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1.0 BSUITING AND INGRESC

LOVELL T thought the time was adequate., 1 had ro varticular problems

with the suiting or the ingress procedures. Tae only thing T

did netice was that we had our oroteciive viscors on a lot longer

then I expected.

SWIGKERT We did nol get the protective visors off until afier we hzad
ingressed and werc all strapped down. The facl thal we were
strapped down made removing the visors difficult. Everyuiking

after that went according tc the checxlist, and we had zdequatle

tire.
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2.0 OSTATUS CHECKS AND COUNTDOWN

LOVELL Ground communications were very good, and the countdown pro-
ceeded smoothly. The controls and displays were as shown to
us and as we had experienced in the countdown demonstration. I
experienced no particular unusual sounds in the launch vehicle

sequence before the nominal engine ignition,

2.5 LAUNCH VEHICLE SEQUENCE

SWIGERT The only thing that both Fred and T noticed was a fluctuation
in fuel cell flows. When I switched fuel cells, the flows would
be stable for 2 or 3 seconds and then would begin fluctuating,
This ocecurred in all three fuel cells; because it cccurred in
all three, we attributed it to some sort of signal-conditioning
problem, The fluctuations were 1 cycle/sec, wouldn't you say,

Fred?

HAISE I'm not sure they were even that regular. When you switched
from cone to the other, the reading would first be very stable;
then, after a few geconds 1t would start drifting up & couple
of Machs on the scale above, and then drift back down to the
normal reading. Every now and then, it would repeat this sort
of eycle. I'm not sure 1t had an exact frequency tied to it.

As Jack said, it was the same in all three, so we actually
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assumed that it was in the signal conditicning. T had one
other thing to add on the launch vehicle. It's very subtle,
but I thought when they said they'd put the hydraulics to tne
S-IV3, T could feel a little tremble below us zat that time;
but, other than that, there were no beooster actions that I

could ever detect.

In comparing this part of the fligh®t preparation with Apollo 8,
I can say that it was a lcot more comfortable on Apcllo 13. On
Apollo 8, I was very cold during this period, and I suspect

they've changed the envircnmental control system. Tt was very

comfortable this time.

I have one other thing to add on the crew station centrols.

We spend so much time in the simulators that we forget the
contrast between the simulator hardware and the rcal hardware,
which isn't used to any degree. It wasg very apparent that all
the switches move very hard in the spacecraft compared to the
simulator. In fact, the three position switches went to the
intermediate position and ther I actually had to force them

down intc pesition. The same was true for the rotary knobh.
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3.0 POWERED FLIGHT

SWIGERT I have just one comment. I think all of us felt the PU shifs.

LOVELL

SWIGERT

LOVELL

HAISE

I want to emphasize that communications were a lot betfer than
I expected. They were a lot better than they were cn Apollo 8.
The simulation of the powered flight matched very cleosely %o
the actual case., I was much more aware of what was going on
or. Apollo 13 than I was con Apoillo 8, but maybe it was the
different segt, Tae PU shif%t, as Jack mentioned, was guite

evident; certainly the change in acceleration was apparent.

All of us immediately looked over at the engine light. It

was gquite apparent.

T think we discussed the early engine out on the seccond stage

during the inflight debriefing guite adequately.

On the first-stage separation, I saw a flash out to ry left,
It didn't appear to extend ahead of us., After the second-
stage staging, there was a ot of debris that went out in
front of us that we subsequently flew right on through. It
locked like frozen particles or something in that state, but

I didn't rotice any of this attaching itself to the windows,




SWIGERT Our windows came through in good order. T was expecting
frozen particles from the water under the BPC, but we didn't

have any of that.
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L.1 EVALUATICN OF INSERTICN PARAMRETERS

I hit a VERB on ECO and copied down the parameters, which
were nominal. We were right on the trajectory until we lost
the center engine. We regeined most of the velceity, but ocur

time was longer.

Sur Inserticn time was about 1 minuic longer st that point

than nominal.
1.3 ORDEAL

I had no probvlems with the CRDEAL., I was able %o unstow that
oy myself. This iz scmething you can't do in & simulater., I

actually improved our insertion schedule.

Wnen I got out of the cocuch, Jim told me to move slowly and
take it easy. I had no problems at sny time. I adapted
nyself and proceeded ‘ust as we had done in the simulator, =at
full speed through the thing and never had any problems —— no

dizziness, no uneasy feelings at all,
LW OPTICS COVER JETTISON (DEERIS)

Jack, how about this optics coverage?
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We had a problem with that. I read off the procedure and
then did it. T told you I wasn't seeing stars; so, I entered
P52 and didn't feel the optics cover jettison until the optics
drove in P52 to the first star. Well, I did the optics-
jettison procedure twice, reading down the checklist item by
item, and T didn't feel they jettisoned either time until I

entered P52, I felt they Jjettisoned all at once in the P52.

Were you looking through the telescope at the time? You can

usually see debris go off in that thing.

You know, it's just completely black and then all of a sudden

there are beautiful stars. And it's jJjust like night and day.
It might have been a hangup of some sort.
L.5 (OAS AND HORIZON CHECK

I have no comments there, The check was nominal. The S-IVE

held the local horizontal.

I think that the checklist was adequate. We had adequate
time to do everything., I think we were well ashead of the

time line.

Yes, We were sitting around waiting there for one pericd for

approximately 30 minutes for the next event to take place.



hor COMMURICATIONS

ZOVELL T noticed no cormunicaticns preblems. TDid you?
SWIGERT Hene.

EATIGE Under that heading, - guess, our proposed TV show was a com-—
vlete tust., The whole Guif” Coaszt was clcudy ard what we nzd
[ .

Foped w0 show was the nice ccastline ard there wasn't any to

bhe seen.
4,8 TLI PREPARATICH

LOVELL  We used the nomiral T.I procedure. We had adequate time,
There were no nangups. The ground gave us a change in data
to use based on She insertion of the booster, which was riding
high all the time. The charge worked cut guite well and was
covered briefly in vthe nflight briefirng regarding oowered
flignt. They gave 15 a new angse of 20 degrecs for 57 minutes.

And at TO, the ball was zerc. So it worked out.
L.9 SUBJECTIVE REACTICNS TC WEIGETLESSKESS

ZOVELL My feelings were as I'wve had previcusly. When we first get
sur,/ ected to zero g, I feel I'm upside down, my head is full,
and bleood 1s rusaing to my head; this lasts several hours,

I think this sensaticn lasted approximately 6 hours. 3Ruat
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basically, that's the only sensation I felt in zero g. After

that, it went away.

T think Fred and I felt the same fullness of the hesad.

We both menticned it about the same time, I don't know who
mentioned it first, We both had it go away about the same

time, Offhand, T don't remember how many hours had elapsed.

It was around 8 hours; we both mentioned that the fullness of

the head was gone.

I had one other different reaction. On the morning of the
second day, I woke up with a pretty severe headache, T drank
some juice and ate some bacon cubes. That didn't sit right
and I upchucked about 2 ounces of my jJuice., I gat still for
about half a day pretty much; I never had any symptoms again

after that.

I think a general comment concerning space flight is in order.
The fact that when you first get inserted, what you do for the
first day (especially if we go into Skylab or something like
that) should be held down. We should not try to do too many
different things per day. No matter who you are, it's going

to take a while to get used to zZero gravity. Towards the end
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of our flight, we didn't know we were in zero or one g. You
get so used to it, But, in the beginning, zero gravity is
different. You do feel different; s0, you've got to just take

it easy until you get accustomed to it,
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5.0 TLI TEROUGHE S-IVE CLOSEOUT

5.1 TLI BURK

From the zeft geat, the TLI bturr was completely romiral. Atti-
tudes held. The psi progreszcd according tc the chart. We

had akout a 3-seccrnd overburn, if I recall.

Three and three-fourths.

The overburn cf 3-3/L seconds was hased on our clocks on board.

We nad no ancmalies concernirg Lae LI burn.

5.2 G-IVEB PERFOEMANCE AND RCO

10

5-1VE perfeormance ard =00 were nonminal.

5.3 B5-IVE MAKEUVER TO SEPARATION ATTITUDE

cack, why don't you discussz the 35-IVB maneuver to separation

atftitude? You were cwver there zbout that time.

The S-IVE began its maneuver on time; it maneuvered similar fo
what we nave observed in the simulatcr; anc keld T&D attitude

well.
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5.h S-IVB MANEUVER TO T&D ATTITUDE

SWIGERT We preceeded to use the normal procedure for T&D, and this
worked cut well. Pitchover was very favorable compared to
what I've obgerved in the simulator, with the exception of
translation contrel movementis which I felt were somewhat 4if-
ferent from the simulaﬁor in that, in <the simulatoer, you can
Just tweak the trenslation controller a small amount and you get
a small amount of translation. Here, it seemed to work in Jlerxs.
A small twesk didn't produce anything, and I actually had to
hold it in, Then my ¥ and Z tranglatior appeared Lo be made in
a jerky fashicn rather than & smooth translation like I had ex-
perienced in the simulator; but we had no problem docking, I
would expect that the S-IVB pitcheround was about 80 or 90 feet

out, Does thai seem like a good number to you, Fred?
HAISE Yes. About 80.

SWIGERT About 80 feet out, which was about what I was observing in the
simulator on my pitcharound. I felt that the closure rate was
slow, maybe 0.2 fps on the contact; and we didn't try to hurry.
We had adequate time, and I think the majority of the fuel T
expended was trying tc get stable. We had drifted around guite
a bit after we got contact, and I was trying to get things

stabilized.
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5.9 DOCKING

When we went into hard dock, the latches ripple fired; they
didn't all go at one time., I think that's because we had a
slight yaw rate about the time the latches fired, There was

nce problem with sunlight.

5.11 SUNLIGHT AND CSM DOCKING LIGHTS

The B-IVE was immediately visible. The sunlight on the docking
target did wash out the COAS. I had the COAS full bright, and
it made sighting the target a little hit difficult. Right in
the final phases of docking, we did get into the shadow where
the shadow of the CM blocked out the Sun and the docking target

was fully visible., I guess that occurred at sbout 5 feet on in.

The hatch removal was nominal. The usual cdor was up in the
hatch. The odor had been reported before, and I had forgotten
about it but, when I got up there, I could smell it. There is
a burnt odor in the docking area after the hatch is removed.

I don't know what it's caused from — probably the docking
segquences or something like that. There were two latches that

were not engaged completely.

J had to recock them.
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LOVELL You recocked them and got them back in position. Other than

that, there was nocothing unusual about the tunnel area.
SBWIGERT I think they were latches 1 and L.
LOVELL  We connected the IM power cables, which was no problem,
5.13 EMS BEHAVIOR DURING TD&E

SWIGERT fThe IMS was just about what we had experienced in previous
flights. Our bias test got centinuously worse, and we did have
2 bias in there. I didn't particularly use the EMS except merely
as a rough guide. T used my translation predominantly on time,
and it decreased very rapidly during the pitcharound; but that

has been observed on previous flights, so it didn't bother me.
5.12 EXTRACTION (SPRING EJECTION)

SWIGERT The extraction was performed according to the checklist, and
we had no problems at all. It went just exactly as we had

experienced in the simulator,

LOVELL 1 might mention that the procedure that Jack used was different
from the one Ken used. However, the procedures worked out per-
fectly as far as our crew coordination was concerned. We had

nc problems that way and we were in good shape through
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LOVELL  transposition and docking. I saw really nothing unusual during
(CONT'D)
the whole procedure. This is one procedure that I thought
required a lot of cleose coordination, a lot of working, because
there were many things happening here. Everything worked out
perfectly. One thing that we did do — we had the TV up, and
that tock a lot of Fred's time. ... to hold that TV to get

the pictures of the docking. You might want to comment on that,

Fred, and also on the high-gain antenna.

5.15 PHOTOGRAFHY OF TD&E

HAISE It's probably not as appropriate here as 1t was during the next
TV session where we were trying to do the mideourse, but if you
are going to play with it in the opposite focus and worry sbout
the lighting and contrast and that sort of thing, it does take
about three quarters of your time fiddling with it. I guess my
only other job during this period was to make Jack feel that
his estimates were right, when he would agsk me about how far
cut it was, and to take some pictures. For this particular
sequence of events, I didn't feel I was shortening myself too
much in what I was supposed to be doing, which wasn't that much.
About the only picture I missed was halfway through the turn-
around. I was still worrying about getting the TV set up, and

T nmissed the same picture that 12 had alresady shot, which was
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HAISE cne SBLA panel drifting off with the Farth for a background; but
(CONT'D)
I didn't have the camera handy right then. Other than that, I
felt that I got the number of pictures they wanted with the
IM coming in at verying distances. Lighting was surprisingly
good to me. I don't know if it was a different attitude, dif-
ferent Sun angle, or what, but at least from an eyeballing

standpoint I thought the lighting on the IM, on the 5-IVB, and

in the IU was very good.

LOVELL  We've probably got some pretty good pictures of the S-IVB. One
general comment concerning that: unless there's a definite
engineering regquirement, I would suggest that we review using
the TV during docking and the midcourse burn because I think

that we've overdone that.

5.18 S-BAND PERFORMANCE

HAISE On the S-band performsnce, I had one goof-up there. I thought
I had the angle set for docking attitude, but T had left a
switch in MANUAL. I thought I had it in REACQ. We came around
and locked up beautifully and had good gain; but, when Jack
went to the next set of attitudes, we started losing signal
strength. That's when T found out that I didn't have it where

I thought T had it; so I put it down to REACQ, end it immedistely
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AUTO TRACKed, got its gain back, and worked beautifully there-

after. The only 3-band problem was an operator error,

As far as sounds go, I think the RCS sounds were much like
they've been reported previously — that you can hear the sound
of the valves opening — and I didn't notice any difference from

the simulator.

The eclosest I could reproduce the sounds of the thruster was
by sticking the pad of Velcro on my foot to the lower bulkhead
and then snapping in and out the bulkhead. That kind of made

a sound like the thrusters, which upset Jack now and then, too,

Because I would have the switches off, and 1'd say we're not

supposed to be firing. What's firing?

That was my foot firing,

There was nothing unusual. I thought that the contact had more
of a jolt to it than I thought it was going to have, That's

why I asked you what our closing rate was.

It was slowy it was very, very slow.

The man in the middle seat is really blind. He's worse off

than the people back on the ground who can see the television
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because you can't séénﬁhythiﬁg“f?ﬁm”%ﬁé'middle seat, and Fred

and Jack could see everything from their rendezvous windows.
5.21 WORKLOAD AKD TIME LIKES

The workloads and time lines, I thought, were nominal. T don't
think we have to have any changes there. I think that the crew

can handle those with no probierm.
Any comments con photograpny other tharn the TV?

I shot whatever the flight plan called for. I think it was
either five or 10 pictures of the 1M during both docking and
extraction, and then we shot some of the S5-IVE after we did

our maneuvering. We had the camera in the center hatch.

We also had the sequence camera going, as the flight plan called

for. We followed the flight plan completely.

That's why I made the comment skbcut the lighting = while ago.
It looked pretty good for the settings we had, sc I expect the

pictures Lo be all right.
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6.0 TRANSLUNAR COAST

6.1 IMU REALINEMENT AND OPTICS CALIBRATION

The first P52 was done with PICAPAR. We put the star right in
there; we had no problem. The optics calibrations for the
first P23s were nominal. I think I only did four of them and

three of them were the same value, so I used that value —
About 300ths or something like that.

Minus 300ths — 89997. I guess while I'm on this thing I could
talk about that first set of cislunar navigation sightings.
All the stars were completely visible. You and I had a coordi-

nation exercise there that worked out well.
Yes.
We got those done within the time allotted.

That was one thing that I didn't think we were going to do,
really. I gave cislunar navigation a secondary priority. I
thought that, If we didn't get finished in the time line, T
was just golng to drop it because it really wasn't required on

the way out. It was merely training. I thought we would try
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to get the DELTA-H for Jack's calibration, but we got through

a1l the stars. In fact, we repeated one.

I'11 tell you also that I had done an awful lot of P23s and

I became very proficient. I knew I had a good hack on fuel,
During the simulator sessions, 1t had taken me 15 pounds to

do that first set of P23s, and it took exactly 15 pounds in the
flight. They called up the fuel used, and it was exactly

15 pounds; so it compared very well. They relayed back that
the DELTA-H was very constant — within 2 kilometers, I think,
which was 17 kilometers plus or minus 2, I think. They were

very happy with it.
6.3 PASSIVE THERMAL CONTROL

We had a small problem with the first attempt at passive
thermal control. I'm not too sure what our reason was for

that. We didn't null out the rates, though.

We nulled out the rates ockay, but remember Ken's checklist had
a red mark in there that says, "Enable opposite pairs." In the
checklist, where it is headed, "FEnable all jets," it had that
crossed out and had "Enasble opposite or couples” — "Opposite
of opposing couples." We followed that and we didn't turn

on all the quads. We just turned on the couples on those

CONFDENTIAL
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particular quads. As a result, we were off on that, and
Houston called back up and said, "Have you enabled all the
Jets?" We discarded that part of the checklist ard went back
enabling all our Jets. The second time, we used Houston to
tell us when our rates were null, so we knew our rates were
stable when we started. The second cne worxed out very wezl.

I think we went some 20 hours without firing the jeits at zll.
6.5 MIDCOURSE CORRECTIONS

The MCC that we did was nominal in every respect. 1 saw
nothing wrong with the procedures. We used the card that we

had rather than the checklist.
6.6 PHOTOGRAPHY AND TELEVISION

My only comment concerns the next line which, if I had it to do
over again, I would reguest not to have it televised because

it cuts into our normal crew flow of activities. I didn't
think that Tred was going to spend that much time on the tele-
vision camera trying to get things done. This was the first
time thaet engine was ever burned, and I thought it was kind of
important. I would h&ve probably Just eliminated it. ©&o I
would eliminate that the next time unless they want it for
engineering purposes and then we'd Just put the camera up

somewhere.
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6.7 HIGE GAIN ANTENNA PERFORMANCE

Acwually, on the translunar coast, we didn't use it except
during the periods of TV. For the most vart, Eouston just
had us select OMJI B; and, as we went around through the pcie
switching, they would Just cycle back 1o D or not D. The
ground really handled all the switching on the OMiIs. We

didn't have any COMM problems at all.

There are a couple ¢f things I ought to say. One of the things
the simulator guys wanted me to notice in particular was the
effect of turning on the gimbal motors on the 02 flow. In the
simulater, you get an enormous Jump in the flows in the fuel
cells when you turn or the gimbal motors; and, in the vehicle,
you don't. The fuel cell flows barely moved. You do get &
very rapid Jump on the ammeter. If you're looking at the
appropriate fuel cell for the bus of the gimbal moteors, you're

turning on ~ about & to 10 amps.
Did we get a light?

We never got an UNDZRVOLT light, which is normelily true in tke
simulator. The other distinction I noticed was, when the burn
started, that the ball vaives opened very, very slowly. In the

simulator, they snap open. In the real vehicle, it's almost
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like you can see the worm gear turning, and they're slowly

+

grinding open. I would guess it's preobably = 0.25 second or

so, but it was quite a it slower than in the simulator.

6.8 DAYLIGET IMU REALINE AND STAR CEECK

The star check for the burn was ncominal.

€.9 CM/LM DELTA-P

The DELTA-P bhetween the LM and the CK remember we started
out, and by the time we went to open the haten, we had 1.1,
Remember it was part of our procedure; we had tc vent the

tunnel down to 1.7 or greater. Ve had.a pretty gocd tight

tunnel connecticn.

There was one guestion 1 asked Houston. The answer was to get
a better purge in tae LM belore we went into it. I guess that
wag missed in the tralning sormeplace aicng the ine. [ didn't
gsee it in the flight plan wher T went thrcugh it. Okay, skl

was no problemn.
.10 IM AND TUNKEL PRESSURE

IM and tunnel pressures were nominal.




6.11 REMOVAL OF PROBE AND DROGUE

SWIGERT On that, I followed the decals printed on the tunnel wall. I
think this was our first time through it, end I think it tock

us slightly under 15 minutes to do it.
HAISE About 12 minutes.

SWIGERT I thought that was pretty good for the first time. We never
reinstalled them, but I'm sure the second time would have been
significantly less because we were purposely going very slowly,

trying to do it right the first tinme.

LOVELL When we took that drogue and probe out, we slowly realized we

were going to be living with it for the next 5 days.

SWIGERT Right. We had three bodies on the couch. We had one hatch,
one prcbe, and one drogue strapped down to the couch for all

the rest of the flight in the CM.
6.12 ODORS

LOVELL When I removed the hatch, a2ll1 of a sudden I smelled this burnt
smell., I guess it must have been caused by the docking with

the connecting of things and the rubbing and friction.




SWIGERT But you knew, I carefully looked there when I took out the
probe and the drogue. I locked for scratches, and there were

none. We hit it pretty much dead center.

LOVELL  You mean in the drogue?

SWIGERT Yes, in the drogue. I looked at the probe, the head of the

probe alsoc. There weren't any scratches at all.

LOVELL I do recall, though, putting my hand up agsinst the probe when
I first removed the hatch, and it was still pretiy warm because

it had been sitting out there in the sunlight.
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7.0 LUNAR MODULE FAMILIARIZATION

You might want to start this, Fred. You went in there first.
We had cone thing to dc in this thing that wasn't on the flight

plan and that was the SHe tank.

Our communications were yelling back and forth through the tun-
nel and we lived wita that the next L& days. It was really
entirely adequate; particularly this time, because we didn't
have all the pumps going in the LM. I didn't find any real
problem in going into the LM, The shift in orientation 4id

seem sort of strange. Although I had done it in the water tank,
I found myself standing cn the ceiling.in the LM; when I got
down in there, I had to do a 180 turn arocund. The LM itself

was very clean. I found two washers floating around and I found
the plastic cap from the sequence camera. It had drifted off
and was lodged behind one of the ED switches, over on Jim's side
of parel 8. That was the only thing out of place in the whole
vehicle. We went through the regular checxlist of housekeeping
items., Then we threw in the extra addendum page that Houston
had read up to us. They wanted 2 reading on a Siie tank, which,
for the record, turned cut %o be exactly what Eouston predicted.

We didn't have much of a SHe tank problem.
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At thet time it was between T:10 and T:20.

We had no COMM checks during this IM wvisit. I think the only
transfer of equivment we mede was the G&N Dictiorary. 1T toock
the LV Time-Line and the LM Activation books back with me be-
cause we were going tc discuss our pewerup and descent opera-—
tions with Jack and ccordinate those with respect to the CS5H
solo book. 1 did all the housekeeping items wiih the exceptiocn
of the l6b-mm camers items. They had been deleted back to PDI
day because it would have interfered with getting the hatch

down and tucked away.

Did we carry the fiim in?
Not the 16-mm film.

How sbout the 70-mm £ilm?

We carried all the 7O-mr film, ovut no 16-mm film. Other than
that, I andded 5 1ittle tape to the right side of the crash bar
and that was about it on the housekeeping side. We spent the

rest of tnat visit irn the IM putting on the TV show.

I'd like to make one important point. We received a GO to enter

the LM 3 hours early because we were shead of the time line.
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I think that was fortunate in several ways. Aside from the
incident that cccurred right after this, we could have gotten
the nominal things finished and not have had the TV interlere
with us. One man could operate the camera and do all that worx.
Trkat 1s a lov more effective than if he had had to do the TV

at the same time he was locgkxing at the SHe tanx pressure.

People wouldn't understand what was going on.

We had the TV corcurrent with going into the LK. That is rct
the way to do it. After normal IM housekeeping, we should have

set aside a time for nothing but V. We had <he time,.

Neither do Justice to the other -— they detract frcm each other.
One should do one or the other. Cne should plan a TV show and

put it on; then run the spacecraft when needed.

Explain the 3He tank use.

We never did it. I did an IVT tc the CM for about € minutes,
I wasn't up there wvery long. This is where the PHEID venl went,
I guess it was about 8:40 when we finished the TV show and the

next time I looked at a watch, it was 3:00 ir the mcrring.

“he time went pretty fast after the emergency. 1 might mernticn

the TV show was Just over and the scene was set for the incident.
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OMFIDENTIAL:

We were geared to bangs because Fred had actuated the REPRESS

valve a couple of times. These caused a bang in the spacecraft.
The first time he forgot to tell us about 1t, so Jack and I
were springloaded to loud bangs. When the actual bang came, T
didn't know exactly what the situation was. I thought maybe

Fred had actuated the valve again.

I wgs sitting down in the LM.

Is this the LM REPRESS valve you're talking about?

Yes, it's the IM REPRESS valve.
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8.0 SPACECRAFT EMERGENCY

Te the best of my knowledge, Jack, you were in the ieft-hand

seat .

2 was 1n the lefi-hand seat.

I was in the LEB, and Fred was somewhere up ir the IM. We all
heard the explosion together. I said to Fred, "Do you krow what
15

that noise was?" Fred said he didn't. Then, Jack said, "Re-

member the 80-amp glitch we had in training?”

You explained the 90 amps short on MAIN B,

Then you said, "The MAIN B LIGHT is on."

That was my concern.

That's right. Then I went over fto look at the instruments. I

don't think you even closed the hatch on the LM side, did you?

I Jeft the LM hatch oper and came down to lock at the systems.

When T heard the explesion, I thought I saw a >ignt someplace
along the side. It migkt have been just & reflection off the
hatch door when you were closing it. That's what made me believe

you had your hand on the hatech. At that time, Fred came back
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to the right seat to look st the systems. I moved over 1o the

center. Jack was in the left-hand seat.
Thnen you called Houston about our problem.

Yes, that was our first transmission.

Then I called again and said we had a serious problem. The
MAIN B BUS UNDERVOLT light was on, and we had a FUEL CELL light

on. Jack, tell them what you saw,

I heard the explogsion. It was about 1 or 2 seconds until we
had a MASTER ALARM and a MATKN B UNDERVOLT light. I immediately
left the left-hand couch and floated over fo the right-hand
side and locked at MAIN BUS B. We had normal voltage, normal
current, and normal fuel cell flows. At this time, I éame to
the conclusion that whatever had cccurred was a transient on
main bus B because the performance of main bus B had returned
t¢ normal. At that time, I figured something had happened to
tne IM. My concern was the open hatch. I wanted to get the
hatech installed and then take stock of what was happening. 1
went to get the hatch. I transmitted to Houston that, "We have

a problem here." At that time, I went back to get the hatch.

The LM hatch was still open. We were going to put the €M hateh

back on.
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Wniie Jim and I were trying to do this, I misalired it In the
tunnel and didn't get it In the first time. While Jin and I
were doing this, Fred slithered down and started to lock at

the systemns.

I'm not sure how many scconds I was vehind dack, Wher I Iooked
at main B, Lhe volt meter was vegged full-scale Zow. Abous
tnat time an AC 2 1light came on. Shortly Lhereafter, zn AC
overload ligat came cn. I turned coff inverter ¢, tut that
didn't change anything. The meier only reads down to @3 wvelts.
It could have been 22 or less, put as “ar as I knew it was zero.
I locked at fuel cell 3, and its flows were sheowlng full-scale
low. This meant that this fuel cell wasa't carrying any load.
That meant the wicle tus was gone. I admitted that LOT was
going to be HdC GO about now. I didn'tl evern ihink to loox al
the other two fuel cells at this time. I started switching

AC loads to get all those things thet were on AC 2 over to

AC 1. The first couple of items T cycled & had = MAIK A JRILE-~
VOLY. UYhen I logked at main A and it was down zrcund

25 volus. I cycled through the other two fuel cells. Fuel
cell 1 was showing no flow. It wus not producing anything

8o we had only one fuel cell cn the line at that time. About

that time, Eouston wanted all the regulsted pressures of

02, and N,, and 1,. Jack read them down to Fouston.
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It turned out that N, was pretty sick on fuel cell 3; and 0

was
2

2
the one that was off nominal on fuel cell 1. Those were the

two readings that were not looking very gecod.

Before the incident, we did have a transducer failure in O2
tank 2 quantity. Then we started looking through our systems
again. We saw the presgsure on the 02 tank 2 was zero. I never
caw any transients at all — just zerpo., Number 1 tank was

down to 500 psi.

The O2 tank 2 quantity failed prior to this.

Yes, it failed off-scale high.

We had been having some stratification problems when we cycled
the fans., During our scheduled periods of fan cycling, we
would get a CRYOQ PRESS light which is an indication of strati-
fication in the tanks. During one of these fan cycles, the 02
tank 2 quantity indicator pegged full-scale high. We did
another fan exercise to try to see if we could Jjar it back

the other way. It never did. It stayed full-scale high for

the remainder of the flight.

The next thing that showed up was the surge tank continuing to

go down. When it kept going down below the pressure needed

Y

R EREIAL
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for the remaining fuel cell, I knew the remaining fuel cell
was going to go the same way as the others. I left the CM about

that time.

At this time, I called EHouston and suggested that perhaps we
sheculd get somebody in the LM and start coarse alining the

platform. Then Houston asked us to shut down fuei ceii 3.

R
)]
4}

I read the procedure to you and you did it item by item.

We had qguestions on the REACS vaives. Once we threw tae

switch on the REACS valves, we couldn't get the fuel cells

back again. It wasn't cbvious to us at the time, but we should
nave known we didn't have any fuel cells then because we didn't
have any oxygen. Throwing the REACS valves was just merely a

formality.

We came back and shut down fuel cell 1. We asked Houston to
confirm that decision. They did, and we proceeded with the
procedure to skut down fuel cell iI. Then we started activating

the LM tc get our platform coarse alined.

It was none too soon.
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It wasn't much later that Houston came back with the advisory
that we had about 15 minutes of life left on fuel cell 2 as a
result of the decreasing pressure in tank 1. Jim and Fred
proceeded into the IM to power it up. They did it expeditiocusly
and we got the platform alined. I did two VERB 06, NOUN 20,
ENTERS and read the angles down. This gave Houston scme fine
torguing angles to give to you and you got the platform fine

ailined and in good order. We had good cocrdination here.

One of the big turning points in the flight was the fact that

we got the IM platform up. We received the coarse aline from

Jack and the torquing angles from MSFN., The one VERB 06,

NOUN 20 that we got isn't what we normally do. During a normal
activation, one gets a better angle out of it. We did get the
platform alined enough to do_the burn. I think where we made

a mistake was going into the normal activation checklist. We
should have gone into a quicker activation checklist. There

is a lesson to be learned here. To get that LM powered up,

one has to get the platform up because it 1s the heart of the

whole thing.

At that time, I had BAT tie AC on to help with the load. About
15 minutes later, the fuel cell flows on fuel cell 2 went to

zero. The LM was powered up at that time.
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How did COMM work? When did you get the LM COMM and was there

a problem there?

Ko, The only problem was that we were in the hot-mike mode
for a long time without knowing it. We didrn't go into the
activaticn checxilst on cur own, We went under the directicn

of Houston.

Yes, that's right.

They gave us the sections of the activation chnecklist te use,
That was good. It cut down on the time tc get the piatform up.

It really wasn't faster, but there was less chalf in it. We
had to use the 2-hour PGS turn-on in the Contingency book.
Tnat is the only one that gets one a gocd platform. A 30-minute

activation doesn't get a platform.

They would have had less to weed ocut 1f they had jumped into

the Contingency book., Thereafiter, that is all we used.

One of the turning points was that we did get that M platform
P E—— SN

ey -

alired encugh before we rost the CM platform.

p———

3

We failed to menticn the venting outside the B8M,
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LOVELL,  Yes, a trerendous amount of venting could be seen cut the

left-hand window.

SLAYTON You called that out almost instantaneously with nc alarms.

LOVELL  Yes, it was just pouring cut. We could see it because the Sun
angle was Jjust right. Arcther thing along with the physical
sensations was the debris. The oxygen venting disappeared
almost immediately, but the debris around the spacecraft was
tremendous. An earliy discusslion we had with Houston was to
use the stars to get an alinement. It was very difficult to

see anything out the window with all the debris. There were

all xinds of debris out therec.
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8.1 COMMAND AND SERVICE MODULE

We went over there znd saw the wventing; I knew that we were
losing something at the time. I really wasn't too sure what it
was. 1 suspected that it was oxygen because I saw the pressures

were down.

The pressure was going down. We all came to that conclusion.

Yes, right.

I don't think any of us guite realized the extensiveness of it
until we shut down the second fuel cell and the pressure was

still decreasing.

About that time, we realized that there wasn't any sense in

putting in the CH4 hatch, and we put it tack down again.

Avout that time, Fred was going into the 1M anyway, and Houston
came up and finslly said we'd btetter activaite the LM systems.
We activated the cormunications, the power, and the guidance

system.

And didn’'t you have some trouble with brakes in here, Jack?

Contrels?

Yes, but I don't feel that that's strictly because of the same

problem that you had with piteh that the RHC is no good with the
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stack on., You have to use the THC to get adequate pitch control.
Remember that you had the same problem when you were using the

THC.

I don't think we ever knew, though, whether our SM RCS system

was completely werking or not,

Yes, I did. I had good thruster control with it. T think I

did get some rates. 1 don't recall now exactly how much.

That might be nominal with the hand controller when you have

the whole stack on,

We had Just put on the TV show. We were in a stabilized
attitude for high-gain angles; the wvehicle wasn't moving. ALl
alt once, Jack got negative pitch problems. He fired a thruster,
and I remember your telling the ground about it as I was coming
back through the tunnel. I could hear jets firing. 1 thought

you mentioned you had rates Iin two axes.

Yes.

Okay, but we never did figure that one out completely. That
could very well have been dus to the venting of the oxygen,
because when the SHe tank blew, it changed the motion. Most of
the mass 1s back in the SM, so it wouldn't make that much of a

change.
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At some point there, quad C malfunctioned. Do you remember any-

thing about quad C specifically?

I didn't. Quad C was one that gave me pitch. I thought that
perhaps T didn't have any quad C. I don't really have any
absolute proof to substantiate either its loss or its performance,
because I didn't try te control piteh to any large degree with
the THC, I didn't really try to stabilize it out, We did get

the rates down somewhat.

I know I had direct thruster control; I used the DIRECT switches,
and that led me to believe that quad C was okay. I do recall
calling up channel 31 and looking at the computer to see that

the breakout switch was okay.

That's right, we were in that malfunction procedure at the time,

weren't we?

Yes, but, loocking back now, I don't really have any substantiating
evidence either to prove or to disprove the operation of the

normal switches in quad C.

That's an area that we're still a little bit hazy on, mainly
because we shut down power in the CM to conserve the batteries;

and we really didn't have enough time to psych 1t ocut.
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I think that's the reason that I had channel 31 ecalled up. I
did look at that, and that appeared normal. About that time,
we got the emergency powerdown procedure for the CSM; and that

wag about all the troubleshooting we did on the quad.

The emergency powerdown procedure was a very simple six-step
procedure. The CM power was completely killed. We pulled all
the circuit breakers on panel 250 except the sequence circuit

breaker. The CM was like a tomb.

8.1.2 TNoises and Flashes
There was a dull but definite bang — not much of a vibration,
though. I didn't think there was much vibrationm — just a

noise.

Just a noise.

Probably came through the structure.

I felt just s slight shudder.

Maybe I was flcating 2t the time; I didn't feel it.

8.1.3 Debris
There was much debris all arcund outside the spacecraft; we

couldn’'t even see stars.
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HAISBE The debris particles weren't very large. They were small, like
frozen particles, or what maybe look like fleating metal. A

couple of inches or less.

LOVELL I saw one piece of wrapping float by.

HAISE Yes, but there was nothing that was extracrdinarily large.

LOVELL We had no indication from the debris as to the extent of the

damage to the back end.

SLAYTON You commented at one point that you saw about a 4-inch chunk

floating by.

LOVELL  Yes,

SLAYTON Is that about the biggest piece you saw?

LOVELL Yes, it was a plece of wrapping or something.

8.1.4 Physical Sensations (Attitudes, Rates, Vibrations)
LOVELL We think that the venting did impart a velocity to the spacecraft

stack.

8.1.5 Communications

LOVELL We had no problems with COMM during the emergency.
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8.1.6 Tunnel Operations
We had difficulty putting the hatch on, but I think it was due
to our rush, because we went back and checked it again before
entry and it worked fine. We decided to leave the whole tunnel
system open because we determined there was nothing wrong with

the IM, finally.

8.1.7 Cabin Atmosphere

There was no problem there,

8.1.8 Ground Updates (Procedures)
Everybody., including curselves, was trying to figure out what
the story was. We didn't know exactly. The basic thing was to

get the LM powered up and get the PGHS on the line.

8.1.9 Emergency CSM Powerdown

Emergency CSM powerdown went along according to the checklist.
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8.2 LUNAR MCDULE

8.2.3 Power Transfer Activation and Checkout
We went through the Activation checklist as we menticned before.
If we had gone through the contingency 2-hour checklist, we'd

have had a 1little less to work with.

In any kind of emergency, having the ground tell you what to do
a3 you go along 1s great. They can loock at the checklists and
tell what circuit breskers to throw, double check with their
variocus people, and not have to worry about us reading. T
thought that communications back and forth were very good.

There were no problems with LM ECS, and the suit loop was okay.

Just after the emergency cccurred, we did have some problem
getting into PTC. The ground had s hard time locking on, and we
had a lot of noise in the system., We didn't know whether it was
our prcblem or the ground's at first. It was determined to be

a ground lockon problem,

8.2.4 PGNS Activation
The PGNS activation went okay. We got only one set of gryo-
torquing angles. We could not do a really fine activation like
we normally would have done. Because 1 had made mistakes in

the arithmetic several timeg during SIMs, I wanted to be sure
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we got the right arithmetic in. BSo, before T put it in the
computer, [ asked the ground to confirm ny math. When they

said it was ckay, we would put it in.

8.2.5 Update Pads, Alinements, and Calibration
In general, the update pads were very good. 1 think the
technique of taking the existing checklists and having the
ground modify them to fit the particular emergency was fairly
good. It eliminated running down a lot of complete checklists.
I was a little worried thait we would have people on the ground
that would be interested only in a certain part of a system
and would not see the overall plcture. I was interested in

keeping everything as short and as simple as possible,

I didn't want to get a lot of stuff up there that really wasn't
required. That is why I made some comments on the way, to just

mzke sure we did only the essentials.

We spent so much time on that final activation because we
wanted to make sure that we used what you had on board as much
as possible and that we did not give you a whole bunch of un-

necessary stuff.

That technique is good. What we didn't have, and we never

thought that we would ever use one, was a C8M Activation
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checklist. We should lock at scome of our contirgency books

and include somec of these items in it. I don't think that we
will ever get away from having tc modify some checklist. The
systems guys are going to have tc look at what you have and
what you don't have, and how to work around it. I certalnly
never thought about powering up cr charging CS8M batteries with
LM power, It never occurred to me thal it could be done. Jack
and Fred thought that they could do that. The ground had the

technigue, and it worked well. That was = tig help.

We have our Contingency checklist; our method of doing = DPS
burn; and how to contrel using the TTCAs for attitude control,
pitch, and roll, ani ACA for yaw control, This technique did
work and was adequate. In fact, that is the way we flew the
vehicle 211 the time. Cur only big problem was when we shut
down the FDAL to save power and went to the computer flashing
16 20, which gave us yaw, pitch, ané roll, actually ocuter,
inner, middle gimbal angles. We wanted to keep the middle
gimbal angle out of gimbal lock. The technique that is in thne
contingency checklist is not valid. You can't use the TTCA

and fly the computer the way we fly the B-ball.

That's rignt.
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As & matter of fact, we spent hours trying to do it. I still
den't have the technique. You just have to try to figure out
by experimenting which way to hit the thruster. It changes de-
pending on where you are, what gquadrant you are in, and what the
angles are as to which way to throw that translation controller
to stop the angle from going toward gimbal lock. We were try-
ing to keep it at a gimbal angle as close to zero as possible.

I wasn't too worried about the other two gimbal angles. It

was a continual battle to find it.

Maybe we ought to do some more research into using that tech-

nique. In the future in event of such a Qontingency, we ought
to look at keeping the 8-ball powered up and powering down the
DSKY, or something like that. I think our PTC mode was finally

the AGS ATT HOLD, which held the vehicle once it was in position.

The problem could be handled the same way that we did it. We
taped over each ball top and side and wrote in what the repre-
sentative TTCA gave in terms of pitchup, pitchdown, roll right,
and roll left. This is & nice handy reference. You didn't
want to think about the geometry cof things if you could just

lock at this piece of tape and tell you which way to do it.
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8.2.7 ORDEAL

HATSE We did not use the CRDEAL in the LM.

8.2.8 DAP Loads
LOVELL  DAP loads were sent up by the ground. We didn't use DAP at

all; we used AGS almost all cf the time.

8.2.9 MSFN Relay

LOVELL We did not use the MSFN relasy itself.

8.2.10 DPS Maneuver

LOVELL As soon as we got the LM powered up and got our alinement, the
ground, which was quite correct, planned to get us back on
our free-return trajectory. We did the first DPS maneuver in
AGS ATT HOLD. We had to maneuver manually to the proper atti-
tude, and then PGNS ATT HOLD held us at that attitude. We
couldn't do an AUTO maneuver to it. We maneuvered manually to
the attitude, nulling out the needlies, and PGNS ATT HOLD held us

there. We went through the DPS throittle check.
HATSE Pericynthion plus 2? About 25 ft/sec.
LOVELL Is it in the LM contingency checklist?

HAISE The 38 DELTA—VR. Qksay .
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LOVELL After the 3l-second burn, we reinitialized the gimbal angles;
we pult new gimbal angles in based on the stack. The whole

burn worked cut oksy.

SWIGERT Was that the one where I called out the times — 5 seconds at

the 10 percent?
LOVELL  Yes.

HATSE It was right on the money on the time. The residuals siipped

to 0.2,
LOVELL Yes., That was a very good burn, as far as the DPS goes.
SWIGERT It was beautiful. The attitude excursions vere nil,
LOVELL  Yes.

8.2.11 LM Powerdown

HATESE We didn't do a lot of LM powering down. We kept the PGS up.

LOVELL We got rid of the FDAIs; we kept the PGNS activated until the

pericynthion-plus-2 burn.
HATSE We never powered up the AGS.

LOVELL The powered-down configuration is probably listed in the con-

tingenecy checkiist. We can decipher it from the other powerdowns

¢a5§§45'%§"
Bts. o Sy | A
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that we had. However, basically, we kept up the PGNG, We

wanted to keep the alinement that we had obtained from the CM,

8.2.12 AOQT Checks
An AOT check was made. I don't recall the time to verify the
alinement prior to the pericynthion burn, in which case we
were using the Sun to see how valid the alinement was. That
was some time, I think, prior to LO3. The ground gave us a
2-degree excursion on that. We double checked it quite a bit.
We were in PGNS ATT HOLD after we got there by maneuvering
manually. The Sun checked out Just about where 1t was supposed
to be. It was off just a little bit, perhaps half a diameter.
S0, that again was wvery foriunate for ﬁs. Getting a better
alinement would have been rather difficult for pericynthion

plus 2.

The Sun filter worked; however, there's one problem inherent
in its design. One can hardly see the reticle with the Sun
filters on., It's difficult to do alinements until the Sun is
very close to the center of the reticle where the lines cross,
It's hard to tell exactly where the Sun is with the filter on.
The Sun.check worked, and we did not do another alinement. We

kept the PGNS powered up.
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8.2.14 Procedures (Onbecard and Ground)
The procedures were completely cnanged as we went siong. It
was a case of never going back and doing exzotly what we
planned to do but lockirg for taoe greund to 4o whal was re-
quired =znd passirg “hose medified procedures ur to us so we
ceuld de tke Jcb, The best indication thaat thoy were adaguate

igs the fzet that we're back herc.

e

The ground passed me up a bpaslic switch cenfigurstion for the CX
whica T set up. We just went on dowr the launch checklis®t ard
set every switrh per the ground instructions. We started cut

with the basic CM switch list.

The powerdown we did was the one that wo ad-Iibbed. We went
down the rows znd gave up what we thought we could give up,

lights and things that were very cbvicus., We didn't do toc

mach on the powerdown. I think Sne crew and the ground werse
both hopirg to keep the platform going to get the next

FC-plus-2 burn done.

We powered down everything that we knew we weuldn't rneed, end
we just pulled the circult breakers on it. We almost had a
problem, though, because we almost pulled the PGIE circult

breaxer, waich we did not do, fortunately.

1Rk
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8.2.15 Passive Thermal Ccntrcl
PTC was daone primarly on the computer, and it was difficuls to
{2y the gimbal sngles cn the compuser in this zonfigaralion.

Ir the future, we should prererc for that type of flying.

Trhe PTC you're talking aboui here is where, you were turning

approximately 90 degrees.

We would turn 30 degrees, then sit ar hour, then go on 90 de-
grees, stopring for an hour, et cetera, rather than in a

normal, continuous PTC motion.

8.2.16 Spacecraft Stability
There was no trouble controllirg the svacecraft motions. That
was one thing 1 was worried about. If we'd ever got uncon-
trolied, we'd have been in deep trouble. You can contrcl the
mction a Lot better if you have a bedy te crient cn, like tho

Moon or the Farth.

~

$.2..7T Cabin bEnvironment

The CM was Zark and unpowered and was Just geolng to g0 down
siowly in temperaturc. At this time, I thought the LM wus
fairly comfortable. 1 don't recell any cabin temperature
readings, but I don't rememver being really uncemfortatle in
the LM or ir the CM durirg that first pericd of amctivity; thoy

were both guite reasonable,
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SWIGERT Down to that first PC plus 2, both spacecraft were comfortable.
That first night we did like before and put tiae windeow shades

ur.,

LOVZLL That was a mistake.

SWIGERT That cocled the CH dewn, and we decided from txnen on thzt we'd

Leave the window shades off.

LOVELL We'ld put the windew shades up, and it would really cool it
down faster than we wanted 11 o just in the CM. We used that
as a bedroom and so we had the window shades down to keep it

dark in there.

SWIGERT It was still pretty reasonable thougn. One could sleep up there,

Prior tc this — when we were on the normal flight plan, we

had kept asccurate records as to exactly what we had eaten and we
had transmitted to the ground cur sleep, and the quality of

the sleep. Urination was no problem; we had been very regular.
After the mishap, it was a problem in that we couldn't get our
water. We were told rnot to use the LM water, and about this
time they passed a procedure for activating the CM to cbtain
water. I did this several times and filled a number of the

Juice bags to try to get sghead. I figured that we needed at
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least one 8-ounce bag of juice per meal, sc at ore time I
f1ljed 13, and at ancther time about a dozen. At ore time,

we filled 20 cr 22 bags.

The procedure gave us a lot of water at one time, but if you

didn't use it ine pressure would bleed cf?f,

I kept filling juice bags until the pressure had tied cff and
I couldn't get any more water out of it. However, the only
problem there was that I had nc idea how much cxygen I weas
using out cf the surge tank every time I did this. I didn't
tairk it was extreme, but I just dién't krow when I was going
to limit our CM. At that time, we didn't know how long the LM

would last, and I wanted tc have lot cf CM 02 left,

You might think that you have to stop overbeoard dump because
of the loss of the electric power and the heaters on the urine
dump, but Jack actually rigged up the AUX urine dump through

the forward hatch and I think he tried it.
<cim did it onee.

You should tell Houston, tcoo, that dumping overboard was

a bad thing to do.
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The point I was making was, cother than the problems of tracking
— I don't think you need a heater for that overboard dump,

and T think you can use it forever and ever without having a
heater. With the tracking, though, that made the picture
entirely different. When we ccouldn't dump il anymore, I think

we improvised some place fo steore all this good fluid.

Cne corment on using that auxiliary dump for urine is that 1t
does completely clouz up the hatceh windew. If you ever use
that, you might as well forget about photograpay. We used it
for cne urine dump, and there were particles on the window

from then on.

That is & goocd point. Using that auxiliary dump elither for
waste water or urine is strictly for backup. We kept the urine

on board, and we had to Tigure out ways cf keeping it.

We used both bhags. We filled hoth of those bags we showed on
TV, which were the bags we were goirg to fill with water from
the PLS3, and we used gll the Gemini tags out of the CM. We
used all the urine bags in the LM; I think there were six. We
were down to where we were contemplating next using cur old

drink bags.




LCVELL

HATSL

LOVELL

SWIGERT

HATSE

B2

We had urine all over the place, stacked in places we never
even thought about. 'The nice thing about it, though, 1s that
we found enough guick digconnects and rigged ur lines to get
arine into thirgs that normally we were putting other siuf?
into or taking situf? out of. 8o, 1t worked osut thal we could

store a lot more urine than we thought woe could.

In fact, while we were thinking about fthne water, ard talxing
avout feeding FLS3E watcr into the sublimstor, I azd a way

figured out to get the urine through the suclimator.

0f course, at this time, we were alsc thinkirg about the PLSSs
about using the water for the sublimatcr and then using the
fans and the batteries and the oxygen In case the LM system

failed.

It's really surprising that a lot of the things the ground
sert up, we had discussed. Fred had immediately doune some
calewiating and flgurirg on the 1life of the balteries which
rvroved Yo be very accurate,compared to what the ground had.

Cf course, at this time, we nadn't figured or the powerdown.

Both of us missed it; both the grourd and I were initially
conservative. The LM did its emergency powerdowr tetiter than

either I or the ground figured. In fact, I think we even got
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down to 10.3 amps there. On the water, I missed. I had fig-
ured about an average of 3-1/2 or U pounds an hour on water
for the whole time and ended up having 1 hour to spare. Of

course, we came out a lot better.

It was very uncomfortable. Basically, the cold made it uncom-

fortable.

First of all, even though the temperatures were comfortable,
the humidity started to climb. The LM, obviocusly, couldn't
extract the water out of both spacecraft. We began getting
condensation on the CM windows right away, even though we still
had comfortable temperatures in both vehicles. And then the

tempersture in the CM and LM started to lower.

So it was a case of having a cold, high-humidity environment.
The cabin pressure was no problem. The CO2 buildup — that's
a story in itself. Houston came through with a2 technique for
using CM LiOH canisters in the LM, which worked probably as
well as the basic system. We ended up with a complete primary
LiOH canister that we didn't use. And that was 40 hours worth

of running.

We had more canisters in the CM which we could have just added
onto this thing. . I felt we had an unlimited supply of LiOH

canisters.
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S0 even though we probably didn't even have to go through that
other mode, it kept us pusy. 1it's like putting up the antenrz
in a liferaft. Does it work? Maybe 1i'll keep you busy for

a while.

It's worthwhile menticning that on the first canistor, they
did aliow us to go up to 15 millimeters and, gualizatively, =

didn't notice any chuange in the environment =zt all.

I was worried that when we started the sleep-rest-weork cycle
we would forget gbout these C0, buildups. We had adequate
ventilaticn in the CM, too, by putting the hose through the

tunnel.

We put that vacuum hose on the CDRE's hoses. That reached up
into the tunrel and was one thing that contributed to the CM

getting cold.

Yes. We had one koge in the LM and cone hose &3 far up the

tunnel =8 posgsible tc ventilate the CM. That kepi il going.

Iike a snorkle sticking up there. The sleep-rest cycle, the
first couple of cycles, ssemed regular; but, after that, I

really kind of lost track of who was on watch.

They tried tc set up scmething, but I couldn't ge to sleep

after the accident. I don't xnow how many hours after that it
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was wnen I just guit working. You xnow, I just had to see if
things were going right cr not., It was a litule later I realigzed
we couldn’t do it for long, and so then we tried to get some-
thing geing on the weork-rest coyele. However, I don't think

we reaily did accomplish that cbjective,

Ho. Tre flight-planning guys were trying to work out ore, but
we Tinully decidec it was better tc block out pericds and some-
body could be sleeping; that is, let you men figure ocut wao

should be sleeping.

Yes. That's the only way we could do it. Waen a guy felt
tired, he tried tc get some sleep and anoﬁher guy would take
over. Bub we Just cculdn't look in advance. We knew that we
had tc get some sleep; we couldn't last forever. 3Sc, we didn't

get much sleep at all, maybe an hour at a time, I think.

Aetually, Fred, you got some good sleen?
Yes, - did.
Yes. You slept that one time in the tunnel very well.

And one time in the CM, I think you got avout L or 5 hour's

good sleep.




SWIGERT

HAISE

LOVELL

HATSE

LOVELL

HAISE

8-3z

My sleep was very sporadic.

I would sleep in the tunnel right next to the ECS unit. This
was the warmest piace. And I got in the sleep restraini and
slept upside down in the tunnhel with ry face tack toward the
netch., I zipped up the sleep restrairt and used a2 string on
it to hook myseif t¢ the latch handle on the L hatch sc

T wouldn't drift awsy. It must have looked very girange. And
the food business was another thing. We may have cut our-
selves, without thinking sbout i%, a little short on fhe liguids.
With the water problem, we stopped reconstituting. 3So, the
only food we ate after the incident was cubes, the wet vpacks,
and the sandwich spreazd. We didn't reconstitute ancther bit

of food efter that.

Well, I wanted to save the water.

We alsc didn't have any hot water. 3Some of the reconstituted

foed was not too good without hot water,

I might be wrong, but I thought that using al: the water we
had for juices, and then using that other food, was better

than ftrying to reconstitute some of that food.

I meant for regular water. You'd drank all the juice we drank

and you'd still eaten reconstituted food alsoc.
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Oh, yes.
We didn't have much water, so, we were short.
Anything else on the comfort and eating?

I think the only thing as far as eating was that we filled
gbout 35 juice bags when we ran out of CM water. We had gotten

about that quantity out when we ran out of water.
Were you consciocusly thirsty at any point?
We were, right after the accident. My mouth was dry.

T don't think we were really thirsty. T think the last day T

was thirsty.
Yes. That was all.

And then, at that time (about 12 hours after} we ran out of

CM water and we had used all the juice bags.

Then we knew we were kind of bad on water, I was thirsty. But
when I started having my urine-burning problem, I drank ex~
cessively. That was the old school medicine I remember, which
says you ought to flush the system. So, I started drinking

to do just that.

GONEIDEMNTIAL
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SWIGERY Something that we didn't mention was s leak in the LM water
gun at one time, whick deposited a considerable zmount of

water in the LM.

LOVELL That's right.

SWIGERT We disconnected the LM water gun and then used the CM water gun.

HAISE Would you guess zbout a guart of water, maybe?

SWIGERT Yes. I think so. It had quite & bit of adhesion and it stuck
all the wgy around the ascent-engine btell cover and then
around the part where the LM water gun attaches. It zook six

towels to sop it up.

SLAYTON You replaced that with the CM water gun?

SWIGERT We replaced it with the M water gun.

SLAYTOK Was it leaxing constantly?

SWIGERT I'1l telj you how I noticed it. All of a sudden my feet were
wet. My feet were sc Gamn ccld., It tcocok me 2 days to get rmy
feet dry. It nhaed completely sosked through ry bootees and my

ClGs and that was my first indication.

EAISE Jack was in his usual LM crew position, straddling the ascent-

engine ¢an with his feet draped in the water pool.
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SWIGERT But, anywasy I went back up in the CM. You disconnected the

water gun.

HAISE I shut off the descent 02 velve and no more water could get
down the tube; then we just disconnected the gurn. Some time

later it was brought down.
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8.0 LUNAR FLYBY THROUGH 2-HOUR MANEUVER

The next thing we should talk about is the PC-plus-2-hour burn.
That was the PGNE DPE stack burn. We got two updates and an
update to the original burn. We updated a whole change in
the TIPS profile. We maneuvered manually and went into PGHS
ATT HOLD. We powered up early. It was a mistake, but I
wanted to make sure. T was a little worried about getting
into the proper attitude. 8o I asked if we could power up
and we went through the contingency DPS burn faster in the
checklist than we thought we were going to be able to. We
were sitting there for almost an hour powered up. I kicked
myself, I don't know how many times, for powering up early
and using that power when we didn't have to.

We were so concerned about getting this burn off.

We wanted to get the burn off and wanted to make sure of the
proper attitude to do it. We powered up early. The ground

didn't say anything, sco I was thinking seriously of shutting
down and starting up again; but I thought, we're already here

and everything is all squared away, why don't we just do it?

All our consumables and everything else were based on the fact

we were going to be powered up through that point.
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So, I guess those were okay. Jack tried to keep track of time
for us when the engine started. We were 5 seconds at idle,

21 seconds at LO-percent throttle, and the remainder of the
burn at full tarottle. But the way it was configured, at

26 seconds, it goes to full throttle. So, it actuslly beat me
going to full throttle at that time. When the DPS burned, it
was exactly like flying the simulator. The attitudes were very
stable — no oscillaticns — and the engine was very quiet, very
smocth. At the time, I wished I was doing the landing with

it. It was a beautiful burn.

The only way I could tell that engine was 1lit was to watch the

ENGINE THRUST gage. It was extremely quiet.

I den't have any more information on the PC plus 2. Does any-

body else have anything on that burn?

No, except during the first one, apparently the gimbals had

settled down pretty well and the attitude was extremely good.

We did not change gimbal angle this time on the engine. We
went with what was left over from the last burn. We used a
VERB 49 to get the needles to fly by snd to which we had to
nudge manually. PGYS would hold the stack at this position.

It wouldn't get 1t there. It would hold the stack at that

Vibiw yvuin o
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position. We also did something else. [idn't we power down —
Rather, didn't we shut off some thrusters so we wouldn't impinge

on the CM?

Oh, yes. We did NORMAL, VERB 65 before the burn. I had AGS
up to this time and its DELTA-V readout was within the COMP

cycle. It was right with the PGS all the way.

That was the cother factor in this thing; 1f you had burneé the
DPE engine for that pericd of time without the CM, They were
afraid to fire it up again because they had no data to indicate

1t was a safe thing to do, because of the sozkback.

About the SM, you mean?

No. Just the performance on the DPS itself. On the DPS engine
with the shorter burn, nobody was concerned about cranking that

up.

Oh, I see, For the long burn, they were concerned sbout it

burning up.

It was almost to fuel depleticn, although we figured you had
approximately a T-percent margin on it. They would have been

afraicd to fire using it again.
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We were locking at that for maybe the last time.

The next area we shculd talk about is what cccurred in lunar
sphere of influence. That is, in terms of cbservation,

photograpny, and anything like that.

Wel., we got photography. Jaeckx and Fred tock the cameras on
our pass around behind the Moon and took pictures and con-
firmed that at tnis stage, the Mecon was really gray. They're

free to discuss 1t themselves.

Jack and T were crying all the way around and shooting pictures
i1ike crazy. I guess we were up in the CM, first shooting out
of window 1 as we came upon the back-side terminator and
subsequently ended up at the right window of the LM as we came
around the corner. Then we werc alsc shooting ocut of the

overhead {docking) windows.

4+

I'll be perfectly frank, I wasn'i interested in photography
Y ¥

at the time.

In fact, we keep getting ccomments from our Commander, 'Hurry
up, we have a burn to do. Hurry up.'" And we said, "Relax,
Jim, you've already been nere before, but we haven't." We

were just taking pictures like crazy. But we had LOS at the

L0
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proper time and we had sunrise at the proper time and we had
ADS at the proper time, so we had a fairly good idea that the

ground had good tracking on us.

I might mention the one thing I was worried about in controlling
the spacecraft before we did the midcourse. It was back on

the free return and that was when using the TTCAs. I didn't
know what kind of trajectory changes it would give me. After

we did our very first midcourse, tracking indicated that we had
a 60-mile perieynthion, and I wasn't too sure whether control

of the stack with the TTCA was going to reduce that or increase
It. I 4idn't know what it was going to do. T made that comment

to Houston. I guess it didn't make that much difference.

Well, after our free return, we now had 137.

Well, I wasn't worried then.

We went around it and we had lots of fat.

Okay. After PC plus 2, we did a PTC maneuver using PGNS. The
procedure was called up by Houston and T can't reslly recall
what it was. I don't have the checklist with me. After the
burn, they gave us a method of using the PGNS to do a PTC

maneuver. 3So, then they were going to shut down the PGNS.
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LOVELL I'1l have to renege on making any exact comment on that; I
(CONT'D}
don't remember what it was exactly.

SLAYTON That's the one he had trouble getting intoc, though. That is

when we were really sweating your fuel consumables.

LOVELL Yes. I was anxXious to get the power tuwrned off, too, and to
get it cut down again. Right now, I don't recall exactly the

type of procedure I actually had to do.

LOVELL Anyway, I think the procedure worked very well. Two things
about this time, we also powered up the PGNS and we went to
MANUAL on the antenna, That was basically the procedure we

used throughout the entire transearth coast.

HATSE We did go intoc the powerdown on page 5 in the Contingency
book. That's the first real powerdown we had; that's after

you got that PTC down.

LOVELL Yes, we went through it to where we had gone down to minimum

pover.

HAISE T thought it was pretty nice the way they went to a section and
page in this book — which was clearly appropriate for it — and

made the deviations from that according to the situation they

.._1-'_ n@. 5
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It really wasn't very extensive.

wanted and had us update that.

HATSE

(CONT'D)

We just followed the script and powered it down

it was very

.
»

simple.
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10.0 TRANSEARTH COAST

Rasically, the transearth coast consisted cf the spacecraft in
a powered-down situaticn; it was in somewhat of a PIC attitude
with a rate that would keep the thermal conditions corsistently
ever., We performed one manual midcourse maneuver at 105 hours

ard then went to a powerup situation and entry.

During the transearth coast, all systems were powered down,
except for the communications system, and the FC5 in the LM

that was necessary to keep us alive.
15.2 HAVIGATION

Navigation was performed by ground tracking, and by the mid-
course correction maneuvers. The mideourse corrections used

a procedure that had Teen generated earlier ard, from the crew
peint of view, was very simple to perform. The procedure is to
use the terminator of the Earth to aline the spacecraft to
either retrograde or pcsigrade positicn and then to perform
either a retrograde or a posigrade burn to change the entry
angle. 1t was very simple to perform this procedure in the
configuration we were in. We accomplished midcourse correc-

ticn 5 on the AGS, using the TTCA to control roll and pitch.
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It was almost a three-man operaticn. Fred did the ullage; I
started it on time; and Jack called the time for stop. We alsc
set up a timer. The correction was performed with 1l0-percent
tarottle. I centrolled reoll with my TTCA, and Fred contreolled

the piteh. Jack yelled "Shutdown," and I stcpped the engine,

cack brought up a good point to mention while we are discussing
this particular burn — an attitude check using ‘he position of
the Bun. If we had been in the proper attitude with respect to
the position of the Farth, a pitch would have been wvalid be-
ceuse of the position of the SBun at that time. 5o, the idea
was to position the Sun at the top of the reticle in the AU,

This procedure worked well, and that's how we got our pitch

zlinement with roll and yaw — using the terminator.

I checked both the COAS and the AOT, and both were right where

they should have been. It wag a beautiful job.

That technique — & manual burn using the AGSE — does work,.

We ocught to think about that kind of burn for the future.

10.4 PASSIVE THERMAL CONTROL

According to Houston, the earliest possible time for the

SHe tank to blow was 107 hours, shortly after the burn
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LOV=ELL but no pitch. Tkere was also some coupling when we got started.
{CeNT'D)
There was some debate with licustor acout wheither we should start
or not. 1 thinx the decision was that we could go. This gave
us a pretty good reference, because the Earth and Moon would

appear in our windows. After a while, Houston came up with

angles.

This FIC zttitude wes very good until the SHe terkx vented. At
the time of venting, I think Jack Lousma asked 1f we saw any-

thing. We did see it out the right window, the TMP's window.

+

t reversed yaw completely and gave us a coupling in pitch and

reli. That was the attitude in which we remained for the PTC.
EATSE Also, the venting about Goubled the rates.
LOVELL Yes, it really spun us up.

EATSE it not only stopped our rate in one direction, but it doubled

our rates in the other direction,
LOVELL That was supposed to be a nonpropulsive wvent.
SWIGERT We were really switching antennas quite rapidiy Tor a while.

LOVELL But trhere was one Interesting thing. From the time we started

it, we didn't touch the thrusters at all; attitude control was

LCONEIDE
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and after we had gone to PTC. The latest time they ex-

pected it to blow was 110 hours. So, we began to watch the
tank after this burn, and we discussed it among ourselves ——
vhether we would hear it blow, how we would notice it. I don't

think we came to any conclusion, though.

We never did hear 1t blow. I think Tred was sleeping at the

time it went.
It didn't bother me.

Another thing that was particularly geood abcout this manual

burn was that by using AGS, we got a good ball alinement after
we got into pogition. So, we actually did not use an outside
reference for the burn. We got in position using the position
of the Earth, but then we got the ball alined with the AGS, and
we used the AGS ball for attitude control during the burn., We
also used the attitude deviation needles; then, we went back to
PULSE. They told us ta roll 90 degrees to get us back in the

proper attitude for PTC, which we did.

They said to null rates within 0.05 deg/sec. I didn't see how
this was possible, but we nulled them as much as we could. We
got the attitude down, and then we put in 21 eclicks, either

21 or 12 clicks, of yaw. There was a little roll and yaw,
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So, we had BM venting of some sort, which we thought was

hydrogen.

It was just before or just after this midcourse correction that
Houston passed up some procedures for powering up the CM with
the CM batteries, sc that they could get some ftelemetry and
read some ingtruments. I did this, and I also read some
voltages. They read the telemetry, and then we shut off the
T™M. Bo there was a period of about 5 minutes that we had the

CM powered up.

When did we start doing the battery charge?

After the midcourse correction. Houston passed up a

procedure to power up the CM using LM power. We powered

up main bus B, and that procedure worked like a charm. GShortly
after that, we began charging battery A, and Houston estimated
that charging would take 15 hours. We checked out differentisl
current, and, sure encugh, there was an 8-amp difference.

Then, we finally had a little confidence that Houston knew what
they were doing. Actually, we had confidence all along, but

it was very comforting to know that they were that accurate on

the amount of amp-hours consumed.
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strictly on its own, except that the rates slowed down. By
5 hours before entry, it had slowed down to where the Earth

woeuld come by the window only once every 12 minutes or so.
I attributed that to the sublimator,

There was something else venting, too.

Yes, we had some venting from the CM periodically.

We forgot to mention that. There was something all during this
period, while we were checking through the AQT, that was vent-
ing out the SM. We attributed the venting at that time to the

hydrogen tank.

What I thought was happening was that the hydrogen panks would
g0 up, pop the relief valves, vent for a period of time, and
then, the venting would stop. Jim énd I were trying 1o see
whether we could see stars as we went arcund. We found that
during periods of no venting, there were attitudes from which
we could pick out whele constellations., Jim picked out Scorpio
and Nunki. I picked out Acrux, the Alpha and Beta Centsauri,

and the Southern Cross. We could see whole constellations, but,
when the venting started, it was Iimmediately apparent that the

stars were gone.
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At the seme time on the transearth coast, we were passed a
procedure Lo configure the CM canislers tc scrub 002 cut of

the IM ECE system. That procedure worked very well, and we had
no prokblems. We powered up tne IM just before entry. We got
it powered up 2-1/2 hours eariy. One reason for early powerup
was heating. Again, we were very cold. We thought of uging
the window heaters, but I was very reiuctant to use ther:. They

use gquive a lot aof power. Also, they were really cold and wet,

and we were worried sboul somevody appiying hest tc them.

We tried not to disturb the envircmment. We had talked about
pressurizing internally with the PLES or the 0PESs to make sure
that we .didn't use the CM RiGs cor cabin REGs on descent.

We hac determined that we wcould not dc anything to Qisturb the

environment on the insige.

Along with +hat, too, was the guestion, "Should we break out

the suits and put them on?" Right now, it's still a little bit
hazy in my mind wnether we should have dorned the suits. With-
out the sulis, we were so mucn more maneuverzable, especially in
getiing rid of urine and moving arcund, that I was reluctant to

put on the suits.

The problem with guits is that your body can't breath in them.

With ne hoses plugged in, tkhere is no flow. Even as cold as it
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You'lve
got to crawl out of them about every 2 hours. Then, you're

expesed soaking wet to that chilly atmosphere.

10.9 STAR/EARTH HORIZQNS

LOVELL So, we powered up. It tock about 30 minutes hefore the LM
started getting warm. The windows cleared, and we never did

use the heaters on the windows.

We stopped the PTC attitude. The first attitude maneuver was
to the Earth. I wanted to make sure I got the Earth in sight
again because I knew I was going to do midcourse correction T.
We sguared away whether we would do an alinement or not, and
we did. We did Moon/Sun alinement with the IM. I'm not so
proud of the alinement, but I really don't know what the sit-
nation was. It was a stack. We had been doing it with the
TTCA. The way we finally did it was: Fred maneuvered, and I
told him how to maneuver so that we could get the Sun and the
Moon across from the hairlines. I tried to put the mark in as
soon as it went to the center. We got about l-degree star-

angle difference.

HATSE 1.l degrees.

LOVELL Yesz, something like that. It's a pretty big torquing angle;
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comp-elely adeguate. Again, we used the filter for the Sun.
We ocught seriously tc consider using the Sun and Mcon for
slincment, because when you're cut there, you just den't see
sters. 7You Just can't rely on getting good slar alinement if

scnething's wrong with the CMC. Ycu have to use zomething, and

tnen the crly thing vou've got iz the three bodies.

You car't do them in a2 simulator.

You cannot do Sun arnd Mcon alinement; no planets arc available

in the simulator.

Because the 5Sun shield is so thicx, looking al the reticle is

very difficult. It's hard to see and hard to recad.

It's hard to pick up the reticles,

Yes, it's very kard to pick up the reticieg with the Sun. Maybe
we're going to have to be satisfied with rough salinements with

the AQT when you have =z maneuver stack like that.

It made us feel very good that we had picked up Jack's aline-

ment before we'd powered down the CM,

That's hLow we did midcourse correcticn 5. I wasn't really

worried about that alsc because it could burn 1t on the Earth.
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But, I wanted to make sure that he got a geod alinement from
the CM, especially because the LM was getting the rough aline-
ment and then doing the transformation backwards, which we had
never done before. Going beck and giving Jack the angles to
put intc the CM allowed him to gel & rough alinement in the

CMC sc that we could de a P52. That's what we wanted to do.

Houston calculated those angles and passed them to-us. One

key thing to this whcle time line was doing that Sun/Moon aline-
ment. That gave me a lot of coniidence; even if I never saw

any stars or we didn't get my alinement, we hzd 2 good encugh

alinement to get in,

This really wasn't the original procedure, XNormally, Jacxk

would have been on his own to get an alinement.

Wher. we discovered that we had sbout 100-percent margins at the
time, we told you to power up. That's when you started up.
The best weay to warm you up was tc power up, and once ycu'd

done that, you might as well go the other route also.

Well, I was & little bit worried about having to go to a Moon
attitude and then a Sun attitude for Jack. It was a lot easier.

for me to go to those attitudes and then dc this rough
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Pl

alinement, tecause everythirg was rignt in vae "M cockpit,
Then too, Jdack gave me scme angles tc go to. I thought that

spproach was best.

The technigue was to aline in the same manner we usually do on
the terminator of the Earth, jusl a pure pitech. I was locking
through the AQT, and I'd tell him when it was right in the
plane cof all the bodies. Then I'd tell aim when the next one
trickled in. We'd stop around that one and go to work alining
on that one. Then, it was just another pure pitch from there
to pick up the next hody. It was pretty straightforward

attacking it that way.

We finally got our rough alinement for mideourse correction 7.
Houston called up and asked if we would iike to do a PGNE burn,
and we said "Fine." That's where I really got confused, I
guess Dr. Berry thought I was tired. Well, maybe I was tired.
1 got Fred to go over and checx those switches, too, and I
think Charlie finally told me what was wrong. We maneuvered
manually to what I thcught the attitude would be, based on the
angles we were reading. Then, I went to PGNS AUTO, and it

drove the spacecraft there, but the needles never rulled out.

Two of them did nct null.
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Yeg, two of them didn't., I was worried about whether I should
null the needles to get the proper attitude, or whether I
should hold what I had, because the compuier knew what the
attitude was. As it turned out, it really didn't mske amny
difference; because, no matter how I burned, it would have
been okay. I think you know I forgot to PROCEED 50 18 or
something like that., Charlie said that I should have. Any-
way, that's what got me confused. That's why we had a delay,.
I wanted Houston to find out what the situation was. I really
prefer;ed to do the o0ld AGS burn again, because we had done it
cne time and I knew that it worked. DBut, this burn was ockay.
We burned RCS this time. I guess it was 3.1 ft/sec. That

worked fine.
That ended up being an AGS burn, Jim.

Yes, Houston finally told us to go to the AGS, There was a
lot of confusion sbout this time. I guess we'll get to it a
little bit later on in discussing the entry. I guess there

was some confusion on the ground, too. But, anywsay, that burn
was performed with the AGS, and there was no problem with at-
titude control once we made the burn. There was some confusion
on my part about the exact attitude I should be in. I was also

worried about the fact that the Earth wasn't perpendicular the
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way it should have been. I found cut it should have been
B8 degrees off in attitude. OQur midcourse correction 5 really
should have been that way toc, but to make it easy on us, they

wanted to do it perpendicular.
10,16 EATING, REST, SLEEP, FATIGUE

Fred woke up with the chills before we did midcourse

correction T.

Yea. I wasn't sure what gave me the chills. I was back in the
CM at about that time, and I had to gc to the bathroom. I
stripped naked in the 42 degree temperature and ricocheted
arcund touching bare metal, and it jusf chilled me to the bone
every time I'd touch anything. Your can't help but bounce all
around in there. I was really cold for about the next 4 hcurs.
From that time on, it sort cf began to catch up ﬁith me. I
tegan to feel Lired. Before that, I really didn't feel much

effect at all.
10.23 FINAL STOWAGE

Cne thing, Jim. You and I had gone down, and we had practiced

installing the CM hatch.

Yes. That's another thing.
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SWIGERT It alsoc completed the stowage list, which was read up fo us
from Houston. B¢, we had everything done. I had completely
stowed and tied everyihing down in the CM. T had gotten the
strut lanyards ir place, and we had the CM all ready to go

before 6 hours 30 minutes before entry.

LOVELL  That's why I called down and tried tc simpiify the procedures.
We wanted to run through them and make sure we didn't have any
conflicts between whalt Jack was doing in the CM and what Fred

and I were dcing in the LM.

SWIGERT We had the procedures worked cut. I copled dewn that long
procedure that Ken read up toc me, and Fred and Jim copied down
the LM procedures. Then, we sat down and went through each
procedure item by item to make sure that we interfaced correctly,
and we found that everything worked pretty well. There were
only one or two items that we had to guestion Houston about.

They had us pulling one more circuit breaker in the CM than we
hed, 3But, generally, it was a well-followed procedure, it was
well reaé out, and we had no problems at all integrating the

procedure.

LOVELL The last couple of hours after midcourse correction T, Jack

brought in the probe and drogue, and we stashed those in the
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LOVELL IM. We also got a lot of the debris out of the CM, and we put
(CONT'D)
the trash in bags in the LM. We latched down the IS4 because
we put a lot of stuff in there. We latched it on top of the
PLES on the floor in the LM. In the last few hours, wec had

everything we were going to jettison in the IM already there.

HAISE We took a lot of pletures of this. Tt was pretty interesting

looking, although the lighting is not very good inside the L.

IOVELL:  The mideourse correction was performed at EI minus 5 hours,

and at 4-1/2 hours, we went to the SM jettison procedure.

SWIGERT At this point, I had to pressurize the CM RCS system.

{502
v
o miaad



e v r Ty ak e R rrede s o b
el pE e ' -
gy AL

N ow A



LOVELL

SWIGERT

LOVELL

SWIGERT

LOVELL

LOVELL

SWIGERT

11-1

11.0 ENTRY

We'll go to that point between the midcourse T, which was the

last mideourse, to M jettison. We had to power up the RCS gys-

tem and do the checkout.

Yes, I d4id this in ACCEL COMMAND. The thrusters sounded just
l1ike the simulator. I followed the checklist. I checked every-
thing off, all these items; I checked them off with a penecil.

We had good thrusters on both rings; all 12 thrusters fired.

We heard them from the LM.

We could probably have seen some of them. I wondered because

some of those thrusters pointed almost directly at us.

The AQOT had them in sight, too.

11.2 CM/SM SEPARATION

The separation procedure, which was called up to us for separat-
ing from the SM, was very goocd. I don't know the details of
the checklist that Jack went through. When we got to the point
to jettison the 8M, I thrusted up. Then, Fred went to verify

that Jack was going to throw the right switch.

I wanted Fred there to make sure that I raised the CM/SM SEP

switch and not the CM/LM SEP switches.




11-2

HAISE

SWIGERT

LOVELL

LOVELL

SWIGERT

I did go, but he had gray tape over the LM 5EF switches., I
figured that was enough of a safeguard, and the way Jim thrusted,

I needed to be there to control the pitch again with the TTCA.

You should have seen Fred when we got back there. I was all
ready to go; I had the logic up and I was ready for pyro arm.
Fred said he would get a GO from MSFH. Then I reminded him
tnat we didn't have any telemetry and MSFN couldn't give us a
GO. When I asked if he was ready, he lcoked at me with a wist-
ful sigh, as if, "Well, go ahead." I put power up, and I could

hear the relays clicking.

We debated putting the hatches or, but we thought we might as

well go all the way.

I was worried if we'd had scme sort of relay, but both power
gystems armed beautifully. I was sitting there all ready to

go, and Jim thrusted and yeiled, "Fire," and I hit the switches,

and the 5M wert.

Did you hear me from all the way down in the LM?

Yes. I safed the pyros immediately, put the guards down or the
CM/SM SEP switches, and went cver to window 5 because I was
supposed to be the first one %o see it. I kept watching while

Jim was pitching around.
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The SM jettison part cof the maneuver pitched me down insiead

of piltching me up, which was the wrong direction. I was trying
to get back in corntrol to pitch up again. And, cf course, we
were in that CM/LM configuration, which we nave never $SIMed.
That was the first time I ever had an ACA th-t would operaie.
Finally, when I pitched up, I saw it go by, and I grabhed one
Hasselblad and toox pietures througa the cverhead window. I

don't think I nad all the minus-x thrusting that I wanted,

.

We got about 1 ft/sec, which in my mind, I didn't argue with

at the time. It would have been nice to have had a little
separation right there, and they didn't a low for any with the
procedure that they gave us. I fim had bheer fast on that TICA,
we'd have pitched up there and the SM would have been € feet

away. How Tfar is it from the LM?

It was figured that you'd have about TO to 8C feet by the time

you'd pitched through.

Weil, it was apbout that wher I looked up, and it was straight
ahead. EHowever, when I got to the forward windows, it was far-

ther away than that.

It was good. When Fred called, I came on down because I had

the 250-mm lens cn the Hasselblad.
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SLAYTON T[ié you get pictures with all three cameras?

SWIGERT We got pictures with all three cameras.

LOVELL The plctures I got were through tne overhead. After that, the
SM floated in front of the windows over on the right-hand side,

sc I didn't see it again. Fred and Jack got pictures then.

HATISE They told me tc use the lunar surface camera and gave me f-giops
and speed, bult didn't really specify a magazine. I got =z lunar
surface camera and slapped on lunar surface film. What they

really wanted was (M ASA 64,

LOVELL Wher I first saw it, I saw that the whcele panel, the core panel,
was missing off the SM, I could see the intericr. I couldn't
see any specific damage, but I didn't really know exactly what
I was looking at, although there seemed toc te a lot of debris
hanging out. It looxed like insulation-type material nanging
out, and the vparel went all the way back to the high gain
antenna, We saw a streak on the engine bell, and that's about
all I saw before I got the camera and sterted taking pictures

of it.

HAISE I guess the two things that were identified very promptly as
specific oblects sitting out there were two barrel-loocking

things. I could see one set cf tanks that looked to be in
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place. The streak on the engine was a kind of a green-gray
color. When I first locked at the bell, I actually said that
it looked like it was cracked. Then it turned around in a yaw

maneuver and I locked straight up the bell. It was in good

shape; it was not cracked.

I didn't get down there until much later in the time line and
it was at quite a distance. I didn't distinguish any of the
streaking. I could distinguish that z panel was missing be-
cause of the color difference in the other panels and that
particular panel. The SM was in a very slow yaw maneuver,
which gave us time to observe it all the way around. T did
take about 28 pictures with the 250-mm lens. T used the set-
tings Houston gave me, which was f:8 at 1/250th, and it
appeared to me when I saw 1t that the EP5 bell was intact. I
did see some debris hanging out of the side and even hanging
off the high gain antenna. When the SM turned around, either
the debris was on the high gain antenna or was sufficiently
far out to the side that it appeared to be hanging off the

high gain antenna.

That's what I thought. Scmething got to the high galn antenna

because it did not look natural back there.
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tank? Did it lock like it was displaced, or did it look like

it was in the proper position?

HAISE No, it Just looked like it wag - where I would expect it. I
g1ess, from a few schematic pictures I've seer, It probably
was a fuel cell, However, it locked physically mounted the

way it should have been,

LOVELL I didn't see anything big hanging. I saw & lot of stuff

straggling out; you know, floating in the breeze.

SWIGERT I guess the noise at SM SEP was what I expected from what I

heard of on previous flights.

LOVELL At about that time, we had a discussion with Houston about
controllability. I went to a PGNS ATT HOLD mode and used PGNS
pulse to fly. They wanted to go to AGS, I disagreed with them
and I finally went back again to AGS. However, the pulse in
AGS Just wasn't where I liked tec fly it, and it was adequate
in PGNS. The CM and the LM together made a very comfartable
mode of flying. I talked to Charlie and I assume they had the
fuel computed in AGS and that's why they wanited me to fly it

in AGS.
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There was a very large reflection off the IM sublimator and

off one of the IM guads. Also, at that time, we were venting
something. It appeared to come.from the umbilical region, and
I surmised that perhaps one of the cutters didn't cut through
one of the water tubes or something like that. We were losing
some sort of fluid. I asked Jim to come down because I couldn't
distinguish any stars because of the stuff that was venting

out. I asked Jim to come down and he couldn't distinguish any

stars either.

No, I couldn't see any stars through the sextant at all, Essen-
tially, I was keepiﬁg the CSM SEP attitude with the IM. Finally,
we had to go back to that 91 degrees. They gave us foﬁr stars
that they thought we could pick up, so we held 1t there and I

held that attitude until 2-1/2 hours.
I started the power when Jim gave me a countdown.

The next thing, of course, was the alinement. We just waited

while the power was up and all sqguared away.

It took Houston a long time to lock up on telemetry and it
turned out that our attitude was bad. They were trying to
transmit through the LM. It tock a long time for Houston

to get locked up so they could give us the uplink.
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No, there was a little confusion there, I thinx. They wanted
you to use AGS. They didn't care what you used t¢ maneuver,
1% was what vou used after ycou gct intc attiftude they were

concerned aboat. They were confused about thal one.

Il

Cn, maybe whwmt was it. Anyway, I wanted to use PGHE. The ATA
PGNE maneuverirg with the DAPs Zoad is sufficlent Lo contrecl

the spacecraft, that's all.

Tne powerup wasn'st until 2-1/2 hours. We already had the rough

alinement with the IM. We slready had mcst of the equiprent

intc the LM, so there wasn't much there.

We really didn't have much to doj; we were kind of sitting and

waiting.

T went tc the SV S5EP attitude becaucse that was a good attitude.

We were looking to see whetner we could see stars.

That's rigat, We went back and forth Lo see whether we could
sce stars, and we actuaily maneuverec from 91 degrees $o sbout
115 degrees to see 1f that wag a better vlace to see stars.

We debated and cscillated back and forth with various zngles

and pitch.
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I was sitting there just chomping at the bit to get those up-
dates, because T couldn't get my alinement until they got the
updates done. We were behind on the time line. T kept loocking
where we should have heen. We were about % or 10 minutes be-
hind by the time they finished their alinement. I set the
clock and the mission event timer, we got the coarse-aline

angles in, and I went intc P52.

There was something wrong before that, though. Why couldn't

we get the computer con the 1line?

When we powered up, the IMU circuit breaker, the heater circuit
breakers, were punched on from the LM power. During LM power-
down, I was standing by. I pulled the LM circuit breakers as
soon as I got word from Fred. That put us all on CSM power.
The first thing in powering up the computer is PROGRAM 06 with
the flashing 37. They said to prcceed and I would not get the
STANDBY light and the DSKY would blank immediately. I triecd
proceeding, but I wasn't holding it long enough. I slithered
back up into the LM and talked to them. They said go down and
hold it. 1 did, and then the computer came up. We got both of
those things resolved and they didn't cost us any time on the

time line at all.




11-10

LOVELL

SWIGERT

_OVELL

SWIGERT

Why didn't we have COMM [n the CM, or was that later on in your

checklist?
Yes, that came later on.

Jacx had to come on down toc the tunnel and put on a headset to

talk with Houston.

This wss at a time when we were still using LM power. We
didn't have the CBM powered up. But thoge were just minor
problems. We finally got them sguared away and I got the
coarse-aline angles in and immedistely started a P52 and got

a PROGRAM ALARM, I.knew right away what I'd done. I hadn't
set the REFSMMAT flag and drift flag, and T had %o reset. T
set the REFSMMAT flag and went into P52 and, let it PICAPAXR,
Rasalhague, and I let it drive toc that, I couldn't see it.

The next thing T did was pick star 36, Altair, and let it
drive that. The two stars were Altalr or Vegz. At that time,
Jim was saying to hurry up because the Earth was getting bigger.
Ee was chomping to get out of tne M. I did pick up a slar in
the telescope nearby. I put it in the sextant, marked on it,
put it in star L0 and let it drive to that, put it in the
gextant, marked on it, and got a star-angle difference. It

was five balls. I proceeded and asked MSFN if I should torque.
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We had about a 3-degree torguing angle in yaw and less than

a half degree in roll and pitch.
We had the blg torguing angle in yaw in the LM,

Right there, getting that P52 put us ahead of the time line,
and we never were pressed from then on. At that point, we
went back to POO and closed out the hatch., We put it on LM
tunnel vent, and it started venting as soon as we got the hatch
down. Jim kept monitoring CM/LM DELTA-P, and things went just

like clockwork., Fred and Jim read the checklist.

I closed the veﬁt valve in the forward hatch and turned off
the oxygen. T closed the tunnel hatch. I had also taken the
umbilicals pff. Ken mentioned that they weren't required, but
I did it to make sure we didn't have anything dangling. I

put it in AGS ATT HOLD and then we left it.

M3FN took the HIS check and moved it over, which gave us
plenty of time to do it with other time lines. Once we got
the P52 through, everything was very comfortable, We got
strapped in after we had double checked the stowage for loose
items. The EMS checked ckay. The hatech contingency check was

ckay.
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I don't know what we would have done if it wasn't. I guess

we would have just held off Jettisoning the IM and tried to

get the hateh back zgain to get a better seal.

We did have some time that we could have put on the suits,

although it would have been pushing it.

We actually separated early. We asked if we could BIP early.

Jim was maneuvering to LM SEP attitude.

T held C3M BEP; it was all squared away. Then they said go to
1M SEP attitude, and I got it right here. Thal's where %

said that was a lousy attitude. I fournd out by talking to
John Young that he had tried it and had the same problem.

Here it is right here; roll 130, pitch 125, and yaw 12.4 de-
grees. 3o I started geoing there and 1 kept getting stop,
because of gimbal lock in the CM. 1T wondered Low tc geot to
the attitude in the LM without golng through gimbal lock in

the CM. We had to go way around.

That's exactly what we did. I would tell Jim, end he would
get a pitech rate started, and then he would get us away from
gimbal lock. I would say to roll a little, then he would roll
a little bit. Then, we continued to pitch. We just GCA'ed

intc the thing.
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That's what used up much of the gas in the LM. That's where
I thought we alsc had a discussion on whether we should be
using AGS or PGNS. I preferred PGHE right there. Anyway, we

got toc that attitude.

I% put us about 65 degrees in yaw on our CM glmbal.

That was uncomfertable.

It was!

We were very close to gimbal lock. 1 guesticned whetner that

IM BEP attitude is that critical. Was it so critical %o be at
that attitude, or would it have been bhetter to stuay away Irom
gimbal lock in the CM? At the time, we didn't have a backup.

We didn't have the BMAGs powered up. If we had gone inio

gimbal lock, we would have had 4to start from scrateh again.

We had one BMAG powered uvp at that time, and we only had one
¥DATI powered up. 1 had the GDC rewered up, but, of course,
with only one FDAT, it had tc switch baczx and ferth. I would
recomriend that if we had to do this again we ztay away [rom the
CK gimbal iock region. When we did SEP, we got a contiruous
pitchup in the CM. I was in MINIMUM IMPULSE. I had my MANUAL

ATTTTUDE switches in MINIMUM IMPULGXE, but I had my 2QTRECT RCE
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switches ON. When Jim said I was getting near gimbel lock, I
just gave it a guick beat down with the DIRECT switches and
started pitching down. No sooner had we stabilized then we
started to pitch up again. We had a continucus pitchup in this

CM all the way through this thing.

The first thing we had to do was to maneuver away from the
gimbal lock attitude, get on the bellyband, and get set up for

entry attitude.

We went to entry attitude, and I got it as close as I could —
stabilized. Jim did a secondary star check and a star path.

We had g lot of confidence.

As I look back on it now, I am trying to see what we would have
done if we had of gotten the gimbal lock and lost our alinement.
Houston told us about the Moon, and it was a perfect body. The
only thing that we could have done would have been to maneuver
around to the horizon and find the Mcon. We probably could

have gotten there that way, but it would have been difficult.

That was a little too close to gimbal lock.

We had a discussion about that. My ball was alined with 3, 3,

zero. The only thing that T was worried about was roll, T
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thought yaw was geod, but I had a hard time getting there
because of his gimbal lock, and, of course, I didn't want to

go into gimbal lock either.
1 thought cur coordination there was good.

It's a gas user. One time when we were getting close, I just

went to ATT HOLD. I could hear those thrusters firing.
We had a large rate.

I'll have to take a check on yaw.

Then I said, "Start up yaw."

Yaw was 360 degrees. I thought sure we had it that way. It
took me a long time to get it around that way. Maybe for some
reason when I finally got it out of gimbal lock, I went tc the

other direction.
The IM/CM DELTA-FP was 3.5.

Yes, we bled it down sc we wouldn't have too much pressure in

the tunnel when we separated.




11-16

SWIGERT

HATBE

LOVELL

11.8 CM/LM SEPARATION

On the CM/LM SEP, the LM moved smartly away and the noise didn't
appear to be excessive. Immediately, I noticed a pitehup in the
CM ghout the same time that Jim called s GIMBAL LOCK, We were
sitting right near the gimbal lock limits, and he had a GIMBAL
LOCK light on the DSKY status lights. I pitched down, using

the DIRECT RCS switches., 1 came off then with the three MANUAL
ATTITUDE switches. We did get out of the gimbal loeck region

and stabilized. All the time T noticed a continual pitchup
rate. However minor, it would definitely affect the attitudes,
continually pitched up. We went from the separation attitude
down to the entry attitude, and Jim performed the sextant star
check. Our maneuver from that was to the Moon-check attitude,
and we maintained this attitude in a kind of wide deadband

fashion until ocur Moon-check time.

Maybe it was because of your being busy with the test, whereas
I was just an innocent bystander sitting over there, but the
LM SEF impressed me as being the loudest pyro event that I

heard from stem to stern during the mission.

It was encouraging, I know.
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It was very close, and it impressed the heck out of me, I know.
It actually rocked me off my seat toward the window when it

let go.

I didn't notice that, perhaps because I had both hands at the

controls.

Now, my only comment on the Moon thing is that the Moon was a
perfect alinement factor right through the center hatch., I
could see it work its way right on down. I think that you

could use that Moon as an entry point if you had the horizon

also,

Yes,

The Moon isn't always going to be there, though.

I know. It was there on Apclle 10 it was there on Apollo 12,

and it weas there for this cone.

This particular time, it was the Moon that occulted at the

correct time.

Yes.

Remember, we counted down to it; and, blink, it went out.
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Yes, they were pretiy accurate on that.
They were,

After the Moon occulted, we vpitched down to entry attitude
again and steced by for .05g. We hit our RT, and counted up *to
28 seconds, which was .05g time acccrding to the pad. We got
the change of displays and the computer. However, the EMS gid
not start within 3 seconds, and I initiated the EMS start
manuelly, by going to the backup on the EMS. It was apparent
when we hit the LOQO0 ft/sec on the V-axig drive that the =MS
was slightly behind in range to go over what it normally is
because of the late start. The corrider checks came out ckay;

it gave us 1ift wvector up.

That corridor was fine.

The computer drove it throughout the entry and responded well.
Yes. The computer was running right with us.

Yes.

The.control was right with the guidance.

The g-meter, the EMS g value, and the CMC g values 211 checked

very closely.
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And they were close to pad values.
It was a very quiet entry, I thought.
Not noisy at all, was 1t?

Ne. I've never been through any other entry, but I was quite
impressed with Iit. Of course, Jim kept briefing us on what to
expect, and we did get the small bit of ionization just before

.05g. We got just sz little hit of glow.

Yes. We started getting a glow; in fact, we were all 1it up

before we started getting any g's.

The CMC control mode was quite effective. We made a single-ring

entry on ring 1, and we had plenty of RCS fuel.

I saw nothing of that whole entry that was off nominal. Every-
thing worked the way it should have worked. We had automatic
apex cover JETT and drogue deployment. You verified the

drogues, right? You saw the drogues?

Yes. I got two good drogues, In fact, I called that going

to 18 000 feet with two good drogues. Did Houston hear that?

They made cne call after blackout before we put on anything,

I think.
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SWIGERT Yes.
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LOVELL  And Houston confirmed that, toc. The COMM, sgain, was beautiful.

SWIGERT Yes.

LOVELL It was ckay except for the blackout.

SWIGERT Yes. And there didn't appear to be any unusual oscillations

on the drogues. The drogue had us damped out pretty good.

HATSE There was ancother loud metallic sort of noise when the pyros
went on the apex cover. When that thing went, there was a

clang. Again, thet would be my second-order number.

LOVELL Al]l that is sort of happening above your head there.

SWIGERT Just above 10 000, we got main chute deployment with three
good chutes in a reefed pogition, and they dereefed in Just
about the proper B-second interval. We could hear the recovery
choppers calling us. The communications were good during the

whole descent.

LOVELL  The last thing that slipped out was the main chute after cold

soaking for that time. After that, Fred fell asleep.
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Jim read the checklists. We proceeded down the checklist. We
burned RCS and purged. It was a brownish purge and it left a

film on the side windows and the rendezvous windows.

On both side windows.

I saw that on TV.

That's the purge rather than the burn. I never realized that

before. I always thought it was the burn that did that.

Too bad you missed the recovery on TV. It was the best one yet.

That's great, I'm glad the TV worked out for that part of it.
I'm glad you had a nice sight, instead of hearing something

whistling through the canvas.

Okay. Vigusl sightings and osciilations — all that was exactly

like ceke, even better.
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12.0 LAYNDING AND RECOVERY

12.1 TOUCHDOWN — IMPACT

The impact was as designed because the sea state was slow and
we knifed in., It was less impact than Apolle 8 and we stayed
stable I. *red cut in on two circuit breakers and Jack

Jettisoned the chutes.

I think T had only cone in at the time he hit the button, but

that's all it takes.
Everything worked exactly like the checklist worked.
We Jjust went right down the checklist, item by item.

The cnly thing we forgoﬁ to do — T guess I forget to punch

to get lat-long cut of the computer.

The last time I saw, we had miss distance cof 0.8 mile. The
choppers asked us if we had lat-long laid out and, at thet
time, we didn't have. It might be of interest to point out
that, after we hit and had gone through this smcke and entry,
we were all three sitting there on the ccouches, laying in that
8l-degree water, blowing frosty smoke out of our mcuths. It

was still icy cold in the CM.
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I don't think we ever got swimmer communications, did we?

Ho, no swimmer comnmunications.

But he was out. We could see him and we got word from the
choppers aboul what was going cn. The gswimmer got up and
logked at the window and we were geing 4o open up the hatch.
Then we got the new lifevests which 1 think are pretty good.
Jerry wanted me to make a comment on that. We decided toc go
with these new marine lifevests. OFf course, if we had known
aboul nc guarantine, we could have used our old ones and never
even bothered to open up the hatch, but it was already in work

and so we used them and 11 was okay.

We put the pestlanding vent on iow to get some air.

We used the beacon, which they warted to turn offl.

But that was cn the checklist. We just went down the checklist.

It said to turn the beacon cn and we turned it on.

And they asked us to turn it off and we obliged them.

The ventilation was adeguate; there was very litile rocking

in the boat, so rno one was sick.




LOVELL

LOVELL

LOVELL

HATSE

SWIGERT

LOVELL

12-3

12.8 COUCH POSITION

I put down my couch because I went down toc 250 to open up the

clrcuit breaker.

12.311 EECOVERY OPERATIOES

Recovery operations were very smocth. They got that down to
a gnat's eyebrow. Of course, they had good weather to do it

and you saw all the recovery operatlcns.

12.12 SPACECRAFT POWERDCOWN

We didn't have much powered up, actually.

We Just yanked the breakers on 250 and that did it.

That powered ug down.

¥gress was oxay and we had a gocd crew plckup.
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13.0 COMMAND AND SERVICE MODULE SYSTEMS OPERATIONS

13.1 GUIDANCE AND NAVIGATION

+3.1.2 Optical Subsystems

Houston did call me gt one time to ssy they noticed a shaft
glitching. I took the optics out of ZERO to call up 16 91 and
read the sheft angle and I called them and told them what the
TPAC was doing end they could rié the CMC. Their advice was
that this was something that they had noticed previously on
Apcllo 12 and they asked me to turn my CPTICS POWER switch OFF,
and I could turn it back on anytime I needed the optics. OF
course, this confused me because T went down to my first sex-

tant star check and the optics wouldn't move.

Optics power was off manuslly. I forgot te tell you about that.

That was the only snomaly we had in the optical subsysten.
13.2 STABILIZATION AND CONTROL SYSTEM

Of course, we didn't use any SCS thrust veector control. Mini-

mum impulse was okay.
13.3 GSERVICE PROPULSION SYSTEM

We never used the DIRECT ULLAGE button. We never used the

THRUST ON button. We made one burn, the GEN burn, thaet was

completely nominsal.
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13.4 REACTION CONTROL SYSTEM

There is some speculation as to exactly how many thrusters we
had after the incident and this is something I don't think that

we can resolve thoroughly.

They were working normally before the accident.
13.5 ELECTRICAL PCWER SYSTEM

I think we've already talked about the fuel cells.

I've got one thing to add on the batteries, mainly with respect
to simulaetors. I noted that, after we used the batteries to
support the gimbal motors operation during my mideccurse burn,
when I flipped the bus ties off, rather than as in the simula-
tor with the batteries going immediately back to 35 to 36 volts,
they hovered around 32 volts. It would take them a long while
to incregse to maximum voltage. This is a very small point but
something that was a little bit different from what I'd seen

in the simulators.

13.5.9 Cryogenic System
The only anomaly we had in the cryogenic system was a continual
unbalance between the two H2 tanks which we were endeavoring to

adjust manually. We had the failure of the sensor in the 02

tank 2.

ki AR e e e
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Yes. That might be related scmehow. I think what ever caused
the 02 transducer to fail might have also been the cause of the

catastrophe.

Particularly, when it occcurred. They said it occurred at

the time we turned on the fan. Remember, the exact time they
said we turned on the fan, they said at that instant this tank
quantity sensor pegged full-scale high. Houston came back and
they said that because this occurred when we turned on the fans,
they'd like us to recycle the fans again to see if perhaps we

could jar it into operation.

I wonder, if we had purged the fuel cell or something like

that.

The way Pete was talking, even the relief valve couldn't handle
the particular filow. The heat source had to generate something
like 8 to 10 thousand Btu's an hour to exceed the relief wvalve.
The surprising thing to me is that I did not get a CRYO PRESS

light. I don't understand that,

We were getting a CRYO PRESS light on the hydrogen, you know.

On the low end. We got it on oxygen, also, when we first

cycled the fans. Remember I was telling that there was an
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SWIGERT indication of stratification, but we never did get anything on
(CONT'D)
the high end,

13.6 ENVIRONMENTAL CONTROL SYSTEM

LOVELL We had no problem up to the time we had the accident.

SWIGERT We had no problem at all.

13.6.7 Waste Management System
SWIGERT We found that, during the initial first 8 hours, when the
waste storage valve was open, when we went to dump urine and

used the urine dump - -

LOVELL We had two vents open,

SWIGERT We had two vents open bhut, for some reason, it didn't seem as

if we were evacuating that urine.

LOVELL Very, very, slowly.

SWIGERT Very, very slowly. And then, after we got {through purging the
cabin, we turned the waste stowage valve off, the efficiency of

the waste mansagement system seemed to improve.

LOVELL There is a technique to operating that thing. You've got to

sort of push that stuff down by gluing it, somehow; otherwise
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it all sticks around the honeycomb and the next guy who comes

to open it up finds a nice big glob of urine sitting there.

So we developed a technique, before using it, of turning the
vent on, tapping it a couple of times, and raising the cover
up and down a couple of times. Then when you opened it up, it

was fairly clean.

That urinator requires the same technigue.

There's no guestion sbout your impression sbout the vents., In
fact, the first few times I went, I filled it up to the brim,
with liquid. You Just sit there and wateh it slowly go down.
It held its meniscus and didn't break out. Then later on it

would go right on down.

13.7 TELECOMMUNICATIONS

We did not use VHF.

We had a little difficultly locking up scmetimes. What was

cgusing that?

I never had trouble leocking up. The problem I had was I just
had the switch in the wrong position MANUAL and REACQ. So

vhen Jack maneuvered, it didn't track.
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I didn't have any problem with communications. GSome items
like USB emergency keying were not used. The ground operated
the DSE. OQur tape recorder worked adeguately. We probably
had the minimum tape recorder usage of any flight that's ever

flown.

13.8 MECHANICAL
Did you check the Y strut on entry?

Yes, when Jack was up there, it was unlatched. Jack tied it

up.

We had the CM in good shape before leaving the LM. Fred kind

of went around and double checked me.
13.9 MISCELLANECUS

This might be a good place to answer these guestions, that
those guys ere interested in. Why don't you just read the

gquestions and give an answer?

Technical Crew Debriefing Questlons Generated from Data and
Photo Review. Was the oxygen tank on the SM gone? I cannot
tell. T don't know,

I could not tell either; because, by the time I got down there,

it had gone.
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As long as I looked at it before grabbing the camera, I didn't
have a good encugh look to see. It wag all Teing reflected

back in.

Was the hydrogen tank canted? T can't answer that question

eitner.

Was the panel cleanly removed? Yes. It was just completely
removed away from where it normaily swings cut and no pieces
of panel were still attached that I could see. Did you see

anything of those panels?

No.

They were Just blown out.

Were all bolts sheared uniformly?

We don't know, we weren't that close.

Was there any positive damage to the 5PS nezzle? Not to our
knowledge. One side of 1t was stained with something, but we

didn't see eny bent part of it, pushed in cr dented or cracked

or anything like that that we could see.

Was there any indicaetion of where explcsive flow could have

exited, stresks, et cetera? Except for the stresks on the
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engine nozzle and the fact that it looxed like i1t was more

demaged back by +the high galin antenna than up forward, that's
the only indication that I have. It locked like the damage
cccurred back in the high gain antenna because it was messed

up inside.

Yes, it appeared that there was some material like insulation

or scmething like that still attached Lo the high gain antenna.

Lo you have any knowledge of damage to radial beams, size of

hole, shape, et cetera? I have none.

e,

Was there any other noticeable deformation on the bays? It

4

locked like the basic structure itself was still intact. It
wasn't warped or anything like that. It was Just that the

panel was missing.

It appeered thet way tc me, toco.

Did you see anything different?

do.

The last guestion is how many bangs? Was there a second bang?

To the best of my knowledge, there was only one explosion.

I agree.
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14.0 LUKAR MODULE SYSTFMS OPERAT0NS

14,3 PRIMARY GUIDANCE AND NAVIGATICN SYSTHM

IOVELL  Tn the PGES INERTIAL, I saw nothing.

Optical — Nething there except the use of the Bun filter was
a little more difficult then I anticipated because of not being

able to see the reticle.

HATSE Something peculiar to the configuration of the AQT is that, out
the freont detent, the CM docking light hung down on its staff

almeost to the center of the AQT field of view.

LOVELL For alinements, the CM probe (the docking light) hung way into
whe middle of the AO0T. And if the Sun is behind you and you
have a bright sky, you can see the stars and can get an aline-
ment., The Sun reflects right off this thing, so it's like
having a light staring at you. We used the rendevvous radar
only one time and that was to move it with the PGNG, and it
worked. We never used the larnding radar. The computer sub-
system worked as advertised. G&N contrels in space were ckay.
Procedural data — We went around a lot of the procedursl data,

Tuv what we had was good.
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14.2 ABCRT GUIDANCE SYSTEM
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In the AGS modes of operation, all we used were the body axis
a_ine end the zero and three accelercneter addresgses, but we
didn't really use any o thal — the norral modes, the externsal
DELTA-V included. Concerning the irnitializatior, we didn't do
any. We didn't do any calibrations — we just accepted the
ground test data. We didn't do any rendezvcous radar, englne
commands, or burn programs. We did use some AGS controls and
displays; namely, 8-ball and the errcr needles assceciated with

the AGSE — really CES rate needles. They 21l worked quite well.
1L.3 PROPULSION SYSTFM

We have talked about the descent system.
The DPS burns worked nominally; we had no problems with them.
We never used the ascent engire or pressurized the ascent tanks.

We always had an ASCENT PRESSURE light.
1h.4 REACTION CONTROL SYSTEN

The attitude control modes were Just as I had teen briefed, and

the operaticn of the thrusters and the responses to the controls
were unusual bercause we nad a different configuraticn; however,

they were manageable. I think we covered that adeguately in a

previcus briefing. The translation control worked as advertised.
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The only thing I ncticed funny was during every pulse the fuel
and the OX manifeclds, whichever one you were looking at, would
get about a 20-psi delta drop. I'm not really sure if that was
from some kind of hydraulic shock in the lines or an actual

drop. T can't remember reading about that before.

id it stabilize there?

No, it wes momentary. Just very quisk and then right back up

to normal.

1L.5 ELECTRICAL POWER SYSTEM

It was great., There was one MASTER ALARM ocne night with =
battery light that quickly turned out tc be an cobvicus sensor

problem.

That was another one of those little things that worried me

when I first came up.

5o, basically, the electrical gystem was flawless.

It appeared almost impossible to have any problem with the
battery, because we were down at 10.3 amps and the total amps

didn't change. So, it couldn't have been reverse current. We
suwrmised that it was a temperature sensor problem. It weas

almost instantaneous.
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14.6 ENVIRONMENTAL CONTROL SYSTEM

We never used the suit circuit. The water-glycol was as adver-

tised. The cabin atmospheres were good.

The cabin atmospheres were good. Oxygen cabin pressure — no

change there. We did "kluge"” up the CO, scrubbing system with

2
the CM canister and that was the only change.

14.7 TELECOMMUNICATIONS

Concerning the menitoring, most of the time we were using the
SBA down voice backup mode. I guess we were forced to use that
because of the power margin, but probably you know more than
we do, Deke. T understand it could be pretty noisy and you
couldn't hear us very well. But from our end, the uplink was
great all the time, We never had any problem hearing Houston,

regardless of the mode we were in.

Later on, we arbitrarily went to the so-calied base band down

voice backup mode voice band, which means throwing the BIOMED

- switch.one way or the other — just becauge I wanted to get off
the hot mike for fear ny Commander would gome.awake.and say
~something he shouldn't. - Then when we had bigh bit rate, I had

. the amp-in.apd they. wented high bit rate and all that..
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Thnen we'd gc back tc normal voice, which would give you tebter
volice clarity. We never operated the high gair the whole mis-
sion. I guess what I am really talking about now iIs the S-band.
We never operated VHF. We had no problems with the audio centers.
The volume controls were guite adequate. We never operated the

flight recorder. The DSEA was never run.

One thing, I did want to go back in the CM subsystens in RCS.
This was the first time we had ever prehezted the CM RCS engines.
I think, when we started out, the 3.9 veclts was the minimum
value T recorded., T reported to Rouston what the values were
when we first started and it strikes me that 2.8 volts was the
lowest engine. We did go a full 20 minutes and at that time
there were still several engines telow the 3.9 volts. However,
after I turned that switch off, I went back down aboul 5 to

10 minutes later and took a couple of extra readings. There
was enough heat scakback that soon we had all the engines over
the 3.9-volt minimum. So you might expect the fact that there
was some thermal lag in this system and that it might have been
15 minutes., If somecone is worried about 20-minute cperation of
these engines, they might turn them off at 15 minutes, walt

-

5 minutes, and see hcew the temperatures have come up — because

they increased significantly, maybe half a volt, a significant
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SWIGERT temperature rise after I turned off the heater. I did want to
(CONT'D)
mention that because no one has ever preheated engines before.
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15.0 FLIGHT DATA FILE

15.1 COMMAND ANC SERVICE MODU_E

We wenu righl acown the launch checklist, and it werked well,

We had no problems.

The encry cheeklist from BT minus 19 minuses was tne neminal
chegalist with 2 few items changed. Prior Lo that, from

- + I - - . .

ET mirus 6-1/2 hours, we rewrote the checklist. We nad no

problem getting updates. launch xzoycards are gocd.

The systems operation G&C checklist was completely adeqguale.
Syslems date were good. We read off the mzlfunction vrocedures
item by item. We used +the flight plsn =ight up *o 56 hours,
and it was completely nominal. We logped things in the flight

plan. The solc book, tne rescue bocx, and the star churts

J

weren't used.  We used a lot of eclips, but that's al’l.

-

15.2  LIUKAR MODULE

T

“he LM was almost as casy. We aidn'iy use the dala card book.
We lived out of the contingency checkiist approximately
0 percent cof the time. That was really a base linc from which

Louston passed up changes that we built on; either =zrased or

added toc. Abcout the cother 30 percent of the time, we tul Lhe
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HAISE

SWIGERT
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LM deta in the CM update book, which had a large blank section
in the back that was a photo log. That was a convenlent place
with blank pages to use. The other place we worked was on the
activation book. I think we only broke out three of the cue
cards; one of them was the DAP card that also had the DPS RCS
pressure data on it; another was the BUS loss card; and alsoc
we had a DPS card. We used the systems activation checklist,
of course, for the first IM entry. We used a few pages of it,
and the one addendum page for the tank pressure. Then we used
it again, "kluged-up" by Houston, to go to only certain sec-
ticns to do the first IM activation after we had the problem.
Jim may have used the front of the G&N Dictionary. I used
every pad I had in the back. We had a lot of P30 pads in the
back of the G&N Dictionary, and that's about all I used to
write all cur peds in. In fact, I ran out of P30 pads. The

last pad they gave me was the last blank one I had.
Yes. We used the back of the pads.

Do you have any comments concerning the front part of that

book?
No.

Charlie ran us in once, and we used the P52 business.
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I did the P52 out of nere., We alsc did the Sun checx out of

here. ZEverything in here was adeguate.

I had occasion te use tne systems data only to total up =y
consumables and to start calculating where we stood, T didn't

use my functlon procedures. We never used the Time Zine Boox,

We never used the star charts.

oA

do, we never used the star charts., We did use part of that EVA

book, not in i%ts normal usage, on the cartridges.
We used the voice recorder for guitar music.

Well, I recorded one whole half hour of 1M noigse, T decided
that I'd save old Aquarius's grinding and meaning, squealing
giycol pump, and suit-fan-running nolse for posterity. I

guess none of us used any charts listed here.

Ho. We 4idn't use any of the CSM monitor charts or any of the

croital science charts.
15.4 GENERAL FLIGHT PLANNING (¥DF)

As far as general flight planning is concerned, T have nc

comments on the solo phase, because we didn't get that far,




15.5 PREFLIGHT SUPPORT

SWIGERT I think for the CM that Ken would be more appropriate to

LOVELL

answer the preflight support, because, as far as I was con-

cerned, it was entirely adequate,

I tnought that we were well ahead of the game, mcstly for
preparaticn for the launch. I think that was tased on several
items. HNumber 1 is the fact that we've already gone through
this landing phase before, and we had that extra month, which
I don't recommend, to get the Flight Operating Data File a lct
egrlier than we have ever had tc ry knowledge before, either
in Gemini or Apeollo. We had data on Apollo 13 to ftrain with

earlier than we ever had before.

O ) “f;‘»'ks- e W e
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6.0 FLIGET EQUIFMFNT AKD

GOVZEWMENT -"URNTZHED EQUIPMELT

The knob came off & perteble timer in the CHM. Cther than thaz,
our timers and conirols were adequale. That one timer is very
aseful, bty the woy. It could be used Lo time fuel-cell ow,
rurges, and so forth, sc it was Zisturbing taat “he knob came

- 4
OT T .

I don't zrow how to discuss the clothing and related equipmoent.
Obviously, the irflignt coveralls we had weren't adeguate for
the concitions we had. The coveralls are great for a rominsl
missior, I hate te imply that we ought to carry lirers or
gomething like that witn ug, I sure think we can improve the
footwear, though. I know that Grupman, down at the Czne, nas
for treir cneckcus pecple = scft boot that s worn in the LM.
An irsulated scft toot would have been much nmore adequetse than

what we had.

Wit the addition of probably Jjust one set of Nomex therrals,
we'd have beer in gooa shapc. We rneceded a sct of fhaermal

underwear or:.

What 2id you cnd up wesringt

constarnt wezsr garments.
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Two constant wear garments.

Did anybody have any problems with the sensors on the BIOMED
harness? I didn’'t have any problems, We left the sensors on

all the time.

Oh, yes. I got a rash. I got a rash from the sensor paint.
I have never been tested for this particular phase, but the
doctors attributed this more to the tape reaction than to the
pagte reaction, 1 left them on the whole time. They were

there when we unsuited.

We had no problems with the pressure garments and connecting
egquipment, but, of course, the suits came off right after TD&E

and we stowed them.

I tried my suit on once to make sure that I could get it on by

myself.

There were certain things that Jack wanted to make sure that

he knew how to do. One was to put the suit on by himself.
During the quiet pericd before the accident, he put the suit on
by himsell, We alsc mounted all the cameras to make sure that

Jack was checked out.
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We had no problems with couches that I know of., The restraints
were adequate. No problems occcurred with the inflight tocl

sets. We were keeping logs on food and everything else.

The only shortage we had was what I mentioned on the air. What
we really needed was a big, blank pad of paper for our unusual

gituation.

We used to carry a crew log on Gemini to put comments on.

On the number 2 lunar surface Hasselblad, we had to push the
trigger offset to the left tc make it work very easily. It was
very difficult to work if you pushed it low, center, or to the

right side,
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17.¢ VISUAL SIGHTINGS

17.1  COUNTDOWN

During countdown, we saw the swing arm go back, and that's

about all.

17.2 POWERED FLIGHT

We saw the horizon at the proper times. We saw the flash from

the separations and some debris go forward.

Did the BPC hang together in tower JETT? Could you see it?

I just saw it go, I saw a big light, and T went back in.

It locked like one big cone. Would that mean that it stayed

on?

We didn't get any moisture on window 5, so it's apparent we

didn't have any water under the BPC.

17.3 EARTH OREIT

There was nothing unusual in Earth orbit.
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17.4 JTRAKSLUNAR AND TRANSEARTH FLIGHT

We saw the 5-IVB. We reported the last time we saw it, we
saw the SLA panels. T think that Fred was mentioning the
faci that during cne vart of the flight we saw scme parts of
the ELA panels on the 5-IVB close by post 5. We could see a

olirking star that was probably the SLA panel turning.

Did yeu see the light flashes in the CM?

Yes, we did. They're right. T didn't see it after the
accident. When my eyes were cleosed, and occaslionally, a

streak would go through.

It's amazing; I dida't see them afier the accident either.

We never saw them again.
T+

it 1s a CM unigue phencmencn.

It would be interesting if vou noticed it in the M or nct.

Nokody nas ever had a chance to do that before.

T didrn't note 1t at all while T was in the L.

i wen't build a story. I won't say they're there or noct. We
were 50 preoccupled after the accident that we weren't

lecokirg for something like that,
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You didn't sleep in the CM any time after that?

Yes, we did.

You still didn't see anything?

I wasn't thinking about it.

I think I saw them the very first time after the incident;

the very first time I went to bed. I think I saw them then.

I only saw them with my eves closed.

Yes. I have never seen them with my eyec open. There were

more directs than there were streaky ones.

Yes., You're right; more pinpoints.

17.5 LUNAR FLYBY

Tsiolkovsky stuck out.

Qur particular orbit around the Moon brought up Tsiolkovsky

very nicely.

Yes., That was the first actusl landmark I saw on the back

side that I recognized.
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LCVELL  What about the oblong craters that we saw? I1'd like tc just
go back and lcok at the back-side photogranhy, because you
can really see that. The Mocn has these oblong craters on the

pack side. I den't xnow exactly where we were,

JALSE I directed a loi of pilctures out the right window. Our track
was kind of the normal Apcllc beit. It might be of interest
to somebody, although she Apollc belt has been covered nretty
well without pictures. We were starting to gein altitude
almost immediately. TFine detail just wasn't really ever
thkere, I mean I never saw anything I could say was a
beulder: we never were down that low. The best you ccould
tell was that there was slumping inside some of the craters,

or. a very large scale.

Actually, I disagree with Jim. When we came up on the back-
3ide terminater In the CM, the color | saw was a combiration
black tc a reddish-vbrown to white mantling on scme o thesae

features.
SWIGERT My description wcould be dirty oeach sand.

HA

F4
o

E rven right at the terminator?
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That's right. I would say it just looked grayish, a

grayish brown, like a white send that had goiten dirty.

That's the way I look at it. I thought that was a good

description.

17.6 ENTRY

Were there any visual sightings in entry?

No.

The main chutes.

Well, I did get main chutes, but there was so much film on
that rendezvous window that the drogues 2nd mains 4id nob
stand ocut. If somebody had asked if any panels were missing
from the main chutes, I couldn't have told them. I could
spot the chute itself. But the purge put encugh film on

there that distinguishing fine detail was impossible.

I didn't get that much out my side appareantly. I don't

recall ever losing sight of the mains.

Would you have known if you had panels out?

Yes, pretty sure.




I was watching them when they were going from reef to full.

SWIGERT I could see just by the diameters when they reefed.

17-6
HAISE



18.0 PREMISSION PLANNING

No debriefing was conducted on this section.

UNGLASSIFIED
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19.0 MISSION CONTROL

We caen't give enough praise for what they've done. They were
up at all times with consumables, especially after the accident.
They kept a pretty handy eye on consumables. Real-time changes
were exercised to the utmost. We had a tremendous number of

real-time changes, and I think they were handled very adeguately.

Communications, in general, were good. I thought the LM

communications were especially good.
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20.0 TRAINING

20.1 COMMAND MODULZ SIMULATOR

TOVELL Tou might nave a comment on the avaiiabl!'ity because you didn't

have priority fur both the training simalators,

SWIGERT I thought the training that the backup crew veceived was gocd
Tor the time involved. Ken and L spiit Lbe siruwiator tirce

until right near tne end. I think thset's the way it shouald be.

TLOVZLL You might comment on your reaction on having to replace Ken
at thke last moment. Wnat dic you think abeut it7 Shnould you

have known about it eariier?

.

SWIGERT 'The earlier you know about it, the hetter off you are. We
could nave used a sessicn or two together in some of the areas
that we didn'+ have time te run. I had worked with you In one
rendegvous vefore, and 1 didn't have arny misgivings a2t al’l
sbout working with you. 1 thought that we might sulfer a
little bit on the lunar-orbit activity, but this was & low-
pricrity item, so I had no qualms at all about being prepared

e do Lne Job.

LOVELL I tninz the story here is that, if we have a backup crew zrd

a prime crew, we can replace g prime crew member wilh a backup
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LOVELL crew member if he's had the background training that Jack had,

(CONT'D)
Jack was knowledgeable on the CM to start with. He had worked
&ll the malfunction procedures. He had a lot of good simulator
training in cur training. The simulator was avallable so we
could give the backxup crew 50 percent of the ftime up to the
last 3 weeks of training. In the casze where somebody comes
abcard new and beccmes a CMP, then you're geing to have to
analyze exactly how much sirmulator training he has had and
what his background is. We had no probiem even with the mini-
mum amount of tralning we had with Jack, We were time-line
wise and flight-plan wise. We were going right shead of the
game, and I had no problem at all. I think that was a good

decision we made to go in April.

HATSE Part of the thing we were supposed to discuss here on the
CMS/IMS was the fidelity of the simulator. I've already
broken it out in pieces. I want to discuss them agzain in
the (MS. I mentioneé the voitage/fuel-cell-flow relationship
with the gimbal motors and the batiery not regairing its

voltage as guickly after having the malr bus back on.
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If you duplicate the noise, I would suggest thal you have it

such that you can turn it on or cff.

The only other funny thing I noticed on the IM was the very
quick spiking of the RCE pressure when we fired Jjets. Every-
thing else sgeered high fidelity. We were dolng things with
our CM/LM configurstion that we'd never locked at in the IMS.
I don't have any idea what the comparisecon is there. T thought
the firing of the IM stack {the way we did it, with the trans-
lation controllers) was easier for pure pitch and pure roll in

real life than it is in whe IM3 for doing the burns.
It's easier to do the burns that way.

One thing I think that we cen prove on the CME and the IMS
is using the planet bodies Tor an alinement. That's one thing
that we didn't do adequately erough using the unit vectors.
We don't have thelsimulations set up wnere we can get accurate

alinements.

The CMS is limited so that you cannot do planet alinements or
Sun alinements. You can meke optics celibrations only on
selected stars. I ceuldn't go down and do a set of P23s
because invariably it's only by coincidence that the optics

calibration star is cone of the stars that you can perform an
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20.2 LUNAR MODULE SIMULATOR

HATSE I'd said the thruster noises on the IMS are, at the normal
level that they have for us when we're unsuited, not gquite as
loud as they really are in the LM itself. I noticed that,
when things popped, they really popped, particularly when they
were the forward guads that are right cutside the window. They
really bang. The big things that are really missing in the
IMS, which from a training standpoint I don't consider pertinent
at all but in real life it's something that you have to get
used to, such things are the glycol pumps and the suit fans

running. They make powerful squeaking nolises in the LM.

SWIGERT They change freguency, and they gurgle. T assume the fluid
goes from turbulent to nonturbulent, and it Jjust doesn't sound
like it's acting right. That's just the way the LM sounds, and
it was pretty rough. Fred told me any time you don't hear

those changes, there's something wrong.

HAISE I'm not really knocking the IMS for that reason, but that was
a distinction of what you hear. That's a fairly high-level
noise, too, and something that you have to get used to. TI've
slept for many hours of tests in the IM with all that stuff

running, so it didn't bother me much for sleeping.
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SWIGERT optics calibration on in the CMS. Also, you cannot get any of
(CONT'D)
the stars that are non-Apollo stars into the sextant. All our

P23s had one or two non-Apollo stars.

LOVELL The simulations and the actual operation of what we were doing
were excellent. We never expected the amount of work we
were going to do with Mission Control after the accident.
That was all new. But there's nothing that will ever substi-

tute here.
20.3 (MS/IMS INTEGRATED SIMULATION

LCVELL We never got toc see the areas where we had integrated opera-
tions because we never undocked. The only thing we did inte-

grated was trying to get power to one vehicle from the other,
20.4  SIMULATED NETWORK SIMULATIONS

LOVELL The network simulations are really required. That's the best
type of simulation work you can get because it gets you to
talk to the guys and see how well you work back and forth.

Also, it's good for the CAP COMMs, too.
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20.5 DCPS

LOVELL The DCPS was gocd. The boost phase was Just like our SIMs and

Just like the DCPS.
20.6 1MPS
LOVELL  We never reglly got a chance to evaluate the IMPS.
20,7 CMP3
LOVELL We used the CMFS and the IMPS for rendezvous,
20.8 CENTRITUGE
LOVELL Did you get =z chance to run the entries in the centrifuge?

SWIGERT Yes, I did. I 4idn't do any G&K entries in the centrifuge.
I 4id the EMS entries, and I feel that the guldance was
comparable. The contrel input seemed tc increese the g much
like I saw. Bank inputs increase and decrease the g during

entry.
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Do you think it's necessary?

Yes. You're used to zero g, so l and 2 g's seem like a lot
more than one g. You'd think that you could take 1 or 2
transverse g's with no sweai at all, but after zero g, 1 or 2
transverse g's is & significant amcunt. I think it would be
good to have a guy fly centrifuge entry and be zble to take

over and do it manually.

Where in the training cycle?

I'd do it farther along, I'd say a month or two before launch.

Just once 1s enough.

If I were going to fly entry, I think I'd have wanted the
centrifuge run just to see how I could do it with respect to
the EMS. For G&H entry, the simulator is good encugh. It's

doing the work, and you're Just sitting there monitoring. If

you're doing an EMS entry, I'd like to do it.
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I had a number of hours in the entry simulator where they put
all sorts of faeilures in, I didn't have any problem
recognizing the failures, taking over, and steering. If I'd
had to take over at entry the other day, I felit that it would
be much more difficult to do it under a g-lcad, so I think

cne centrifuge run would be worthwhile.
20.9 TDE
The TDS is no longer here, and we never used it anyway.

We used the TDS in the CM side where we put CM moments of
inertis in and maneuvered. I did it once to see whether it

was vorthwhile, and I don't think it's worthwhile,

20.10 KR EVALUATOR AND GAEC FMES

I never used either the Korth American evaluator or the FMES

at Grumman.

I used the North American evaluator.

I used the FMES right st the end of Apcllo 11.
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It was interesting; you could run some of the rational programs,

scme cf the ropes.

We used FMES only to check out our new AUTQ 66, Somecne else
did the checkout. I think this is the only way you're going to
be able to do it. I don't think it was worthwhile going up

there.
20.11 EBEGRESS TRAINING

Egress training is required for people going through the
regular training cyele. Tt's exactly like you're going to
see it. You cught to leave it iIn there. .We had no problems

with that.

I guess when John, Charlie, and I went for pad egress training,
I had tongue in cheek as to whether it was worthwhile. I'm

glad I did go. When you get there for real, you know where to
go if you have any problems getting off that booster. I thiﬁk

the backup crew ought to go through it.

Yes. You never can retrace that after you make a change,

especially when it's that late in the game.




20-10

LOVELL

SLAYTON

LOVELL

SWIGERT

LOVELL

SWIGERT

LOVELL

SWIGERT

SLAYTOR

REEDER

LOVELL

20.12 SPACECRAFT FIRE TRAINIKG

We had spacecraft fire training on Apolle 8. We dida't do it

this time.
Do you think Jack got it somewhere?
It's good training.

I had fire training. I di1d not have the Culf egress training.

I did have the tank training.

You didn't go out in the Gulf?

No.

No wonder ycu stumbled over this all the wey in.

We had the frogmen there. He said, "When I get the net

pesitioned, you leap in." So I leaped in, and up I went.

I was under the impression thet you had gotten that. I

didn't know you hadn't.

They got 1t in the tenk. Gulf egress would have interfered

with some SIMs that seemed more important at the time.

That's correct.
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Jdohn and Charlie aiready had Gulf training, didn't they?

John did; Charlie didn't.

I think we will probably want to keep scheduling the training

for the backup crews.

T didn't feel like I was handicapped in any way because I

didn't have it.

I think that type of training is gocd to have Just as a part
of an astronaut's general training. If you had it for a

previous flight, it would carry over for the next flight.

Yes, I agree.

We got intc a bind on that training because someone kept
wanting to wait until the procedures for guarantine were firm.
We ended up doing it toc late. At that time, the training
would have taken the astronauts away from something we

considered t¢ be more valuable, and so we didn't do it.

Right.
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20.13 PLANETARIUM

LOVELL I didn't use the planetarium on this mission because I didn't

think it was required.

SWIGERT I didn't use it either. I did visit the planetarium once for
the Apcllo 11 mission, but I didn't feel that I needed it at

this time.

SPEAKFEE It was concluded some time ago that the simulator visuals are
good encugh. They also give you the field of view you're

geing to see in flight.

LOVELL I think the planetarium is for general training, but it was

not specifically needed on this mission.

REEDER Ken did go to Moorehead for half of a day, primarily to
familiarize himself with the new stars that he would be

needing.
20.14 MIT

LOVELL MIT did brief us on the changes to our guidance systems. That
was mainly for Fred and me and was on the sutomatic landing
program to which they had incorporated & number of changes. We

had nco training at MIT.

COMABENTIAL
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Ken and I went tc MIT once to use the simulator that would
duplicate the — the atmospheric layer of the Earth. We could
mark there and get ar idea of what kilometric value you were

using for your atmospheric layer.

Fred did that on Apollo 8, and it was good for that mission.

Of course, you went there for Apolle 13.

I den't think I would make a special trip uv there for that.

I would combine it with something else.

They use your MIT results as base-line data toc compare with

what you do in flight.

I think that I was pretty near the actual value. I came out
with 17 kilometers while I was in flight, and I was using

19 kilometers at MIT. Beo, it was actually rretty close.
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20.1% BSYSTEMS BRIEFINGS

HAISE On our side, we didn't go through any of the CM part at sll.

LOVELL We had deltas and briefings on the last-minute changes and

anomalies that came up during the last couple of months.

HATSE Whatever we did on the IM side was done way early. We had
already been through that once on Apollo 11 and it wasn't

particularly needed.

SWIGERT I didn't feel like I needed it. I did have some systems
briefings on systems I thought I could use. They were not very

extensive.

20.16 TOPOGRAPHY TRAINING

SWIGERT We spent an extensive amount of time on topography. This was

lunar topography.

HAISE We reslly needed more.

LOVELL There were two types of topegraphy training: One was the
landing area. We did a lot for this one. Then, there was
the area we were to fly around. Ken did more work on that
than Jack, Fred, and I d4id. T still felt that I wasn't up

to speed the way I really wanted to be, before launch on




LOVELL
{(CONT'D)

LOVELL

HAISE

20-15

orbital geology. We knew some things would have to be cut out,
and that was one of them. We never had the time toc get it
done. Fred and I spent more time learning about the landing

site.

20.17 LUNAR SURFACE TRATINING

Cne thing especially, I think we should change the geology
training technliques, and this is basically based on Fred's
inputs. It should be more what we would expect tc do on the
lunar surface. We used walkie-talkie radios and equipment

and we kept the time line down to something that was similar

to what we were going to deo. We learned to be observers and to
discuss what we saw. I think that the training along this line
is really taking a different curve toward what we're trying to

get out of lunar geclogy.

We should use only the zame scale maps they have from Orbiter
pictures of the Moon. In some cases, they laid out known
traverses from a known starting point. At other times, we
played the game that we didn't know where we landed and we
reoriented on the map, built our own traverse, coordinated
with the ground station, and operated with CAP COMM and SPAN

room people, all the time.
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I'm only sorry that we didn't have a chance to exercise our
training to determine whether 1t was adequate. However, I

did feel that it was adequate.

To me, the XC-135 has the best fidelity of one-sixth g. The
POGO seems to help you develop a kind of low running technique,
but even it was distorted somewhat. I was working a lot harder
there than I was in the airplane doing the same kxind of tasks.
When I used the mobile POGO, there was a 30- to 25-knot
crossvwind. One leg was completely distorted but the other leg
was shiglded by the truck. It felt quite comparable to the
centrifuge rig. However, both of the simulaticns distorted

my balance; of course, the things I was lugging arcund were
cne-g welght, not one-sixth g, and my limbs were one g and not
one-sixth g. My heart rate was also saying the same story.

It was costing me a heart rate of about 140. On the airplane,
I know I got going faster than that, and T bet I could have

gone all day without getting above 110.

Cne g walkthroughs — again we can't prove it, but it seems
to me that walking, using those vressure suits and doing that
stuff, was the best thing in the world — even though it was
horrible. That type of training, according to Pete, is far

more difficult than the actual, which makes things easy. I
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recomnend it just to get in condition. We tried to limit the
field trips this time to ones we thought were profitable,

Early in our training, we went to California. I thought that
was profitable, only for the fact that it trained us as
observers. The Hawaiien trip was training us for operational
time line and for things we thought were peculiar to the lunar
surface and the phenomena we should expect on the lunar surface.
Although I really didn't think too much of it before we went,

I think the last trip out to Flagstaff was very good. I
thought Kilbourne Hole was the least interesting, and the leas%t
productive. During the training at Flegstaff, they gave us

the lunser mep that was degraded purposely in the same way that
our maps were degraded. They drew holes and it showed this in
the traverse. They showed us an actusl crater and then showed
us what it would look like on the map we had. We could

compare that with the Fra Mauro region and get some idea what
the crater size would be. That was good training. I think
SESL training should be done only as & confidence check con-

cerning your equipment. I recommend that we keep doing this.

Were you aware that we are planning to drep this for future

training because of budgetery problems?

No, I wasn't.
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What are the alternatives?

We can use the 8- or 1ll-foot chamber. We need to give E&L
guidance on some things we'd like to update there to make it

good training.

It's the same chamber we were using before on the preliminary

runs you mean, the small one?
Yes.

Well, my point here on the SESBL runs is that it gives you con-
fidence that your PLSS and OFS and everything are working right,

and that you can actually perform in a vecuum.
You can do the same thing in the 8-foot chamber.

That's why in Gemini, I was sc adamant that we should have

one-g chamber run.

I lust wanted to make sure you understood, if you had any strong

feeling, you should express them here.

Well, I guess what you're saying 1s the SESL also gave you the
thermal environment. I think we've already proved that, but we

do need chamber testing and chember training.
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You can do it easier in the 8-foot chamber. We had that on
Apollo 11, but we didn't have it this time. The 8-foot chamber
was used to run off nominéls, but they weren't in the SESL. It
tock a little in-house training to get them to allow you to do

anything coffnominal very often.

The briefings. FEvery time we wanted a briefing, the people
were more than happy to respond. We had to work our briefings
in with simulateor traeining; so, in most cases the briefers

ended up sitting around for an hour.

CONTINGENCY EVA TRAINING, KC-135, WIF, AND ONE-g WALKTHROUGHS

HAIGE

IOVELL
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We only had one session of contingency EVA training.

I guess it wasn't adequaste. If I had to go out by myself, as
in & one-man EVA there was going to be a little talkthrough.

I did train to deploy the ALSEP by myself., I looked at how
the drill operated, but I wasn't very proficient at it., There

would have to be a lot of talkthrough.

This topic was primarily for tresnsfer from the LM to the CSM,

if you were not properly docked.

We did the WIF exercise, and my feelings were that if we ever
were faced with that in reality we were in deep trouble. As

a matter of fact, we came up with & new technique,
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We had several ways to go. You go through the tunnel or you
could go cutside. All we determined was that we couldn't make

it through the tunnel.

No, but we were trying to determine if we could use the PLSS
from the lunar surface. Remember we wanted to leave the PLSSs

on instead of taking them off.

We never had a PLSS on, in the water tank.

Tt should be OPS.

Remember that late in the game we were talking about using a
PLES with John down at the Cape in the one-g mockup. I'm
trying to see what the situstion was that set us up so we could
use that. We said instead of taking the PLES off and putting

the OPS on - -
We never did sany training for that though.

There was some idle conversation about that one day, because
the hatch Jjammed and wouldn't seal. It was stuck in there

and we couldn't pressurize the LM,
Yes, but the normal thing was to get rid of the PLSS.

Yes. Do a vacuun mate/demate.
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I think you would be much better off to leave the PLSS on and
do the EVT with the PLBS, because you would have communicstions
and you wouldn't have to do all that vacuum demating and mating

and get all that stuff squared away.

You never get even one-g, on the ascent stage. Why don't you
Just 1ift off with the PLSS on your back, and go into orbit

that way?

It depends entirely on what your failure mode is. Even in that
case, if you get docked, you can get repress from the CSM and

get back to normal, anyway.

We were looking at the case where we had no IM pressurizetion,
and, we couldn't go to the tunnel., We had to go extericr.

We thought that we could even recharge our PLSS with the LM
system under vacuum conditions, better than we could tske off
the PLSS, put on the OPS8s, and pressurize. We were willing to
launch with the PLSS on our back and transfer that way, be-
cause we would have communications that way. It would take a
long time, maybe 4 hours to recharge the PLSS. That was the

only change we had on thsat,.
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20.19 MOCKUPS AND STOWAGE TRAINING EQUIPMENT

LOVELL My training suit is just about gone, but all this equipment is

adeguate.
20.20 PHOTCGRAPHY AND CAMERA TRAINING EQUIPMENT

LOVELL We were a little late getting the Hycon camera. We felt that

wve needed more time on that, although Ken knew it pretty good.

SWIGERT I had a good briefing on the Hycon camers. I didn't have any

guelms sbout setting it up and working it.

HATGE We were in pretty good shape on the LM side, all slong.

LOVELL  Yes, we had the lunar surface cameras socoon enough to practice

with.
20.21 LUNAR SURFACE EXPERIMENT TRATNING

LOVELL  The eguipment on thet is getting pretty poor. It's worn out,

and we're going to haeve to staert replacing it.

HAISE A geood part of that is replaced Just by having a new ALSEP

package, Jim. There are no more ALSEPs like that one,

REEDER There will be a new one coming along for Apollc 1k,

HAISE Yes, & different one though.
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The cameras were shot tco; all that stuff is worn out.
We Just brought two back.

We Just gquitely didn't push the backup crew the last couple of
weeks, because we didn't want to wear the gear out before your

last EVA.
We'll review that whole subjlect.

20.22 LUNAR LANDING TRAINING
Well, we can't even talk about that.

I have one little thing that isn't listed as an item. Going
back to the TV, I felt, by wvirtue of picking up the old
Apollo 12 surface camera and having it to use & few times in
conjunction with ocur surface EVA exercises, that the live TV
was pretty well integrafed for the lunsr party operations.

But the TV mockup in the CM doesn't even have the things that
turn; the things that force you to an f-stop, or force you to
set & range or zZoom in or cut. You Jjust kind of fake that; at
times we'd just play games in the CMS and normally I'd get the
mockup out and gtuff it in the bracket behind my head and then
stick it ocut the window and then forget about it, and press on

about our business. Then all at once that day ceme and things
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were g little different. T couldn't stick the handle in that
bracket to begin with. I had to handhold it because I just
couldn't hold it straight out. T either had to hunch back or
move forward to get the right picture and it was a gsme of
focusing. We also had to be the commentator on the other end
of it, trying to tell what you were supposedly showing while

doing the other job with the other hand.
This is CBM specifically,

That, to me, was one thing that should be trained for, too.
Now it would help if the TV mockup in the CMS could be made so
that the end piece was such thaet you turn to make & change in

f-stop and ranges.
20.23 PLANNING OF TRAINING AND TRAINING PROGRAM
It was packed; but guite adequate.

I think we did some unigque things in this flight that hadn't
been done before, and we should ask the simulator people, both
here and at the Cape, to ley out a training program so that we
could accomplish, as far as the CMS goes, all the specific
mission phases. We did the same thing in the renéezvous simu-
lator and I'd recommend this plan. When we went over there,

their approach was, "What do you want to do?" We came back and
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SWIGERT said, "Well, if we knew what we wanted to do, we wouldn't be
{CONT'D)
here. You tell us what you think we need." They developed this

approach and I'd recommend it,

SLAYTON We've got a base-line training plan with all the details laid
out. What you are saying is that we need to be a little more
aggressive in telling you on a specific day 4o do this rather

than leave it up to you?
SWIGERT That's right.
SLAYTON Eventually we get arcund to that.

SWIGERT They keep track of things. They say "All right, you've done

many mode II's but no mode I's,"

LOVELL I guess when you have a time limit, you have to figure out

what you think you're really not proficient at.

SWIGERT Well, this is, of course, in the latter mission phases. You
come down and they say, "Well, now you're getting pretty well
near the end," and they'll give you a choice of activities
and you will say, "Well, I'd like to run some more time-line

work and so forth."

LOVELL I thought training was very good this time.
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I did too. If it wasn't good, I don't think we'd have been able

to switeh like we d4id.

Yeg., Maybe that extra month in there was well worth it then.

We had & good training coordinator.

I tell you, though, thet training is a bottomless pit. You
get an extra month and you think you're all set to go; but,
before you know it, every day in that extra month is taken up.
The LLTV tock an awful lot of time, and if it weren't for the

slip, I don't think I weould have gotten that in.
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21.0 HUMAN FACTORS

21.1 PREFLIGHT

21.1.1 Preventive Medical Procedures

LOVELL I'm not going to say a word.

21.1.3 Time for Exercise, Rest, and Sleep
LOVELL This is a complaint, T guess. I really don't know what to say
about it. After you run an EVA and the simulator all day, you
don't feel like you can do any exercise. I had a hard time
getting Ken to come back to rest, sleep, and things like that.

But I really don't know what we should do differently.
SLAYTON Tell them Just to keep working at it.
LOVELL  Yes,
SLAYTON If you think they're working too hard, just slow them down.

LOVELL If we hadn't switched CMPs the last few days, we would have

had the last few days free.
SLAYTON Yes.

LOVELL  And we wouldn't have done anything. Having to switch, though,

made us do extra work.
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21.1.4 Medical Briefings

LOVELL The medical briefings were adequate.

21.1.5 Zating Eabits and Amount c¢f Food Consumption
LOVELL I think tkat we're now taking a practical view towards preflight

eating. I don't think we had any problems.

SWIGERT At the Cape, Lou wants to feed you like he thinks you're
starving tc death. Now, you've been down there, and you know
exactly vhat I'm talking about. 1 don't need fhat much food.
As a resulu, I found myself nct eating that much, because T

just can't take that amount of food.

LOVELL I puess if we were a little bit stronger, we could probably
prevail on Lou to cut down on the food. Maybe I should have

told him net to feed us lixe that.

SLAYTON I think it's an individual preference. It's up to you to

decide how much you want.
LOVELL Fred, do you have any comments?

HATSE Well, I guess our training schedule didn't really allow a lot
of time for exercise. That was cne item that kind of slipped
by for me. I normally get a little more exercise than T was

getting in about the last & weeks of training.
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EVA didn’'t give you enough exercise?l

No, not the right kind. I would have approached the last item
a lot differently if I had known the way this mission was going
to turn out. If I had known the mission was going to last

less than 6 days, I would have gone the route of no bulk foods,
and I'd have cavitated the whole system back to the tummy as
best I could with enemas and everything else, and I think we'd
probably got by the whole time without having to worry sbout it,
As it was, I went three times in 5 days. It's a terrible incon-
venience. Jack did the same, and I think that was just becguse
he continued to eat. With a 10-day mission, I don't think

you're going tc avoid the issue.

That's the way I felt before launch. I'd gone through this
low-residue-food, clean-yourselif-out-good routine at night.
Then, I went through the entire flight without geing. 1 said
to myself, "One of these days, you're going to face facts that
you Just can't last 28 days or 56 days without going. You
might as well start living normally again." 8o, that's what

I did. 1 went once.
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21.2 FPFLIGHT

21.2.1 Appetite and Food Preference
The first day I didn't have much of an appetite. The next
merning, I was a bit upset. Then, from there on, I started

eating everything that was in each meal.

We were given no meal A on the Tirst day, but we were given
meals B and C on the first day. Of course, our launch wasn't

until 2 in the afterncon, which was after meal B.

We also had snacks stuffed in our pockets.

As & result, none of us ate either meal B or meal C on the
first day, but we did eat the snack. We started off eating
regular meals on the second day. We also kept a log every time

we ate anything.

1 have one general comment on the food. It was good, I
thought that the wet packs were a step in the right direction.
The bread was good, and the spreads were better, but some of
the food was a little difficult to handle. Some of the spreads
dried out a little because the water went to the top. They
separated, too, sco it was hard to spread them because they
were hard and because the water floated. That problem can be

worked out, though.
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1 think that the packing of bread packages expand because the
pressure goes down. When they pack them, there's 14,7 psi,
and there's only 5 psi in the CM. ©So, you never can get the
bread back in the package. But each package, each complete

meal, is in 8 package by itself and is on a string.

Yes, that's a1l right. I think you eat more, because you
can't get the food back in its package. You have to do some-

thing with it, so you eat it.

We could have packaged the food better. I know we do have more
room for food stowage in the CM. The food is too compact, If
you pull cut one thing, a whele bunch of focd comes cut. I

think we have room encugh in the CM that we can devote a little

.more space to food stowage. They really pack it in there.

They must have spent a lot of time packing the food. That's
gregt, except that, in zero g, if you reach in to get one
thing, you pull out 2 bunch of food; boy, it's hard to get the

food beck in the package,

Also, each bread slice is not vacuum packed. That stuff Jjust

goes all over the plsace.

The orange Juice was much better than the orange drink. 1I'll

tell you, those Juice drinks really saved us. We used up all
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of them. In fact, we were even getting into the last meals to
get out the Jjuice drinks. But, of course, that was because of

our shortage cf water.

I had a comment on the pantry. The TEC cable route interfered
with opening the rear door of the pantry. We had to be very
careful on the forward docr, and I had to be especially careful
when T raised the door so that I would not ding the THC cable.
I had never ncticed that before. I don't krnow whether or

not this is something peculiar to this spacecraft.

The routing of the THC cables was pretty much standard; so,
I think you're going to find that there is a degree of inter-
ference. But you're right, the door did hit the cable when
you raised the door about 60 degrees. The door didn't raise

the full S0 degrees.

21.2.3 Tood Waéte Stowage
We used one temporary stowage bag for the food waste stowage.
It's the same old thing, too. The amount of trash really
piles up in a hurry, and you have to keep ahead of 1t. We

were keeping ahead of it up until the time of the emergency.

We didn't even do too badly after the emergency.
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Is that all it was; that trash bag sitting down with it?

I have been thinking that if we could have jettisoned the

satuff in the LM, just gotten rid of it, that would have been
fine. Again, if we had a little bit more room in ocur food-
stowage area, we could replace the food that we use with the
debris that's left over. And we could use that as a stowage
spot. But we couldn't do that adequately because of the way

the food is packaged now. It's Just packaged too tightly. Once
you get that food out, you just can't put it back into its
package. If you.could put it back, it would be much more

efficient.

The bags of bread needed patches of Velcro on them.
Did the wetpacks have Velcro on them?

Yes, the wetpacks had Velcro,

The ketchup packages did not have Velero on them.
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We had one emergency in the LM that you didn'%t know about.

Fred went up to get a volts and amps reading, and he said,

"Here, hold my frankfurter." When he came back I said, "Fred,
I got an emergency here. I squeezed too hard, snd it drifted
of f someplace.” I said, "Check arcund for two loose frank-
furters." That broke Fred up for about 5 minutes. I was

still holding that empty pacxkxage when he came back. We had

g few laughs over this one.

I thought you had eaten them, that's why. You Jjust can't
trust these CMPs when you leave them in charge of the IM.

The Epoon-bowl packages worked pretty well,
That's & step in the right directiocn.

21.2. % Water
We chlorinated the water, and even in the beginning, we saw

gas in the water.

There was gas in the CM potable water all the way through the

missicrn.

The water was hot, and hot water was fine.




SWIGERT

HAISE

SWIGERT

LOVELL

SWIGERT

LOVELL

LOVELL

You know, something we all commented on is that none of us

noticed a taste of chlorine in the water the next morning.

That's right, I thought that it tasted almost as if Jim

hadn't chlorinated it.

There was always some gas in all the Juice bags when we
filled them, even up to the very end of the missicn. Even
wher the fuel cells weren't working, there was always gas in
the water.

I don't know what we're going te do about that situation.

Jim, you probably can make s comparison between the Apcllo 8
potable water and the Apclle 13 potable water. Did you think

there was more or less gas?

I thought it was about the same. A good way to tell is by
drinking from the juice bag. A lot of gas makes it difficult
to drinmk from the juice bag, because you're drinking air, gas,

and Jjulce,

I got a little thirsty towards the end of the mission, because

we ran out of CM potable water.

21.2.5 Work, Sleep, Rest
I guess we ghould talk about the worst sleep cycles before and

after the emergency.
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The first night I didn't sleep as well as I did the second

night. I guess it's Just a matter of getting used tc sleeping

in zero g. The second night I had a good night's sleep.

Yes, the same was true for me. T guess I had some sleep the
first night on the ccuch. All I did was set up the couch and
fasten my lep belt, and I had a feeling that I was rocking up
and down all night. I don't know whether or not this rocking
contributed to the severe headache I woke up with in the
morning. If I had to do it over again, T think I'd alsc bring

the shoulder harnesses down and latch myself in completely.
Did you wear your COMM carrier?
Yes.

On the first night, I wore the COMM carrier. I don't think I
woilld recommend that, though, because of the audible tone. 1

think we could have taken off the COMM carriers,

No, I'm sorry. I didn't wear the COMM carrier. I wore the

lightweight headset.
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If there's a switch in S-band and OMNI antennas, the antenna will
tend to wake ycu up. Alseo, we had a third sleep restraint,

which I didn't even Xnow we had on board.

Yes.

Dorn't you think the sleep pesition underneazh the couch is

better than the slieep positicn on top of the couch?

Yes,

This is true maeiniy because the sleep restraint under the

couch keeps you in position.

That's right. I agree,.

Maybe we ocught to think about rigging up a similar sleep

restraint on the couch.

I susrvect there are places down in the LEB that a restraint
could be tied without any problems. One example is the GEN

nandhecld.

And then, we would have three good sleeping positions. I slept
on the couch the second night, and I didn't get as good a sleep
as 1 did the first night for two reasons. First, a MASTER
ALARM occurred just about the time I was falling asleep. That

really made me jump out of the couch.
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SWIGERT We never did find out what that was.

LOVELL No, and the second reason was that the hose by my side was
rotted. It was blowing cool alr on me all night, and that

distracted me.

21.2.10 Medical Kits

LOVELL  The medical kits were adequate., We used aspirin.
SWIGERT I used two Lomotils and one Dexedrine.

LOVELL I used Dexedrine and we alsc used quite a bit of asplrin and

one Darvon.
HATSE You used two Lomotils?
SWIGERT They didn't do any good.
HAISE Are you sure you got the right compartment?
SWIGERT I think so.
HATSE And we used seasickness pills,
LOVELL No you didn't.
SWIGERT I tock the Marezine.
LOVELL Dexedrine.

SWIGERT I tcok a Dexedrine.
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Just took one (Dexedrine).

[

(o8]

didn't take any because the seasickness pills had that in it.

Yes. 1 was a bit concerned about taking too much Dexedrine.

I was afraid it might wear off before I got dowm.

21.2,11 Housekeeping
We kept up with all the debris. We never nad any locse packages
around. After every meal, we immediately used the pills and

the debris went in the garbage bag.

Even after the incident, we alweys had a clean house. There

were never any odors,; never arny mold or anything.

21.2.12 Shaving

Fred, why don't you talk about shaving?

Trhe proklem was one of two things, I guess. Deke's point that

it had been done vefore, and gquite successfully, leads me <o
believe that our selection of the type of cream — the Mennen —-
was not the right one. What happened with ali of us was that the
shaving cream caked underneath the razor blade on the Techmatic
we had and it allowed the blade to skim very neatly over the

rest of the face without even touching the whiskers. You

really had to apply a 1ot of pressure and scraping back and

forth to get it to dig in & little bit to do any cutting. It
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was a very long-term, meticulous job to get a decent shave

with that apparatus. 1 guess the next guys should follow more

in line with that used previously — which T didn't have any
knowledge of — or make use of a more selective sampling in the
available creams. We really only looked at two — Gillebte and

Mennen, I thought if any of them would be good, those two
would. I guess that wasn't necessarily true for the envircn-
ment we were in. Another pessibility we thought of before the
mission was the benefit of having a razor that ycu can either
remove the head or move the razor to allow clesning of the

blade. With the Techmatic, we weren't able to do either.

21.2.13 Radiation Dosimetry
We erred here a little bit. Fred and I took off our suits and
left our dosimeters in our suit pockets. Because we already
had ther stowed and wanted to be very careful with the suits,
we were reluctant to unstow them. BSo we relied on Jack's
dosimeter as an overall dosimeter for the flight, after the
accident. After the accident, we couldn't bother with taking

any dosimeter readings.

I did give them the dosimeter ocut of my pouch. It was stowed
underneath the LEB in cne of those little pouches underneath

the optics.
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The PRDs were not worn throughout the mission., Two of them

were stowed in the suit bag and one was stowed down by the LEB.

We didn't use the radiation survey meter,

We activated it one time when we couldn’t find a dosimeter, to
see if there was any change. We didn't see anything in excess

of the 10-mrad/hr range. It was outside the radiaticn belt.

2i.2.14 Personal Hygiene
I've zlways thought those wetwipes were too small, whether
they are packaged with the food or packaged with the other.
They're very small. I'd much prefer the wetwipes packaged in
the AF inflight lunch kits. At least they smell good.
We've had these things from the Gemini days. I don't know
what they put on them, but they're awful, and they are small.

I guess that's something we can live with.

Do you know of any reason why we can't improve them?

You know, we're looking toward Skylab and long-duration flights

and improving crew comfort.

I don't know why we can't use the same thing they use on the

airlines.
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LCVELL

SLAYTON

LOVELL

SWIGERT

HAISE

That's right.

Was potable water used for personal hygiene?

Sure it was. We used it to keep our faces clean, and for

shaving. We used the hot water to try to soften the heard.

Az far as tissues go, there was plenty of tissues.

Yes, we never ran out of tissues.

£
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22.0 MISCELLANECGUS

22.1 MEDICAL REQUIREMENTS

Deke could probably better explain it than I could, but it
seemed to me that this physical was different from the Apollo 8
physical. This time, we had a physical every day, something
which came as a complete surprise to me. I must have missed

the briefing somewhere zlong the line.

We've been doing that since Apollo 9; the physicals are In
terms of a quick_look each morning. They are Just a kind of
nose and throat check to make sure nobody is getting a red
throat or something. Before Apocllo 9, we weren't conducting
physicals each day. But remember that all of a sudden we came
along and had a problem. BSo since then, from T minus % days to

1ift~0ff, we have been doing physicals each day.

1 didn't know about it until Jack Teegen said, "Where do you
want to take the physical?" T said, "What physical?" He said,

"Well, we have to look at you every day.”

Another thing I thought of, which you might want to consider,
is that the backup crew and the prime crew never follow the

game physical regimen.
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STAYTON That's right; from T minus 30 days to lift-off.

LOVELL If you have to repeat what we experienced, you might think

about changing that technique.

SLAYTON Again, I think it worked out all right, becguse frem

T minus 5 days to lift-off is really the critical pericd.

22.2 PAO REQUIREMENTS

LOVELL There was no interference by PAC reguirements with flight

preparation.




