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SCOTT

1.0 SUITING AND INGRESS

Starting out with the suiting and ingress, there were no -
problems. The suiting was on schedule, I think a little
ahead of time. Ingress was nominsl, and the cabin closeout

locked good.
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2.0 STATUS CHECKS AND COQUNTDOWN

The communications were good. The countdown was smooth; I
think we were probably 20 or 30 minutes ashead all the way.
Can't think of any anomalies during the count. I thought the

EDS checks went particularly well.

I guess I was surprised that the hydrogen flow indicator on
fuel cell 2 was cut. I hadn't been briefed on that hefore the

flight.

Yes, that's right. That was a surprise. Nobedy told us that.
As soon as Jim called it, Skip came back and said, "that's
right, it's out." Like you should have known it, I guess.

Controls and displays were oksay.






ity -

3.0 PQOWERED FLIGHT

SCOTT My evaluation, compared to Apcllo 9, was that the lift-off
itself was softer and quieter. When the tiedowns went, we
could feel definite motion, but it didn't seem like as much
as it was on Apcllo 9. The noise was relatively low-level,
and none of us had any trouble with the corm at all. We had
vibrations within the S5-IC which were Just about the same
frequency as the noise you hear standing on the ground. You
hegr the reverberations from the engines or the 5-IC vibrations
were about the same frequency, low amplitude — Just something
you could feel. Going through max g was noisy, but we still
had goecd comm. And it didn't seem to me that that was as
loud as it was on Apellc 9 either. I could hear Jim call
cabin pressure relieving very clearly. You could hear pretty

well all the way through there, too.
IRWIN Yes, I thought the comm was excellent.

SCOTT The staging was as we expected, T guess. It was what I'd
call viclent when the 3-IC shuts down and everything uncoils
there, and that was almost identical to Apclle 9. It was
really Just a2 big bang. We saw the fireball come up to the
BPC; I saw it in my left side window. I saw the fireball cut

the front window, tco.

N
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SCOTT Right after, or just prior teo, the S-IT ignition, there was
(CONT'D)
a lateral motion, attitude-wise, in the vehicle., Sometime
in this staging sequence, we got a slight yaw. The 5-II
was very smooth, and all the way through the S-II burn, we
had a very light — I'd guess in talking about it — we
figured 10- to l12-cycle-per-second vibration, something in
that range, low-amplitude, something you could just feel, but

it was continuous all the way through. There was no pogo, no

change in the oscillation.

Tower Jet was smooth and came away very cleanly. We didn't
notice the PU shift; when we went through it, I couldn't feel
anything. Could you, Jim? T remember on Apcllo 9, we also
didn't feel the PU shift, but T guess other crews have felt

it.

The 5-IT to 3-IVB staging was about a guarter to a fifth the
force of the S-IC staging. It was again a positive kind of
feeling, but it wasn't a violent crash like we felt on the S-IC,
1 didn't think. We had the same light 10- to 1l2=-cps vibration

on the 5-IVB all the way into orbit. The shutdown was smooth.

Al1]1 the sequences throughout the launch were nominal and as
expected. All the lights worked good; controls and displays

were good, comfortable.
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The neise and the vibration were less than I was expecting;

it was much less. I was impressed about the lateral vibration
on launch. It was rueh greater, of course, cn the 8-IC than
it was on the S=-II. Just a shaking, back and forth, lateral
vibration all the way through the launch., It was a pretty

smooth ride,
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4.0 EARTH ORBIT AND SYSTZMS CHECKQUT

The insertior parameters are here. 1 can't read them; my

eyes are dilated.

Okay. 93.2, 88.9, and I think the ground eventually had us
in & 93 cireular. 3But that's in the ball nark. The post-
Insertion systems configuration and checkxs went very smoocthly.
I don't think we had any problems at all. We tock cur time.
We spent zbout 10 minutes or so just looking at the scenery

after we cleaned everything up with the girbal moters and all.
We had one secondary preopulsion barber pole.

Yes, that's right.

Insertion B, B secondary, right?

Yes, we set that and it went great. 1T had it written in this
orne toc. HBCS-B secondary isclation valve barber pole, cycle
to gray. It didn’'t come on at insertion. It came on at some

other point.
Yes, we noticed it when we did the check.

I have a note in here when you d4id the fuel cell purge check.
You confirmed, there wasn't any H2 flow. Of course, we knew

that.
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TRWIN We didn't get the MASTER ATARM on the i,.
scam I have a note hore. At about 53 minutes, we noted thet the

D primary and secordary RUS Iscolatiorn valves were barper nole,
and e¢ycled Lhem to gray. And with aZl that going on, T made
an SM RCE minimum impulse check, just to make sure that the
RCH was working okay. T did that at 01:00 g.e.t., and it
worked fine. Tt was night and we could see the flashes. 5o

I was fairiy well convinced it was oxay, that there wasn't any
pronlem with it then, T don't roemember what event would have
triggered those barber voles unless somepody kit a switch, and
nebody rememberced hitting a switch., We talked about it, how
did that Lkirg get barber poled? Whnen we noticed it, Al and

T had Teen down In the B getting the nelmet btags or something.
28 £ 2 A

WCRTEK Ckay, vou've already given your cormertsz. T don't really have
anything more toc add, other than the Tact zhat T guess the
shakirng of the S-IC was o 1ittle it more than I expected.

More lateral shaxing, a little more vibraticn than I expected.
rigant at Lifv-off. When we got away from the Tower and got
zway , mayoe rom some ground effects, whalever it was, it
smoothed down.  After being briefed several times of what to
expect 2t separation, 1t didn't seem asz vielent as T was really

expectlirg 1t to pe,

% CONFID R
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Which one?
The first one.
I thought you agreed that it was pretty violent.

It was pretty violent, but I guess I was expecting something

even more than that.
You had us so well briefed, Dave, that we were expecting it.

The guidance in the CMC was Jjust dead-on, like what we looked
at in simulation. I could almost repeat the numbers verbatum,
because we had seen them so many times in simulstion. It was
Just absolutely perfect, dead-on. The Z-torquing angle that
we got after we got insertion was about half, as I recall,

and that's just about what the first P52 showed, right in that
ball park. We have the numbers written there somewhere, but
the guidance wag right-on, super. We had no problems at all
with the galinement. In fact, that was generally true with all
the alinements. The first alinemeﬁt went very smoothly,
Tracking it in ORB RATE was no problem. The Z-torgquing angle

came up about the same as they had called up.
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UV photography.

I don't know that we had a color mag ocut at that time.

I think we just had a UV mag out.

T recall now, we did discuss that in flight. I think we de-
cided that the color mag would be nice if we could get the
same area that we had taken the UV pictures of. But we
couldn't do that because of the time. It wasn't valuable
taking a color of some spot other than where we had taken

the UV.

The attachment of the ORDEAL to the spacecraft was very loose.
I just couldn't believe 1t; the thing was really rattling,

Somebody cught to check that.
The ORDEAL itself worked just fine.

We had about a 1 hour check there, We did the attitude
reference check at 01:28 g.e.t., so that was an hour and

20 minutes or sc; and it drifted 2 degrees in pitch, 1 degree

in rell, and about 1 degree in yaw. BSo, 1t was good confirma-
tion on the SCZ. Optics cover jettison. Did you see any

debris?
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Didn't see any debris. Didn't see anything through the optics
when they went. All I heard was a slight thumping noise when
the covers came off. That was it, never saw anything in the

optics.

Okay, COAS loocked good, horizon check looked good, the S-IVB
was driving very smoothly, ORDEAL was tracking right on. The

whole launch vehicle was just super.

Unstovage went as planned. Comm was good. TLI preps were

nominal.

Subjective reaction to weightlessness. I guess we might go into

that one.

I had fullness of head as I expected to have. I had no other
sensation whatsoever. On Apollo 9 T had felt some tendency

not to want to move my head, but in this case 1 felt completely
at ease. I noticed in locking arcund, that I felt quite well
adapted immediately upon getting into orbit. I think that
probably had to do with all tﬂe flying we did prior to the
flight, the acrobatics and everything in the T-38. That's

the one thing that I did different from Apolle 2. I really
believe that was a help, because that was the only thing that
was different. I felt much better this time than T had on

Apolle 9.
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T had the same thing, a little fullness in the head. 3But I
never at any time noticed any problems with equilibrium,.
sensation of spinning, or any problems with moving my head.
The thought crossed my mind at the time that it was probably
a result of ﬁero—g flight. I was ready to move right away,
get down in the LEB and get on with that part of it. Dave
kept telling me to slow down a little bit, I think we both
came to the conelusion that there wasn't really any reaction.
We weren't getiing any reaction out of it. We could proceed

cn normally after a few minutes.
Yes, that's right. How did you feel, Jim?

Well, T definitely had a fullness of head that persisted for

3 days. T had just a slight amount of vertige. I didn't want
to move my head very fast or move very fast in any direction.
That was more pronounced, of course, once we got inserted.
That feeling pgradually subsided, but I still had a slight

amount of verligo, even after 3 days.

I really felt like we were right at home when we got into
orbit. T really felt very comfortable in the environment.
Maybe that's part of it too. If you feel comfortable with

that kind of environment, that may help you adapt more to it.

I just didn't want to move very fast, but not nauseous.

& CONFID Ry
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scorT That's the way I felt on Apolloc 9. T just didn't want to g0
fast. It might just be the time of year, as far as anybody

knows. But there were no problems,

As far as any other anomalies, I can't think of anything else
prior to TLI. We were well ahead of the checklist all the
way. We had plenty of time to look out the window and watch
the scenery. We took in a couple of looks at the sunrise and
the earth airglow and everything. I think the time line was

well organized.

WORDEN As a matter of fact, I thought we had a lot more time in flight
to Just loock out the windows, see the Earth and see what was
going on, etc., than we ever had in simulation. The time line
seemed to work out so much bette_r, for some reason, that we
really had additional time, and it just flowed so smoothly

that we didn't miss anything in the checklist.
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5.0 TLI THROUGH S-IVE CLOSEQUT

T'1l go threugh the notes we wrote down in the Flight plan on
TLI. The time base 6 events were on time. The one thing that
I noticed, which was a fair surprise, was that the helium re-
press was very slow compared to the CMS., In the simulstor,
helium repress goes very rapidly, and pressure on the oxidizer
tank comes right up. In this case, it came up very slowly.

It was glmost an imperceptible beginning. I called the ground
and questioned them on it. They called back and said it was

a normal repress. I think we ought to have the simulator
pecple take a lock at that. It was a little bit of concern
even though we had the smbient bottle if we didn't have the
repress. But in the back of my mind, I was wondering what was
wrong, and nothing was wrong.

One minute after ignition on the S-IVB we had PU shift, which
we hadn't been aware of and which we weren't expecting. We
did feel a very noticeable change in thrust, and that hadn't
been discussed preflight. It was something, I guess, we Just
missed along the way. It seemed strange to me that we didn't
have it in our checklist or time line. We had the PU shift
for launch, and I think it might be a nice thing to stick in
the TLI time line also, just so you'll know it's geing to hap-

pen. It's no big deal.
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SCOTT The new vrocedures that Mike Wash worked out for the TLI, put-
(CONT'D)
ting thal gultomatic and manual together, were really good.
The OEDEAL setup was just right. Tae numbers came out just
right, and ORDEAL track was right on zero until the last min-
ute when the guidance starts trimming things cut. Had we been

reguired £o fly a manual TLI, the OXDEAL would have been excel-

lent because it really worked well.

WORDEN Thut procedure is nice, toco, because it is easy to keep up
with. It is seguenced in the checklist so that there are plenty
of check points in there so you can get everything squared away.

It really werks best.

SCOTT Yes, if you ever nad to step into a manual TLI, you could dec
it about any place and wouldn't be behind. I think you did =
good jcb on that,
I guess we all felt that same low amplitude 10 or 12 cps vibra-
tion all the way through S-IVB burn, Just like we 4did during

the launch. And we got a call from the ground on, it seems

to me, a 3-second-early shutdown.

WORDEN One further thing on TLI. I guess we wrote them dowr in the
Flight Plan, but the residuals on the CMC at the end of TLI
were very close to zero. We wrote them dewn. The CMC kept
very good track cof the TLI burn.

I can't read themn.
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Oh, you have bad eyes?
Yes, I still have bad eyes.

Yes, 1t looxs like we had 2 seconds before cutoeff. You gave

all these to the ground, didn't you?
Right.

That's all recorded. V_was plus 145 and V_ was 35 599. You

I

got & 35 614 written over here.
Yes.

That's probably what it was,
Tnat's right.

DELTA—VC was minus 14.9, which meant the EMS was tracking

well, too.
That's right. Everything was working.

We got everything squared away in time to do the T&D. Al,
why den't you comment on the T&D? T think that went pretty

smoothly.

Yes, as far as I'm concerned, the transposition and docking

was Just as nominal as it could be. We came off the 5-IVB and

did the S5 turnaround and then trimmed the final maneuver witnh
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the G&N. L guess I started translating in a little bit more
slowly than would have been -— may have been more comfortable
if I had translated a little bit faster. And everything was
nominal inside the spacecraft at the time. The only thing 1
noticed about D was that the different reaction you get from
the spacecraft as opposed to the simulator. The reaction you
get from the spacecraft is very positive. You put a little
bit of thrust in translation, and you get it right away. You
can see the rates right away, which is something you don't
always see in the simulator. Outside of that, I thought the
T&D was pretty nominal. We went right on in; docking was no
problem. It went very smoothly; all the latches worked except

e .

The procedures, coming off the &-IV8 and turning around, put
us in a very good relative position when we got around. It
was just nicely positioned as to distance from the 3-IVB. We
weren't too far away and we weren't too close, just very
comfortable.

The high-gain antenna worked right away. We cranked it up,
turned it on, and went to the values set in the flight plan;
and it worked fine.

Formation flight was no problem; transposition was no problem.
In docking, you had to give a litile squirt on the plus-X to

get the capture latches engaged.

M oy K S h,
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Yes, tnat's right. We came in the first time, and I could
feel the probe contacting the drogue. We just sat there, and
it just seemed to at least slow down any forward rate, When
I felt that the cleosing rate hud reacned a minimum, I gave it

a little squirt of ¥, and it went right in from there,

Yes, I think there is the tendency to go in a little too slowly.
On a dock, that could be compensated by a little plus-X when

you got there.
Yes.

Onice you gave it the plus-X, 1 was watching the talkbacks,
and they fiipped rignt in the barber poie. We retracted and

cinched right on down and heard a good bang on the latch.

That's very positive. Not only can you near it, tut you can
feel it, too, when those latches go. You really koow you are

there.
Humber 3 was the one that wasn't latched, It took two strokes.

Yes, that's right. A1l of them were locked up tight except
number 3. It took two strokes to lock it. Could you see any-

thing hanging from the LM?

I didn't sece a thing.

euinSinasnE—y
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BCOTT You mentioned tne handling caaracteristics. Sunlight and CSHM

doczing lights must have been okay.

WOERDEN We dldn't need the doczing light. Fverything was illuminated
oy the Sun. We didn't have any problems with shadow; no prob-
lem secing the docking target. It was very clearly illuminated.

We dian't use the docking lights.

SCOTT I gucss wo've gobl to go in and get the tunnel all configured,
and thai went according to pilan, The extraction was & pretty

good tang, wasn't 1t?

WORDEN Yes,

IRWIk Yes. It was mcre than I had expected,
GoOTT hat's a pretty good Lhump when it goes off those springs
pushking cut — but there was nc question that we had had ex-

traction. You zould see the 5-IVB going away, couldn't you?

Or could ycou?

WORDEN Ho, I cculda'. Jim cculd. I couln't sec out my window., =
watched the EM3, and when we first separated, the ZMS counted
up as I expected. When we turned arcund, the thing kind of
tacted down again., We started out aft 100, and it went up to
about 1235 cr 126. When we turned szround, it was down to 99.2,

93.3%, or something like that. 350, ine FM3 was affeclted by tne




WORDEN turnaround. As a matter of famct, during the whole TD procedure,
(CONT'D)
I had the EMS set up and had the accelerometers turned on. I
was in DELTA-V and normal, but I really didn't rely at &ll on
the EM3 for any indication of DELTA-V. I used strictly time
on plus-X thrusters and only locked at the EM3S as a backup.

In fact, I don't even recall locking at it more than meybe cnce

or twice during the T & D

SCOTT Yes, I think that's a geood procedure, toc, especially when
you check and make sure you have all your lsolation valves

open.
WORDEN Yesg,

SCOTT You could be pretiy well sure that it is going to get you the
DELTA-V you want. The pyros goihg off made pretty positive
sounds, RCS, retraction: I guess we've hit all those. We
got the camera on right at the dbcking point, I guess we
didn't take any pictures of the ejection because there's

nothing you can take pictures of.

WORDEN That's right,

SCOTT The next thing is attitude control and stebility during and

immediately after the SEP ejection. Did you notice anything?

aASE————
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Attitude contrel was very good. There was no problem with
attitude control. We did the whole thing in G&N. We came
off thke 5-IVB with the LM and did some minus X. After we got
off we did our VERB 49 maneuver into the S-IVB viewing attitude.
1t took us some time to get arcund to that attitude because we
had low rates loaded in the DAP. I thought that maneuver went
very smoothly. No problem at all with the maneuver. As soon
as we saw the 8-IVB, we called the ground and told them that
we had the 5-1VB in sight and for them to aline and do their

¥awWw maneuver.

Then we gave them a G0, also, Tor thelr basic burn very soon
thereafter, We were good and clear, There wasn't any problem
with that in the basic burn. The basic burn wes a very slow,
low-thrust maneuver. We ecould see scme of the propellant coming
out. UTherc was a very fine mist if you loocked very carefully,
and the 5-1V3 moved very slowly along it'z plus X-axis, 1
rather expected z burn there —— some sort of impulsive

DELTA-Y —- but it was a very slow Saing, It wouldn't be any
preblem gotting out of itg way if you were in its way. We

nave talked about SHF and evasive maneuvers. Our S-Band comm

was good all the way.

theught 21 was supern comm the whole way.
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Nothing there on the S5-IVE yaw and evasive burns or on the
S-IVB closecut. Workload and time lines. I thought that was

a very well planned sequence of events. We were busy,
I don't think we were ever overloaded during that time.

That takes us up through all the S5-IVB zctivities.
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6.0 TRANSLUNAR COAST

I don't recall now whether we did one F52 or two P52s before

we went to FI'C REFSMMAT.

We did two. I'd Lize to comment crn one thing here 1n the
Fiigkt Flan. Every time you had two P52s due there was only
cone box to fill in the numbers, ard I thought it woulid be handy

to have two boxes.

Yes. The second cne is a starting pcint for the next series

of drift checks.
Thney have stars.

I couldn't sgree with you more, but I'm sc conditioned to
writirg down the gyro torauing angles in any P52 £hat I write
them down ever if there isn't & box in there. I'm sure it

might be helpful to go shead and write them down. As a matter
of fzct, 1t dces give an indication of performence cf the IMU
because it tells now the coarse aline is working; how accurately

you're getiing a coarse aline.,

They have a place in here for shaft angle ana trunnion angle

for tne stars. Do you know why?

T
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"ner. you taxe saaft and trunnicn angles on those two stars.

You do ycur second P32 with an option _, and then if you have
any vrotler locatirng tne star, you gc to the skaft and trumnicn
angles because you're still there at the attitude. It's Just

a Warm feel}ng kind cf thing. 7Yocu shouid see these same shafs
and trunnicn angles come up on the second P52 within the dead-

card of tac 5CE.

Okay. Well, ithe torguing angles looked good. I felt we had a
Ict

pretty good plaiform at shat stazge. Zet's see, OPTI

CALIBEATION.

We ran all Lhe P23s the same way. We did an sutomatic maneuver
to tne opiics calibraticn activity ara tnen an optics calibra-
tion, wnican is the "irst part of the P23 =zeries. We had nc
preblers doing the optics caiibraticon, and I don't recsll ncw
whai Lhe exact numbers were cn Lhie calibratior, but they were
within 3/1000ths of being zero. Tnern we dié a VERR 49 maneuver
tc the Fr¢3 attitude sc that we made sure we had a good view from
the LI and tnat the subsegquent sitar kerizon signtings would be
done at approximately the same attitude and the same roll argle,
T thought PFP3s went very well. [ used minimum impuise to con-

itude while I was doing the T23s. Wish the LM on, nin-

ot

trol at

irum impulse was very sleow in correcting any attituade errors
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that we had, but it was very positive, and there were certainly
no problems with that particuler mode of coperation for P23s.
Outside of recalibrating myseif on which horizorn I wanted to

mark on, the P23s were guite straightfcrward.

Incidentally, I might add here, we haven't yet found cut what
the resulis of the P23s were, I felt that ome of the biggest
helps I hed irn doing the P23s was in flying the really accurate
simulatér at MIT, where they nave very accurate calibration and
good slides and they can tell you within tenths of kilometers
vwhat 'altitude you're merking on. I spent z good session with
Ivan Johnson (MIT) doing nothing but P23s — all the way through
the flight, right from translunar ccast back intc transearth
coast. I thougnt the P23s ir flignt were very close to what

we practiced in the sgimuiator. I really had a f#irly Wart

feeling sbout that P23 system.

I think the updates you were giving there, particularly on the

wey home, sort of verify that.

The command module simulator (CMS) is just not set up to do

F23s accurately. There's just no way you can btuild that kind

cf procedure into that part cof the simulator. The simulator is
good for procedures, in thet case; but, if you really want &
fine calibration on the eltitude, on the horizeons you're locking

at, and on your eyeball and what you're deoing, then the MIT

m
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simulator iz the place to go, really, Tnat's really a must.

I was really impressed with that whole thing.
¥ think you could nave got us home.

Yes. They zept Lelling us all the way nome that our vector

was as good as tneirs.

The next thing 1g 2YSTEME ANOMALTES., I guess the first one we

rnioticed was the SPS THRUST light being on.

I tkhink I neticed tnat LHPE light right after TE&D,

We were just sitting with nothing going on. The EMS was turned
an, and T loozed up and saw the SPS _lgat on. That was fairly

cloze after T&D.

We went throughk the procedures, I thinx, which are slready doc-
amerted by tne grouand, as they recommernded, and found that
trere was a short in the switch. I think pounding bn the panel
turned the lighkt on for us, and Iinally, manipulating the
switeh gave us = constant light on. First time we tried it, 1
guess , we meved she switeh up and the light went out. Thnen I
played wiik the switech some and got familiar erough with the
stort that . could put the switch in the mid-position on thne

-

lower portion of ihe foreskirl and hold the 1light out. It

®ONFIDENT i
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would be interesting to see the inside of one of those switches
some day to see 1f you could identify the contacts they're
making., [ think the ground did a fine job of coming up with
procedures to evaluate the switch, and when we got down to
checking the engine out, I thought the procedures they recom-
mended were real good. ‘'They were simple, easy for us to change,
easy for us to work through, and, in general, I thought that

was a real fine bit of support they were showing on the ground.

That was superb, I thought. Like you ssy, the procedures were
simple. It was very easy to make changes in the checklist, and
the changes that they made were straightforward. It was a
pretty straightforward systems problem, I think, at that point.
The procedures that they recommended worked well for both the
dual bank and single bank. You ¢ould just forget part of the
procedure. All the burns that I did in lunar orbit, the short
burns, I did on one bank only, so we would avoid any problem
with that bank that had the short in it. The procedure was
almost the same, and it worked cut very nicely. The only
change was in one extra circult breaker that was out, the

MAIN A pilot valve, in leaving the normal A DELTA-V thrust

switch on.

I think we had a good, warm feeling that we had two complete

SPS systems going into lunar orbit.
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Sure did.
1et's see, wnat else on the systems on the way out?

Well, we had the AC problem on the circuit breaker, with the

circuit breaker popping.

Yes, I guess that popped, the iights wert out, and we left it

out,
And we taped the rheostats.

And, I think the only consequence of thet was, as you mentioned,

it sor%t of changed your pattern of cperation down in the LEB

because you didn't have the timer down there,

We didn't have the mission timer down there, and the other
tning that I missed in the LEB, which I found, I stuvbed my toe
on a few times, was that all of the progrem lights in the DBKY
were out. The only thing we had was caution and warning panel
down there. That was operational, but all of the status lights
orr the DSXY were out. They went with that circuit breaker.

The bacxlighting in the EM3 screoll was ocut. That was alseo off
of that circuit breaker. 1 don’t know if you want to comment

on the bacxiighting on the EMS.

It wasn't any problem.
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I could see it all the way down. We didn't need the

backlighting.
The water system,
Yes. The leak in the water system.

Yes. I guess we can go through that one here. Was it the

third night out when you were chlorinating?

We were just getting ready to chlorinate, We had Just taken
the ecap off when the lesk appeared. I guess it had been leak-

ing before that. But I don't know; it's hard to tell.

It was found, subsequently, that Karl Henize had experienced
the same type leak prelaunch, which is another thing we hadn't
heard about. It would have been nice to have known that there
was some sort of expected problem in the chlorination and how
to take care of it before the problem cccurred because I think
all three of us were a little concerned when that thing started
legking at the rate it was leaking. It was really pouring cut.
I guess we'd just got the dump turned on to suck the stuff out.
We were going to dump it overboasrd during the PTC when the
ground came up with the procedure to tighten down that 1little
valve in there. It was a very simple procedure, and haed we
known that it might occur, we could have taken care of it and

saved a lot ¢of anxiety and a lot of wet towels here,
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wORDZI Urnfortunately, we looked for a oreak in the line., Tt's the
chleoringticon part in panel 352, and Lhat thing comes out pf
the panel, straight out, and then it angles; it has sbout &
L5-degree angle on the vent and the first thought I had was

that we had cracked that tube right there.

IRWIN You krow, 1F we'd suspected thait they'd had a problem vefore,
we could have ifeft the injector screwed on there so that it

wotldn't have messed up that valve. Left 1% on there 211 the

time.
SCCTT I don't thinkx 1t was an injector prcblem, Jim.
IRWIN Well, I think you aggravate the situation by taking the injector

valve off and on each time you chlorinate, You locsen that

littie wvalwve,

[alalalaalse

SCOET Tn locking at that little valve, it's a rubber seated valve.
I+t zcems Lo me that that wouldn't te a tad thing to take along
a5 4 sprare beeguse i you ever fcre up that rubber seal there,
veu'd be in trouble. It was obviocus +that there's no way to
chcex tnat off, vecause we closed everything. Al got cut the
systems boos and we closed everything, and it turns out there's
only one check valve hetween the potable tark and that wvalve
tnere. And If you lost that cneck valve and the thing started

leazxing, i+'d be all over. Go I think, in summary, it would

CONFIDENTn®
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be good to know about those things, even if they do nhappen
Just before you go. If somebody could just pass the word and
say, "'Hey, we had a little trouble with the water system."
And if you take a toel, 83 cor wahatever it was, and tighten it
dewn, 1t would 2e fust fine. Eut there were a few anxious

moements there mopping up.

Cne other humorous ncte. You know, you vwere yelling for towels
and T couldn't get into tnet compartment that had all the dry

towels.
You couwldn't get inrto the compartment?
It was stuck and we got Into it a little later.

Yez, we had a funny witn the latck on that compartment, and
cnce we got 1t cpen, it worked fine the rest of the time. I
guess it was Jammed. Something was jarmed underneath that
lateh., You know, tnose are thosé redial latclhes, and the one

under the head-end of the couch was Jammed.

Those compariments are too big ard tney're not partitioned.
Cnee you open one-half cof cne docr, well, everytaning in thnere
comes floating out unless it's tied dewn. To try and restrap
tnings when you get through with them is a pretty good Job

because those straps aren't that easy te use. I thirnk it would

be very helpful if somebody could partiticn the wvaricus sectiocns
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SCOTT within the compartment with Beta clcth end a snap, or some-

{CONT ')
thing, beczuse we were forever anda a day opening one of phose
thirgs ur Lo get cone item out. Everything eise came out and
it was just floating, and, zs you know, cverything fleats up
plus-¥X-wise and you ‘ust have to leap on the whole compartment
with all your arms and legs to held everything down while you
search {or the cne item you're wantirg. They've grown to such
lerge size, it's almost like having a whole aft bulkhead in

ore compartment. It was sort of a nagging problem all the way

througa. [1 just tock that much more time.

WORDER Yes, it did, Those straps are very geood et holding things
dewr, btut they're really designed to strap everything down pre-
laurcn. They're not very well designea for use In flight.

They aave a very difficult little buttcn Tastener in them and
the straps themseives have a rubverized feel tc them Lhat makes
it hard tc ciack fthacse things down and ges that l1ittle butten
invo the Zoop. T agree with Dave. [ tnink with compartments
that large and with so many small pieces tnat we're fooling
with Inside the spacecraft, there ocught to bte some smaller

compartments.

[

3COTT Every time you cpened a compariment, everytning Just jumped

rignt out at you.

IRWIN Sh, yes. The screws on the restraint system came lcose.
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Yes. That was during the lunar orbit, but that's a good thing

to mention so that we don't forget it.

It's surprising in thet it came cut of the center seat and the

right seat, both on the right side.

On the right side, yes. The lower lap belt restraint attach
peint on the center seat and on the right seat came loose.

The small bolts that hold them to the attach point and the
nuts all came loose and just floated around. The lap belts
came loose. I thought it was kind of funny in lunar grbit.
When I took the center couch out, I noticed the attach point
on the center couch wag gone. And that strap was floating
free. I looked arcund for the little bolt that goes in there,
the little screw and the nut thaﬁ goes in there, and T couldn't
find it, T thought to myself at the time, well, I'1l just sit
and wait and sooner or later it will float by. Sure enough,
all four pieces to that thing floated by: Two washers, a bolt
and & nut. I just grabbed them as they went by and stuck them
cn & plece of tape. I kept the tape in one place and then put
it all back together again. But I was really surprised that

those little things came loose.

I think it's a good idea to have restraint straps, especially

if you'lre going to maske & two-chute landing.



612

WORDEN

IRWIK

WORDEN

IRWIN

WCRDEN

SCCTT

WORDEN

SCOTT

WCRDEN

We Wwere able to repair the one in the center couch pecause we
got all tae parts. On my couch, we never did find the nut

for i<,
That's rignt.

S0 we ended up just taping this gcod one up. And it withstood

that two-chute impact.

That little piece of gray tape.
Yes. Take lots of gray tape.
Best inverticon yet.

Jext thing is the MODES OF COMMUHICATICNHS, and I think all of

those worked very well. GSuper cormm all the way.

A1l the way. Tantastie tracking. We went to PTC attitude for
tne first time, We had arrived at. P7C procedure preflight,
which was different than the PTC procedures that had been used
before hecause of the new universal tracking program. We
didn't kave the same kind of ORB RATE DAFP that we had before.
Ta make the thing work right we had to load 0.35 deg/sec in
the rstes and a half degree deadband into that, soc that the

tning would spin up when yeu {irst turned the DAF on. We got
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the attitude and used two adjacent gquads to get the attitude
to damp the rates. I'm trying to think now why. We
eventually ended up getting the PTC going on the third try.

On the first one the rates hadn't damped properly, I guess.
When we got the PTC going, it wandered off. And on the second
cne, because of the half-degree deadband in the DAP, as soon
as you get the first firing to spin the spacecraft up in PTC,
you have to take CMC mode switch and go to FREE so that you
don't get another firing from the DAP, which could give you
some cross-coupling, As T recall, I hesitated, I didn't go
from AUTO to FREE in one motion, I hesitated in HOLD just a
second. That split second was Jjust encugh time for the thing
to fire the jet, and it somehow got the roll rate screwed up
because we drifted off attitude again. But I could definitely
hear the jets firing when I went to HOLD. The third time, we
finally got the thing started. We did everything Just as per
the checklist., The third try worked beautifully, and I guess
it was one of the best PTCs we've seen. It worked just as
advertised, And T don't think we ever had any trouble with PTC
after that either. So it was just & question of getting that
new procedure straightened out., The half-degree deadband was
the big thing. We used to lcad 30-degree deadband in there
and when you first proceed on the DAP you get a forced firing,

which gives 80 percent of the rate that you loaded in. With
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the universal tracking now, that's all been changed and it
doesn't wcrk that way. OS¢ we had to go to the half-degree
deadband. And it'z just a guestion of getting used to that
program, that's all., The TP23s and the P52s were just abso-

lutely nomiral as far as I'm concerned.

Midcourse corrections. We did that one last midcourse prior
to LOI to check out the engine to make sure that bank A worked

okay. It worked exactly as advertised., It was a good burn.

Tnat was a little bil humorocus, in a way. We talked about
that burn as a checkoul of the 8PS engine. And the procedure
was that we'd get everything set up and we'd push that circuit
bresker in, and, if the engine light was off, we'd thern pull
the circult brezker right awsy. We got 21l the way through
that burn before it really dawned con me that that was a mid-
course correction. The DBEITA-V we got out of the burn was
exaclly whali they wanted on the midcourse correction. So it

worked cuit ratiher rticely.

We did a lot of UY photogracvhy on the wsy ocut. In a way, that
was good becausc we always maneuvered Lo a position where we

could view the Zarth or the Moon at the varicus stages.

The procedurc that we established preflight to do the UV

photography worked okay in flight — Putting the cardbosard
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window shade up, pulling the lLexan shield down, and all that,
But it's a cumbersome procedure, and we've got to be careful
ebout a bunch of things all at the same time. You've got to
Juggle the camera and the Lexan shield and the cardboard and

a whole bunch of things. I guess that's really my major com-
plaint, the Lexan shield, That thing was fine the first day,
mayte the first couple of days, But that Lexan is so soft and
it scratches so easily that after a couple of days it was
worthless as a window to take any photography out of. I sure
hope that, if we do that kind of photography on the next f£light,
there's a better system of protecting the interior from ultra-

violet than with Lexan.

The nominal mode was to ieave the metal shield over the card-
board, leave the cardboard up all the time and leave the metal
shield up. Then when we wanted to take the UV photography,
Just take the metal shield off. The cardboard was there., But

that didn't work very well in lunar orbit.

That's right, because in 3IM bay attitude, that particular
window is the very one that you see almost all the targets
out of., And you're sitting there with the Lexan shield in
place, and you're trying to take plctures through it, and all
youlve got to do is touch it with a camera lens and it's

scratched, I ended up using the ILexan shield as a shield, not
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necessarily in the window, but putting it between myself
and the surface and taking pictures around it, so that I .could

get some decent pictures.
The television cameras seemed to work okay.
Yes, o problem.

Eigh gain antenna performance was all right, Daylight IMU
realine and star checking: You never had any trouble doing
alinements, They worked out fine. You want to comment on
your telescope? You didn't think you could see very much

through your telescope,

Yes, The attenuation of the telescope. You really had to have
a very bright star %o see it through that itelescope. You sure
couldn't pick out any guide stars to any of the Apollo naviga~

tion stars, I didn't think.

The light loss through the ftelescope seemed f0 be considerably
greater than Apcllo 9. I could not see stars on the dark side
of the Zarth very well through the telescope; and, on the dark

side of the Moon, I still couldn't see stars very well,

It was absolutely amazing. You could lock out the window and
+he sky was just bright, there were so many stars. You looked

through the telescope and you cculd pick out maybe one or itwo
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WORDEN major stars. That was all. A fantastic difference in the light
(CONT'D)
attenuation through the windows as opposed to the telescope.

It was unbelievable, really.

SCOTT The CM/LM delta pressure seemed to work okay. When we pressur-
ized the tunnel and did the latches, it worked as prescribed.
Monitoring the delta pressure on the way out with the IM seemed

to work all right, The IM and tunnel pressure were nominal.

IRWIN Removing the tunnel hatch and the prcbe and the drogue was an
order of magnitude easier than it's ever been in practice. It
wvent exactly as we'd seen on the mockup over here. I thought
it was a very easy operation. We put the hatch underneath the
left-hand couch. We put the preobe in the center couch, and
lashed 1t down. We put the drogue underneath the left-hand
couch and tied it down so that we had good clear access to the

tunnel area. I thought the whele operation was very easy.

Jc problem,
SCOTT I thought we had a lot of odors in ﬁnere.
IRWIN I think it was probably due to all the hydrogen systems.
SCOTT If cleared out ﬁretty well, The spacecraft system cleared it

out pretty well.

ST
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Not nearly as well as the LM system. Maybe that's Just a

function of three versus two guys. Of course, I was contribut-

ing my share too. I thought it was pretty gross in there.

What we are really searching for here is some sort of burn

smell up there.

Yes., I recall some powder smell in the tunnel,

I didn'£ smell any nitrogen up there,

I thought that whole tunnel operation was very clean.

I think if you listened very carefully you could hear the SM
RCS, and to me that seemed somewhat different from Apollo 9.

I thought we could hear any firing fairly well on Apollec 9.

On the service module RCS, I thought that the noise level of
the solencids operating on those RCS engines was much less than

what we've got in the simulator.

Could you really hear them or just feel them? I kind of got

a muffled thud when they would go off,
Yes, you do. It's very muffled though; it's very attenuated.

I'd say it was almost an order of magnitude less that we felt
on Apollo 9, as I remember., Maybe that's because it's biased

by a lot of simulation noise, bul you sure can't hear it very
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SCOTT well., You can see it. You can see the flasnes at night, but
(CoNT'D)
you sure can't hesar much.
I think we all got the sleep as recorded, I think everybody
slept fairly well. There were a couple of nights in there

where I think everybody was really bedding down. That went

gquite well.’

It seems like, particularly with the SIM bay, that we really
never had enough time to do our housekeeping. We were always
busy trying to keep up with things. I'm not sure whether it
was because of the amcunt of equipment on board or because we
had to constantly pay attention to cur SIM bay operstions.
But it seems like we were always pressed on the housekeeping.
We had to eat fast, had to get ready for the next thing fast,
and, in general, we never had a lot of time to sit around and
wait to get to the Moon) nor did we have a lot of time to sit
around and wait to get home, We always had something to do,
And it was mostly because the housekeeping took a fair smount

of time.

One thing we all commented on was that it would be beitter if,
when you awaken, you ate first and took care of your cleanup
activities before you got into the operational part of the day.

To try and combine coperations with eating sort of compromised
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both. A guy would be halfway through fixing a meal and he'd
have to go turn on some SIM bay thing, which means you didn't
do either one very efficiently. After waking up, you should
eat, clean up and then go to work., You'd be more efficient.

Iz that what you were thinking of?

Yeg, precisely.

There are a number of things you have to do in the spacecraft
vhich aren't really called out in any time line. We have an
eat period and then we have a rest perlod and vice versa, You
can't go from an eat period to a rest period. There are a lot
of things that have to be done, most of which are called out
in the presleep checklist. You can't just go finish your
dinner and in 2 minutes do the presleep checklist and go to
bed. You have to have a transition period during which you
chlorinate the water, change s canister, everybody teke their
last urination for the day, and clean things up in general.
You have to have a period of time there to get ready to go to

bed.

Another thing that's not mentioned that I think should be
passed on is cleaning the screens with tape. I'm not sure that

that's ever been discussed. I know we did it on Apollo 9.

The suit circult return sereen and the screens on the suit

SR ONFID BRI



SCOTT holders were constantly covered with stuff, You had to clean
(CONT'D}
it at least once a day. It made & noticeable difference in
cabin temp when we did that. The cebin was running sometimes

up to 80 degrees, We'd clean those screens out and it would

bring it back in.

IRWIN Also, the use of the cabin fan brought the temperature down.
We couldn't find that other suit umbilical screen, so we had

to improvise,
SCOoTT This was on the way home,

IRWIN In conjunction with housekeeping, I think I'd have felt a lot
more comfortable if we'd taken the time before the flight to
decide where we were going to put everything, where we were
going to put those Gemiri bags, ﬁhich CSCs we were going to
use for garbage, et ceteras, It wouldn't have taken very long.
T would have liked to physicslly have used the Gemini bag and
cleaned it up before the flight., It was always fouling up on
rme, and I wasn't transferring properly. Dave said, "Well, why
don't you clean it?" I tried many times and finally, after
about 5 or 6 days, I got it so it would work and I could clean
it. But with little things like that, I goit to the point where

I just didn't wart to urinate if it was that much frouble.
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There are numerous things like that that you run into for the
first time on the flight that you haven't really thought about
before because they're kind of low in the order of priority.
Just a quick briefing on those things would be heipful, but I

do think that they're the kind of things that you pick up as

you go along.

If I'd just used the Gemini device once before the flight,
I'd have gone inte it prepared, knowing how to clean it and

how to use it,.

I think we did make an attempt to get oriented on how to use
the urine ccllection bags, which seemed to work out fairly

well when we were restricted to one dump a day. That opera-
tion, although again it took a lot of time to get all the hoses
hocked up right, did seem to work ckay., But all the different
devices you have to take care of while living up there requived
time and familiarization. I think both of you did try the
defecation device before the mission. That wasn't bad; it was
a job, but it still worked. T think your recommendation to
take the UCTA and the UTSs and work them over before you go

would be very helpful as far as time goes.

We had a lot of hydrogen in the water periodically. Tt didn't
seem to be associated with any particular event. However, at

some period after we used a lot of water, it seemed that there
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was a point at which the hydrogen inereased in the waser, and
we got a lot of bubbles. And that was a problem, digesting
&ll those bubbles., We tried the hydrogen separator and that
didn't really seem to help very much. We also found that it
didn't work on the focd water tap; it only worked on the gun,.
We tried to consume all the mersls as planned and maybe a little
bit more. That means that when you eat z lot you have Lo
defecate a lot, That meant that cxtra time was regquired to

take care of those little chaores.

T

Everybody stayed on an "as reguired schedule' and ncbody would

use any Lomotil., T think that was a good plan.

The biomed harnesses worked well. There are a few lilile
things we might recommend for improvement,'but putting them

on and taking them off was a relatively simple matter. The
data that they got on the ground was good. They told us before
we went that the sponges which go into the sensors were going
to be somewhat larger than the diameter of the sensor, Thaey
waere not. They were smaller. We stuck 1% in and it weould
float back out, That was scort of a pain. They alsc have the
spenges in little packages of two, We have flve sensors on.
This means.that every time you put the five sensors on you

have tc throw ore sponge awsy, because they're in packs of two.

o
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WORDEN Yes. But it gets darn important when you're in flight and
vou've got a package of eight of these sponges. I think they
come in packages of eight. 1If you only use five of them,

you've got. three of them that you've got to do something with.

SCOTT Well, twe cf them you can put back and use again, because

they're sealed in pairs,
WORDER That's right.
SCOTT But the third one you've got to throw away.

WORDEN I'd like to add something else sbout the biomed sensors
while we're on that subject, too. T think both you and I
got a reaction from the paste or whatever was used on the
disk on the biomed sensors. Now, I've still got some welts,

some lesions, that I got off those bicmed sensors,

SCOTT I'm not sure it was the paste or Just the pressure of the sensor

being on that same spot on ny skin.,

WORDEN Well, that could be. I'm just wondering if maybe there isn't
something that could be locked into to see if there's a
different kind of adhesive or something that would alleviate

that problem.

SLAYTON Did they test you for allergy to that paste preflight ass they

are supposed tof?
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Yes.
Yes,
We wore it all preflight.
Maybe you're right, Dave.

We tried to put them exactly in the same spot on launch
morning. Dr. Teegen painted a circle on us where they had

put those things. I redrew mine every oncé in a while, and it
wasg very helpful, You Just stuck them right where the mark
was. And it was real easy to locate them there. But I think
that doing it over and over sort of made you & little sensitive
in that area. Al and I both have little rings there where the
thing sort of cut in. But it was far better than wearing them
all the time. I know that we could hardly wait toc get ours
off after we came up off the surface, because it was really
getting irritable. I think that it was wvery beneficial to be

able to take those things off and let your skin dry out.

I guess the next one I had here was our little Exergym. As we
were on the way to the Moon, we were using the thing end trying
to use it correétly, but it looked like the rope was wearing.
There was guite a bit of fraying on the rope. 5o we decided

that, instead of having everybody work out twice a day, to let
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Al have it twice a deay and Jim and I weould deo something else
on the other time. That way Al would have the benefit of the

thing.

Well, T don't know what it's going to beil dowr to. The Exer-
gym is good for keeping some muscle tone, but I found that
there was just no way I could get a heart rate established and
keep it going. There was Jjust no way I could deo that, Sco 1
finally decided on a ceormbination of twe exercises, I uged the
Exergym a little bit, Jjust to keep my shoulders and arms toned,
and T ran in place. I took the center couch out and wailed away
with my legs, just like running in place as a matter aof facs.

I didn't say anything to the ground, but the doctors watching
the biomeds called up and said, "Hey, vou must be exercising.
We can see your heart rate going up." And they kept me advised
as to what my heart rate was. It worked out very nicely, I
thought, because they could tell you that you're up to 130,
going up to 1L0. Then I would exercise a 1little bit harder,
and true, even though I wasn't exerting any rressure cn any-
thing, Just moving the mass of your legs around really gets
your heart going. I'm really convinced that that's the way

fo exercige in flight; get that kind of motion going and keep
it going not let up on it at all, I did that for 15 to

20 minutes at 2 time. I just ran in place as hard as T could.

SECONFIDENN
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WORDEN As a mstter of fact, I thought I'd stralned some muscles that I
(CONT'D)
I had never used before because I was just free wheeling my legs
and wasn't exerting any pressure on anything. I really thought
that was a useful exercise, and as far as cardiovascular was
concerned, I thought that was a much better exercise than the
Exergym. I.used the Exergym just for muscle tone., I think

it's good for that. TIt's a good thing. You can pull against

that and it's almest like doing situps.

SCOTT That's the best way to really keep yourself up to snuff up
there, especially for people in the command module, They
really don't have snything else, I guess our recommendation
would be to get that small ergometer and put that onboard,
because that's the only way you're going to get a dynamic

exercise,

WORDEN I found out that with the center couch out, there's Just
almest the right amount of rcom., In fact, the same thing
could be done up in the tunnel area, You don't need a whole
lot of space, In fact, that particular exercise doesn't take

as much space total as does using the Exergym,

IEWIN We strained against the struts, against the bulkhesad, and
against the straps; this was kind of an isometriec form of

exercise, I think it's almost as good as the Exergym.
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SCOTT You can put your feet on the bulkhead and hold onto the seat

struts and do deep Kkneebends against your arms.

WORDEN In fact, Dave had the spacecraft moving all over every time
he'd exercise, I'd sit there and watch the rates Jumping up

and down. He was really moving us around,

IRWIN As far as comfort is concerned, I think that after about
1 day oﬁt, we all took off the inflight coveralls. We got down
to the CWGs and were very comfortable in CWGs until we got to
the Moon. In fact, around the Moon, it was even warmer, It
was almost too warm to wear the inflight coveralls, and it
didn't really cocl off until we got back to about 1 day out

from the Earth,

SCOTT It seemed to be warm in the spacecraft. And T think we felt
warm around the Mocn, so we all just wore CWGs., Tt would have
been too warm to wear the coveralis. On the way back, it
really cooled off; the last day in particular. We were pretiy
chilly when we woke up the last morning in our coveralls, CWGs,
and in the sleeping bag., We were down to about 65 on the cabin
temp. But on the way cut, in the vieinity of the Moon, we were
running 75 to 78 in the c¢abin temp; I think that it was a
fairly warm environment., It would have been nice to have been

a little cooler. That was with the cabin fan on and everything.

SCHFIDENFivmg
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1RWIN And, in conjunction with that, it might be useful tc have
some pockets on the CWG if you gel down 1o that mode. Then,

you carn have your pencils where you can get to them.
SCOTT That's a good polnt,

IRWIN Alsc, under anomalies, we ought to mention the preblem with
the cabin fan and whatever that loocse object that was in there
and the fact that we couldn't cycle it freely. We were afraid

to turn it off because it might not start up again.

SCOTT And there was some piece of metal somewhere in the cabin fan.
This Jumps down a little farther along the line, but after
lunar orbit docking and attempting to get the cabin cleaned
out with all the lunar dirt and everything, Al heard a couple
of clicks in the fan and then it picked up whatever it was and
really started to groan. And then, there was a low-freguency,
very hard vibraticon., We turned the cabin fan off and on several
times and finally got whatever it was to lodge into a corner
somewhere and the fan ran cleaner; but whenever we subsequently
turned the fan off, we'd have to go through a couple of cycles
to get the foreign object to relodge in a corner to get a

clean run on the fan., There was something in there.

WORDEN It was funny. You could hear the fan running free - I mean

running as it would normally - and then you cculd hear a ping
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Just as if you'd thrown a picce of metal into the fan and it
got picked up by one of the btlades. Then you'd hear it rattle
around in there and then you'd hear this groaning sound where

it obviously caught in there.

Well, I'm wondering if the filter for the cabin fan shouldn't
be a smaller mesh to prevent an object from getting in there

to interfere with the fan cperation.

Ycu know, we recommended that for Apolle 9; that they put a
screen in there so you couldn't have something drift down
into $he blades, And the blades are wide open to the cabin,
If you have a loose nut or bolt or anything floating around
when the cabin fan 1s not running, it can float right down
into the blades., You ought to have some protection in there,
or put the cabin fan filter up right awsy to keep it clean,

You really aeced the cabin fan aftcr a docking.

Of course, we don't know whether that cobject came in through
the outlet or the inlet. It could have corme in the inlet.

That's a pretty wide mesh.

Anythirg elsc on housekeeping? The last thing in this section
iz the 5IM dcor jJettison. In general, that was a very light
bump. You could hardly feel it. 1 think there's nc need to

suit uc in the future, However, I think the sulting operation

SO N FI D ER
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was & good exercise, because it gave us a chance to run
through the descent time line, What we had planned tc do wes
to wake up and suit up in the order in which we do it during
the descent day to make sure we didn't have any problems and
to see what the time line locked like, And I think we learned
a few things in doing that suitup in zero-g, which Jim end T
had never done in the TLB. We learned a few things and I
think it helped us on descent day to get a little shead cof the
time line. But as far as & requirement, would you both agree
that I don't think there's any requirement to be suited to

to blow the 3IM doocr? It's just not that big a shock. It

was the lightest pyro charge by far of anything we had. Jim

toock photos of it.



g



SCOTT

WORDEN

T 1

7.0 LOI, DOI, LUNAR MODULE CEECKOUT

We discussed the procedures Whicﬁ were unique to the SPs; end
I suppose we should talk about the ILOI first. That was a
pretty novel burn. It all worked out pretty much as we had
seen in the simulator. The only surprising things about the
burn were fhe residuals, all of which were zerc. At that
polnt, we were convinced we had a pretty good guidance system.
No triﬁ. It was 8 very smooth burn. Everything worked as ad-

vertised. Do you have anything else on that?

No, I was impressed with the smoothness with which the engine
came on and the smocthness with which the guidance worked.
There were nc abrupt changes; the gimbal motors were very
smooth. Tt did jump around very, very slightly, but there were
no big oscillations. We were right on trim when the burn
started, The procedures worked fine. At 5 seconds after ig-
nition, I pushed the circuit breaker in, and we got the second
bank on. I could see the chamber pressure come up a&n estimated
3 percent when the second hank came on. It gave us a positive
indication of the bank coming on. We pulled the circuit
breeker 10 seconds before cutoff, and it shut down right on
time. Dave was ready on the switches to shut down at the burn
time plug 10 seconds. The burn was terminated sutomatically

and, like Dave says, no residuals.
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I think you got that circuit bresker at 6 minutes.
That was the 6-minute call. That's right.

As for the PUGS operation, the unbalance was in normal and
stayed constant at about minus 200 until crossover. After
crossover,.it started to increase out of the green band, so I
had to give it a decrease and brought it back to normal. It
loocked like it needed the decrease position and was left in the

decrease position for the remeinder of the burn.

That put us in a pretty nice lunar orbit. We enjloyed the
scenery and had plenty of time to get ready for DOI, and 1
think that's a great idea. You do the first rev to take a
look at what is there. The time line was very smcoth with no
problems, and we got ready for the DOI. The DOI was again a
nominal burn. We shut down on time manually, but the G&N beat
us to it, I guess, Al, you could see I put my hands on the
switches ard timed it. When the time ran out, I put the
switches down. Al could watch the PC, and T guess he saw it.

Why don't you Just say what you saw?

Well, I heard Jim counting down. I knew Dave was ready to
throw the switches, asnd Just as his hand started to move, the

PC dropped off. 8o the aubtomatic shutdown and Dave's shutdown

@O NFIDEN
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were almost simultanecus; except the automatic shutdown was,

I think, Jjust before his. It was perfect.

One of the things I might mention that is different from the
gimulator is that we always use PC in the simulator for our
cue to start. In the real world, a physiological cue isg far
better. I-mean you don't have to lock at the PC to know when
to start the watch. When it comes on, it is on; and you know
darn wéll the engine is on. When it is off, it is off; and
you kncew it., That is something you cannct possibly sirmulate,

but that is something to be aware of.

I might make a corment in that connecticon, Dave. The valve
indicator actually opened about one-hal?f second before I got
any physical senseation that they were burning. 1 ﬁould see
it move, and a fraction of & second later, I could feel the

light off.

I think you mentioned that during the burn. After ILOI, you

mentioned it.

I took a stop watch along because we were timing it in tenths
of seconds, as I said was necessary for DOI. I think that
unless you really have a double failure, you can't get in
trouble on DOXI. I don't think that is the problem that some

pecple might have thought it was some time ago. That is a
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good solid methed of getting inte a low orbit. Very little

chance I think of getting intc a bail-out situation.

Sounds $PS. I don't think we heard anything other than the

force of the engine coming on. You couldn't hear anything.

During DOI; it was left in the decrease position. For such
a short burn, of course, it wouldn't stabilize anyway; so it
was Just left in a decrease position. I guess that after that
burn, it was put back in the normal position and was left there

for the cther burns.

Gravitational effects on spacecraft attitude. TI'm not sure we
ever noted any because we were always in some prescribed ORB

rate or the SIM bay attitude.

That is correct. We never really went out of an ORB rate
maneuver. We were either straight heads down, stralight heads

up, or in 3IM bay attitude.

1 guess that was true continuously-throughout the lunar orbit.
I don'™ think we ever went out of that particular attitude
except for the rendezvous. My hat is off to the people who
designed the DAP because that just worked so smoothly it was
almost unreal. It was so smooth all the way around you never
noticed the thruster firings. We stayed right in the ORB rate

attitude all the time.

SACONFIDEixiug



SCOTT

WORDEN

SCOTT
WORDEN

IRWIN

SCOTT

IRWIN

The confidence factor in the RCS gces up by orders of magnitude
every day to the point where I think some of the training we do
on RCS failures might be superfluous, because everybody powers
down and goes to gsleep. I guess my confidence factor on those
Jets is 100 percent. I don't think we ever worry shout s Jet
failing on .or failing off because you could hardly do the mis~
sicn and have to worry about that. We were running through

the ORB rate during the sleep, and they weren't bothering any-

anybody.

That's right. As a matter of fact, during the sleep periods,

I don't recall hearing a thruster fire or any maneuvers at all.
I don't either.
It was Just as quiet as it could be the whole time.

It would be interesting to compare notes with the doctors. I
thought I was getting a fairly good night's sleep; but I talked
to the doctors this morning, and they said that wasn't neces-
sarily true. It might be because I normally move around when

I sleep (change positions), and they might interpret that as

loss of sleep or loss of rest.
8IM experiment prep was standard procedure.

It was cocok book.
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Communications were excellent. FPGA donning: We set up a plan
on the LOI day to try out our sequence of suiting for PDL day.
As a result, we changed our minds on PDI day tc make it =

1ittle bit more efficient.

Tou two put your suits on and then went into the IM to zip

them up.

Because it's a lot easier zipping up the 7 1b suits in the IM
and it gave us a chance to do the Lunnel work shirtsleeve.

We helped you (CMP) get your suit on. It is worth while to run
through suitl donning because the irst day we did it we had you
(CMP) put your suit on. Then we put our {CDR & IMP) suits on
in the command module, and it i1s hard to zip them up in the
command module. That was a sort of chore. Jim suggested we
suit up and go to the LM before zipping ithem up. That made it
a lot easier. We recommend cleaning the tunnel out or putting
the suits on unzipped, cleaning the tunnel out, and then the
CDR and IMP transferring to the IM to do their suit zip. Tt
would be a good idea to have a little trial run one of the

duys on the way out.

As to the time line, that works out much better, too, because
while you were over there putting suits on and zipping them
up, that gave me a chance te put my suit on which is done in

paraliel rather than sequentially.
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In general, there were no problems in donning the suits.
Tunnel mechanics went very smoothly, as Al previously stated.
We did it the same way on PDI day as to where we put the
equipment. The hatch and the drogue went in the left couch,

and the probe went up at the head of the center couch.

IVT tc the IM was straightforward. I guess we didn't observe

the condition of the CSM thermal coating.

IM status checks. The first thing we noticed when we got in
the IM was the fact that the glass was broken on the tape
meter. That Initiated a requirement to clean up as much glass
a5 possible. We transferred over the vacuum cleaner and
started cleaning it up. That was the only anomaly we noted

on housekeeping day.

I guess we might have gone through the comm checks too fast
for the ground because they asked us to go in again so they

could lock at the battery operation.

We will have to ask them, but I think they just wanted to get
another data point on the battery. We found that we could run
through the time line much faster on the comm checks than was
allocated in the checklist. So, 1 guess that we didn't have

the batteries on as long as they expected us to because it



SCOTT Just didr't take that long to maxe the checkout. There isg
(CONT'D) :
anctiher factor we might mention. Having the LM housekeebing
day moved up a day, or the day after TLI, gave them a chance
to do all that testing on the tape meter. That gave me a

warm feeling to znow that they checked the thing out and it

would worx with a broken outer pane of glass.,

I thinh it is a good idea to go take a lock at the IM early and
analyze your problems and get & good Landle on them before you
get too far down the road. Then if they do want 4o take
another look at batteries, the second housekeeping day is no
problem. It is nice to go back to the LM and take another

look around anywazy. We got anotaer chance to ¢lean up some
more glass. We did find a number of pieces on the second day.

I think we got most of the glass cleaned up; don't you, Jim?

IFWIN Yes, I think the use of the vacuur clearer from the CM was

prohably just as effective or more effective than the LM cabin

thing.
SCOTT Tne comm check wcerked well. Transfer of eguipment worked
well, I am glad we had that preflight trazining exercise 1o

get all that eguipment transfer laid out. That went rather
smeothly. Housekeeping was noninal, and the power transfer

bacx and forih from the CM to the LM worked as prescribed.

%.CONFIDENT!Adg
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There was one thing that we did not do, and that was to take
the water bags out of their stowage bags. We left them stowed.
We couldn't see any reason to cut them open and take them out

of the stowage bags.

As we went through activation, we were always 10 to 15 minutes

ghead of schedule.
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8.0 LUNAR MODULE ACTIVATION TERCUGH SEPARATION

The power transfer was nominal.

Tunnel clocseout was just as per the decal in the tunnel. Just

follow that down step by step.

I guegs there wag an anomaly that heppened during maneuvering
to an undocking attitude. I checked things cff on the Flight
Flar as we went. We went right down the line on the Flight
Flan and the c¢heckiigt. We reieased the docking latch, put
the suit on, and did a suit circuit integrity check. We
installed tne hnatch, got a IM/CM DELTA-F, and went right on
down the time line., We did a VERBE 49 maneuver to the undock-
ing attitude ané the SIP attitude, went intoc PL1 S8C5 and the
whole thing. We wert through the undcckirng checklist and got
the probe circuit breakers in. I guess tne major thing is
that everything was nominal, except when I went toc RELEASE

on the probe EXTEND/RELEASE switch; nothing happened. Nothing.

I rechecked the circuit breaskers znd hit the EXTEND switch
again, but nothing heppened. At that point, there wasn't
anytning I could check inside. The only two things that
you've got are the circult breakers and the switch. So, I
figured tnat there had to be scmething back in the tunnei. I

went back and pressurized the tunnel., I looked in the tunnel
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WORDEN and therce was nothing there that was cut of order. £o I
{comrtn)
thought 1'd go anead znd cneck those connectors again. T
rilled the connectors off and put ther back on. T figured
thal 77 that wasn't it then we had & serious problem. I put
the naten back in, depressurizec tae turnel, and went through
the checklist again, depressurizing th unncl, We got a new
the checklist ag ) pre r g the tunne? We got new
attitude from the ground, which was Lhe local wvertical attitude.

—

That time it worked fine. That's really a mystery Lc me.

SCOUT we got = courle of good calls freom the ground on Lhat, one
when we czme zround tne corner, I c¢alled and told them we
nat rot had accept and that you were in the turnel checking
the urbilicals. Right away they came back and said they had
ro TM cn the program, which gave them the indicatiorn that
there was sorething locse on the umbilicals, and that was, of
course, the last thing tc check. Soon after you cnecked
cverything they reported getting ﬁheir ™™, so that was a
pretty gecoi confirmation that thot wes the provlem. Then,

I thougnt arncther good cull was immediately or very scon after.
They came ur and sald ro prevlem on the time, that we hac

LO minutes to get the SEP done andéd just go to the local
vertical attitude, somewhere around there, whicn was a big
Lhelp to us. Jim and T were wrying to pian anead to make sure

we didn't get teo far behind the time line and get heocked into
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having to delsy PDI rev. We were trying to plan our next
series of events for a late separation. It was nice to have
that call, to know that we had L0 minutes to get things squared

away and move on.

The MCC-E came up with an attitude after you'd requested that
they give us the time and an attitude. We went to that atti-
tude and we were there L or 5 minutes before the time. It

worked ocut fine.

I thought that was a very good recovery for an off-nominal

situation.

It sounds like you guys were ahead of it, though, by the time

you came sround the corner.
Yes, that's right. There was only one way to gc.

You check the switches and the cifcuit breakers, and the next

thing you have to dc is go into the tunnel.

Anyway, we got undocked and from there on it went pretty well,
excepl that the undocking was too late to do that low altitude

P2L. 8o we skipped that.

You didn't do any formation flight; you went to the SEP

maneuver.
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WCRDEN Tnzt's right.

SCOTY You gave us 2 good call cn gear down,

WORDEN Right.

S00TT Which was nice to hear. 1 gucss, you didn't see anything

harging from tne LM that looked funny?

wCOREEN Mo, The 1M was clean.
SCOTT You didn't have any calibrations, 4id youd
WORDDH No. As & matter of fact, that was sll supporting fthe <things

that you were doing. We got the pads for the E2k, which we

did in the next rev.

SCCTT Okay. You gave us a geood call on ycur transpender, and I
think that's a good seguence of events. We checked out the
rasder jn the IM, and right afterwards Al gave us a call cn
the transponder. he checked hisg transpender right away. I
thirx tast's a good series, because that gave us & warm feeling

abcut that whole system. I like the way he did that.

WORIE The circulsrization burn was exciting, tut 1t was perfectly
numinal. Thaey had updated the shcert burn constants for the
engine characteristics. And the circularlization burn was done

cn Bark B only, because of the problem we had with the SFES.

& CONFIDENdS



WORDEN I went to attitude. All the star checks worked fine. The
(CONT'D)
burn was done con time, and the residuals were 00 and minus 0.5,
wihich is & no-trim kind of maneuver. ©So that was perfect. It
put us in & €5.2 by 54.8, and in fact, the circularization burn
was absclutely rnominal., It was a very nice burn, very smooth,

and is sure a difference when you get the IM off., You can

really feel that mother go. It's really quite impressive.
IRWIN A11 the fuel cell purges were nominal.

WORDEN We always got a MASTER CAUTION on fuel cell 3, and that was

about alil.

IEWIXN We normally do on the HE'

We weren't getting it toward the end.

WORDEN No, we weren't, &s & matter of fact.

IRWIN It cured itself for mome reason.

Farly in the flight, when we purged the O, on fuel cell 3

2
we'd get the MASTER ALARM, which we should not have, Then,

toward the end of the flight, that did not occur.

SCOTT Ckay. We'll go through the LM side of the undocking and SEP.
I guess on the separation maneuver, we got sbout a tenth of a

foot per second. Wasn't that what it was in PLT?
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I didn't write it down. Before we get there we cught to talk

about the ancmalies we had or surprises during the activation.

Okay. Why don't you go through the stuff up to SEP.

The first cone was when you brought up the computer. We got
a PROGRAM ALARM on the 1105, which was something I don't

think we'd ever seen before.

Yes. We had a lot of up link/down link %too fast in the LGC.
We got that several times, 1103s and 1105s, and T don't really

know why.
That's a good point.

But it's an inconsequential alarm, I think., We mentioned it
t¢ the ground and they never seemed to say anything. As I
mentioned before, we Were.always 10 or 15 minutes shead of
time. 1 don't think we were evef really rushed there. Your
alinement went real well. You didn't have any trouble seeing

the stars.

Yes, I did too., I had a tough time seeing Dabih. Dabih was a
good star as far as position goes, but it was a very difficult
star to see as far ss alinement goes. If you can pick out
bright stars, it'll sure help you. I guess the message there

is, even if you don't have a NAV star, I think I'd ensure I

S.COMBREM



SCOTT
{(CONT'D)

IRWIN

SCOTT

IRWIN

GNP o

had a good bright star for these alinements through the AQT.
But the alinement went very well. The P57 docked 1s a very
practical techrigue. You get a good alinement oul of it, and
subseguent drift checks showed that we had a good platfornm.

I think that's the way to go, rather than a docked IMU aline.

The next surprise, and it was probably our biggest surprise of
the activation, was the pressure integrity check., When we
obvicusly did not have integrity, we tried geing to the sec-
ondary canister and still didn't have any integrity. Ve
decided to press on through it and dc the rate check, which

we did. Then, later cn, I guess it was about 10 minutes

before undocking, we came back and redid the pressure integrity
check., Of course, we cycled through it right from the start;
and this time, it worked out greét. I think we had a 1/10th

drep in 1 minute.

1 guess on the first one, we had something like 1 psi drop in

1 minute, didn't we?

Yes. It was cbviocusly something oper, and I don't know whether

the valve was just not seating properly or just what it was.

Ckay, you cycled the valve back there several times. We both
fiddled with the detent and had a gcod detent in it, but

couldn't come up with an answer.
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Well, I guess the ground never came back t¢ us with anymore

words on 1t either.

There was a question in my mind as to what the mission rule was
at that time, T guess the mission rule was to undock and press
on, which ﬁe vere going to do had we not gotten a good check.
But it was a good thing we started that check a little early.
It gave. us a chance to come arcund and do it again. The mes-
sage is to get shead and stay shead; that's why we stayed 10

to 15 minutes ahead. Every time we got to a point in the

time line where we could do something, we went ahead and did

it, even though it was a little early,

We got a tenth of a foot per second on the undocking, and T
trimmed that out on PL47. The comm was good. On the PGNS
activation self-test., You mentioned the ALARM. Everything

else went well, How about going through the AGS, Jim.

We didn't do AGS, of course, until after we had undocked. That

was about an hour later. AGS was unpowered until later.

We'll pick up the AGS activation in sequence. The landing
gear deployment was positive, and Al gave us & good check when
we undocked, The DAY loads were fine. Rendezvous radar and

landing radar checked out as per checklist. The tape meter

SCONFIDENEME.
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worked just like it was supposed to, even though the glass

was broken. The next thing is landing site photography. -

As 1 remembered, you toock some pictures as we went over the
landing site. Incidentally, they came cut very well, and so

did the pictures of the command module.

How about the sequence camera? We had the sequence camera

on theré, too. I guess we did have moisture on the LM windows,
and we had to turn the window heaters on, 1 think it was
fortuitous that Al had delayed the undocking until ocur windows
cleared, so we could get good pictures of that operation.

They were cleared up at Just about that time.

Well, T think Al wanted pictures of himself. He wouldn't
have gotten them if we had undocked on time. He would have
gotten a bunch of fog. I guess I'd like to go back to REV 10

and discuss something that's not in the debriefing.
You mean locking at the landing sites through the sextant?

One of the guestions on the landing site was general terrain
relative to boulders, debris, and craters. A couple of months
before the flight, we had worked out a plan whereby we do the
low altitude landmark tracking technique without the spacecraft

rate drive in order to take a look at the landmark through the
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sextant. There had been some question as to whether or not we

could see anything. 1 took a look on REV 10, and it was as we
had expected based con previous flights and fidelity of the
optics. I could see the landing site very well. T could see
Index Crater and the rille very well. I determined that there
was no problem relative to boulders and debris, and it looked
pretty smooth and flst. It was 2 comforting feeling to know
that we wouldn't have a rockpile to land in. If the advertised
resolution of 3 feet was correct, we had no problem with
boulders on the order of 3 feet and above. This was subse-
quently verified when we got there. It was a nice thing to
have behind us in the way of validating the surface at the
landing site because of the poor resoluticn of photography we
had from Orbiter. The technique worked very well. It was
easy to track in Inertial Attitude. 1 think you found that
during youf J-1 track, also, didn't you Al? I think you could
have done your landmark tracking without a spacecraft rate

drive.

I almost feel that way, yes. The J-1 tracking was really esasy.
With a high rate in the optics, it was fairly easy to track
if it was off track. You have some roll in there, so that

you're not coming through zero on the track.

S ONFIE
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But the optics are very casy to control, have very positive
respense, and cnce you lock on the target, you can stay right

on it.
That's right.

That gets us dowr to lunar landmark recognition. Of course,
the landing site at Eadley was particularly unicue, whern rela-
tive to landmarks. When I locked at it tarough the optics,

I could recognize the craters that lead intc Index arnd Index
Crater guite well, even though there didn't seem to ke as

many shadows, crater shadows, as 1 had expected.

MSFN Relay seemed to work all right.
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9.0 SEPARATION THROUGH IM TOUCHDOWN

WORDEN I want to say something about the VHF tracking. Of coursé,
we didn't do any optics tracking prior to touchdown, but we
did check out the VHF against the rendezvous radar, I think I
reset the VHF three times, and it came up each time with half
the value that the rendezvous radar had in it. This made me
wonder gt the time how good the VHF was operating, and it
subsequently turned out that it was coperating just fine. 1T
don't know what casused the difference in the range between
the rendezvous radar and the VHF at that close range, because

it wag 0.79 mile, or something less than a mile, I think.

sSCOTT Yes, we had on the NOUN 78. In the LGC, we had 0.78; you had
C.4; and the tspe meter had 0.78, Of course, the NOUK 78 is
Just & tape meter readout, but you did have, for scme strange

reason, Jjust half value.

WORDEN I reset that thing three times, and I think it came up with

the same value each time.

SCOTT I might add, in the LM, we could tell when you were resetting.
- It was sudible, so we