It didn't appear to me that anyone on the ground had trouble

reading you.

One thing we did because it was bothering us I turned the VOX
sensitivity down about two notches. That really improved the

comm performance.

I don't know if it made any difference or not, but I got the

impression that it did help.

‘Comm into the cabin was excellent, I never had any trouble

understanding with that hissing in the background.
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EVANS Ingress - It seemed to me it was easier than egress., For
some reason, hatch closing was harder than I'd anticipated.
Maybe this is the same reason in that I must have been
exhausting into the cabin all the time. That hatch would
come closed to within about an inch of closing on the outer
edge. Then it took an effort to puli the hatch closed so you
could activate the latching handle so that you could get the
lateches over center. Of course, once you got the latches
over center, it was real easy, a.couple more cranks on the

hateh for closing.
Repress was normal.

SCHMITT  All 1 did was work in the hatch area. I want to emphasize what
everybody's always said Lthat you do your best work when every-
thing's going casy. Move yourself in small increments to
where you want to go. You can turn and dip and raise yourself
out. I think it's also useful for any hatch or port operation
to have somebody available to push you out on your tether
towards where you want to go. It Jjust eases the operation,
With the struts and everything available there, there was
never any feeling there that I could not have a way to control
my body positioﬁ. Sometimes it tock a few seconds to get it
where I wanted. The one thing, invariably, everytime I went

back inside I had the 90° disorientation for a few seconds
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until T got the perspective of the cabin again. I'd say okay,
that's right. Then I would go back outside and come back in,
and once again it seemed that cabin had rotated 90° to uy
perspective, It's just something that's no problem, it's just
8 change of perspective. For some reason, I experienced it
several times. I guess the biggest problem working in that

angle for me, attitude, was I had the Sun full face.
EVANS You had the Sun in your eyes most of the time,

SCHMITT It made it hard to look in detail to see what you're doing.
You were clear image; you were there. I could see every

major operation, but I could not see specific details.

EVANS I had no awareness whatsocever that I had an umbilieal on my back.
I never got the feeling that the umbilical was restricting my
mevements. I didn't even know that it was there. Did you

observe at any time, did the umbilical ever get tangled around.

SCHMITT  N¥o, the umbilical was easy to tend. There may have been one.
I had a vague impression that I asked you to hold up, or maybe
I did not say anything, I just moved you away from a handhold
or something. The umbilical didn't seem to slink around. You

seemed to have everything you needed on it.
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I did not even know it was there. Being tied to the umbilical
does not restrict your movement or give you a feeling that

it is restricting your movement at all.

iransearth - I did not see a light flasn.

That evening I did see them again falling asleep,.

Z did, too.

Zc then, it was just that peried during the actual experiment

for some reagor they were not visible,

We never really utilized the waste stowage vent to get rid of
any odors cut of that waste stcowage compartmernt. I% was
always a crime if you were in that area, 1f you got real close

to iz,

Tne czabin generally turned over the atmcsrhere in pretty good
style. It got saturated sometimes with gas and it took a few

minuites to clear, Thae cabin did a gecod job.

om

Flight Plan updates were super. The Piight Plan was excellent,
Changes were held to a minimum, and we really dif not change
ary part of the entire flight except a few dates, times, and

attitudes.
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Entry preparations began after ZVA and continued all through
the next day. We had very little final stowage to do on the
final entry merning, Just thcse thirgs we had to leave un-
stowed until we got out of our gleep resiraints, Basically, we
Just had te tie the big bags down. Final entry preparations
went by the checklist. If anything, we stayed about > minutes
ahead throughout the entire checklist, including separaticn und
activation of the command module RCS and .05%g, which ceme on
time. Comrunications I thought were very good through this lime.
I understand the ground heard everything we said right through
blackout. As soon as we came out, they still had ARTA, and
théy could still read us. We could have read them, but they

never transmitted anything.
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15,0 ENTRY

Prior to mideourse 7, we d&ld & null bias check and alsc an EMS
Deita-V test. The Delita-V test had been going at sbout

minus 22.2 or 22.1 at the end of the 10 seconds. Then prior
-0 mideourse 7, we ended up with & minus 27. We'lil have to
cneck the air-to-ground tapes, but it still was within Zimits.
We'll check the alr-to-ground on the actual values of <his, but
it failed the nuil bias check by a considerable smount. Eince
it did that, I went through an extra EMS entry check. It
pessed that EMI entry check. I can't say for sure whether tae
.05z light was con during test 1 or nct. It was on durlng the
second EMS3 check. As a result of that, It was determired by
the ground that the accelercmeter in the EMS was provably
putting cut a ccuple of extra pulses. It was deeided to change
the entry checklist sc that we would rot put the =ME to normal
antil .C5g time. Thls is what we did. The .25g light came on,
and the EMEZ funciioned correctly througncut the entry. “ntry
parzmeters are on the sir-to-ground tapes and alsc crn the

frames.

The RCS sounds were a Littie biw louder than we'd beecn pracile-
ing with in the simulator, I thought. I've also mentioned the

drifting and the cross ccupling and minimum-impulse ZPS.
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Is it louder or more of a bang?

It wes less than the LM and more than the service module.

That's a good way to put it.

Banging cn a solid can.

Communications wlackout - You'd never xnow it from inside the

spacecraft.

Ionization - lonization is bright. It was very bright, very
bright.
There seemed to be an early glow. How, whether that was ioni-

zgtion or the initiation of the firerall, I don't know,

They're ore and the same.

They're ore and the same, I think.

Yas, but with the true fireballi, it would seem tTo me that
that would be something that you really couldn't look at. I

couidn't Zook abt it; it was too bright. I couldn't stand it.,

Tou couldn't lock out the rendezveous windows as the firebvall
because it was toc bright. I felt like I should have put on
my sungliasses in order to be able to see. That intensity only

lastea for abcut iC seconds, maybe a liitlie longer.




CERNAN

EVANS

CERNAN

It was longer than that,

Rt |

T2's hard to remember for sure.

Peak-g - The one thing I can recall about peak-g is that I
definitely could not see the peak-g value on the EMS because I
couldn't see where the pointer was on the EMS. I determined
peak-g by locking at the g-meter. I could read the g-neter,
and it was something just less than 7. You're pretty well
pinned to the back of the seat at peak-g. You definitely have
wrist action with no problem, but trying to raise your arm
took a lot of effort. I don't think you'd ever get your arm up

if you didn't already have it up at 6g.
Guidance Termination - o comment.

Let me talk gbout guidance for a minute. The CMP was in the
left seat, monitoring the EMS, g's, and what have you. 1 was
in the center seat, monitoring CMC and passing bank angle in-
formation so we could come %o a logical conclusion about giving
the spacecraft over to the CMC for guidance. I had the impres-
sion after peak-g that the two of us were very close to con-
vincing ourselves that the CMC was not geoing to roll the

spacecraft.

That's right.
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It seemed like it tock a long time for CMC guidance to roll
the spacecraft back out of pesk-g. I had the impressicn that
you were just walling for me to say, "Lel's take it back,' and
we would have taken it., It scemed vhat 1t was longer than the
simulator. IU was a leong time vefore the CMC made its first
Initial roll command, almost teoo long. In another couple of

seconds, I think we mignt have taken it over.

We mignit have taxen it over, I think the reason that we felt
that way was because most ¢f the runs btast we ran in the -
similator werse nominal runs where you get acout 6.1g, If you
gew 6.1 or 6.2g, you do reverse the pank angle to a one-
elghth roll guiczer thar you 40 17 you have = aigher peak-g.

We were pretty ciose te the 7. I don't know 17 you ever saw

T on the Z3XY cr ros.
o, 1 never saw (g, o ny knowicdge.
I novor 4id see T.

1 zaw 0.64 cr 6.65, something “ike that, bui that's about asz
mack sz I over saw. 1T Jusl cccurrcd to us trhat the CHC was
rever going to gel arcund to roliing L8C°. Once 1t did rell
180° to the best of ry recolleciicn, it never rolled exceopt

from left to righu. 14 rever rclled across the top agsin, It

wert, from 90 or 100 cne way, and TC, B0, 03, or _ZC the ciher
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CERNAN way but never made the complete turn again. It just rolled
(CONT'D)
left and rolled right, rolled left and rclled right.
EVANS Visual sightings and csecillations - The one thing I forgot to
lock for was that in the simulator from about 90 000 on down
to 50 000, it starts pitching. I don't remember if we ever got
that pitch rate geoing or net. I think most of my comments should
be on the air-to-ground tapes throughout the entry. “Those would

be more appropriate than something I might recall at this point

in time.

SCHMITT I think we all had about the same impressions. My standard
comments for launch and entry are that there are certain perieds
of time that lasted for several minutes where I don't think you
would be too extensi§ely doing malfunction analysis and problem
solving, particularly during peak-g. I think you're mainly
concentrating on the g-load, and it would be hard to mave your
arm anyway to take care of any problem with Lhe switches or
otherwise. I'm not saying you shouldn't simulate it. You
learn a lot of systems and that sort of thing, but I don't

think you can snticipate deoing work during that periocd of time.

CERNAN I thought the drogue deployment was violent. I thought the

spacecralt oscillations were quite violent. I'm not saying
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that there was that much difference than I personally witnessed
in the past. I just forgot to expect the violence of the

oscillations on the drogue.

I was watching the drogues, and they were moving Just as hard
as the spacecraft. I think that the drogue movement was being

transferred to the spacecraft.

We had all drogue deploy, all main deploy, and once we had the

mains, apparently we had two good parachutes.

I watched the full main deployment, and I could see all three
reefed parachutes after deployment. They stayed reefed probably
about the amount of time you'd expect them to. Then you could
see the reefing lines start to go, and the two parachutes that
were on my right filled fairly gquickly and seemed to push the
left parachute away and out of the main slipstream, It filled
much more slowly. It was clear to me, and it should be in the
photographs, that the reefing lines were free. The parachute
was not filling. Then gradually, it filled completely. I
would say it was 15 or 20 seconds before that other parachute
filled completely. It was sluggish. It Just got pushed cut

of the way and couldn't get the full flow of the alir to fill it.

And I think that some of the people on the reccovery team said

that they saw the two parachutes plus the streamer.

> o~
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I wouldn't cail it & streamer. It was just unreefed. It

was Just gstill reefed.

I'd like to make a comment sbout the dyramic visual cues of
rotaticn. Tahroughout the entry, I didn't really feel that I
was rolling. I didn't get a feeling of dynamic reoll other than
the Zfact that 1 was watching the needles. There were no cen—
trifugal forces involved in that cperation until we werc ¢n

the main parachutes. When we were on Tnce main parachutes, I

felt like I was lying con my back on s revolving sable.

I suspect that might be because of the higher g-lcads when a1l
these other things were happering. I don't zxnow now ricn ycu
vere looxing at the horizon as ycou reolled, bul that's 211 T nad

to lock at.

could see tiae rol.. I had tkhe wvisual sensaticons of 1t, ovut
I didan't have the dynemic feeling of roll until we were cn the
main parachutes. While we were on the main parachutes, the rcll
wag not continucus in cne direction. It was rolling in one
direction at 15° tc 20° per secord, and for some ressor, 1t
would reverse and go back the cther way. The rolling sensation

cn thne parscnutes was xind of a wind and utnwind type c¢f a rcll,

Thne DAC operation was normal. We tock a little bit of extrs

Toctage early of the ncrizon which 1 hope turns out. T den't
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SCHMITT  understand why you turn the DAC off after you're on the mains.
(CONT'D)
There's nc reason to. We ended up with some unexposed footage.

CERNAN Oh, you d4id? I thought you let it run cut.

SCHMITT  No, the checklist said, "Stop DAC," and I stopped DAC and it

was a little while later that I wondered why I stopped the DAC.

CERBAN I'm sorry. I thought you let it run out.

SCHMITT I don't know if we would have gained anything by 1t except

some more pictures, but there was no reason to turn it off.

EVANS Comrunications - From 90 000 feet until about main parachute
deployment, I had a time trying to hear Jack. There was a lot

of background noise.

SCHAITT  That's right; I remember that.

EVANS It just gets noisy in the spacecraft from about 90 000 feet on
down. Once you get the altimeter off the peg, I had a time

hearing you call out.

SCHMITT I was shouting, too. I realized you were having trouble hearing.
There was noise. It must have been air nolse coming through the

hall.,

FUANS Tt was socmething.




CeRNAN You were on VOX that whole time, You could have been keying,
and that noise could have been coming tarough your VOX. I'm

not sure. That takes care of entry, which was a good ore.

SCHMITT Let’'s mention EC3. I never was uncomfortably warm in the

cabin at all, even through hestch cpening,

CERNAN We cocled the spacecraft effectivezy. Just normzl vowerup of
the ECS systems cooled the spacecraft down prior to entry, and
it was conmfortable. Even after we landed when It rormally
does warm up because of humidity et cetera, 1t was still very
comfortable. I never thought it got hot or extremely humid
throughout the whole recovery overation. LShe altipmeter resd
about 100 feet when we hit. We'd been warned that we might it
with 17 feet on the altimeter. We made callcuts all the way
down on crew condition, altitudes, and the DSKY read-out In
terms of position. They had a visual on us all the way down.
We were right next to the ship, apparently right at the zerc

aim point,
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16.0 LANDING AND RECOVERY

We hit with a pretty good thud. As soon as we recovered from
the thud, the IMP went for the main parachute release breakers
and I hit the switch. The parachutes, apparently from the lack
of a great deal of wind, just rose petaled in an almost 120°
position around the spacecraft. We had no tendency of ever
going stable II, partly because of the seas and the wind and
alsc because we recleased the parachutes in a hurry. We proceed-
ed to go through the postlanding checklist. In addition to
what we gaid about the temperature and humidity, I think the
postlanding vents certainly did help. We had that running. We
had communications with Recovery all the way down on the para-
chutes. We monitored the recovery all the way through by
communiceting with the recovery chopper. Spacecraft status was
excellent, We followed through the checklist; and, although

it was not needed, the checklist calls out to inflate the bags
after you've been on the surface 10 minutes. We inflated the
bags for T minutes after we'd been on the surface for 10. Tt
is a good idea in spite of the fact that they were not needed
because it does give you that added protectlion of staying in

in stable I in case you might end up going over. There was no

seasickness.
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We did not put the postlanding vent ducts up altheough they were
availabtle. Therc was vlenty of air moving in the cabin from
the nermal vertileticn. You could fecl it. You could feel it

rove, I don't znow about you fellows, but I had plenly of air.

I had plenty of air cuming across on the left ccuch, too.

Tre CDR climbed out of the center ccouch, went down to the LEB

ard got the cosmic ray prepared and available. We stood by

for hateh opening. Wnen the hatch cpened, we received the bag
with the Tifevest, the cosmic ray protectcr box, and the temﬁera—
wure gage. We pul tine terperature gapge on, the cosmic ray was
growed in the waterproof pacrage, and we put on our vests,

When wo were ready tc open the hatch fer the firal time, we

vowered down Lhe stacecraft via the checkiist and panel 250.

1 woula ecall the touchdown u very sharp crack rather whan s

Lhud, Tt i

L

an obvious sensstior. TIt's not one thet sericusly
Jarred you or hurt you in ary way. It was s shurp and abrupt
stop. 1 think it might have tsken me Z ¢r 3 scconds to start
maring a motion tewards the Treakers. There was enougn Jar o
say, "Okuy, [ pelter reocover from it," ard ther 7 reachea for
tac Ttreakers. The wirdows fogged ur iraide slmost lmmediately
ard vhere was also material on Lnem corn the coutside. T2 looxed
Zike zemething other than wolsture on =hne cutside. 1t was scri

of & brownish yellow. T rad no moticn sickness at =211, but




SCHMITT I didn't really care whether I got up out of the couch or not
(CONT'D)
for a while. I didn't have the desire and that's about all I
can say as far as any change of feeling from zero-g to one-g.
I noticed that my neck muscles seemed to be really working to
hold up my head up. It was much more than normal and this

persisted for about 24 hours. It graduslly went awsy until

about 24 hours later T felt perfectly normal raising my head.

EVANS I guess I didn't even notice the transition from zero-g to one-g.

I didn't pay that much attention to it.

CERNAN I didn't really notice any difference either. I particularly

got up on the LEB to see if I would but T didn't.

SCHMITT On the egress, my lifevest did not inflate automatically. That
might be worth locking into, because apparently they were a new
set sent out specifically because the first set gsent out had
not gone through ihsPection. These presumgbly hsed and they
still did not inflate. Only one ocut of the three inflated all

right.

EVANS Another point I want to make is that if we're going to put
that temperature gage in I would recommend that you send in a
roll of tape, a bungee, or scmething so you can strap it to the
strut. We Jjust happened to have a piece of tape in the LEB so

we could tape it to the strut.
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SCHMITT Crew pickup for the IMP was exactly as I'd been told it would

be. We practiced on Apclie 15,

CERNAN I don't think there is any other comment on crew pickup other

than to say that it was done in an outstanding manner.

EVANG I concur. It was good.
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17.0 TRAINING

CM3 - The crew station was always in gocd shape. Some of the
interior storage was boxes, but the items of storage equipment
that needed tc be used were always there. Jerry Stoner and
his crew kept it in excellent orbitsel storage most of the time.
If we wanted it restowed for a SIM, for 1lift-off, or anytaing,
all we had tc do was let him krow and they were in there all
hours of the day and night to get everything squared away .
Fidelity of the CMS - I've mentioned the differences in the
actual vehicle and the CMS in the various other sections of

the report. They are minor. Availability - The CMS was always
gvaeilable any time I wanted it - more than I could use it in
some cases. The people involved in the CMS training - knowing
full well that Apocllo 17 was thelr last shot - were oubtstanding
in their desire to continue training and to put out their best
efforts in insuring that I was trained and ready to go. Visual
systems. I didn't seem to have any problems with that. The
biggest problem was in the star ball. Every once in a while

it would get fouled up. That and the sextant drive were a
little bit Jerky but it worked great. Software - ¥ computer
was going all the time. If it ever conked out, they fixed it

fast.
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I echo all of Ron's good words about the quality of the train-
ing und the dedication of the troops down there. TFrom the
gystems point of view, I think the fidelity of the systems

was all that was required and was generally very high. Only
those differences that were spacecraft peculiar were the ones
that were not simulated. Where there were other comments to
be made, they have been made in conjunction with systems work.
Availability was fine as far as I'm concerned. The visual
systems were good. The only ones that really concerned me
were the entry visuals and they were certainly adequate, al-
though they do not give full representation in drogue and main

deployment.

ILMS - we never really stowed the IMS., The gesar necessary for
general training was perfectly adequate. All of our crew-
station-type training was done in the mockup of the IM3. We've
also menticoned the fidelity of the training and wherever there
was differences, the L&A and the AQOT were excellent represen-
tations, based on a little bit of compariscn that I did. The
AGE software in flight was Just like the AGS software in the
simulator with one well-known exception. You get your displays
faster in the simulator than you do in the flight but this was
never a problem. My work with the PNGS is limited and con-
Tirms what the CDR has already said, that the PGNS in the sim-

ulator and PGNS in flight are essentially the same.
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The IRV navigation simulator - The main usefulness I received
from this simulator was working over the traverses and under-
standing and knowing what we were supposed to do. The com-
parison of driving on the lunar surface with that of the
simulator was very poor. I think the problem is that the
simulator has to give you a much higher point of view. The
simulator is 20, 30, maybe 40 feet higher sbove the surface.
When you're down at L4 or 5 feet, as you are in the LRV, it's
a different world. It makes a blg difference in what you rec-
cgnize. The other side of that coin is that once we started
moving on EVA-2 and EVA-3, there was never any difficulty on
the lungry surface of recognizing the larger features that we

had seen on the LRV simulator. BSo it werked out wvery well.

CMS/IMS simulations - In general, the integrated work we did

elways went very well.
T think it did. We lost 1/2 day on an integrated sim.

I think the few places where we ran a little bit behind in
flight were those portions we never really simulated, such as
suiting opersations and the tunnel operations. They went
smoothly, too. I think not simulating them in detail was a

good decision, and I don't think it affected our operations.
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T dor't thirk so, either.

B¥5 - 1 don't know how you can ever overcome this, because in
tae 8BNS you are tralning the crew anrd you're also trying Lo
Yrain the MOCR. There isn't that much for the CMP to do to
keew busy all the time from a training standpoint, I don't

know if that's necessarily vad or not.

We ned a few excellent S5ES, from the standpoint of fairiy
contirucus activity. In general, Ron's comments are valid
for Apcllc 17. I[f my memory serves me correctly, Apcllo 15
SHS were mucn more active. And I don't know why there mignt

have been that &if{erence.

On Apollo 1L backup crew, I was more in a leavning stage =zt
that peint than T was on Apollo 17. In Apcllo 17, it was more

of & review stage for trairirg than anything else.

. think that's a naturat point.

]

OCPFS - We tried to get it once every 2 weeks, which we did in
the first part of the training cycie. The last 3 months we
werce lucky tc get into the DCPS once z month. I feel it's a
necesgary vart of the iraining and zhould definitely be con-
tinued. The CMPS was shut down after Apcllo 16, so all of my

rendezvous rescue procedures and trairing was accomplished
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prior to Apollo 16, with a final review of the rescue book

about a month prior to the Apollo 17 launch.

I'd 1like to make a general remark sbout CMPS and IMPS type
simulators for future progrems. If you ever have a program
where you're bringing in a new group of people to fly your
gpacecraft, this type of facility is extremely wvaluable. It
gives & new man a chance to train without the constraints of
simulator ties. He doesn't have the pressure of other crewmen
looking over his shoulder and evalusting his performence. He
can figure out how to do things, what a simulator really is,
and what many of the more standerd procedures are. 1 think
it's a very valuable type of simulation. When you're dealing
with & large pool of experienced crewmen, then thaet type of
simulator is not necessary. This type of simulator develops
hebit patterns which are necessary in order to move on to the
total mission simulators., Let me go back to SNSs. I had a
feeling ~ and sgain I'm comparing with 15 - the total readiness
of the combined MOCR and crew team came up more slowly than it
did on 15, sometimes more slowly than I expected it to. BEut,
at the end, I had the feeling that we were every bit as ready
85 a team as we were on 15, There was g lot of EBkylab work
for a lot of people there and I think that may have affected

the rate in which we came up.
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Cormand module egress training - The mockups over in build-
ing 5 were utilized from an VA standpoint for the CMP. The
probe and drogue mockup was utilized several times. The last
was a review and & final ckheck. This ig an absolate necessity
for the drogue operalions and alsc for the command module EVA
cperatlons. You need to utilize the mission simuiator once

ar twice to tie in the gystems procedures with the mockup

rrocedures.

The lunar medule pilcoi's egress tralining was largely accom-
olished on Avollc 15. We did procedures reviews or mockup
reviews and T did not get into the water tank for Apollc 17.
Tne launca pad {inal walkdown camc at a geod time. The normal
training we did n the hypergolic building was standard and

excellent, I think it was goed familiarizaticn,

It was good familiarization =nd alsc a must.

Tt's a confidence Tuilder and 7 tnink you ought to do it. The
alvitude chember work tends to give you a little bit of egress
training just because you have to deal with a real vacuuan. T
Lhink that also is somethirg ycu just pick up but that adds

to your total readiness as far as egress I1s concerned.

Tne watcr tank is where T received most of my EVA training.

Tre water tank is a pretty good represertation of zerc-g.
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It was s lot better for me than the zero-g airplane. I became
sick in the zero-g airplane every time except cne. I never
became gsick in flight and never felt like I was golng to be
sick in flight. Every time I got on the zero-g airplane T
always wanted to get as much done as possible before I started
throwing up. I don't have toc much confidence in the zerc-g

airplane even though I flew in it four or five times.

I'11 meke some gerneral comments about the CMS training. The
(M8, from a hardware point of view, supported our mission in

an excellent fashion, I think the crew at the Cape made them-
selves particularly gvailable and were a vital part cf the
training. They did an outstanding job. The CMS is always
limited in a %isual-and a dynamic systenm because it is a fixed-
base simulator. I think within the capabilities that it nas

to reproduce the wisual, we received a good preview of what
this flight was going to be sbout. It waz mentioned earlier
that for launch and reentries there are certain periods of

time that you can not de in the real world that you can in a
simulator because af the dynamic g-forces. It was alsoc men-
tioned that this method of training in solving systems problems
during those phases is still an excellent way in which to trzin
as long as you realize that there are certain pnases in the
dynamic portions of the mission in which you will not be able

to exercise the freedom that you can in the simulator. The LM5
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from a hardware as well as an individual instructor support
point of view supperted our mission, in outstanding fashion.
The entire system was excellent. The L&A, from a gross recog-
nition point of view, was a duplicate of Taurus-Littrow. When
we pitched over, it was almost like being in the L&A, except
you very obviously got the realistic three-~dimensional feeling.
All of the software practices we used in the simulator were
used in the spacecraft. The duplication of the spacecraft’s
software on the ground in the simulators was outstanding be-
cause I never had any problems or overloads. Everything per-
formed just as advertised, I want to mention something about
the IRV navigation simulator. It's a very good area familiar-
ization simulator. 1 anticivated it would be a real great
navigation driving simulaxor, but it's really Jjust an area
familiarization simulator in terms of driving from station to
station and completing your EVA traverses, 1 think its major
shortcoming is you never get the feeling of size or distance
on this simulator, because on the Moon you have to at least
double or quadruple your estimate of size and disitance. You
do not get that on the lunar Rover navigation simulator. You
do not get involived in what it takes to drive the lunar Rover
on the simulator and I don't just mean the 1/2.g effect. I
mean the effect thal in the real world when you drive the Rover

you are continually aveiding rocks, holes, and craters. Some




CERNAN
(conT'D)

WARD

CERNAN

17-9

you can see and some you can't quite see. TIt's & continuocus
requirement to watch where you're going. The duty cyele of
the controller is almost 100 percent. You do not have this
requirement on the lunar Rover navigation simuletor, and it's

a little unrealistic from that point of view. We didn't spend

thaet much time on the LRNS and I'm thankful we didn't. I thought

it would be more veluable. The simulations we had with Houston
and the iﬁtegrated sims at the Cape went very well. We had
very few hardware problems. The IMS in the last couple weeks
had hardware problems now and then, but the pecple were able

to recover and we only lost 1/2 day, and I think we made that

up.
The backup crew essentially lost a day.

The DCPS in Houston was used extensively until 3 or 4 months
before the flight. I'm very glad I did that because it was
not just abort training, but it was sbort and booster famil-
iarization work. I felt very comfortable in flying the aborts
as well as the manusl takeovers on the booster. The rest of
thaet training was dcne at the Cape in the CMS and 1 never felt
anything but at hoame and quite knowledgeable about that part

of the training.
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CHERNAY CM/LM egress - The altitude chambers speak for themselves.
(conT'n)
We did the launch pad work. We did water tank and not Gulf

egress work and I heartily recommend that.

Syslems brieflings wernt hand in hand with our sinulatcr brief-
ings Trom the zimulator veovnle. We did a lot of those very
early and then Just kept up the speed as we feltl we needed

them throughout the last 4 or 5 months with the other training.

SCHMITT

1=

svent & lot of %ime, the first 6 or 8 months, with the flight
contrel divisicn peovple going over the various systgms that I
was concerned with. T found this very wvalueblie, not only In
learning the systemg but in learning how they were thirking
gbout these gysiems., Once we were at the Cape, most of that
kind of training was dene directly with the simulaior pecvle,
who did an excellent job. I was in fairly continucus phone
contact with the Flight Control Division people to whom I
taixed earlier. This combination kept my system's knowledge
vretly well up to date, I think it was an excellent way to

approacn tne problem.

TRIAT Simzlator trairirg plans - Zight To fen menths ago, I sat
dewn with the training cceordinator znd the senicr simulator
peeple abt the Cape and asked the people there to go into the
back simulator training history of the entire crew, because

ezch crewman nad a little different backgrcund. We found out
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(CONT'D)
ing forward to our future total simulator reguirements. We
tried to emphesize scheduling to f£ill in our weak spots. We
reviewed this periocdicelly - ebout every month - just to see
how our treining wes geoing. This type of review with the
simulator people did two things. I made them work out a
particular schedule which we did our best to live up to, and
it gave them a schedule that they could work on, plan on,_and
get ready to brief on., It made sure that we covered all aress
which we could have skipped if we Just randomly went out and
told them what we wanted to do. 1In addition, I asked them to
meke sure the backup crew did not go off in one direction
while we went off in another. The backup crew ran within the
seme time frame, thé same type of training thet we ran. In
addition, they verified all our flight procedures and check-
lists. They could uncover possible errors or shortcomings in
the procedures, due to their experience, that we might not.
I think that 231l paid off. In the end we had all the important
squares filled. The initial simulator reguirement time was
now an academic number because we knew exactly what we had
done and where our strong peoints were. We reevaluated our
entire simulator background and found ocut we were in pretty
good shape., We probably spent more time in science training,

both in the mechanics of ALSEP development and SIM bay

PN S ,
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cperation as well as from orbital geology to geogeology work,
than any other crew in the past. And at the time it seemed
like we were expending almost too much time in this area. But,
in retrospect, I've got to say, it was time very well spent
although it was time that had to come at the expense of some-
tning else. But I think those things were reasonable in terms
cf our previous training and vackground and not compromise the

entire training and readiness for the flight.

et me add a corment 4o science training. We made a very
special effort, and many people in the Science and Applications
Directorate went out of their way, particulerly people associ-
ated with contractor support, o see that we had extensive ex-
vosure to the Zunar sample. I think that in itself also paid
cff handsomely in recogniticn of rock types or the lunar sur-
face. Those people are to be ccmplimented doing what - in a
time of tight budgeis - is g difficult thing to do and let us
gee the lunar rocks., They also supported very fregquently with
2- or 3-nour discussions on various lurar problems, which also

was above znd beycnd the call of duty.

Orbital geology -~ From ry starndpoint, three people were indig-
pensable in this respeet. Dick Laidley, Jeff Warner, and
Faroux El Baz, each in thelr own little areas. Dick Laidley

was irdispensable in that he had been the pilot and the CMP's




EVANS
(CONT'D)

SCHMITT

EVANS

17-13

geologist so to spesk for Apollo 16 and for the field trips
invelved - getting ready, knowing where to go, how to follow
flight plens, what to expect, what photos to take, and this
type of thing - he's indispensable from that standpoint. Jeff
Warner took over and orgenized the rest of the scientific
briefings for the (MP, got these squared away, and participated
in the field trips from the low-altitude standpoint and also
with the.site specialists. Farouk came into his own along
towards the end of the training cycle when we were involved
primarily in the crew familiarization snd training of the lunar
geology itself. I think in each case we had the right amount
of field trips. We Just about exhsmusted 811 of the field trips
that were available, since we got an early start on them. Even
thouéh you like to éet a refresher fleld trip along toward the
end of the training cycle, there Just doesn't seem to be time
to get it in. The lunar geology should also begin close to the
end of the training cyecle and continue on up to launch, which
it d&d. You really don't need to make a recommendation any

more, but El Baz should have been on the primary contact list.

Well, T think that would go for any activity, in Earth orbit or

anywhere.

It's hard to work through a window. It can be accomplished,

but it's a lot emsier to be side by side. One more for
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identification training. We had good landmarx maps. We only
hnad four or {ive of thenm and so not a whole 1ot of time was

involved in that because they were pictured guite well.

5TM pay training - Ir the early part of the tralning cycle, I
was essentially following the manufacturing and the design
really of the the lunar sounder, so I was somewhat involved in
the initial part of that. And then you get down toc the final
stages of 11 and work through the A3P0 people and the FOD
peorle as well as the peoplie on the CMS who keep you up to
date cn the nitty gritty and the systems diagrams and that

part of tre training. And it was sufficient and adequate.

The 2/fg aircraft - T elways felt that there's an important
but limited area for the 1/6g procedures. I think if nctaing
clse it paid off in evaluating the LRV sampler and convinced
us that it was a feasible way to szmple. I think for genersal
Lfamiliarity with part tasks that could be accomplished in

20 seconds or so that the 1/6ég alrcraft was extremely wvalusble
and those pecple 3id an outstanding job of supporting as. I
mean Jack Slight and the Alr Force and NASA in gereral, I also
thiing the ¥X-bird is a good vestibular trainer in spite of the
feet {f's very wacomforiable. [ thirk it's preobably worih
doing & couple of times - for myselfl, anyway, to keep my ves-

tibular system in some xind of condition.
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One-g walkthroughs - Well, mainly that's familiarity, and
that's exactly what it did and i1t was extremely useful. Field
trips - If we checked the number of trips, we probably had a
little less than 15 or 16 did, but nevertheless they were well
organized, They were mostly to brand new msreas, sc the pecple
should be complimented on coming up with trips that had never
been done before. That was mainly in order to keep the LMP
from seeing a lot of familiar terrain. The support we recejved,
the cooperation of the U.S. Geological Survey and the Scilence
Mapping Directorate, was outstanding. I think all problems
that existed several years ago and continued to exist tc a
limited extent were just about gone if not completely gone.
The groups are working together extremely well and I under-
stand continue to work together through the missicn in various
capacities in supporting our operations on the surface. We

gppreciated it very much.

The IRV trainer - The IMP did not have too much to deo with that.
He went through the normal familiarization to drive it and knew
the gystems remarkably well. I think the one unit we got the
most out of was the Grover, which was a U.5.G.5.-built machine
that we used on field trips. It had a lot to do with getting
us used to the problems and advantages of using a four-wheel
drive vehicle for geological explorations. In particular, I

know the CDR would comment and he may yet that the Grover was
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good Tor emphasizing the amount of time you have to spend in
driving versus what you would normally expect to see on the

IRV simulater.

The C2D chamber work was extremely wvaluable. The two rums on
the PLSS5 and going through the EVA prep and post operaticns in
the chamber and using our flight PL3Ss, and backup PLSSs was
some of the most wvaluable EVA training we received in ny

cpinion.

T think T can just pretty much second that although my train-

ing was strictly on the umbilical, the 0, umbilical and OFS.

?
In both cases, the first cone was strictly a familiarization
and confidence-type builder, knowing that you can survive and
move in a vacuum with all of this equipment. The second run

was more a refamiliarization with the eguipment and also, as

far as I'm cconecerned, = necessity.

The two (5D runs were probably all you needed. We did one
early and one late, and [ think that was excellent scheduling.
The people in the chamber should be complimented for the gual-
ity of the training. The schedule is to be complimented for
having it in there because it really topped off the EVA prep

and post training that we received.
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And the late one really meant something in terms of us remem-
bering how much pressure there was to put water connectors on.
Also, it gave us a closed locp matrix on handling all our EMU
gear. As it turned out, we changed out the commander's PLS3S.
The Grover, I think, was very useful for extending ocur geology
training and putting us in the right enviromment in terms of
distance to cover and getting on and off and what have you.
The dynamies of the vehicle were nowhere what the real vehicle
is, but it waé certainly an advantageous device to have fér

field training and geology without question.

I mentioned on the Grover, and see if you agree so it's clear
on the record, that you commented several times that the driv-
ing tesks as termed to workload was comparable in certain kinds

of trips.

That's a good point., Well worth mentioning again is the fact
that even on Earth terrain the guy in the left seat is not
going to do much geology. He's going to navigate and he's
going to pay attention to the driving task. The Grover brought
that home very clearly. I convinced myself that that was going

to be the job in a real world.

The one-g trainer that we had down at the Cape I think cer-
tainly did more than an adequate joh., I felt very much at

home in & hardsuit in the Rover in 1/6g becsuse of the work
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we had done with the one-g Rover trainer down at the Cape.
The reach capability, the control capabllity with the hand
controller, -studying the low-gain antennas, the surprising
reach on TRV sampling, and taking the sample out of the con~
tainer bag and reaching over and putting it in the IMP's bag

was almost exactly like the one-g trainer.

I personally felt that simulating zero-g contingency EVA train-
ing was not worth the time doing. You'll never know, but T

still feel that way.

I concur with you, Gene.

liow, you've had some EVA training. Tell us,

Walking the handrails was a piece of cake. I felt confident

in everything that I was doing out there.

And it's a case of exercising the procedures in lg. There was
no question in my mind but that we cculd have transferred if

we had had to with the training background that we had.

The next item there 1s the EVA prep and post training. Jim
Ellis had the procedures essentially all squared away from
Apollo 16. He made a few modifications to account for the

differences in the stowage so 811 I had to do was to come in,




EVANS
{CONT' D)

CERK AN

SCAMITT

EVANS

17-19

follow through the procedures, and get trained and do it. I

think we had the right amount of EVA preps.

All of this ZVA, both command mcdule and LM prep and post-zVA
training - we really welked in the footstevs of the guys who
nad prepared and exercised the procedures in training and in
the real world. And we really altered them very little. We
Just based our training efforts upon their experience and it
vaid off. They were good procedures. They worked well in
flight, and we did not make many smell perscnal changes to

these at all.

I did & couple extra mockup and stowage training exercises and
I'm glad I d4id them. It made me more generaily familar with
Wheré things were iﬁ the cormand module and I can't say that

I really needed it but I felt & lot better once we were up
there that I know where A-1 and A-2 were. I didn't have to
keep asking Ron quite as ofter where things were. So if you
have the time, it's still useful to the whole crew if you have

that familarity.

I'm also a firm believer in having the CM5 fully stowed in
wvhatever crbital cperstion you're doing, because this space-
craft is a lot different when it's fully stowed than when it

isn't.
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review for me. I was familar with the cameras, the photography,

and this type of thing.

CERN AN I think that's the case for all three. But we did have a

session or two anyway in that area.

Let me say something about the lunar surface experiment train-
ing. This goes tc the SIM bay, too. When we first got Intro-
duced to the new experiment packages, we started out by having
briefings by the PIs. It gave us a chance to meet personally
and know each other's basic objectives. T think it gave the
FIs a feeling that we were Iinterested personally and profes-
sionally in carrying out to the greatest extent possible every
objective of their experiment. I think, when we launched,
every PI was satisfied that everything humanly possible had
been written into the Flight Plan to meet the objectives of
their experiment. It was a very, very good relationship and

I'm very glad we did it.

The LLTV besides being a very enjoyable machine to fly from

the pilot's point of view is just one of those things I feel
Just makes a landing on the Moon that much easier. Puts you

in a familar situation. The dynamics of actually being out
there on the front of that LLTV are slightly different possibly

than the real lunar module, but the roll and piteh and rates




CERNAN of descent in our actusl lunar IM landing were not new and dif-
{(CONT'D)
ferent because of the LLTV experience. I consider it a wvery
valugble piece of time spent in preparation for our lunar

landing.

SCHMITT  The IMP doesn't have too much activity with respect to lunar
landing. We might use manual throtle from the LMP side, and
the simulator, with Gene more less in a GCA mode, showed that
that was a perfectly adequate way to land the vehicle. TI'd
also like to compliment the use of the helicopters. The IMP
continued to fly those because, in general, that kind of two-
handed control has s direct feedback into handling two hands,
ACA and PTCA in the LM, Whether you're landing or not, it
gives you a two-handed coordination proficiency required to
perform those tasks to a fine degree, Particularly, I found
that in LOII aborts, where we were doing manual ettitude control,
that the more 1 flew the helicopter the more finely I could

control it for those particular maneuvers.

EVANS In the planning of the training program I thought it was out-
standing. I didn't at any time in the training program have
to worry sbout, "What do T have to do next week.” It was all
taken care of. All T had to do was look at the schedule and
say, "Hey, this is it." And press on. I don't believe T ever

felt I was doing something unnecessarily. Nor did I feel like
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I completely missed anything that T should have been doing.
You can never get enough training. However, I felt I was con-

fident and ready to go at the right time.

That same logic can be tied into the fact that the trainer re-
quirements were organized many months ago and we took a good
look at them. Once they were established and down con paper,
you didn't really have to worry about whether you were getting
extraneous training or not enough training at that point in
time. You knew you were eventually going to get what you
needed and it did work out that way. The last week or two
you begin to vary from that a little bit, based upon what you
want to emphasize, maybe eliminate something you think that
you're very familar with. I flew a lot of manual descents

and manual launches and manual TLIs the last week or so Jjust
toc mske sure that that would not be the thing that would keep
us from going or doing the job. But beyond that, we followed

the original planned training program.

The IMP concurs with all of that.
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The first cne is subsystem modes. All we did was utilize the
nominal modes of the inertial subsystem. We had nc provlems,
with the exception of onc. And I thinx I stould let the CDE
talk about that one. Tue IBS woriked real fine. The drift on
the platform was phenomenally low. Nosi of the torguing

angles were, withkin =z 12-hour period - .0 blank, blank, or

scmething most of the time.

With tke LM =zboara, I seldom saw any staers throughk the tele-
scope, so I nad to rely on PICAPAR <c put a star in the
sextant. Once the star was in the sextant, you could assume
that it was a ccrrect star because we always had a good plat-
form. If we had needed tec do a realinement or a 231, I think
the only way we could have done that was to get an iritial
alinement on a Moon/Earth type of system. The only degrading
factor about the cptlical subsystem was the Iocus of the sextant,
and you just couldr't guite bring the reticle of the sextarnt
inte focus. If you ecranked the reticle trightness all Lhe way
up, you could see the center of the sextant. However, if you
cranked it down a2 little bit, it was hard o see. And even
with full bright, it was a littie aifficult toc see, so you
never really hnad it in feocus. If you pcinted the sextans

close to a brignt object, for instance, c¢lose Lo the Mocn cr

.
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(CONT'D)
wvould be completely blanked out and you'd end up with a black
line and two sets of reticles. One would be a heavy black
line, and then there was kind of a ghost reticle behind that

which wasn't superimposed on the heavy black reticle. I don't

know what that was, so I always used the heavy black reticle.

SCHMITT It's not of major importance, but it's interesting that you
were continually saying that it was hard to pick groups of
stare and to identify groups of stars in the telescope when .
you could look out the window, as long as the Sun was on the
other side of the spacecraft, and identify constellations

with no problem.

EVANS This was particularly true on translunar coast. Even if the
Sun was behind you, the reflection off the IM's radar box
or RCS quad would interfere with the telescope's field of
view. Now on transearth coast, if the optics were locking
down-Sun, you could pick up constellations; however not as
bright as locking out the window. Arocund the Moon, even in
earthshine, which was very bright, you could pick out con-
etellations. However, they were considerably dimmer than
they were in the double umbra on the back side of the Moon.

Cn the back side of the Moon with the double umbra, you could
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leck out and almost see constellations as well as you could by

looking out the window, but not quite as well.

I locked once or twice through the optics at the Farth., It

appeared to be an excellent Earth-viewing system.

Yes, it is. A couple of times, I observed the Moon through
the sextant. However, the field of wview through the sextant
was so small that you had to lock through the telescope first
to see where you were and then look through the sextant be-

cause you couldn't recognize the general features at all.

Trim displays and SPE displasys - Were they all what you

expected?

Evidently, from where I was sitting in the cockpit, plus 2
and minus 2 on the gimbal drive check always ended up a

plus 2.2 and a minus 1.8 from my left seat viewing angle.

The trim values were always Just a bit higher than what I
thought they should be, which didn't bother me much either,
I finally got sc T would set the S8CS gimbal trim position

Just a bit higher than what I thought they ought to be.

During those checks, each movement of the gimbal was indi-

cated by an increase of amp loads on the buses.
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The other thing that's more noticeable in the vehicle than in
the simalator was the feeling of the dynamic motion every time
the gimbals move., You also got an Indication on the rate
dispiay. If you were in the 51 sciting, rate display would

go up to maybe a tenth of a degree before it would null Itself
out again. You could definitely see the spacecraft banging

back and forth witnin the dead band.

The CMC 5P3 TVC - 1 think the greatest difference in theat’
field ard ine simulator was 1n thne roll rates involved in the
B8 TWC.  In alil of the burns, the roll rates were aimost
zlways up arcund 0.4° ver second within the dead bpand. In
the gimusator, It always stayed on the same side of the dead
band, PBut, iﬂ the actual vehicle, it would hit one side of
tne dead band, beounce back, and gc back across eggain at about
C.4% per second and hit the dead band on the cther side and
tner. come back. So It was oscillating back and fortsh azcross
tne dead band, whercas we had the simulator pretty much set
on a 0.1° per second. I think it always nits cne side of the
dcad band. 'The pitceh and yaw rates during the TVC/SPS burns
scemed to be almost steady, very little change. When you kad
the yaw change during TEI, 1t was a nice gradual change. The

rates wore not noticeable at all; just steady as a rock.
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(CONT'D)
during the TVC checks, and I guess the other iime was when
KOUN 20 got its glitch. We switched to SCS control, which
took care of the rates right off the bat, caged the BMAGs,
and maintained attitude quite adequately. I guess entry was
the oniy other time I used SCS minimum impuwlse on the command
module only, after command/service module separation. And,
in that case, you always had residual rates, which wanted_to
yaw ithe vehicle to the left. You had to continually ysw it
to the right, and in pitch when I was trying to pitch down,
it would continually decrease the pitch-down razte. It was
essentially evelving its own body pitch up. But, minimum
impulse, control of the command module only, is guite adeguate.
It's a little bit different than the simulator in that in the
simulator, roll control is the one vou can't gquive get with
one minimum impulse blip bvack into zero roll. In the vehicle's
case, it's yaw. You'd either give one blip, and it would go
to the other side. You'd give it a blip back thne other way,
and it'd never end up with a zero rate in the yaw axis, How-
ever, I never did try it with the single ring authorizy. The
only maneuvering I did again is the minimum impulse on the

cormend module in SCS.

Thrust vector - We never did any SCS/SPS burns.
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DVALG Power up/power down. We never did power down. It was powered
(CONT'D)
up all the time. We never 4id power 1t down.
Attitude nold worked quite well. Whenever you switched to SCS
contrcl and you haé all 16 aute RCS selects cn, then you had
a continual vang, bang, bang, back and ferth wiilhin the roll
dead band.  T1 you put iimit cyecle on, that kind cof knockea it
down a little bit. DBut, of course, the best way tco control

S5C8 in reoll is to use two-guad authority and not four-guad.

The Delta thrust switch - I would alweys wait until average @
¢n the computer before bringing tne Della-V thrust A switch.
All burns were slarted on Delta thrust A fipst. Or, 1f it

was a single-bark vurn, it was Delta-V thrust A,

Tre Delita-V remalning counter and rocker - the M35 Delta-V
worked real fine. The difference betweern the actusl space-
craft and the CMS is that in Lhe CMS, you can sce them count
ap and down, but in the command module wnen you held the
tutton dowr to maximum increase cr decrease, the last three
digits remain scolid. 1Iv reually counts up, =c yeul weuldn't
Lave time between sach of the counters 4o sce the nunbers
cnange. It stayed on whatever number 1t was con. Actually,
it Jjust sat there as on eight, a counstant ecighi all the time

bzcause it was whipplng through there so fast., The LDelta-V
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test worked all the time. There was always a minus 22.2
or 22.1 on all of the EMS Delta-V tests except the one prior
to entry, which cnded up as minus 27 or something. Thsat's

wnen the acceleroneter was picking up some extrancous counts

and counting a little bit more than it should have,

SFS thrust direct ON switch — T never did use it.

Direct ullage butfton - I never did vuash the direct ulliage

button. I don't even know 1if it worked.

Thrust ON button - I never did push the thrust CN butien, so

I don't know if it worked, cither,

Engine thrust vector alinement - I dorn't recall ary attitude
deviations or maximum rate changes because of thrust vecior

misalinement at the initiatior ¢f any of the burns.

EPZ echamber pressure indicstor - During the LCL burn, the
bank A indicator came up to abcocut 87 percernt, which was a
iittle lower thar aniicipated. T was expecting sumowhore
arcund 9% or 97, somewhere in there, That's zpout 10 percerns
lower than expecied. Wher T turned on bpanx B, I got the
nomingal S percert increase, and then throughout tke TLOT burr,

the chamber pressure just gradually inecreased a little blit and

finally got up to about 97 percent at the enc of She burn.
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DVANS The other anomaly or the chamber pressure indicator was that

{ CORT'1)
after the 1LOI bturn, we noticed that we were down around 5 per-
cent, and then later on, sometime in lunar orbit, it ended up
back at zero again, and I'm not sure when it went back to zero.
On all the rest of the EPS burns, the chamber pressure con

bank A would always come up to about 86 to 87 percent and

then & % psi increase when you put on bank Bravo.

SCEMITT  PUGS -~ The PUGS was essentially nominal in general. Apparently,
there were some sensors out, so it was erratic in its sensing
of the LOI burn. It tended to hang in the decreased area. I
went to decrease and left it in decrease for the LOI burn, and
it seemed to try tc keep going low. After DOI, we d4idn't see
any real change to it. Then I guess 1t acted pretty much the
same for you on circ. When I came back in, it looked like

it nad decreased more than when I loocked at it last.

EVANS Well, on the plane change burn, the ground called up saying
to start it in decrease. ©So I went to decrease, and I think
it didn't have time to stabilize at all because we ended up

with a gage with data of 400 decrease.

SCEMITT Wher we pickeé it up after that for TEI, we started TET fuil
decrease and left it there. It was, in fact, low and gradually
worked itself up until it was almost btalanced about 30 low

at the end of the burn,
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SOMEDET. =

That's with the switch in full decrease.

And that corresponded with what we read on the gages. Go, T
guess you'd say it ended up nominal, but it was a little
erratic during the burn, and that may kave been the result

of those sensors.

b=

think I'd better back up there a 1little bit on the chamber
pressure indicator. Evidently, the chamber pressure indicator
had a bias on it on the low side becausc we were definitely

getting full thrust.

Yes, in checking the V go versus time cnart, ycu weore ahead
of that on V thrust. You were getting more than the nominal

thrust and that corresponded with cur cutcff time.

Service module RS - We had no ancmalies with any of the quads.
The audible cues are not Iike the simulator, but youa can hear
gsome back there. You hear something that's more than the
clicking of the solenoids orn and off. T don't inow what it

is, but it's more tharn the solercids.

L3 a matter of fact, it was like somebedy 1n arother part cf
an cld house turnirg on a water “aucet and when it's turned

off, you hear the water pound against the faucet. I think

it probably was the plumbing mere than the szolencid.
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Whenever you started a maneuver or were in a maneuver, you
could always tell because the vehicle would vibrate a little,
The vehicle would move around and when it got to its position,
it would sit there and shake a little bit, and then when it
started moving, it would also shake a 1iittle bit, more than I

had anticipated that it would do.
The command medule/RCS - We had no anomalies there,

T guesz I was impressed by both the service module and the
command module firings at the amount of unburned fuel and/orm
oxidizer that was propelled out of it. My impression was that
the command module gave more afterburn material than the
service module, but that may be because I was closer to the
command module and I watched it. Alsoc, in regard to the
service module evasive maneuver after separation, it was very
clear what was taking place. You could see those particles

streaking out.

1 guess the other thing is, whenever an engine fired at night
or on the dark side of the spacecraft, you always got a white

flash.

Fuel rells were perfectly nominal as far as I could tell on
board, and the ground didn't call anything. The one switching

anomaly We had was that, in the process of some activity, one
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of the fuel cell pumps got turned off, and I den't have any
idea how that happened. It obvicusly happened on my watch,

and they caught it within 5 minutes.

Well, T turned the laser altimecter off cone Lime when Lrying

to maneuver tc a position to see out the wirdew. My feet were
fiailing all over the place, and I kicked trem c¢ff with my toe.
I must have. BSo, I think that's probably the same Lhing that

happened with the fuel cell.

In high power loads, we did see some cauticon warnings on ithe
02 purges, which I didn't expect 1o see, but it was just barely
triggering the high flow. The ground called saying not tc
worry about it. The batteries were nomingl as near as [ could
teil. I never did quite figure out wiether the ground was
concerned about the verl pressure after charging becausc 1.
Fung at 0.6 for a long time and then gradua’ly creeped up.
They dida't seem bothered encugh ahout it tc discuss It with
us, so, 1 igrored it too. It was always within limits. The
only thing that I was z little Liv surprised =zt Is that Lhey
left the batteries uncharged loenger than I had expected. I
expected more calls. We never rezlly gobt our cntry batterles
charged up unitil the day before calry. We nad time to chsrge

them before then. It seemed to me that alter TEI we walited
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a long time to get the bhatteries back to charge, but that's

a minor point.

We launched with our batteries down more than normal, so that's
probably what started us off in a real-time call in the battery
charging because we left battery A charging - I think it was

A first - for a long time, practically 24 hours, I think. 1I'd
have to go back and lock, but it was a long time recharging.
And when we put 1t on, it carried over 2 amps on the battery
charger, which is impressive because in the simulator you

never see more than 1. The battery charger was, as far as I

could tell, perfectly normal.

Caution warning - Very soon after insertion, we got something
like T, if I remember correctly, before we had comm with the
ground again, spurious master alarms. Tt gradually became
evident to us that it was associated with switching panel 2
switches. Ron hit it with a helmet once. It was with the
neckring, and he got an alarm. During the pressurization for
the first LM entry, we got a couple more. I thought it might
be associated with a higher pressure cabinet., That's the only
other correlation with that anomaly. I guess after that, we

never saw it again.
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EVANS Well, one thing we want to mention is that we never got a

caution warning light.

SCHMITT  The gages ~ There were no anomalies or power levels that I
Jjotted down at varicus times to keep track of any possible
shorts. Things seemed to be perfectly normal, and anytime it
jumped up, you'd always be pretty confident that you could look
up and see that the 02 meter should have come on. There was
one time when I thought I saw a major blink on the lights when
we weren't expecting any power surge. The ground couldn't
find anything on their records, and I suspect it was my

imagination.

AC, nothing - I was surprised as I always am, and l've seen
it in the chamber that the AC-1l voltages were as low as they
were, They are right down at the lower limits, but they're
not below the limits. We've asked that gquestion in chambers,

and nobody ever worries about it, so 1'm sure that's standard.

AC inverters, perfectly normal - We did run inverter 3 for a
while as a heat source when the cabin got cold during some of
the weird SIM bay/transearth coast attitudes in conjunction

with manual control of the mixing valve.

Main bus tie switches, no problem - One surprising thing was

the first time I put them on at launch, during the first try
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SUHMITT at launcin, iLhe fuel cells apparently were performing much
(CONT'D)
higher than I was used to seeing con the GBE in the chamber.

Very little current was drawn from the batteries.

My rormal mode of monitoring the bus ties to see if they got
it or net was to watch the battery amps, and in those particu-
ilar cases, I got no indication (for a few seconds anyway) of
any amps off the battery. Gradually, a litile came up and you
could see there were 2 or 3 amps. Ther when we checked the
gimbal moiors. (The batteries were rot a good place to check

the gimbal mctors.) I went to fuel cell emps to check gimbal,

EVARS I always used the fuel cell amps or the O? flow.

SCMITT Cn tke simulateor, I glways used the battery flow. That's
arcther thing 1 might mention is that utne H2 and O? flow In
tne fuel cells aren't any good for that becuuse Llhey're too
gluggish, rmuch slower than the simulater. The simulator
reacts instantaneously te changing loads, whereas the real

el cells are guite sluggish in their reazcticn. The sensor

bus switch, we turned off once for LVA,

The cryogenic system - The ground was playing games with the
i, far because of a thermistcr shift, scale change or some-
[

thing like tnat. We did a lot of manual switching on their

eall, but that was no inconverience whatsoever because they
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had a sleep configuration that they could go to and it didn't
bother us et all. One thing, it seemed that we, at least as

far as the tank pressure was concerned, carried our H2, i and
2 tanks, with us after the service module jettisoned. I don't

know why.

This is a good point to mention, the surge tank was biased a

little bit low, too.

That's right, but we were alerted to that. It performed just

as the alert specified.

Cabin lighting controls - One thing we didn't use initially
but used later on transesrth coast was the fixed position

being brighter than the maximum on the restat.

I used that a couple of times trying to get enough light in

there Lo use a camersa.
Split bus operations - They worked fine,

Oxygen masks - We never took them out of the bag. With the

gassy situation in there, I wss tempted to, but we never did.
We very seldom utilized the cold water dispenser.

Most of the cold water came out of the gun.
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EVANS It was handier; that was the reason. You wanted to keep the
hot water hot so you keep it going. The water-gas separator
stgyed on the hot water tap, and we always ended up with gas
bubbles generally of sbout 1/2 to 3/k inch in diameter in the
hot drink or hot beverage, things like that., In the ccld water,
drink gun, seemed like there were a lot of very small bubbles -
Just little bitty ones maybe a centimeter in diameter that

would end up in the drink gun.
SCHMITT The hot water bubbles were bigger.

EVANS Suit circuit - No problems.

We mentioned the difference in the bias on the surge tank

already.

CERNAN The waste management system was all right as far as the C8M
was concerned, I still think it's a poor system from a stand-
roint of hygiene in waste management control. I made that
statement in different sections and I'll specifically say any
time you use a condom-type system you want to make the valve
end of the condom of a larger diameter so thet whenever you
reroll it for the next use, you can reroll to a larger diam-
etér and get ydur penis as far up in the system or towards

the valve that you possibly can. If you don't, you have to
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CERNAN stretch and pull the condom and half the time your penis might
{CONT'D)
be part way in and half the time it may be 8l1l1 the way in.
Any time it's not all the way in the condom, you cen almost
invariably end up with urine residual in there that has to
be cleaned up in one way or another, in spite of the fact

that you tend to push it through the valve like it's recom-

mended. The entire system still needs improvement.

EVANS It still needs improvement and in my case the condom was too
smgll. In other words, I anticipated & shrinkage and the

shrinkage did not occur.

CERNAN I did too but I think what I just mentioned would tend to

sclve that. It's getting it over the head reslly.

EVANS That's right. That's right. We sald everything we want to

say about waste mensgement.

We stowed everything in the waste stowage compartment except

for two feces.

The CO, absorbers - No problems this time. WNothing sticking.

2
CERNAN Telecommunications - The whole thing was nominal.
EVANS The high gain worked great. There wasn't any problem with

that.

TN .
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DBE operation -~ Ground handled most of it and where the ground
did not and the CMF was reqguired, we just said configured and

we did it that way.

Tunnel and hatch probes - All operations were nominal with the
exception of the things that are noted on the air-to-ground

tapes about the docking latches.
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SCHMITT  the exception of gyro cel, I think it was Z on the first acti-
(CONT'D)
vation, was slightly out of spec. Not out of limits but Just
slightly out of spec numbers that were given to me by Jerry

Thomas, which was 0.3° spec limit. I think it was 0.5 or 0.6.

Rendezvous radar navigation on the AGS was done in AUTO with
the exception of the post mideourse 2, where we put in three
sets of marks manually in order to mgintain the AGS state
vector as close to docking as posgible. The AGS state vector
did just thet - maintained itself within 2 ft/sec and was right
with the PGNCS on range at the initiation of braking. Actually
it was better than that at the initiation of breaking about

500 feet it was still within two feet per second.

Engiﬁe commands - Ail the engine discretes seemed to get into
the AGS. The ground did not mention a singlg anomgly and T

gaw none on board. There were no electronic anomalies. Burn
programs were perfectly nominal. In monitoring the DOI 2 and
the midcourses, the AGS, as expected, did not see the short

burst trim pulses that Gene made with the TTCA. The accelera-
tion levels did not seem tc be high enough to be sensed by the

AG3 external Dglta—V.

Controls and displays were excellent. After every 400 plus 3 X,
PGNCS alined. There seemed to be sbout a gquarter-degree cons-—

tant bias between the AGS and the PGNCS alinement in pitch and
>
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yaw. I think it was & combination of pitch and yaw. A little
bit of motion on the ball switching from PGNCS to AGS. One
further thing on calibration - there seemed to be an accumula-
ting accelerometer bias in X that was well below any signifi-
cant problem. Probably something like 0.1 ft/sec., I noticed
this after the first cal and then after insertion., After
insertion I did do an accelerometer cal, 400 plus 7. That
seemed to improve the problem although it did not eliminate

it completely. It was not a serious problem with the AGS

monitoring of its state vector.

AGS control check - I checked it out in both pulse initially.
I checked all three axes out in pulse. I got the continuous
rapid fire puises. ‘It checked out in three axes. 1 checked
it out in rate command both for command and attitude hold.

And it was a very tight system. I checked it out in min dead-
band only, It was GO. There was absolutely nothing wrong
with the AGS system either during powerup or during the phases

of checkout.
19.3 PROPULSION SYSTEM

The descent burn was extremely nominal in all respects, We
monitored the start and attitude hold was steady. I monitored
the throttle up on the PGNCS, watched the PGNCS command it,

and watched the descent followthrough. It was 100 percent on

T w0

4
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15.0 LUNAR MODULE SYSTEMS OPERATIONS

19.1 PGNCS

PGNCS inertial subsystem performed exactly as advertised with
the initial powerup end with the luner surface powerup. We
did not get s restart light on the initial powerup. That was
the only thing we did not get on the initiel powerup. The

ground said it was & GO.

I was a little diseppointed in the AOT. It really performed
like the simulator did. I could split the image on the reticle,
both on the XY axis and the spiral cursor. By a slight move-
ment of my eye, left or right or up or down, I could place the
star within the reticle optical line of sight. I had to try

and find & neutral position for my eye on the eyepiece so that

I could be consistent in every one of my marks. That bothered
me a little bit on the initial alinements until I got a constant
position. That's something that, if I flew a lunar module again,
I'd certainly like tasken care of. The alinements came out good.
But they came out good because I found an eye position where

the ster was focused and where the reticle was focused. I

could put the star within the confines of the reticle for a
good solid eslinement by simply eye movement and not spacecraflt

or spiral cursor movement.
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Rendezveous radar power up and checkout was outstanding in
performence during the rendezvous. No ancmalies, The landing
rgdar was not cnly without anomalies, before we started cur
70° yaw we started to pick up some indications of radar lockon.
I was sbout halfway through the yaw to the 340 position during
the landing when the radar locked on sclid. Don't remember
exactly what altitude that was, but it was far in access of

35 000 feet,

I think I did two or three PGNCS landing radar checks starting
at sbout 2000 feet., They were within the motion of the tape,

exactly on with each other. No anomslies there.

Computer subsystem - I utilized the computer exactly like the
similator in terms of verbs and nouns during descent and ascent.
Every one of them came up in what I c¢alled the prescribed amount
of time. We never had any overload master alarms. We never
had any program alarms. We never had any anomalous program
alarms. Tt was & duplicate and repeatable ¢f the way I handled

the computer in the simulator. Exactily.

G&1 contrcls and displays - The DSKY speaks for itself, The
displays ihat came up on it were exactly what were called for
both in the power up in the descent and the ascent, The other

two primary displays are ithe needles and the crosspointers.

During descent, the P6l needles again were nominal in terms of
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what the simulator told us they would be. The P66 needles in
terms of fore and aft velocity were sagain exactly what I'd
seen In the simulstor in terms of fly~toc needles tolnull the

lateral wvelocities.

Crosspointers = I matched the cresspointers in terms of forward
and lateral velocity with what I sew out the window in P66 for
final landing. That is lateral velocity on the crosspointer
was effectively zero, and I agreed with that out the window.
The forward velocity was probably 1 to 3 ft/sec on the cross-
pointer. The best estimation of my forward velocity out the

window is that I had some. So, again, they were nominal.

Procedural data - The checklist, in terms of the flow through
the power-up through the descent, and through the &scent, were
well written. The PGNCS performed exactly as advertised in

every respect,

As we said about the CSM checklist, I don't think we had any
changes to checklists that reflected any procedural errors

prior to launch. I don't think we had any changes to the check-
list that I can remember. The checklists worked perfect as far

as I am concerned.

Let me back up and say something more about the PGNCS. The

only time that the PGNCS surprised me was after TPI, when we
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had large residuals that I had not seen in the simulastor. We
had residuals in the srea of 7 ft/sec in X and 4 plus or minus
a8 Tew tenths in Y and Z at the end of the short nominal TPI
burn. The simulator residuals were always much less than that.
We had no problem. We justrnulled them out with the RCS. But,
nevertheless, they were there and it was about a 3-1/2 to

4-1/2 second burn. That surprised me just a little bit. We
don't have the exact numbers written down because I rolled the
residusls right away and went right into P35. I do know they
wefe 7, 4 and % plus or minus a few tenths. Prior to descent,
they gave us a zero gyro drift compensation, They sald the
PGNCS was right on. However, right after orbit insertion, it

locked like we might have had scme g sensitive drift in Y.
You did. The AGE saw it.

For rendezvous navigation and the short rendezvous burn, we

did not see any effect of it at all.

The ground tweak was T ft/sec and the AGS would show 9 in the

same direction.
19.2 AGS

Modes of operation - Nothing off nominal was used. Initializa-

tion went perfectly nominal., Calibration, the sighting with
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the indicator, on time at 26 seconds. We saw a throttle-down
again within a few seconds of that predicted from the ground,
but exactly on +time with that which we saw commanded from the

compuater,

The RCD, during the last phase of descent, during P66, re-
sponded extremely well. I knew exactly what rete of descent

I had simply by the number of clips I put into the ROD.

Jescent and ascent was & nominal operation as prescribed and

a5 we saw in the simulator.

The one thing we previously mentioned on caution and warring
was that we got a descent quantity light after toucadown oy
several mirutes, presumnably due to either fuel sensing or or

an actusl fuel lesk,
19.4 REACTION CONTROL SYST=ZM

Attitude contrel nodes — I flew it most of the time in pulse.
After rendezvous for stationkeeping, nominal operation in all
modes, nominal operation attitude hold in AUTO. Trenslation

of control was nominal for ullage and for stationkeeping.

The RCE ascent feed was good. We might add here that we did
have a transducer shift 1In the ascent helium tenks. Tank 2, I

belleve, was reading hot. I believe that was wnat the gZrcound
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called it as. They seemed tc think they had a mixture ratioc
problem. They weren't completely sure, Taey had us terminate
ascent feed early. It must have been > minutes or scmething
“ike that. We terminsted that early but there was no signifi-

cant degradation in our RCE capability.

Every explosive device in the spacecraft audible.

Except one. That was the second landing gear. Didn't you

say you didn't hear that?

Ko, I heard it too. I could feel it when I hit the switch.

I thought you seid you didn't hear that.

The first landing gear operation, we felt, of ccurse, the
landing gear go out. The second cne I could feel, in the

switch, the activation.

19.5 ELECTRICAL POWER SYBTEM

The batteries were excellent. There were no battery anomalies.
The DC monitoring was no problem. I might nmention that the
ascent batteries d&id seem to require longer than nominal warmup
time, alticugn I 4¢ not belleve 1% was longer thar expected
with reference to the ground. We unfortunately got started

4 minutes late so we flew the first part of powered descent




SCHAMITT  with battery 3 cff thne line in order to incresse the load con
{CCHT'D)
the ascent batieries for preconditioning. Yhat was not a
procblem at all. Battery 3 was put on somewhere in powered

descent without any interference with that operation. IDC mon-

itecr was fine. AC monitor was fine.

Power transfer CSM/LM/CSM went nominally in every case. Abort
stage configuration - Nothing to discuss that would be off
nominal. Main buses performed nominally and dead facing was

nominsal,

Explogive devices in all cases seemed to perform as expected.
We heard the pyros, I thinx, in every case except possibly the
second set of pyros on the landing gear. That might be ex-
pectéd, not to hear those. We heard the first, but we may have
been really hearing the bolts let go and the gear start to move

into place.

Voltages were unchanged throughout the whole fXight. Lighting -
There werc nc lighting aromalies. Caution and warning - Hc
anomalies. There were once or two configuration csuticn and
warning signsals which will come under ECS, Whdat was that

caution and warning we got right at the end cof descent?

CERNAN Descent?

ST
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Right after <Touchdown.
Ho. All we got was descent quarntity.
That was after we vented, wasn't 1t?7

Ho, 1t was befocre we vented. The descent quantity did not
come on until after we landed snd when we went through all
tne ascent checks. The fuel side wes geing down all the time.

We never talked zrvout it; wo never asked.

We dor't know why that happened. Tkat's right. The fueli side
after touchdown continued to decrease. 3Sometime into the post
touchdown pre-vent checklist, we got = descent quantity light.

That was %the only camuticr and warning anomealy.
19.6 ENVIRONMENTAL CONTRCL SYSTEM

Oxygen cabin pressure w&s nomina. except Tor a leaky main A
reg, which potentlally was caused by having my hoses stowed
at onec time with the suit in suit flow. That's up to the
systems people to decide. Bubt it d4id reset itself on time,
It was not & seriocous leak. After that time, we did fly with
only reg B ir use. It wzs pretty clesar thaet A was a usable

reg; it Just was _eaky.

Cabin atmospnere was good, good verntilation, good cdor clesring.

The dust cliearing was remerkably good, considering the amournt

W
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of dust that we had. It was within a couple hours after
ingress. Although there was a lot of irritation, at least to
Ty sinuses and nostrils, soon after taking the helmet off,

about 2 hours later, that had decreased considerably,
The LCG cooling was perfectly nominal,

The LCG cooling, I think, was a mandatory requirement pre-
descent and pre-EVAs. I don't think the air coocling in the
spacecraft was adequate prior to'descent, which I said a long
time ago, bacx several misgions. This was really a godsend,

We did not wear the liquid-cocled garments out of our cwn
choice for ascent rendezvous, and I was very comfortablie during

that phase of the mission.

Yes. I think had you worn them and net had ceoling, you would

have been uncomfortable.

Water supply. My first impression was that, affer the first
several gulps of water, there was & lot less gas in the LM

weter than in the command module water,

True. We used all our water. We essentially ran dry at ascent.
We drenk a lot of water and we even used some additional water
on ocur hands. Water glycol was nominal, and the suit circuit,

with the exception of what I mentioned about REG A, was nominal.
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19.7 TELECOMMUIICATIONS

There was no problem monitoring the comm system. Operation of
S-band high gein antenna was veriable., We had some initial
problems on the housekeeping day of lockup., It seemed to me
to ve a ground problem. I don't know their final resolution
of that. It seemed that the same kind cf thing Lappened to

us or ascent, and again when we came arocund the horn pricr tc
PDI. It seermed to be & ground lockup problerm because 1%
happened on the omnis as well as the high gain., We were just
rot getting a gooc strong uplink signal. I den't know whet
else tc say. On ascent, as soon as we 11t off, we lost the
high gain, weri cover to ornis, and the omnis were giving the
same indicatiéns - low signes: strength, lots of noise, ard a
nigh sgueal., Hot a real high squeal, but an gbviocus sgueal.
It wasn't until somebody else 3id something that we got the
comr back. 1 4id not get the comm back; it just came back.

We came through the command module for a little bit. Then
<hey instructed me tc do things I'd glready dore as far as
going tc the omnis and stuff, and ihen suddenly they came back
up. Bo, i'm not sure what happered. 3But when we had S-band

comm, it was excellent. ZExcellent voice.

The VHF comm after separation and throughout rendezvous was

excellent.
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That's right. There was & little bit of & problem close in.

I think, agaln, it wes & guestion of overdriving too much,
’ 1 g

The EVA antenna operations were all right, but the EVA comm
was excellent tahrcughout the first two and a nalf EVAs. The
latter part of the third EVA, I began to get some nolse in the
background that the LMP did not get. It did not make the comm
unreadasble, but the noise was very evident. That lasted
throughout the closeout of EVA-3. The MF had no significant
comm problems on the EVA, and nad excellent comm. ZFProcedures
and operations of the audio center throughout the LM checkcut
and VA changeover setup was nominal. It worked just as

advertised.

Flight recorders - I have no idea, I should mention that I
probebly left the LM DSEA on during the third EVA, because it

was barber pole when we got back in. suspect that we ran

out of tape at that time. My regrets to Don Arubian.






20.0 LRV OPERATIONS

SCHMITT LRV deployment was nominal. Didn't we almost slip out of the

hinge pins there once?

CERNAN I think they dropped into them. The walking hinges did not
drop. They were locked in, as we reported. It seemed to
have fallen into the hinges. That was the only time when
there was a slight jolt; Throughout the mechanicsl deploy-
ment, which followed the procedures as written, she came
down Just ag advertised and breoke loose from the saddle just

as advertised. The setup was nominal.
SCHMITT We did have to push the hinge pin in.

CERNAN I went back and reset a forward hinge pin. One out of the

four hinge pins was not locked inj; the yellow was not flush,

Mounting and dismounting was simply a case of getting
acclimated as to know how to mount and how to dismount, The
biggest problem with mounting and dismounting was to be able

to mount without kicking dust all over the LCRU.

SCHMITT In my case, the problem was keeping a twist out of the lap

belt, which made it diffieult to unbelt.

CERNAN Mounting on a slide slope aided dismounting.
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SCHMTITT Almost al11 in one motion.

CERNAN Vehicle Characteristics - Power--up -~ when I pushed in the
Bravo and Delta cireuit breaskers, the gages came up just:
as advertised. Occasionally, I could feel a little wheel
slippage. To the best of my knowledge, I had four-wheel

drive and fore and aft steering the entire time, nomingl.
The braking action was good.

As a matter of fact, on some of the extreme downslopes we
were on, I had to brake continuously and stay below 18 kilo-
meters. We barely hit 18. 1 had in mind the fact that the
brakes could fade on you. We came down scme pretty steep
slopes at somé reasonable speeds, and 1 had to brake the
entire time. I worked the brakes on and off., I had no
indication of brake fading at all. T never felt that I was

going to lose control because of lack of braking.

Acceleration -~ Although we could never really go in a straight
line very long with the Rover because of boulders, craters,

or general terrain features, I drove the Rover full out a
majority of the time. Apparently, we were going upslope,
especlally out to staticn 2. I was between 10 and 12 kilo-

meters most of the time, and that was at full throttle.




CERNAN T wag a little bit surprised that full throttle did not give
(CONT'D)
me a little bit better acceleration and a little bit better

top speed.
SCHMITT I think that 1° upslope was probaebly there.

CERNAN However, the accelerstion when you hit a definite grade or
change in grade, you could feel that the capability to climb
that grade was always there. In spite of the fact that maybe
you slipped down to about 8 or 10 km/hr, you always felt that
you had the torgue and the power required to make that grade.
I never felt that there was a grade that we tried to negotiate
that I didn't have the capability to getting over with the

Rover. Never.

Steering and Slide Slippage - In 1/6 g with fore and aft steer-
ing and four-wheel steering for you, you've got a vehicle that

is ready to react the minute you think about putting the

cormand in. Much of the time at the speeds we were driving, as
soon as that steering and side slip and sharp turn command went
in, you were on three wheels. The reaction was that that you
did get side slip. I did feel that the majority of my more

rapid eor sharp turns, I'd say 50 percent of my driving, resulted
in losing the back end on some of my turns. I don't know whether

you felt that on the right side, Jack.

ST
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Yes.

I was comfortasble in doing it because I expected it. I felt
that in keeping a reasconsable speed, the rear end broke loose
from me on 50 percent of the turns during my entire driving
on three EVAs. It's a vehicle that you have to drive to get
aceustomed to. It's one you approach slowly, and then you
begin to peak out and you begin to live up to its maximum

performance capabilities.

You can avold obstacles very easily. The only hesitancy in
doing sc is that it regquires the same sharp turn and generally
your rear end will break out. The turning response is phenom-

enal.

T was a little disappointed or surprised at maximum speed on
what locked like a relatively level surface, which may have

been s 1° or so upslope. It was not guite as fast as I thought
it might be. Coming down that slope, we did a lot of zigzagging
golng to different stations. So I didn't get the full brunt

of coming back down the same slope. Basically, I felt I could
get more top speed out of the wehicle, not that I needed it,

but there were times I could have used it in negotiating the

surface.
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CERNAN Torque - I don't remlly think I required more torgue. I never
(conz'D)
lost the wheels going upslope, althcugh T did feel “he vehicle
working, and you could see it in the amps that you were
draving going up some of those slopes. You could also feel
it in the top speed. Again, there was ample torgque to nego-—

tiate the slopes that we had confronting us. BSome of those

slopes, subjectively, were quite steep.

Controllability - You had to learn - Just like you have to
learn on most other vehicles that are essentially like that -
to be gentle and smooth during the control. Sharp commands
would tend to leave you without the rear end on the ground or
leave you with the rear end not exactly where you wanted it.
So controllaﬁility'was excellent, but I felt it was very

sensitive.

Crew Restrictions, Limitations, and Capabilities - Displays -
I could see and read all displays ell the time except when we
got dust on the checklist down in front of the hand contrcller.
Then that display became effectively unreadsble until T could

get off the Rover at the next stop and dust it.

Hand controller cperaticns were as advertised, very similer
to the trainer. 1 used reverse itwice, and it worked. I don't
recommend it as a standard mode of operation., It's much better

to have the vehicle set up for forward only control capability,
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My seat and foot rest were, as far as I'm concerned, perfectly

adjusted and comfortable as far as position. How about yours?
Mine.

Crew Movement Within the Suits - As far as driving the Rover
was concerhed, I had the same right arm restriction as far as
getting my arm back and driving the Rover. But I hed no wrist
problems as on some of the previous flights. I wore no wrist-
iets. I did not rub my wrist raw. I had all the wrist com-
mands. I think that's just a function of where your arms fit
in the suit. I had absolutely neo wrist mevement problems st
all. I sat in the suit high enough to be able to see down at
the displays and out Irn front ¢’ me. The only restriction I
ever had in driving the Rover, out in front, is where coinci-
dentally the last parking sngle left the high gain antenna at
a planned view. Then I nad %o look througn the high gain
arlenna. Then the tendency to lcse the view beyond was a

little bit greater.

Sezt Belt Operations - On the left side, I could not have
tclerated my seat bel® any smaller. It kept me in tight. I

felt tnat I would never lose the Rover., I felt that I'd stay
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with the Rover even if we did a 180° roll. Yet it was loose
enocugh te get in and ocut of. It might be because of just
generally getting a little bit more tired, but certainly during
the third EVA, I found it occasionelly was & little harder to

release. How sbout your side?

Much the same. I mentioned that the seat belt got twisted
cceasionally. 1T suspect that made it harder to get out.

Being tired, I'm sure, had something to do with that,

Let me skip back up to crew movement within the suit. The
only time there was any significant movement was when we were
oh gide hills and moving around all the contours. I noticed
I was leaning against the side of the suit, which increased

the impression of being on & steep slope.

During the lunar Rover samples, the commandef was able to teke
the sample from the LMP and was able fto reeach over and drop

the sample in the LMPs sample bag without any difficulty at
all. This was repeatable, based upon ground training. IExactly

the same.

The Rover sample worked exactly as we had planned. No changes

at all.
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The vehicle suspension characteristics were outstanding.

I negotiated some intentionally, some unintentionally. I
negotiated some relatively good-sized rocks, 10 to 12 inches
or so, head on with the suspension system and the vehicle
Just walked right over these rocks without any difficulty

at 211, I tried to straddle the smaller craters so that we
wouldn't get any side slope. In driving the vehicle, Bhe
major effort is to deter yourself from side slope activities,
whether they're little craters or large craters. BSo you try
and go down through the center of the craters if they're not
too deep. If they're small craters, you try to straddle them.
We went through some relatively malor boulder fields, and the
vehicle suspension just accepted it without any difficulty at
2ll., T never felt that we bottomed out, We never bottomed
out in terms of the wheels taking s boulder. Hewever, we did
scrave bottom conce or twice in going over some boulders,

centering some boulders.

I never went back to look, but you mentioned you looked like

yvou'd bent a wheel., Is that right?

T mentioned something about a golf-ball-size dent in the left
front wheel. 1T inspected all the wheels after that, The

left front inbeoard wheel was bilgger than a golf ball. If you
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took & fist and just crunched the inner side wall, just punched
1t and you left an impression of your fist in i%t, that's

gbout what I saw in that left front wheel. The impression

was probably no more than a half an inch to three-guarters of
an inch deep and a radius ebout the size of your fist. None

of the other wheels had it because I inspected them after I

saw this one. As far as driving characteristics are concernmed,

you wouldn't know it was there.

Hand Holds on the Vehicle - The hand hold I used most to get
in was the low gain antenna on the commander's side to help

me to get in = proper position for strap in. Any other hand
holds on the_vehicle were really relatively useless, particu-
larly in adjusting the high gain and what have you, because
the vehicle vwhen it sets by itself was a very unstable vehicle.
The tendency to move cor shove or lean the vehicle one way or

another was very grest.

T used the accessory stands as my hand hold for mounting and

dismounting.

LRV Systems Operations - The nav system was excellent. 1 saw
the same characteristic digital movement of the gyro that we
saw in LRV sim. But it certainly didn't hamper the operation

of the nav system.
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Power Batteries - The ftemperature on the right number 2
battery was higher at initial powerup. We started powering

up at 120°, which I think surprised everybody, including me.
It stayed hot, although they both cooled down relatively.

It stayed not throughout the mission. At the end of the third

EVA, it was above 138° or 1L0° and gave us a flag.

Steering and Traction Drive ~ I wiped out the hand coﬁtroller
as we had planned to prior to the flight about & or 8 times
before powerup to remove any lubrication problems due to
tvhermal characteristics. The minute I powered up (and you
saw 1%}, to the best of my knowledge, I had both front and

reverse steering.

Voice Cormunications and Antenna Management - Antenna manage-
ment, because of the extensive preflight planning, was
ekcellent. I had no trouble in handling the high gain. I
could plck up the Earth and center iv. It was there. I Just
sighted it and lecoked through, and it was there. I twesked it
up, and there was no probiem at all. The low gain antenna,
except when we did 360° pans, which I did not bother o adjust
at low gein antenna following on the part of the commander to
keep us within vlus or minus 10° to 20°, was a simpie task.

It did not require any undue atiention.
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CERNAN TV/ICU - Up until the time it failed after 1lift-off, the
(CONT'D)
TV/TCU worked very well.
Electrical and Mechanical Connections - The only connection I
really had trouble with, electriecal/mechanical connection, was
the SEP connection to the LRV. I had to support the connector

bracket with my left hand in order to get encugh foree on the

SEP connector to mate it and lock it to the LRV.
SCIMITT That "s the standard EMU connection.

CERNAN That's the standard EMU connection. The cnly cther thing I'd
like to menticn about the LRV is it's about 99-percent re-
quired effort. Even to take a drink of water from the suit
drinking bag.during LRV driving could put you in some very
embarrassing situstions as far as following your terrain,
.craters, and what have you. It was almost iOO-percent

requirement.

SCHMITT Geolegy Sclernce Site Response - You've covered pretty well
how the Rover performed on various kinds of terrain. Gene,
why don't you describe the fender? That was the major dust

problem.
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With the loss of one cof the fender extensions, any one of
them, the dust genersted by the wheels without fenders or
without fenders extensions is intclerable. HNot just the crew
gets dusty, but everything mechanical on the Rover 1s subject
to dust. Close to the end of the third EVA, all the mechan-
ical devices on tne gate and on the pellet in terms of bag
holders snd pallet locks and what have you were to the point
that they would refuse to function mechanically even though
the tolerances on these particular locks were very gross.
They didn't work because they were inhabited and infiltrated
with this dust. Some could be forced over center, QOthers
Just refused to operaste even after dusting, cleaning, and a
slight amount of pounding trﬁing to bresk the dust locse., I
think dust is probably one of our greatest inhibitors to a
nominal operation on the Moon. I think we can overcome other

physiological or vhysical or mechanical problems except dust.

What we're really saying is that in any future operation,
mechanical joints or levers and this sort of thing are going

tc have to be protected.

They should he sealed or protected. We had absolutely no dust
problem with the wheels, and those are sesaled units. Dust

accumitlated on the radiator.
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That goes for tools toc. The only - tools we had locks on were
the scoop and the raske, and those were getting stiff and

wouldn't lock. They wouldn't relock once you adjusted them.

The period of time when we had lost the rear fender Jjust pul
8 solld ccat of grey dust over everything. Once we got the
fender repaired, the dust problem was at a minimum. After
the long traverse rides, the radiators all required a good
amount of dusting. That required X amount of time, Thaﬁ‘s
going to be required again any time we have a lunar surface

operation.

Payload Stowage - Jack, 4o you have anything? Initially,

during EVA-1 prep, I think everything fit under the seats or
on the pallet. The pallet fit oﬁ the Rover exactly as adver-
tiged. The SEP, the deployment of the SEP, the setup of the

charges, and the charges on the pallet all fit.

I'm sure we'll get intoc this in the system experiments, but

as a genersal comment for any radiator surfaces that need to
be protected, vou need to have more than just s curscry design
on the protecticon of thcse radiators. The SEF is the case

in point, and that was a completely inadeguate design toc pro-
tect those radiators. If we ever do it sgain in a dust

environment, vou must have clear and very tight protection of

your mirrors end radiators for driving.
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CEZRNAK Something else that dust penetrates that I don't think has
been menticned before is that it penetrates and detericrates
the capabllity of Velcro. I could see it on the LCRU covers
and the SE? covers. The Velero pulled off to keep the SEP
covers closed, but the Velcro that kept them open didn't pull
off but it was deteriorating. If you want to use tape on the
lunar surface after what you're taping has been exoosed to
the dust, yvou first have to clean that surface bff with a
viece of tape or scmething and get the mirror dust off
before the tape will even begin te adhere to the surface you're

4+

trying to avply it tao.

SCHMITT We ought to menticn here that the gray tape in general is not
very good. It will stick to itself, both inside and outside

the spacecrafi.

CERNAN I had the impression that the gray tape has been gitting around

far 10 years. That's the kind of adherence you hsad.

SCEMITT The tape on the food bags is what we finally used whenever

we needed to really tape something. It 1s much better tape.

CERITAN Tre gray tape is very poor tape. We covered the stowage,
which went exactly as planred. We had no fit preblems with

stowage or arything on the Rover.
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21.0 MU BYZTEMS

PGA Fit and operaticons - The CDREs suit fit perfectly, including

gloves,
The ILMPs wags an excellent fit.

Doffing and donring were Just as we expected., The CMF may
update this, but as far as we're concerned, he had no gripes

or guaims getting his suit on and off.
I think he will have some comments.

On item 21.0, EMU Systems, everything was normal with the ex-
ception of the CMPs prelaunch drink bag. Try and try as I

might to get ﬁater out of it, T couldn't. After finally getting
the suit off in the spacecraft, the drink bag in suit donning
had somehow become stuck sideways underneath the neck ring
bending the little rubber hose that we drew the water through.
It did not ellow any water to come through, The drink bag was
filled, and it did not expand noticeably from any alr that may
have been in it. The problem was that it wasn't in verticalily.
It was kind of wedged irn crossways around the neck ring. Every-

thing else from the CMP sulit worked adequately.

Biomed instrumertation - I think to varying degrees cf individ-

uality that we all had senscor skirn problems.
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Yeg, those are documented by the medics. Let me just say that
I wore a set of connectors for the whole descent through ascent
time frame, and when I took those off in the command module,
the electrolyte from a couple had completely disappeared. It
obviously reacted with the skin and left sort of a semiscab.

It wasn't a bloody scab.
The commander hed that too. We both had that problem.

if you have the time to change “them out each day, it's probably

not a bad idea. We just didn't take that kind of time,

The LCG operation was nominel. We doffed the LCGs after the
EVAs, slept in CWGs, and donned them for the EVAs. It was a

very comfortable mode of operation.

I really am surprised that other missions have slept in their
LCGs. It Jjust seems to me that this would have been very

urcomfortable,
Helmet operation = The CDR's was nominal.
The IMP's was fine.

You had your visor stuck.
LEVA operation - I did have the sticky visor problem, and it
was dust. We could force it closed, once we got it off. We

tried once on the surface, and we couldn't get it closed,
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That was the hard Sun visor.

Lifevest - No comment; nominal. The gloves fit well and tight,

and I don't have any gripes.
Did you use the extra set?

The extra set is brand new and sitting on the surface right

cutside the descent stage.

Heck seal - We had nc problems sealing the [LEVAs, helmets, or

anything.

UTCA operation - The CDR used his at every opportunity. I

always had a bagful.

I suggest that considersble thought be given to the size of
condom that you pick. Mine was too small, and it inhibited

the operation of the UCTA. It was a very uncomfortable situa-
tion on both EVAs, until I was able to force a urination. After
the second ohe, I apparently popped a blood vessel. There was

blocd, but it disappeared after 2L hours.

I ended up with an external scab during the lunar surface EVAs

from the sweat and the condom., It went away.

Was it an abrasion problem?
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I think it was an abrasion problem. I could not have a larger
one because I don't think it would serve the purpose. It was
Just a lot of work and a lot of welking, and that's all there

was to it.
For the third EVA, I stretched the condom and it worked fine,

The EMU maintenance kits were fine. We used them as required,

as planned.
The drink bags were excelient.

Let me say something sbout the drink bags. We rotated that
nozzle 90 degrees. We said it would work in training. I didn't
know that drink bag was there until I wanted to get a drink of
wat;f. It never inferfered with the mikes. I wore it on de-
scent to the surface, on the surface, and drained the bag on

all three EVAs.

Ron's bag at launch was doubled up. He can talk about that,

They Just put it in wrong.

Before you leave the drink bag, there's something down here
for the food stick. XNeither Gene nor I used all our food

stick. I think it was a good idea hawing it there.

I used sbout half of mine most of the time.
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SCHMITT I never felt an extreme desire to eat at all. Every once in a
wnile, I would take a little chunk off of it.
Mntifog was fine.

CERNAN There was no fog problem.

The PLSS PGA operstions were again nominal as planned. Pres-—
surization and ventilation were gocd. ILiguid cocling was ex-
cellent. I never worked for any long duration in high ccoling,
with maybe cne or tﬁo exceptions. And generally, 1 used high
cooling only when I was hot and wanted a spurt of ecold water,

Probably 90 percent of the mission, I worked in medium ccoling.
SCHMITT I never went %o high, not once.
CERNAN Is that right?

SCHMITT T was in intermediste-intermediate, which is & little better

than intermediate.

CERNAN Communicgticns on the surface were good even before we got cur
antennas extended. I dida't nctice any difference after the

antennas were extended.
SCHMITT I did, Jjust a little bit, It was a lititle less scratchy.

CERNAN Connectors and controls were good on the PLSE throughout the

flight. They are the one thing that did nct seem to get
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affected by the dust. They might have gotten a iittle stiffer,

but I could not tell it.

The RCU was gocd. The RCU fi+ and operated well. We did not

use Lhe CPS.

Let me comment on mine. fter the third EVA, we reset the
regulator, and that's why we brought the CDR's PLSS back rather

than the LiFs.

I think Jack activated his OP5 with the hose free for Jjust a
moment. I think that reset the regulatcr. Insitead of regula-

ting at 39, it then started regulating a% L3.
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22.0 FLIGHT FQUIPMERT

22.1 CcBM

The eveni fimer

]

ard controls worked excellently. There were

nc ancmalies, no problems.
Did you have an TEE timer?

Tre [Z3 Limer worked fine <he whcle fligni. During Zaunch,
somehow the nmission event tirer on the main diIsnlzsy panel
gov off. We reset it ard It was fine throughcus Lhe rission.

T don't know what happened during lzunch to cause thal. Wwe

rever recelved an explanabtlon.
That's gocd recollecticr. Yeou're righs.

Crew compeartment configuraticn - fg far =s 1'm concerned that
is stowage and it was exactly as advertiscd. We nad a few bhags
that blew ur. Orce we opened the compartrents we couldn't gzew
therm backx in., I nhad te stab woles In ther. They nsppened Lo
be the OPKs, 1T had to ftake my scissors ang punch a hole in
seven or eight or the 0P4s in order to restall them. When Bor
cpened the compartment Lhey Jjust went, "plonk." IDvery one of
wnem blew up. T tock tne scisscrs ard werst klonk, klonk,
klonk, <o let the air out, The only vveblem we had on stiowage

waes the CPXs. The rirrors worked fine, The TV c¢iothing and

=]




e

R
(oonrrn)

seluter cquloment worked Jine. T Jaox and © had cne request,
it would be %o carry one more CWO for clearliness. Partlculurly
wiaen you core back from Lhe TK as &irty as vou are, we could
have usesd une more CWG Lhroughous the entire Tllight. We had

ro nroblers with the IV pressure garmernts and connecting

exliEmert.  don may want o menticon tho g-suiv.

TAMD The g=sult was o iceser it than 11 was when 1 tcook off which

sarprised me. I thought my Tegs would be Mziter.

“he couches - We got The conter couch out and in with no

proolems ., wWe pob o tkhe YY struss conneceled and discornechod

ro wroblems.  'ne resirzints worked (ine. The

inflighs ool sel was really rever ussd except for tocl 3 fer

ke huaten werk and <ool B for oall the continucd wancl work.

Tl o . cer e 0 s
She ones we uscd woere good.

Prere are a lob ol data collection systeoms. Lvery cne o7 ftren
1

brnwn we used, whelker 1t be men and peneil irn Lhe Flignl Flar or

o

wae JED, arveured to be working noeminal,

Tuerma convrol o Lhe spacecralt - BEecuuse of the _ack ol the

TTC coantrol on the way home due Lo Lhe UV and the (R rogulre-

menis, the apaccecraft was in sittizudesz where 1 Lhink Iu zol

very cold at times.
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EVANS It got cold and damp on the inside.

CERNAN We transferreé water from the overhead natech tc the forward
heteh and the forward hatch started perspiring. We warmed
the spacecraft up by manual setting ol the temperature control
inlet valve and putting the number 3 inverter crn the line. It
became very comfortable and we were that wey for sbout 36 hcurs.

Then went back to normal for the entry.

EVANS Camers equipment was nominal. Everything worked real fire.

I haven't seern any pictures yet.

SIM bay equipment - The only oroblem we had was extension

and retraction of HF anternas. In &ll cases, we ended up
eventually getting them fully extended and fully retrected.

We never did get the retract barber pole on HF 1 throughout
the flight. The ground was watching the motér currents and
were =sble to tell when it was retracted. The ground never did
get the barber pole indication either on the full retrzct of

HEF 1.

SCHEMITT I heard Gene say it tock 2 or 3 days to get squared away cn
how to take care of yourself and your personal items. I dian't
think it tock that long, I think about a day is what you require.

I think you should not ccompletely program the first 2 or 3 days.
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You ought to build up to a full Tlight schedule, for example
cn Bkylab, over the first few days because of the variability
in adaptetion to the new enviromment., I think that organizing
your own personal items does not take more than & day to really
get into the swing of thirngs. I tended not to wesr the cover-
alls the first few days of flight. The first couple days or
s0 I just wore the constant wear garment, but I gradually got
ir to where I wore the trousers and that was partly to heve
available the the pockets for odds snd ends like PEDs. I felt
rc thermal discomfors just wearing the CWG until transeartia
coast when it got rmuch cooler becauze of the variable PTC

attitudes.

The lightweight headsets, I did not use very much until the
lagt couple days of the flight, but when I used them they

seem to be perfectly adequate. Ron has probably talked about
the problem he had with the headset which I subsequently ended
up using oniy as a cover for my head and used the lighitweight

corm carrier attached to it.

Medical datae seem tc go fairly well; it was just a matter of
keepirg up to date. I did most of it on the translurar leg

and Ron did most of it on the transearth leg. It varies whether
we use negative reporting on food or positive reporting. It

depends on whet we've eaten and how much we've eaten.
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SCHMITT Camera equipment, to our knowledge, in flight functioned very

(CONT 'D)
vell, We understand that we may have had one jJjammed magazine
EE, but at least it transported film for at least half a mag.
At the window where most photography is being done, it's use-
ful to have & camera configured for the anticipated type of
vhotography thet you would want. Lens configuration, f-stop,
and shutter speeds - For the most part we kept the dark slide

out of the camera for rapid access to pictures. That was in

both transearth and translunar orbit cperations.

The kitchen timer, the interval timer I guess it's called, was
a very useful item. ‘I had the feeling that it needed a little
better time ecalibretion on it. But in using it for the SIM
bay operation, sometime you would like to have a little more
accurate timing. There's also, I think, usefulness in certain
places in ﬁhe spacecraft to have hock Velcro.as well as pile,
because hook is useful for hanging up washcloths and other items
that in themselves represent a pile configuration. We made
considersble use of of the spring bungees stretched across

the switch panels in order to not only control the data books
that we're using but also to aid in biomed donning by putting
all the gear in one spot with the bungee. Alsc, it was used
during eating and to hold the various food packs. We tended
to put the food Velcro next to the flight Velero because it

was of a superior quality.
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The gray tape in the CSM is really useful only when you stick
it to itself. It does not stick to spacecraft or anything else
very well. We tended to save the food pack tape which is much

better gray tape than the stowed tape.

We had an adequate amount of tissue, but T think had we had

any more problem than we did with the loose bowel movements
that we would have run out of tissue. T think you ought to
consider that if there's any concern that we may not solve our
problems of loose bowel movements that, in Skylab, there should
be some way te stew a congiderable amount of extra tissue. I
think we had just the right amount of towels. It gave us the
option of cleaning up at times and not being concerned about

using dirty towels several times.
22.2 IM

Crew compartment configuration on the IM was as the mockup con-
figuration and ags advertised. There were no problems, through-
out storage or unstorage. Restraint systems were used for
descent and ascent. They worked fine. We used no tools in the
IM that I can recall. QOur camera equipment had only one aromaly
that T know of: A lf-millimeter camera failed to start during
ascent. The LMP tried to start the camers in 12 frames per

second. He couldn't start it. He had to hold it snd it would
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run in 24 frames per second. He'll have to describe the details.
It did run by itself 12 frames per second later. ©So we might
have to go back and make a check and pick up with Jack on that

camera.

The LM crew compartments was fine. We had no trouble except
in one incidental case in finding the gear. The restraint
system I used during descent and ascent worked fine, We had
all the tools that we needed; of course, we didn't need ahy to
speak of. VWe got by with one pair of scissors both for the
cabin and gurface operation for the obvious reasons that one

had disappeared in the command medule.

Agsain the same comment is that in the IM the gray tape was not

adequate.

Camera equipment in the LM was more than adequate. We brought
back the CDR surface camera and that was used during the ren-
dezvous for sir-to-air pictures and alsc for air-to-ground
pictures gnd it was used for LM magazines in the command module
until we had used up all the IM film that had not been used on
the surface for lunar orbit operations. Only half a mag of
black and white film was available for use during the post-

rendezvous pericd. I think we used just sbout every frame of




SCHMITT film that was reasonably available to us in the flight. We

{CONT ')
used all tne LM film but maybe half a mag of black and white
and half a mag of color prior to lift-off. By the end of the
rendezvous sequence, we had used up all the color; and then by
the end of our TEI, we used up the rest of the black and white
for target-cf-opportunity pictures. I think it's a serious
ristake not to do everything vossible teo stow more film than
you need. We had just the right amount of film. We were con-
servative about film usage but not gererally conservative. We
toox all the plciures we wanted., The crew just shouldn't be
reilucvant to take pictures because <hat's the prime mode of

documentation.
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23.0 FLIGHT DATA FILE

CERNAN The Flight Data File was in tune with the flight; it was com-

plete; it was followed; and it was in excellent shape.

EVANS It was in outstanding shape. There was absolutely nothing

wrong with it,

CERNAN We had minimal updates to the crew cue cards and minimal updates
to the Flight Plan. Flight planning did a super job getting it
all together. There's nothing we can add to it. The Lunar
Surface Checklist was the one that had most real-time updates
and that was simply based on mileages and bearings because the
IM position was slightly east of where we had set up the Lunar
Surface Checkiist. -The Checklist was changed in real time
because of the time allotted at each station. That's to be

expected as the checklist is only a guideline anyway.
23.1 CsM

SCHMITT Generally, I have nothing but praise for the Flight Data File,
both vehicles. One comment on the Flight Plan Supplement. We
had split pages for wedical and food logging. That was probably
a mistake. We tended to only use the beok as a whole and it
was & good place to keep them. If you had wented the pages
split they were toc thin to maintain. Turthermore, they tended

to fall out of the bock., I recommend not splitting the pages
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or having heavier paper if you want them split. I had an extra
cue card built for panel 229. I think it was an excellent card
that summarized the circuit breaker functions both on 229 and

on panel B. Tt was not used because we had no systems ancmalies
of any significance that would relate to that card. But I would
strongly recommend its availabllity if only for training. It's
8 good quick review of what you lose or retain for those two

panels.

In the Flight Plan, I added some pen and ink cues along the
margins for certain observationsl targets that I particularly
wanted to look at. These are independent of any designated
experiment and I entered them as a funection of time. That
seemed to work very well for me. I think it is the easiest
way to go, since it shouldn't concern any large number of
people. Gordy Fullerton fixed up the circular orbital cue card
for me with similar designation of craters as a function of
time. T did not use that. Not because it wasn't a good ides
but because of familiarity with the Moon, which came very
quickly after a couple of orbits. You could recognize your
position on the Moon fairly easily as a function of each rev,
either timing the rev, approximate time since sunset, or just
because you cculd lock out the window and could tell where you

were.
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The same comments apply. I think all the Flight Data File items
were excellent. We logged most of our specific items such as
alinement data and comparable kinds of things in the checklist
and at the point where they were collected rather than in the

Dets Book.

Cuff checklist - We talked about that in the surface items. I

thought the cuff checklist was excellent.

We had the right kind of photo maeps and they were useful for
reference when we were aground a given staticn. I don't think

we used them as much as I had anticipated.

Navigation was no pfoblem as the points that we had selected
previcusly were excellent points for investigation. There was
no need to try to decide on an sliernative peint to try to
study in the vicinity of a given station. The list of items

to be accomplished at each station were mindjoggers to read at
each station. They were not used as much as I thought they
would be initielly. That was mainly because we had become so
familiar with the items that each station was in itself easy

to recall as a result of having crested the checklist. So, the

checklist was turned out to be more of a learning item rather
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EVANS

than & reference item for use on the surface, I wouldn't

have done it any differently.

I particularly want to compliment Chuck Lewis on the Timeline
Bock. The book was very very well done and we had no problems
with it at all. That of course applies to every checklist we
had. There were nc procedural errors in any of the bocks,
Fortunately, we did not have to use the Malfunetion Book.

Only once did I pull out the Systems Data Bock to check on a

systems problem and I can't remember what that was now.
23.3 CHARTS AND MAFS

I never did use the sun compass. I didn't have time to get it
squared away br to figure out vwhere it was and follow it around.
T never used it as much as I thought I was going to prior to

the flight. After you've been up there for a while you could
tcok cut the window and tell esseniially where you were, so

you realily didn't need it. You kind of guess pretty much on

the settings for the camerss and hopefully there wasn't any
problems in that respeect. We used the orbit monitor charts.
They are not as good as they could be but were useful in finding
cut wnere you were and locking up a few of the craters. I d4id

nct use the contingency chart at al:.
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let me comment about the IM landing site monitor chart and
ascent monitor chart. The only time we used these charts was
in observing the landing site from the command module on a day
prior to landing. Because of the operation of the PGNS and
the ascent gulideance systems we did not have to use the ascent

menitor chart at all.

Lunar surface maps - We used in the cockpit after the EVAs but
only pointedly toward trying to relocate cur traverse and make
sure we were aware of the craters we saw and where we had been.
They were sort of a resume-type post-EVA rather than pre-EVA
p;anning guide. Let Jack comment on the EVA traverse maps.

I think we used them far less than Jack planned. I used my
cuff checklisf for all my navigation and for my traverse even
though I was told that it would be relatively useless., My cuff

checklist was a very vital part of my lunar surface navigation.
What did you use to make the fender with?
In thaet respect, they were very useful.

I thought I would use the orbit monitor charts in the CM, so
I had an extra one put on so it wouldn't interfere with the
planned activities of the CMP. I did not use that very much.
I eventually did some sketching on it post-TEI. I think I

lasbeled about five specific points as areas A, B, C, D,

SO
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mayhe E, and these are referenced in my crew notebook for

a specific observations.

One item - that chart should have been identical to the CMP's
chart. There were a few pen and ink changes left off such as
exposure setiings for certain photo targets that caused some
confusion. The CSM lunar landmark maps that the LMP had added
in the rear of that book, again, were not used. As I was
observing a specific point or area such as Gagarin I would not
take the time ocut to sketch on the photo. T tended to look at
the first opportunity and to take notes in the notebook rather

than tryihg to sketch on the photograph.

I think having selected them and studied them preflight made

it wdrth having them around. The necessity for flying them
was probably less than the necessity for having reviewed them
and studied them. I still would want to have that kind of data
avalilable in the spacecraft. I think the CMP used his wvisual
target méps considerably. I did on a couple of ccecasions. For
the most part, that was post-TEI and I made some nctes and
sketches on some of those maps. 1 think that function was
because there was a 1ot of time to look at the Moon make a
sketch, and then look back and fix it up post-TEI, In orbit,
the time just did not exist. A= Dick Gordon said a couple

years ago, 'Once you start flying, the clock is relentless.”
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23.4 GENERAL FLIGHT PLANNING
EVANS Outstanding.

CERNAN This msy be an appropriate place to comment on how we handled
the lunar orvit phase with three men in the spacecraft. After
the first 2 hours in the spacecraft, we figured out the most
expeditious and efficlent way of handling it and it worked that
wey throughout the rest of the fiight. The CDR got in the
left seat, whére he belongs anyway and took the Flight Plan.
Windows S5, 4, and 3 point towards the lunar surface so I let
the orbital geclogist and the surface geclegist lock out the
windows and meke all their finds. I kept them honest on SIM
bay, made all the attitude changes that were required, and
kept.them up to daté on all SIM bay switch changes. I ran the
spacecraft, they did the orbital geology, and I kept them
honest. I kept out cf their way. I stayed on my side of the
spacecraft, kept the systems and the world honest and they cut
locse., That's the way I'd recommend doing it all the time.
You didn't bump intec each other. Occasionally I would snesk

& peek and say they were right or wrong and let it go at that.

EVANS level of details provided in onboard documentation/recommendation
chaenges - Solo phase - I have no recommended changes. It was
in outstanding shape. We had gone through it before and checked

it out in the simulator.
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I want to comment under miscellaneous. 1 think the Flight Plan
carried Jjust encugh detail to tell you what was going on and
what was going to aappen. If you were not familiar with the
details of the operation of that particular system or what you
were going to dc in terms of going into PZC or any other phase
in the mission it would refer you to the Systems Book or G&C
Dictionary. You did not have to repeat them in the Flight Plan,
I like this way of doing things. We generally had the Flight
Plan pius itwe cther documents out. One was a Systems Boock and

the cther was probebly a G&C Dictionary.

We kept the G&C dictionary out. In the solo phase, I had the

Experiments Checklist cut, tco.

The Flight Plan was excellent., We had no problems with it at
all <hat I'm aware cf. Tommy Holloway and his people are to

be complimented. The number of different requirements and
experiments and general opersticnal items that were required to
be integrated was very very high, It was done in an extremely
competent and usable way. I can't thirk of anything that I

would change in the way that the Flight Plan was written.
23.5 PREFLIGHY SUPPORT
Good.

Updated properly. This is both IM and CSM.
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The C5M had no problem. We would give the Information to the
people at the Cspe and they would make the changes in the CSM
and gquarters copies. We had them in a timely manner. Coordina-

tion was good between the Cape and Houston.

Change propulsion system - There were very few changes in the
checklists themselves once you came out with the primary bock.

There were few changes after that.

Real time procedures changes - They were quite nominal and from

the C3M standpeint easily taken care of.

As far as I'm concerned, the IM preflight support on the Flight
Data File was excellent. if there's anyplace that 1'd make a
comment on it was the fact that somehow the latest changes we
thought were in a system somehow never got in until the morning

of the sim. They were always there for the sim.

Real-time procedural chenges in the IM - There were really none
except for the EVA. In the command module, they were so minimal
that it was no problem updating the Flight Plan as we went
along. I might add that the clock synec was so smooth that you

wouldn't even believe that it. It went "zap,"

we updated our
clocks, and we were on our way. That put us right on the Flight
Plan and that's probably one of the smoothest ideas anyone ever

had.
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Excellent in the Flight Data File area. One specific item that
I had was two or three briefing sessions on portions of the
lunar crbit during which T was in the CSM spacecraft. We went
over in detall the attitudes, maneuvers, and the window gvail-
abllities go that I was able to plan in a very short amowunt of
time with minimum effort my part for my own personal cbserva-
tions of the lunar surface. I appreciated that extra above

and beyond the call of duty on the part of the flight planners.
I appreciated their taking time out to do that for me. I think
it was useful to have the sessions where the flight controllers,
the crew, and the flight planners met and went over those por-
tions of the Flight Plan which were not normally simulated.

I was a little bit disappointed in that some of the people who
would be eventually.intimately involved in the mission were not

at the Flight Plan review.
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24,0 VISUAL SICGHTINGS

Countdown - It was dark and we didn't see anything until S5-IC
ignition., The CDR and the CMP could see out their small windows

in the BPC the glow of ignition prier to lift-off.

Powered flight - During the actuzl powered flight of the S-IC
¥ou could not see anything at 211, You couldn't see out the
cockpit, as we had the l1lights up fairly bright. At staging,
the S$-IC shut down, something that you don't see in the day-

light is that the fireball overtook us.

I+t sure did.

When the 8-TI 1lit off, we literally for a nanosecond flew
throﬁgh the bright yellow fireball that was left cver from
the B-IC. Tower jett was very evident. You could see the
flash and I could see the entire BPC. TI could see underneath
it. It was lit up underneath. The whole thing was 1it up.

I cculd see nothing on S-IT untjl S-II shutdown. I could see
the glow of B-IVB ighition. I say the glow of 5-IVB ignition,
it wvery easily could hgve been the fireball of B-II which
tried to overtaske us but couldn't quite make it. But there
vas a glow rigﬁt during the period of S5-II shutdowm to S-IVB
ignition. During the S-IVB burn, you could see the glow of

the aft engines throughout the burn and throughout the orbital

operation.
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CERNAN Barth orbit - I might comment that the availability of stars

( CONT'D)
for a mode II or mode IV abort was pretty poor for two reasons,
Number one: night adaptability because we had lights very
bright. When we turned the lights down in the cockpit, I
could not pick out distinet constellations such as Orien,
which I was planning on using for a mode IV abort., If we

would have had an SCS and G&N problem it would have been very

difficult toc pick out stars for that asbort.

EVANS I should mention in Earth orbit you couldn't see the stars in
the telescope in the daylight but they showed up nice and
bright and clear in the sextant. I think that is probably a

typical thing.

CERNAN When we burned out of Earth orbit, we started the burn in
darkness and flew right on through a sunrise during the TLI
burn. This was pretty spectacular. We shut down in daylight

and had no other wvisual sightings at that point in time.

Translunar/transearth - After CSM separation from the booster
and docking with the LM several hours later, we could see
something which may have been the S-TIVB or SLA panels. As

soon as we turned around for docking I ccould see three of the
four SLA panels tumbling slowly in space. This is not unusual.

That's been seen before.
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I never did see a SLA panel.

There seemed to be an awful lot of particles with us continually
throughout the flight, both in transearth and translunar coast
and in lunar orbit. These particles were obviocusly residue

from the RCS. Others were from dumped residues. They seemed
to be hanging around the IM as a result of pulling in and out

of the 5-IVEB and they were always small particles. Some,
initially, were pieces of Mylar from the 5~IVB IM separation.
The others were just like small dump crystals or residue. On
the IM, particularly, when you fire the RCS you could see the

RC3 residue.

That residue from the RCS didn't look a lot different than a

waste-water dump.
That's right, except that it's less dense.

Entry -~ Just the fireball, and the fireball is a lot brighter
than T thought it was going to be. T almeost wish 1 would have
had sunglasses. It was really bright out of the rendezvous
window just shortly after the .05g when you start picking up
the greatest portion of the fireball. That brightness only
lasted for maybe 30 to 40 seconds. Then either you became
accustomed to the brightness or the brightness decreased.

From that point on, I could see the instrument panel. long

SO Eh
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after the brighiness of the fireball decreased, I could lock
back up through the rendezvous window and see what to me was
kind of like a tunnel with a& hright spot in the middle of the
tunnei. Way dowr the tunnel, way back behind, I could see

the fireball.

The only urusual sighting 1 can recall during landing or
recovery is when the CMP locked cut the window and saw the
supcrstructure of ar aircraft carricr and said, "Oh, we've

got a tin can wich us.”
Well, 1u was kind of foggy on the windows.

Transearth we had only a small crescert of an Farth and it was
not feasible to do any extensive weatkher observations. We
nad light flashes fust abcout ceontinucusly during the whole
flight when we were dark adapted. I had one which I thought
was a flash on the lunear surface. Tnat one periocd of time
when we had the blindfelds on for the ALIMED experiment there
were Just no visible flashes, although that evening, that
night, before I went to sleep I noticed that 1 was seeing the
ligkt flashes again. So, it just seemed to he that one
interval either side of 1t where the light flash was not

vigible to myself or to the other twe crewmen.
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25.0 PREMISEION PLANNING

Mission plan - A lot of work went into the mission plan, with
the right people. I think we came out with a mission plan and
a Flight Plan wailch was not Just a suitable one that would

accomplish a purpose, but was g sultable one to be able to fly.

The mission plan was taken care of by a lot of people, The
flight planning crew insured that everything in the mission
plan was taken care of. And I did not have %o participate in

that part of it at all,

Procedural changes - I think in my experience on past flights,
procedural changes were held to a minimum., I think they were
held to a minimum because we resisted a great many of tkem,
particularly in terms of the lunar surface activities. Pro-
cedural changes 1If we would have allowed them to infiitrate
the system, would have been with us right up to launch date.
We put a cutoff on those several weeks before lzunch, accepted
& few of them, and then forcefully would not accept any unless
absclutely mandatcory after the last 3 weeks. That was the key
to keeping that Flight Plan and the lunar surface procedures

intact,

Mission rules and technigues - I don't thinx these changed

from any of the previocus flights,

0
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I don'd *think so either.

mey were ir good shape and followed quite well. The only
vluce we exercised a slighi different apprecach in mission rules
was the fact that we had a D0I-2 which did not take us down to
tne minirmum altitude that we hed gore to in the past and then

a DO0I-2 in the LM.

Leu me zo back to the Ylight Plan here. I thirk this was the
P{ret time welve ever tried this from the commeznd module stand-
zoint anvaow. This was that sach verson resoponsible for a
secetion of the Flignht Plar, whether it was from LCI to DCT or
20T v cire, was brought down to the Cape and utilized on the
girulator console while I or the tackup crew ran through the
preliminary Flight Plans before they were even in the print
stage., We esgentially were debupging their pert of the Flight
Plzn.  hey could see the protlems involved and we worked

together Lo get a gooed plan., This tock & day tc a day and a

ok

e

nalT al 2 time. 7T Lhink i was well worthwhile,

There were veriods of some difficulty, preflight particularly,

i the area of me uirements and in some last-minute
cossible scientlfic requirements particularly or the samples,

bBut everything secmed to get vesolved satisfactorily., 1 can't
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think of anything thet wes not handled very well by the support
crew, Bob Parker in the sclence area, and Gordy Fullerton and
Bob Overmyer in the operational areas. I guess the biggest
single srea that tock time was the CMP's dealings with the
Junar sounder., Most of our ALSEP chenges were all taken care
of prior to our training. We had e few mincr suggestions, but

they were taken care of early in the training cycle.

Mission rules and techniques were fairly well defined very
early by Phil Shaffer and his crowd in the techniques area.
The mission rules as defined by Jerry Griffin and his people
were all in the right directicn in that they enhanced the
probability of making s landing in a successful missicn, We
really never had to exercise any of the mission rules in an
abnormal way. I think that the one time that a mission rule
tended to be a controlling factor was in the iimitation on
the work at station b, Shorty Crater. We were up against the
walkbeck constraint and terminated that work after on%y

35 minutes. Another 30 minutes there would have heen extremely
valusble, I hope that we got encugh informetion on the

phenomens exposed at that crater that can be understood.
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26.0 MISSION CONTROL

T think the GO/JC GOs and the performance of the CAPCOMs was
outstanding. They gave us each GO, both CM and LM, There

were no NO GOs, so we received all GOs. Zverything was rominal.
We received our updates on time, I don't thirk there was auy
concerr. or problem there., Consumgbles in both vehicles were

nomiral or betier than nominal.
Oxygen - We had plenty of oxygen in both vehicles.

Electrical power - We had plenty of electrical power in both

vehicles.

The RCS fuel in the service module was well above the red line
for the entire first pert of the mission and at or above the
red line the last helf of the mission. We went in on double

ring in the command module and we couldn't heve used very much.

I used more fuel than I would have in the simulator because
there were always some rates; cross coupling in pitch and yaw

in the command module RCS.

IM RCS - We landed with more RCS than T'd ever seen in simulator,

well over 80 percent, which made me feel gocd.




2H-2

CERNAN
(CONT'D)

EVANS

CERNAN

SCHMITT

DPS propellent — We landed with between T and 9 percent, which

is far more than I'd ever seen in the simulator.

8PS fuel - I think came cut Jjust about right on the money. We
did not make any SPS midcourses on the way hcome and we had

about 3 percent in each side.

The key to the Flight Plan and the key to a smooth operstion

of the S5IM bay in lunar orbit with all three individuals in the
spacecraft was the fact that real-time changes were held to a
minimum., The Flight Plan was so well thought out and was
working so well that real-time changes were very simple,

explicit, and not time consuming.

[t was an ocubtstanding way to run a flight. Communications

were always good.

The only communications problem we had in the IM was right
after ascent when we lost the high gain where the ground could
hear everything we said. We had a lot of noise and static in
the background and we could not hear anything that the ground

said until about 3 minutes into the flight.

Typically outstanding support. The number of extracurriculum
hours the IM people and the FECOMs for the CSM in particular
put in with me on Saturdayz and other times just talking over

systems, techniques, and mission rules were a major factor in
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helping me understand and keep up to speed. The help that
they gave me in designing the emergency cue cards for the LM
was a major contribution slthough we did not use them. Had
we regquired them I think it would have gone very well. T want
to point out that Dick Thorson was instrumentai in corganizing
the LV and joint CSM/LM sessions. He wes a major organizer

for the creaticn and the updating of the emergency cue cards.

It was my understanding that somc of the things T had hoped
could be done during the [light were not possibvle beczuse of
real=tine discussions in the Missicon Contrcl. Specifically,
cine of those things was 4o have a summary of the thinking of
the sclence personnei in the back room given to me while in
flight. The thinking was to be based on the data that we nad
trangmitted tco them verbally and visually through the televizicn
camera. [ had hoped that T would have the venefit of thelr
thinking, but apparently this was not peossible. I would like
to think thet in the future we can lcok at ways of using the
team approach tc science investigations in srace rather than
depending Solely'on *re observational capatility and the
interpretative cepabiliiy of the men who are performing the
Job, There ig no reason that I can see rot Lo use 211 the
brain power that is available at eny given task, and part of

that brain power is on the ground.
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27.0 HUMAN FACTORS

27.1 PREFLIGHT

Preflight health stsbilization and control program - I guess
it was adequate, We stayed nealthy; we came back healthy.
Medical care was adeguate. ?reflight time for rest, exercise,
and sieep is something that only the crew can previde for
because ﬁherg‘s never enough time to train. When there's

rnot enough time to train, then there's never enouga time %o
get adeguate sleep, rest, and exercise. It requires a certain
amount of scheduling and crew discipline to get it a1l in,

I believe that we got it in., Adeguately prepared physioclogi-

cally for the flight at 1lift-off,

Medical briefing and exams - After extensive preflight work
for several months prior to the exams, I think thai they even-
tually ran relatively smooth with the exception of a few mis-
conceptions over the use of the lower body negative pressure

in the CMP!'s G-suit garment, which eventually got resozved,

Eating hebits and amount of food consumption. Prefiight -

T think the crew hes ro gripes. We were satisfied,

It was good.
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The medical department was satisfied and we were satisfied.

T personally did rot find any great difficulty working out or
adhering to the requirements. Medical care, although a very
limited requirement, was good. 71 had a couple of sinus infec-

tions that reacted as they always had, and we were sble over

a period of 10 days cr two weeks to get those cleared up.

Time for exercise was probably less than it should have been,
although I was able to get a good workout sbout every other
day in addition “o <he workouts we got as a normal course of
cur EVA training. Eventually Tex started scheduling a pretty
nermal schedule time in the late afterncon for eXercise. That
nelped 2s & reminder to see that that exercise was ottained.
It is nard, at least in the lunar training program, to get in
exercise periods during the gay. Quite frequently, the exer-
clse was done in the K3C gym at night. Rest and slecp is an
individual thing. I made a particualr effort to always get as
riven as 1 possibly could and never get bhehind the power curve
or. rest. My perscnal experience is that 1 ternd to get colds

and resulting sinus infections.
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Medical briefing was good. The examg seemed to go very weil
in my estimation. They were as expeditious as possible under
the circumstances., 1 think the operational medicel personnel

who carried out the exams are to be complimented in their efforts

£

to see that the exam was as painless and as efficient as
possible. This should alsoc include the postflight exams on +the

Ticonderoga.

Eating habits.and the asmount of food consumption were normal
except during those pericds when we were on the inflight fccd
prior to launch. Those times tended to decrease my appetite,
although the food was certainly tclerable. It was not possible
for me to eat the amount of food that was provided for me.

This also applied td space work in the case of the inflight
eating. Although I d4id not eat everything that was available
in my food packages, I apperently needed to if I wanted <o
avoid losing weight. My appetite was down and I had a loss of
weight. At the time of this recording, my weight has nct yet

gone up to preflight levels, which may have been a little high.
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Appetite and food preference.

Appetite In~flight versus 2-week preflight - T don't think

there was any change for me after the first day and a half.

My appetite normally inflight, based upon past experience,
will decrease markedly versus nominal preflight actjvity.
Everything e¢lse being consistantly nominal, I would prohably
have to force myself to eat because the requirement is there
to have that energy and food, but the appetite would not neces-
sarily be there. This is just typical of me. In this partic-
alar case, the food as expected, produced a great deal of gas.
For the first part of the flight, it was unpassable gas which
resulted in a big football-like knot in the stomach which
ranged in degree from inconvenience to annoyance to disturbing
and downright painful in some cases, That also degraded the
appetite because every time ! ate it Just stimulated this

particular problem.

Lifference notable in food tastes inflight versus preflight -
I think the greatest difference is that there {s always some

gas in the water. One of the biggest problems in preflight
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is that you slways have someone like Rita Rapp to prepare

them and the inconvenience part of the job is done,

I didn't notice any real difference in food taste in flight
versus preflight, To me, the wet packs taste like canned

food, and the rehydratables had a better taste.
It is obviously a very individualistic thing.

That's right; it's an individual thing, and T don't think it

makes any difference whether from the first day on,

Your food preference changes ag to how you feel that day. If
you see g package of shrimp cocktail that doesn't look very
good, you don't rehydrate it; you den't want to eat it. And,
as far as I'm concerned, I could eat 10 wetpacks to every

rehydratable pack.

The first days when I really didn't feel like eating, I really
didn't want the wetpacks. I would rather rehydrate something,
because, to me, it had a better taste, because it didn't smell
I gﬁess. The smell of the wetpacks, when T really wasn't
hungry, and still acclimating to zero-g flight on the first

day there, didn't appeal to me at all.
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I'm going to say =again that the size of food portions and

meal portions is a subjective individual thing. As far as

I'm concerned, the food portions are entirely too great., The
entire meal portions were too great and too large. T lost

my 9 pounds, I predicted I'd lose somewhere between 8 and

10 pounds, and I just don't feel like I can eat as much food

as there was to eat on that flight. Even though I ate more and
more as the flight progressed, T very seldom consumed the

entire meal that was presented at any given time.

In my case, I think, most generally, I ate Just about every-
thing. However, if you didn't have time, which, in my case, it
seemed to me like there were times when I really didn't have
time - once you get all that stuff ready and it gets on through
there, you really don't have time to eat everything. So you,
hopefully, try to get everything made and have time to go

ahead and finish everything except maybe one package.

Food preparation and congumption - Programs with rehydration
(mixing and gases) — There is gas in all the water, and there
appears to bte a 1little more in the hot than in the cold. We
added more water than was called for to make up for the amount
of gas in the food. When I ate the food or drank the beverages

with gas in it, I could expel it through my teeth, and not
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CERNAN drink the gas, and still get the ligquids out of the rehydrat-
(CONT'D)
ables, 1 don't really feel I drank or ate much gas out of

the water, by comparison to whet I could if I jJust swallowed

everything that was in the vackape.

EVANS In my case, T swallowed everything. T never consciously “ried

to separate the bubbles and the water, I guess if vou got an
cbvious bubble on the Lhing, vou normally don't swallow bubbles,
at leest, I don't thirk I 4id. In the spoon-bowl packages,

1f you h1ad a bukble 1n there, when you opened it ur the bubble
was gone, so there's no vroblem with the spoon-bowl packages.

In spoon-bowl packages, the bubbles all develcoped ir one oig
bubble, and you could break that one and have no problem at

all with the gas in it. The hot water had more gas bubbles
than the drink gun. Maybe they were smaller bubbles; let's

put it that way.

.CERNAH Food temperature - Thnere's no question that the hot water, and
1t was always hot, was an excellent way of preparing the
rehydratables that are desirsble hot. In the LM, you did
not have the privilege of hot water, and the difference ir
eating 1M food with cold water, after ezting scme of That
nice hot-water focd in the comrand module, was very cvidert.

There are some cf those wetpacks (harburgers, becf steaxs,

€ animigan )
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what have you) that, some way of heating them up, an oven or
some olheor way, would increase the palatability of the food

immensely.
et me second that statement, for sure.

Tfect of water flavor and gus content on Tood - I don't think
the flavor wags arny different than what we've seen in the pasi.
The renhydratables are very closely attuned to the taste and

{lavor cof regular teble food, but they're rnever quite the same.

Jee of spocn-bhowl packs. We used those guite frequently, and
I thought, for the most part, they worked ocut very well. We
id something different with the soups or the more liguid
spoon-bow? packs. Irstead of actually opening them up and
ealing soup with a svoon, we lust cub off the end from which
veou rehyidrate Them and suck them out, The lumpy foods, like

tke polaloes, we of course ate with a spoon,

set me make one glher comment abcut the spoor packs, the cereal
portion of 1t., I didn't feecl like I wanted tc suck the cereal
cut whrecugn =z Jittle hole in the thing, so I always onened
tnose up. In gencral, those seemed to be the ones, in order
to pget them proverly rehydrated, vou ended up with the biggest

buk%le in the middle of it. Ec¢ every time you tried to open

QRS et
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one of those things, it was a messy operation. When you first
opened it, it had a tendency to run right up the edge. If
you tried to open it slowly, it would definitely run up the

edge. If you tried to open it fast, you'd glmest push it out.

The other thing about spoon-bowls = when you were finished
and you put the germicidal tablet in them and you tried to
seal them up, they'd have a tendency to produce waste along
the sealing edge. Then you'd have to suck it off or wipe it
off, or you'd have bubbles of soup or whatever was 1n the

spoon-bowl floating around.

Opening a can - Puddings and nonliquids were fine, but when
you come to the mixed fruits or the peaches, or this type of
thing where you have liquid, those cans are great once you

get them open, The thing about it is when you break the seal,
you bresk it inte the can, and it's not that the can is pres-
surized, You break it into the can, you reduce the amount of
volume, and you force liquid out. It comes off the can in
bubbles and you have a mess., You end up having to be very
careful. If those cans would cpen entirely cutward instead of

inward, you'd reduce that mess.

I finally gct te where I could stick the can in my mouth and

open the can with my teeth.
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Ard he sucked the juice out as he opened it, which ig a very

poar way of deing it.

Poor, and kind of hard on your teeth.

1

Food bar usage during YWA period - e CLDR end the LMP found

Their use wvery gratifying, very eassy to use. The CDR, for the

mest part, ate from half to three-guarters of his food bar each

tWh. The LMP really hardly ate any of his at all,

Pood waste stowage. Tunction of germicidal tablet pouch.

We always had a couple cof vouches around the stacecrafi, stuck
n corners, o that we could get to them every time we wanted
fo.  We had the Skylab waterbags on beoard, and we had these
srall 1ittle wvalves in the waterbags. So I think from about
tae second day of the mission or, all three crewmen, {wher we
drank ‘ulces, regularly propared juices), would rehyvdrate them
with thal same wvalve that we had on the waler package. Rather
than cut the olher end of the fulce bag off and sueck the Jfuice
ous Throusgh a flat plastic end, we'd use <hat Skylab watorbag
valve, put 1t in the same hole which we rehydrated the juices
ouat. of, snd drink it that way. We found it was less messy,
eazler So drink, and convenient to censume. And, 1 recommend

that Sxylab waterpag for all the jfuices. TIt's & neat little
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EVANS It sure is, It's & neat bag; it's one less cut on the thing;

and it's great.

CERNAN Food waste stowage — We used germicidal tablets in most all
the foods. We passed up a few julces sometimes, because in
drinking Juices the way we just described, you had to cut off
another corner of the Julce bag in order to get the germicidal

tablet in,
EVANS I never did put one in the juice bag.
CERNAN I put some in scme of them.

Undesirable odors - I don't think there were any undesirable
food odors. They were overwhelmed by the urine and feces

odors and the gas odors in the spacecraft.

Quantity of focd eaten on lunar surface - 1 ﬁhink probably the
appetites on the lunar surface were very good. It did not
appear that the food was packaged individually for CDR and
IMP, so we broke out the food for that day, laid it on the

table, and had a family dinner out of what was there.

Quantity of food discarded on lunar surface prior to lift-off -
I don't think we discarded any uneaten food on the lunar sur-
face, although we did leave some uneaten food in the lunar

module prior te Jettison, but not very much.
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Water - Chlorine taste and cdor - We never had a chlorine
taste in the water, and we did chlorinate every night prior

to golng to bed.

Iodine taste and odor - The IM water was good. We did not

take a filter.

Phygical discomfort of gas in water - T think the LM water had
guite a bit less gas after the first cupful taken out of the
IM descent water. I think we had much less gas in the IM

water than in the command module,

The only comment I want to make is that the gas/water sep-
arator that you stick on the food preparation bags always
leaked like a sieve. You had to keep the cap on it at all
times; otherwise, you'd end up with a big blob of water on it.
The cap was quite effective, though, in stopping that blob

of water from forming.

Intensity of thirst on mission - T think the known need for
staying hydrated was there. Although I drank more and more
water as the mission went on, T think that there was never
really a strong intensity of thirst that plagued me, except on
the lunar surface after we got back in the lunar module and

I found myself drinking water continually out of the water
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gun, pricr te EVA and post-EVA. 8o, I think I consumed, on
an average, probebly twice as much water in the 1M per day

as I d4id in the command module.

I was hustling around deing a lot meore physical activity in
rreparation for the EVA, and at that peint in time I was
thirsty. I wanted to have & drink all the time. DPBut the rest
of the time I really wouldn't get that thirsty. Bui, you just
felt like yoﬁ ought to have g drink of water, and you'd drinx

as much as you could.

Work-rest sleep - Difficulty in going to sleep - I think all
three crewmen experienced varying degrees of difficulty with
going to sleep, and all three crewmen utilized Seccnal at cne
timé or ancther. The commander vprobably had three Seconals,
and they were all taken prior to hitting the lunar surface.
The CDR did not take any Seconal, to the best of his reccllec-
tion, on the lunar surface or any time thereafter. I got
excellent sleep when I 4did take a Seconaly when I 4id not take
a Seconal, sometimes I got excellent sleep, sometimes T got

marginal sleep.

I think I probadbly tock Seconal more than anyvcdy up there,
I'd have to look in the Flight Plan to find ocut for sure how

many days I did not take. But I'm guessing 4 or 5 days I
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And, most of the time when I did tske Seconal, I weuld sleep
for 3 to I hours straight - just go to bed and go to sleep
right off the bat - slicep for 3 or 4 hours and then kind of
wake up, off and on, from that point on. Normally, when I'm
around here, I reguire gbout 7 hours of sleep per night, and
every cnce in a while 8, in order to feel real gocd. Up there,

it gseemed to me like I could get by quite adequately on 6_hours

with no vroblem at all.

CF RN Al The sleep restraints were used every night in the command
module by two crewmen whien there were three men in there. The
third man slept up in the couches. I thought they were ade-

quate toc nelp Keep the temperature comfortable.

EVANE Wrer I was gsolo, I always slept in the sleep restraint in the
capsiule. The first night T put the lap belt on just to keep
re from fleoating all over the thing. The rest of the time I
didan'%t even bother with the lap belt; just Jumped in the bag

ani floated wherever I hapvened to float around the spacecraft.

CoT A Trhat's the same thing that I did when I was sleeping up in the
couches with three men ir the spacecrat™. I just put the
restraint cn and fleoated around. it didn't bother me at ail.

in the LM, zlthough my hammock was as tight as 1% would streich,
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it still rested upon the suits in 1/6g, which was no problem.

" I thought it was extremely comfortable sleeping and, as far as

I know, the LMP had no preoblems with the sleep restraints. A
very good way to sleep in the IM, considering the tight quarters,
The best thing we did was shorten that first desy after launch,
particularly in light of the delay, and put us on a reascnable
Houston work-sleep cycle., It gave us sort of an extrs day to a
mission, 5ut it put us on a very compatible work-sleep cycle,
and it kept that first day to a minimum snd set the rest of

the days keeping pace with it. I felt very strongly that we
get 8 hours of sleep period. When there were days when we

were late getting to sleep about 30 or L0 minutes, I requested
and got an extension of sleep period the next day. When the
day had to be something very critical, like FDI day, I made
sure that at all costs we did get to bed and we did get our
full 8 hours of sleep. T think this probably pald off more
than anything else. On the way back, after the more important
aspects of the mission were complete and we got to sieep half
hour or hour later, T made a decision that we'd just stick with
the Flight Plan and get up on time. So it may have shortened
our sleep period to 7 hours, 6-1/2 or 7-1/2 hours in some cases,
but that worked out fine alsc. Prior to the major objectives
of the mission, I felt very strongly about preserving that

8 hours, and we did.
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I was going to say I agree completely in that you need to get

started as rested as you can.

Distwrbances ~ Typical spacecraft disturbances when one man
moves or one man sneezes oOr when one man does something else -
every man does it because you just live in that kind of an
envircnment. The CMP is the only guy that can sleep through
master alarms, crew alerts, buzzers, anything. About 3 nights
out, prior to coming home, he starts talking in his sleep. He
was up on the couch on duty that night, and T heard "Houston,

" and "Houston, this is America.” Then I realized you

Roger
were talking in your sleep. And then it dawned on me, suppos-

ing he decides to make an SPS burn? I stayed awake all night

Jong listening to him.

Exercise - I think the frequency of exercise on the way out was
more consistent than on the way back. We exercised every day
on the way out, for periods ranging from 10 minutes to 30 min-
utes on .an individual basis. The quality of exercise I thought
was pretty good. In some cases, the heart rate could be moni-
tored on the ground; in other cases it was not. But in meas-
uring your own heart rate on beard, I think for the most part
we all got up, consisting for periods of time, to 110 to

120 beats per minute. The exerciser -~ I think Ron and I used

the exerciser for a couple of days on the way out.
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CERNAN We talked sbout the exerciser in the spacecraft. It was used

(CONT'D)
on the wey out to the Moon on Just a couple of separate occa-
sions by the CMP and the CDR and it worked adegquately. T
didn't find any problems with it. But I think I exercised
more efficiently by sitting in the commander's couch, holding
on tc the arm struts very tightly, and holding myself against
the LEB bulkhead and running in place to produce artificial-g.
I was Wofking my arm muscles and I was running against the
bulkhead, which produced force against my legs. I could really
run at different speeds and for long durations, and that's the
way I did all my exercise. The LMP did his exercise that same
wgy and he did it on the right-hand couch. T don't know how

he found room to move his kneeg, but that's where he did it.

SCHMITT I wasn't too concerned about my legs, so I Just kind of let
the legs go. I really didn'’t exercise the légs at all except
for cne time. The rest of the time I was essentially trying
to exercise the arms, so I used the exercliser twice, I think,
by grebbing hold with one hand and pulling it through as much
as I could, back and forth, that way. Then, as Gene did, I
figured out I could grab hold of the struts on the spacecraft,
put my feet up in the tunnel and squeeze the struts in one way
and turn the hands sround and push them out. I could really

work up an exercise by Jjust kind of shazking the strut as much
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as 1 could. I could actuslly work up a sweat Just doing thet

type of operation.

Muscle sorenesgs during or after flight - There was none on
anyone's part after the flight. As far as I know, certainly

on my par:v, there was none during the Tlight with one excep-
tion tha® I'll mention. T felt {and I don't know what the
metabolic assessment is from the deta that came down)} that
when I got %o the Moon there was little or no degradastion in
my physical capebillity to do the jfob. 1 felt nelther short

of breath nor short of muscle response or anything vhen I got
to the sufface. The only corment I want to meke, and maybe
it's not muscle soreness, is that after the first EVA, both

the IMP's hands and my hands were extremely sore from all that
particular type of hand-dexterity labor that's required with
the AISEP and with the drill. There vere no particularly abra-
sive areas. The fingers and the hands were just sore from
centinual movement, to the extent that we both had, on both
hands, several blood-blister-like formations under the finger-
nails. We both felt a discomfort after that first EVA. The
second EVA, it was less; the third EVA, it was less; and by
1ift-off my hands were perfect. They did not in any way hamper
anything I had to do during that first EVA. I didn't even

know they were sore during the first EVA until after I got
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out of the suit. The second EVA, they didn't hamper anything,
and the third EVA, they got better still. It's like maybe
having a muscle that needs work and that's what it amcunted
to. And the IMP's were the same way. His were bothering him
the first EVA, and the second EVA they were better. It had
nothing to do with the fit or size of the gloves. If I have
to get a palr of gloves, I would get them fitted and sized

the same way I gct these fitted and sized.

I'd like to mention one thing on ruscle soreness that I heard
about in preflight. I think the soreness in the back is not
the lower.back. It's Just the muscles in the upper part of

the back. I think this is from sleeping. I don't thirk it's
from trying to hang on to something. I think it's trying to
get a relaxed position in the first part of flight, because I
think it's hard to pick a relaxed positicn with your legs. You
tend to kind of hold them in one positicn or ancther. Later,
cn the flight, I didn't notice that at all, and I didrn't really
recall trying to hang on to something. The only time I can
recall trying to hang on to something is during the seolc orbit
periods when I was %rying to focus on the camera out the window.
During this type of an operation, I really used my feet fto hang

on to things and my back wasn't sore then.




CERJAN Perspiration during nonexercise periods - I don't think there
was any on enyone's part. During exercise periods, I found
myself right at the threshold of beginning to perspire, but

never really Telt like T was.

Infiight oral hygiene - 1 had no mouth discomfort. I brushed
at least once a day and probably twice & day, once in the mormn-
ing and once at night. 1 never used dental floss, and the

toothbrush and toothpaste were certainly adequate.

EVARS it feltr like you needed to brush your teeth every now and then.
If I have to do 1t again, T would get my teeth cleaned prior

to going cn the flight. I didn't this time for some reason.
CERM AN Do you think that has anything to do with your smcking?

EVANG Maybe it did. I don't know. But it felt like I rezlly needed
to have wy teeth cleaned. T felt that way before flight sco
wne flight nas nothing to do wiith it. Brushing frequency -
Probably at least two or, most of the time, taree times a day.
Kever did use dentel floss. The toothbrush was great; I had
nc provlems swallowing the Locthpaste. Tasted pretty good as

2 matter of fact.

CTRIE AN Simglasses or other eye protective devices - For some strange
reason (I would never have believed it) but I took the sun-
glasses out of my pocket onece, put them on for about 20 min-

uLes, and never used them the entire flight.
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EVANS The first dey I didn't use them at all, and my eyes felt a
little bit like msybe they were getting e little bit red or
something, Just a little bit tired, so I put some eyedrops
in. The next day I got my sunglasses out, locked out the
window a couple of times, and then needed to look at the map
or something back inside. I put my heed down and couldn't
see the map, so I had tc tske the sunglasses off. 8o I finally
said heck with it. I didn't wear the sunglasses the rest of
the time. In a geood portion of the visual observations, I
felt that color was an important part of it. If I had sun-
glasses on I couldn't get a true picture of whet the color is,

sc T didn't wear them,

CERNAY Unusual or unexpected visual phencmena or problems experienced -
I focused during rapid acceleration or deceleration with no

problems.
EVANS No problems with me.

CERVAN Visual details -~ Sunlit versus down-Sun areas - Let me talk
surface, and you can talk sbout orbit. Driving the Rover down-
Sun inte the west was a very degraded operation. There was no
way that you could do any shadowing. We did it for a great
part of the time. You Just had to scrt of look through the

down-Sun effective zerc-vhase ares to meke sure you could see
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CERN AN what was coming up. Driving up-Sun, again, was a degraded
(CONT'D)
mode of driving. It was very bright. Everything that you
were loocking at was effectively washed out., But when you
drove up-Sun you had a cepability of either shielding your
eyes with the hard-cover visor or your hand. As soon as you
did that, you had ebsolutely distinct and perfect vision as

to what was shead of you. It was s case of being able to have

the right geometry of the Sun versus your direction of driving.

CERKAR Visicn without ocuter visor during EVA - In effect, I never uged
mine. I used the protective visor and the gold viscr almost the
entire tiﬁe except vhen I was in the shade and I lifted my geld
visor. I hardly ever, except for occasionally driving into the
Sun mode of oﬁeration, used the hard-cover visor at all. T
never used the side hard-cover visors and just very seldom used

the center hard-cover visor.

Distance Judgment versus aerial perspective during EVA - The
size and distance you certainly had to multiply by & factor of
2, and maybe I would go so far as to say a factor of 5 in many
cases, because there are no references on which to base size

cr distance.

Well, I think the Moon horizon and the Earth horizon at sun-
rise and sunset have been discussed in detall in the past, but

there is nothing unusual experienced which I dldn't expect.
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Eye irritation during photos at window and EVA - I never wore
sunglasses and in effect never had any. I take that back. One
day, prior to PDI dmy getting in the IM, my right eye started
watering for some reason but did not impair vision. I put some
eyedrops in 1t and it seemed to soothe 1t. I never did anything
else to my eye again untll, cne day on the way home, I got some
chlorine in it, and I washed it out and put some more eyedrops
in it. Beyond that, I had no eye irritations at all. We had
c¢hlorine all over that spacecraft. That's the way I washed my

hands everydsy, chlorinate the spacecraft.

Helmet viéor reflections - I had no particular problems with
the helmet. My gold visor got very dirty and dusty and
scratched up very early in the first EVA, and I cleaned it as
the ground prescribed before each EVA, but it really didn't do
much good. T Just learned to live with it, and it really

didn't degrade the operations much at all.

Well T think most of these are pretty much not applicable to
Junar-orbit-type stuff. T used your LEVA and I didn't even
notice any scratches on the thing while T was out. TUnless you
want to talk about the eye irritations during the photos at
the windows. This was essentially on the first day in lunar
orbit, I think. And, for some reason, I never even noticed it

from then on. I never did use the eyedrops from that point.

=
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CERN AN Medical kit - An adequate quantity of medications was supplied,
I think there were certainly adequate quantities of medication
in both vehicles. We brought the medical kit back from the LM,
Why I don't know, but we did bring it back., Yet, in spite of
bringing it back and having the command module kit there, we
ran out of biomed sensor electrolyte sponges on the last day

of the flight.

EVANS The sponges themgelves are packed in packages of six, so you

throw one away every time.

CERNAN I will say one thing. I did change my sensors one time on
the lunar surface. The sponges in the LM medical kit were
gbout half the thickness cr a little bit better than half the
thicknesses of the éponges in the command module medical kit.
So when I pqt those sensors on, I put two sponges under my
senscor instead of cone hecause I didn't feel that one sponge
would do the job. Two sponges were just a little too much,
but I did use two sponges. Packaging of the kit was fine.
Adeguate instructicon for use - As far as T'm concerned, there
is no instruction for use on anything in the medical kit. If
vou want to take a Lomatlil, there is nothing that says diarrhea.
You don't know whether you can tske one, you don't know whether
you can take two. If you take two, you don't know whether you

can take a Seconal with it. BSo, effectively, there are zero
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instructicns. Zven if the instructions were there, I'm sure

you would have to talk to the ground before you take them away.

WeTll talk gbout the EXKG on the thing. Let me mske a comment.
To me, we changed those things way too cften. You had 1% on
for 12 hours and you tock it off and the next day you put the
crazy thing back on again. If you've get it on, keep 1t on
for 24 nours, scmething like that. Then let the cther guys
have a 2-day break cn it. If, you're going tc cycle it thed

way, don't keep changing the thing every 12 hours.

One thing. about the sensors - Sometimes it's more inconvenient
to change the sensors than it is to keep them on. Much of the
time, where the guy was going to take them off rather than go

through the inceonvenience of taking them off and cleaning them
up and getting them prepared and putting them on, whenever he

had to put it on later, he'd Just leave them on throughout

that period.

Housekeeping continues to be the major cperation of space

flight, particularly in spacecraft as small ard as regulring
as the command module and LM, Maybe in Skyleb it's going to
be more so, because the spacecraft is bigger. Changing sen-
sors, for instance. As soon as ycu change cne senscor, you've

got about four or five small, loose articles iIn your hand.

o
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You've got to contain them. You've got to put them in a small
garbage bag and then eventually put them in a big gerbasge bag,
and every time you have a lcose article with no place to put
it, it's a housekeeping problem, asutomatically. I don't know
wkat else you can zay about that. The thing that was gocd as
far as the command module is concerned was that we had an extra
temporary stowage bag that we put up in the tunnel. That was
kind of a tempcrary Jettison bag that we filled up. As soon
as it got full we would stick it Into a big Jettison bag and
shove +the Jettison bag underneath the couch scmewhere. Ti's
an effective way to keep track of the junk and the trash be-
cause it's got a spring-loaded door and you shove this stuff

dp 1n the bag.

The thing about housekeeping is that 1t takes you anywhere from
1 to 3 deys to effectively unstow the spacecfaft to get at those
things you nced on a cyclic-type hasis. Those things you need
to keep living, eating, sleeping, and working with. And you
have to find convenient temvorary secure stowage locations Ifor
all these things. No one can really dictate whether 1t's going
Zo te particularly corverient tc you; but, once you deo this,
your housekeeping prcblems begin to minimize. But it's Just

a case cf setting up thogse living accomodations which are com-

patible with three individuals who are trying te live compatibly
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together, both in teking care of their personal items like
spoons and toothbrushes and taking care of spacecraft opera-
tional items like cameras and chlorine packeges and filters
end what have you. It's too inappropriate to put a lot of
those things back in their original laurnch stowage configura-

tion position.

Shaving - I shaved once before PDI, once after PDI, and once
before reentfy, and T think it's cne of the most clean feel-

ings a guy can get in the spacecraft,

It's great. I could only shave abcut a third of the face at

a time, maybe a fourth, so that's the way you do it. You put
a little bit on and shave that part off and start again. I've
got a recommendation on the razors. And Gene didn't have that
rroblem. I guess my beard is a little thicker or something,
but I couldn't use a two-bladed razor. I could get one scrape
ocut of the thing and it was.full. There is just rc way to
clean it ocut end it just wouldn't cut anymcre. 'the single-
blade razor is the one that evidently hes enough room In there.
Even though it got plugged up with the shaving cream, it still

worked okay.

Dust - I think vrobasbly one of the most aggravating, restrict-

ing facets of lunar surface exploration is the dust and its
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adherence to everything no matter what kind of material,
whether it be skin, suit material, metal, nc mstter what it be
and it's restrictive friction-like action to everything it geis
onn. For instance, the simple large tolerance mechanical de-
vices on the Rover began to show the effect of dust as the EVAs
went on. 3y the middle or end of the third EVA, simple things
like bag locks and the lock which held the pallet on the Rover
began not only to melfunction but to not function at all. They
effectively froze. We tried to dust them and bang the dust

off and clean them, and there was just no way. The effect of
dust on mirrors, cameras, and checklists is phencmenal., You
have to live with it but you're continuslly fighting the dust
problem both outside and inside the spacecraft. Once you get
inside the spacecraft, as much as you dust yourself, you start
teking off the suits and you have dust on your hands and your
face and you're walking in it. You can be as careful in clean-
ing up as you want to, but it just sort of inhabits every nook
and cranmy in the spacecraft and every pore in your skin. Al-
though I didn't have any respiratory problems, I think the IMP,
which he can comment on later, had some definite 2ocal respira-
tory problems immediately after the EVAs due to the dust in the

cabin,
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In sputum - I didn't spit up anything. I didn't feel any aero-
sol dust problem at all until after rendezvous and decking
when I tock off my helmet in zero-g and we had the lunar mod-
ule cebin fan running the whole time. I did all the transfer
with my helmet and gloves off, and I'm scorry I did because the
dust really began to bother me. It bothered my eyes, it
bothered my throet, and I wes tasting it and eating it and I
really cﬁuld feel it working back and forth between the tunnel
and the LM. PRen, did you feel any effects of the dust when we

decked and rendezvoused, particularly?

Onmly when I stuck my head up in the IM. Wwhen I climbed up in
the tunnel I could definitely tell there was a lot of dust up
in the IM and you could smell it. It's & difference, so I
think you noticed it from that standpoint, but there never
realiy was.dust in the command module. The dnly time you ever
got any dirt in the command module was when you touched some-
thing that had dirt on it. But as far as dust floating around

in the command module - I don't think it ever 4id.

After rendezvous and docking - After the CDR and IMP had been
living with this dust for 3 days on the lunar surface, there
was a compelliﬁg urge on both of ocur parts to get clean. We
spent about 2 or 3 hours prior tc going to bed doing nothing

but effectively teking soap and water and trying to wash as
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much of our body as we could to get free from what is really
sort of a dirty feeling due to the dust. Even with sosp and
weter it was sometimes very difficult to get clean, and the
dust would get under your fingernails and other places on

your body.

Radiation dosimetry - personal radiation dosimeters - Were the
PRDs worn for the entire mission? Yes, with the simple excep-
tion that after rendezvous end docking, when the ILMP and CDR
stowed their suitg, we did not transfer the PRDs. The CDR's
was in the suit PGA bag for 1 day when it was retrieved. The
IMP's was in a PGA bag for 2 deys when it was retrieved. Radi-
ation survey meter - Was it activated at sny time? T thought

about it, but what good would it do?

Personal Hygiene - Adequacy of wipes, size and numbers - As

far as I'm concerned, the wipes might Just as well be thrown

off the spacecraft. They are too small to do any good. I never
cut open a wipe bag. Now I think the CMF may have a change of

heart.

I used them all the time. Whenever I had one with g meal, I
would cut cne open and I'd just use it to wipe off my hands and
mouth. When you dip out of a spoon-bowl, part of it gets on

your fingers. ©So you'd lick your fingers and then wipe it off

WP
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gt the end of the meal., That's the only thing you could use

them for.

I think the tissues, and it turned out there were plenty al-
though the way we were using them for a while we weren't sure,

and the towels are the two most important items of persconal

hygiene.

In use Of the poteble water, both hot and celd, for personal
hygiene - Yes, we used it end we used it effectively Just like
you'd wash with a washrag in your bathrocm. We used 1t with
soap and/or water and used two or three towels, one with soap,
cne with plain water to rinse, and one to dry. And it turned
out that there Were.plenty of towels also. And that closes

that.

But I'd like tc make one comment about persohal hygiene and
eating habits and defecation and urinstion habits in a space-
craft like the command module, I just perscnally feel very
strong that we have a long, long way to go to mske space a
convenient, comfortable, habitable ares in terms of defecation
devices, in terms of urination devices, and in terms of per-
sonal hygiene to keep adequstely clean and feel adequately
clean. I think from what I understand of Skylab that we're

taken some major steps in the right direction in terms of
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CERNAN defecation capability, in terms of showering capability, and

(CONT'D)
in terms of one other very important thing, the ability to
exercise. T think if we can handle those types of living ha-
bits and learn how to handle them in Skylab, I think that one
of the major modes of operations in space 1s going to be up-
graded greatly. %You do them in the command module because
you have to, but because of the size or because of the facil-
ities that you have at hand, it's a messy and sometimes a
dirty and almost an unsanitary bperation. But you make the
best of what you can and the best certainly works. 3But I
think Skylab is a step in the right Idireetion. I don't know
all the details of their hygiene facilities, but the thought

that's going in to it I'm sure is based upon the same comments

we've made here.

EVANS I'd like to.make one comment on the urine busses, as we call
them. First of all, the little check valve in there is inef-
fective to me. You may as well have an on/off wvalve on this
thing, because the ch_eck valve creates such a back pressure
that every time I wanted to urinate I felt like I had to force
it. If there is some way to get rid of that back pressure that
you have to overcome in order to urinaté, it would make it a

lot meore pleasant operation.
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The appetite inflight versus preflight was less again except
when we were testing the preflight food, when T also had a

low appetite. No nctable differences in the taste of foud. The
things I liked in preflight I also liked in space. The things

T didn't like in preflight I alsc didn't like in space. I
didn't notice any differences. I tended to start to prefer to
eat the wet packs in preference to any of the other solid foods.
I would strongly recommend that the wet packs be used in
preference tﬁ the rehydratable. You probably will get a
different opinion from the other crewmen. The Juices were

good, After the ones and only period of difficulty with loose
bowel movements I did cut out the potassium-indicated foods.

I can't say that had sny effect or not, but I did not have
any.other loose bcwél movements before the end of the flight.
The first howel movement after flight, on the Ticonderoga, was
normal, the second was very loose, the third was normsl, and

the fourth and fifth were very loose.

The size of food portions snd the meal portions - My appetite
was very low the first day sasnd gradually increased over the
next 2 or 3 days. It remained essentially the same after about
the third day. The most acceptable foods were the wet packs
and the Juices. The fruit cske was good. It was possible to
eat too much or to get to the point where you didn't want any

more, The chocolate was good. Of the dry crackers or cockies,
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SCEMITT the graham crackers were probably the most tasty. The peanut
(conT'D)
butter and jJjelly sandwiches were guite good.
Food preparation and consumption. Rehydretion went nominaily.
The nominal ges was present. Food temperature - I tended to
rrefer the foeods that were warm or hot, and the hot water was
quite adequate for warm foods. We actually missed the warm

foods 1n the IM where hot water was not available.

I did not notice = water flaver. The water waes reasonably
tasty. I did not notice a high chlorine tase of any kind.
M1 ol the gas content did make it a little bit uncomfortable
to eat abt times. Thimble packages worked pretty well. Those
that were divided I tended to cut off the cther end of the

rackaze, the water insertion end, and use them as a sgueeze

rackage.

Spoons worked perfectly adegquate. I tended nobt to use the
fruit in the cans because of the messiness of opening those.

T think the technique that Ron worked out of opening it in or
near your mouth 1s s good one. Puddings and this kind of thing
were very gocd. Tt was only the canned fruits that I tended

te avold beoecause they were Inconvenient to use,

Food bars during the FVAs T think were good to have, although

T never ate more than half of one. Il wasn't because it was
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untasty. It's just because of maybe a lack of interest in
eating and using that time during the EVAs. 32efore and after
EVAs, in the IM, I ate very well. There were some things we
avoided. In my caese, after having corn chowder cnce, which
stimulated a major bowel movement, aeithough not a loose one,

I did not, thereafter, eat the corn chowder. I did net eat

the cocoa because I tended to feel T got a little more gas from
cocoa and an aftertaste. I did not eat the sea food ilems,
shrimp and the lobgter bisque and these sort of things, because
in preflight I had noticed they tended to have a long after-
taste. Otherwise, I thimk all the other focds were certalnly
acceptable. Meny times I did not eat pptatowbase focds bercause

they were very filling.

Yocd waste stowage — I don't know how the germicidal tablet
worked. The pouck was okay. It would have been nice to have
had & little dispenser that was eassier to use than the pouchk.

I don't know whether that would be possible to deo or not. GSeenms
to me 1t would - a little tube dispenser of some kind, where

it came out mcre easily. We generally cut the corner off the
pouch and squeezed them out. It was a little inconvenient,
nothing major. We used the germicidal tablets In all the

juice bags, the fcod bags and the wet packs. I did not uze

them in the tea and coffee.

CEPReRSENTS
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Undesirable odors - Undesirable odors were at a minimum except
for the occasional passing of gas. I generally had almost
continucus passage of gas most of which gpparently was not

with significant odor. Only occasionally it seemed to be
objectionable to the other crewmen. T think most of that was

a water gas. Upon starting to eat, there would be an increased
desire to pass gas. An increased pressure in my stomach
apparently was transmitted almost immediately intoc the bowels,

After eating I would pass gas for a couple of hours.

@Quantity of foods eaten on the lunar surface - I think it was
high, although probably no more than half of the food that was
available. It's hard to say exactly. I think that could be
worked oul maybe with a detailed look at the menus. To estimate

the quantity would be very difficult.

Fecal container - We used a blue bag, which is not a bad

way to defecate unless the stool is loose. If it's loose it's
Just about impossible to use. The best thing you can do is to
work out some prevention of loose stools rather than trying to
handle them. Loose stools iz one of the major hygiene, sanitary
and operational problems that you can have on a flight. I can't
emphasize that more. If it happened on a dally basis, you would
eventually cut the efficiency of the crew member as much sas

30 percent. I think it's important to try to understand why
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Apollo 17 was different then Apollo 16 in the delsy of the prob-
lem of loose stools till about the 11th or 12th day. The CDER
had ne problem with loose stools. My persconel opinion at this
point, based on very little information other than observation
in flight and thinking about levels of electrolyte intake, is
that with the electrolyte guantity down from the imposed on
Apollo 16 we did not reach an electrolyte saturation problem
until thé 11th or 12th day. When that saturation level was
reached, I suspect that the electrolyte we were eating was
dumped cor cconcentrsted in the intestines and tended to act
pretty much as a laxative, an epsom salt type laxative, con-
centrating water in the stool. I think_it’s important that

we reduce the electrolyte intake so that saturation is never

reached.,

Water-Chlorine taste and odor was not spparent to me except
during chlorination. TIcdine taste and odor was very slight,
apparent in the IM water, but not of any significance %o the

IMP.

Physical discomfort -~ No physical discomfort for the IMP other
than tiredness on occcesion and sore ruscles and the brulses

under the fingérnails in the case of EVA work.

Gas /water separator didn't work very effectively and I'm sure

that's been discussed elsewhere.

CORHSE
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SCHMITT Intensity of thirst during mission - Never really was thirsty,
(CoNT'D)
even during the EVAs, although I did stop to teke a drink of
water occasionally. But I never drank all the water in the

insuit drink bag.

Work, rest, and sleep - The difficulty in going to sleep is
variable. When seconal was used, there was generslly no dif-
ficulty in going to sleep. When it was not used, I guess

there was a tendency to stay awske a little bit longer. On
other occasions, the action of Seconal did not seem to affect
the rate of going to sleep. There was a tendency a couple of
nights to.go to sleep and wake up fairly soon after going to
sleep, within an hour. The second time it took a little longer,
sanetimes an hour to go back to sleep. But, I feel that the
medical log reports for the LMP were wvalld and probably an
average of 5-1/2 to 6 hours of sleep per night was good. I
don't think, except for maybe one night, that I went much below
that. The sleep was never continuous for more than 3 hours
without waking up. I feel that 6 hours is adequate sleep for
the kind of work we were doing. The programing of 8 hours is
necessary in order to get 6 hours because of the periods of
wakefulness and for the difficulty in getting the cabin organ-
ized and everybedy to bed at the programed time. So maintain-

ing an 8-hour sleep period is mandatory in order to obtain the

)
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6 hours required to perform the mission without getting tired

or getting behind the power curve with respect to sleep.

Restraints - I had the feeling that I wanted fo have my head

and limbs restrained in order to get a good sleep, although I
did sleep at times without that restraint. My personal opinien
is to make them smaller with a scmewhat more feeling of re-
straint. When I slept in the couch, I tended to put a shoulder
strap over my head and chinch it down very lightly so that I

had that feeling of head restrasint. Probably one of the biggest
things that made sleep difficult was the loss of sensory per-
ception of limb position in zero gravity. When they were not
being moved, you lost that perception. It came back immediately
upon. moving tﬁem. In general, the other crewmen did not disturb
my sleep. I'm not sure why I would awake when I did. Tt did
not normall& seem to be the activities or the restlessness of
the other crewmen. In cne or two cases, I think it was the

other crewmen, but most of the time I don't think it was.

Exercigse = I ran maybe & mile and a half on the afternoon of
the day of launch, keeping up to the daily running program that
had continued for several months prior to launch, In flight,
every dsy ex_cei)t PDI day and rendezvous day the LMP did saome
kind of exercise. Particularly running in place against the

LEB, using the arms and shoulders on the Y-Y strut of the seat

SRR |
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in order tc provide an artificisl gravity of sorts. And that
seemed to be the best way that I could find to get significant
heart rates. I think the medical pecple should have the
information on those heart rates. The hesrt rate that I wsas
capable of generating before my arms got tired tended to de-
crease, I think, with mission duration. On the day before
entry, it got back up to 120. I'm not sure how much motivation
had to do with that -~ motivation versus deconditioning. After
some iscometrics under the right-hand couch for 5 to 10 minutes,
then I would run in plece for S to T minutes, something like
that. I did not use the eXerciser. .I found these other

methods seemed to be better for my own perscnal needs.

Muscle soreness during or after flight. The only muscle sore-
ness that T can say I recognize was the very extreme soreness
post EVAs, but that had disappeared by the next morning. And
that was in the hands, sorenegs in the hands. After the

bicyele exercises on the Ticonderoga, the next morning after
the first exercise my calves were sore, and they remained

sore after the second exercise on the bicycle. Within 24 hours,

there was no noticeable soreness in the calves.

At the conclusion of each of my running-in-place exercises, I
was perspiring, not to a drippy extent but to a damp extent.

Never got any real visible drops of prespiration, but I did
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SCHMITT feel damp, particularly around the head. After a few minutes
{cowr ' D)
of Just floating quietly, that perspiration generally evaporated.
Oral hygiene - I brushed about every other day and had no dis-
comfort in the mouth. I did not use the dental floss and the
toothbrush weas perfectly adequate. The toothpaste seemed to

me to be a little less gbrasive than you might desire, but it

did freshen your mouth and seemed to clean the teeth adequately.

Sunglasses - I used the sunglasses most of the time to lock at
the Moon in particulsr. I wore them in the cabin during PTC
when the Sun was coming in the windows, up through PDI day.
After that I didn't use them in the IM except occasionally to
look out the vindow_at the lunar surface. After rendezvous

I didn't find the desire ss great to use the glasses. Ini-
tially, it seemed as if some of the moderste to light head-
aches that I had might have been the result of the sharp
contrast of lighting thst wé were exposed to as much as it

was to any kind of vestibular disorientation. 8o I'm not
guite sure whether which was which, but the headaches did
disappear by the third day. By post rendezvous, I did not
feel the need even to lock at the surface through the su-
glasses. It was as if my eyes had started to self-compensate
for the increased brightness that we were exposed to. Partly,

I used my glasses because they do have a small correctien for

QOSSR §
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SCHMITT my astigmatism, and that did inecresse the resclution with which
{CoNT'D)
I could view the surface. Looking at the Earth end translunar
coast with the sunglasses, I often did that for the correction.
I used the binocular and the sunglasses and it did seem to
nelp the resclution of viewing cloud patterns and geographic
locations. When I used the sunglasses they seemed to be very
adeguate in terms of the level in which they reduced the bright-
ness. As soon as I locked in the cabin to lock at instruments
and this sort of thing, the glesses did inhibit the observa-~
tiorn of those instruments and the lettering on the panels, and

-

I would push them up on my forehead for cabin work.

Jnusual and unexpected visual thenomena problems experienced -
Let me reference you to the description I tried to make of the
sunrise coclor-banding in the Earth-orbit portion of the flight.
We talked a loi on the tapes about the orangé, yellow, and red
hues to the gray in lunar orbit arcund the edge of Serenitatis
Basin. That is also on the tapes and most of that orbital
descriptive work was in the post rendezvous timeline. My
solar corcona sketch is in my crew notebook and I'l1l have to
get that for reproduction. And I think the only other thing

I would add is that with the sunset corona, I was able to see
very strong linear sireamers very close to the Sun. With the
sunrise, I don't recall ever seelng strong streamers or bright

streamers down close, within a solar diameter or two. 3But the

U
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most diffuse and broad streamers were quite obvious and sre
covered in the sketch and I think in scme verbal descriptions
on the tapeg. I noticed no eye focus problem during rapid
acceleration and deceleration. The best viewing Sun angle

for viewing lunaer topography was the low Suns, and the best
Sun angle for seeing albedo and color differences was directly
down Sun or zero-phase. Often, during the EVAs, I would have
the gold visor down three-quarters to protect most of my face
from the Sun. But for close~in detail I would look through
the lower one—guarter, where I'd Just have the clear helmet
available -in order to see more detail without looking directly
into the Sun. When we were driving up-Sun with the Sun on

the visor (having had some problems with the hard-shell visor
moveﬁent), I mainily used my arms to shade the helmet or the

LEVA so that I could see up-sun. And that worked fairly well.

Distance judgment versus aerial perspective - The distances

end sizes I used were compensated by some early estimates of
crater gsize hased on the size of the LM and ALSEP distances

and items like that, although T never did feel comfortable with
the numbers I used., I was doing it on a2 subjective basis as a
result of those early cobservations rather than on what the
crater really locked like. The craters always seemed to look

smaller than I felt I knew they were, although probably never
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by more than a factor of 2 or 3. Distances would have to be
the same, or the same way through Jjudgment of how far away from
something you are. It generally results in an underestimate.

You always think you're closer than you really are.

I think the tapes cover same comments on the Earth illumination
al. the horizons. 3Briefly, right at the terminator horizen of
the Farth, you get gharp shadow definition of clcud features.
AL the sunlit horizen from lunar distance that's a very clear
definition between the black of svace and the upper portion of
the Zarth. In BEarth orbit ané near Farth, you can see the
gradation.of that horizon caused by the atmosphere. At night
around the Farth, there's a very clear horizon glow all arcund
the Zarth. Alr glow, I guess you would cgll it. And the horns
of the cresecent Earth are much sharper and elongate compared to
those of the crescent Moon, as if light was being defracted
into the atmosphere and in extending the length of the horns

of the crescent. With the setting and rising Sun around the
Meon, you would get a - in the case of the getting Sun - a few
reflections off of the high peaks some significant amount of
time after the Sur had set. And the same would epply conversely
to the rising Gum. The first indication of sunrise, in addi-

“ion to the solar corona brightening, was a few bright areas
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on the pesks near the terminator that were high enough to catch
the firsi morning reys and reflect them back eround toward the

spacecraft.

Eye irritation during photos - I did not notice any. Helmet
visor reflections I guess have been very well covered. With
the dust and scratches on the helmet, of course, you needed to
shade the helmet more and more in order to see with the Sun

directly on the helmet.

Medical kits certeinly seemed adequate. We did run out of
electrolyte and sume more should be packsged, I would think,
Tor the comparable amount of time we had, because we actually
did not change sensors out according to the Flight Plan. We
genefally wore sensors longer than the Flight Plan required,
which meant had we done it according to the Flight Plan we
definitely would have run cut of electrolyte early. T think
it is a mistake not to have a fairly clear summary of instruce
tions for use of each of the drugs, if for no other reason
than the no-comm case when a drug might be required. For most
of those drugs, they would essentially be of little use to us
in a no-comm situation because we would not know exactly what
they were for and which drugs could bhe tsken in combination

without an adverse effect.
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Housekeeping was relatively easy, in general, except for the
waste management portion. Within a day, the routine of where
to put things to keep track of them and how to eat and all the
normal and more mundane aspects of living were fairly clearly

defined in my mind and did not present any serious problem,

Shaving - I did not shave until the day before entry and after
the press conference. I felt no significant discomfort from
the beard during any of the time in orbit. There was a little
bit of stickiness involved with wearing the chin strap but
that was insignificant. I think that having a beard or not
having a'ﬁeard has to be purely be a personal item. It cost
me about an hour to shave it off, but I think that's comparable
to the amount of time it would have taken to stay clean-shaven.
It was difficult to shave off. I went through about three of
the double-edge blades. And although none of them were
seriously degraded, it Just scemed that with a new blade the
whole shaving process was easier. One thing to do prior to
shaving is mske sure you set yourself up with a good light.

I might have been ablé to cut 10 or 15 minutes out of the
shaving if I'd had better lighting. I also recommend that,
prior to using the brushless shave cream, you get a lot of

hot water on a rag and sosk your beard with it. I also washed
the beard with scap and hot water before applying the brush-

less shave cream. In spite of the difficulty in shaving, there
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was no pulling or discomfort associasted with 1t. It was mainly
e problem of the clogging of the razor and I think the dulling

of the razor but there was no pulling of the besard at all.

Dust — We'll just talk about in-cabin dust. After the first
EV4, there was considerable dust in the cabin. It would be
stirred up by movements of the sult and the gear that we had.
Almost immediately upon removing my helmet, I started to pick
up the symptoms that you might assoclate with hayfever symptoms.
I never had runny eyes or runny ncse. It was merexy a stuffi-
ness in the nose and maybe in the frontal sinuses that affected
my speech and my respiraticn considerably. After about 2 hours
within the cabin, those symptoms gradually disappeared., By
morning of the next day, they were gone completely. After the
second and third EVAs, although I'm sure the dust was com-
parable, the symptoms were not nearly as strdng as after the
first EVA. That was as if I elither developed a muccous protec-
tion of the affected arees or had some way or ancther very

quickly developed an immunity to the effects of the dust.

Let me mention the PRDs. The first couple of days, my PRD
resided in my temporary stowage bag hecause I did not wear the
coveralls, Afﬁer the second day, I wore the coverall pants
and the PRD was in the pocket of the pants. After rendezvous,

the PRD inadvertently was left stowed in ry suit and so it
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resided in the PGA bag for two days before I had it agvaeilable
to put in the coverall pocket. That PRD was in my FPGA pocket

during the CSM EVA.

Perscnal hygiene - I think the IM feces bags are supericr to
the CSM's in that they have a goodly quantity of tissues cut

%o size and are guite good. I see no reason why those couldn't
be the sarme kind of blue bags in the CEM. Although we ended
up having plenty of tissue, there was some concern initially
whether we would., And I think had we had any greater problem
in locse bowel movements we probably would have had an inade-
quate supply of tissues. Tissues are extremely useful in all
kinds of personal and cebin hygiene and there should never, if
at all possible, be any concern over not having enough tissues.
Particviarly, if you are using the BUSSes, you tend to use a
tissue every time you use the 3USS - at least one. You tend

to use cne during the meals, and of course a lot of them in the
use of the blue bag, Potable water was used for personal
hygiene. I washed several times with scap, and post rendezvous
I actually washed my hair quite adequately by putting & lot of
water on a uwowel and wetting the halir quite well. Then, just
in a normal terresirial way, I rubbed scap into it and then
washed the scap out again with & couple of wet towels. The

scap on board seemed to be quite good. It did a good job of

ST
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or wesh off very well. It d4id not leeve any noticeable residue

that was uncomfortable.
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