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VOICE: -- especially in a wission
like this is weeding tlhirough the uata anu determining what
tq present. And today we're yoing to present sowe of tue
preliminary results, and we're very fortunate to have

on hand Dr. Jacques Picard, who not only originateu the sub-

‘mersible but was very instrumental in getting tie mission

going,

We also have Chet May, who was the WASA particvipant
in the mission.

We will hear from tnei shortly. But first I wouid
like to give you a little background of the mission. Ana I
only have three or four Vu~-grapins, so you don't nave to worry
about sweating through a long presentafion py Ine.

The first Vu-graph shows the trace of tue wmissioi.
It started some twenty niles off of Palm Beach and enued up
some three hundred miles south of Nova Scotia and about five
hundred miles from land, thirty days after initiation.

You notice one break in the curve, in tie miudle,
and that's where they met some unforeseen circuwastances dand
they had to surface due to being caught in an eady outsiue
their mission, outside of the Gulf Stream.

The depth along the traverse varied from a nominal
six hundred feet, and they had several excursions to fourteen

hundréd feet.



The mission was thirty uays.
It
ﬁ The purpose was twofold: one was tu make scientific
:observations, and the other was simply to insure that the sub-~
imersible wasg adequate.

S0 we had two types of people involved; we had tiue

E‘eng:i.neering type, and we had the scientific type, that made
fup the crew.

The crew size was six, and it had an international
i
‘flavor. There were two Swiss, there was a Britisher, and there

E

‘were three Americans. And the Americans were quite unigue

H
1

}because One was an oceanograplier, one was captain of tie snip,
Eand the other was a NASA representative.

The NASA involvement was completely exploratory.
‘There was a feeling that there might ve some -- that there
could be some reasonable interface between tuis kina of
hissién and a long duration space mission.

The Vu-graph on the far side is a pictorial repre-
sentation of tne craft. Some 48.8 feet long, I bLelieve, anu tiw
pressure chamber is 10 feet in dJdiameter, which figures out to
be a volume of roughly 600 cubic feet per man in the six-man
crew,

At the lower sector there you see the housing for
batteries, wihich was non-pressurized. You see four Vernier-type
fmotors to provide stability aad enmergency propulsion. Ulhe

motors are rated at, I believe, 25 H.P, apilece, and they can
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rotate in various direction.

You can see along tne side of the craft Lhe
portholes for oLservation.

You might ask at this point why was NASA involved
in this type of mission. And there are certain similarities
to this type of mission in space. 7The one tiat is most
obvious is the long duration. Another, less obvious, is tae
make-up of the crew has certain similarities, in that thay
both have scientific and operations goals. They were stuck
in a confined environment for very long duratioa, and it was
isolated, and there was a certain degree of nazard. iow if
these kind of parameters can reveal problems, perhaps they
can reveal those similar to what you might encounter in

space.
The ones that were most obvious to address were
the habitability problems. Those involved how one might
utilize space, how one might handle clothing, now onemight
shower and keep clean. And then there was a maintenance
aspect that we looked at. Chet will go into a lot more
detail ou the specifics.
The guestion tihat might also arise is wiy not
check these things out in space itself; and I think very siupl,
~
the answer to that is the cost. If we could get answers to

the questions without going into Space at a nagnitude less

cost, it would be very worthwhile.
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Then there's tne final note I would like to end
on, and that is: perhaps we at NASA should look more closely
at the space developed technoloyy, especially with regard
to its applications in the ocean. If we're developing similar
technologies, perhaps we could make use of tnem in votn
environments.

And with that brief introduction I'1ll introuuce
you to Dr. Jacques Picard, who is responsiiile for tie missiown
to a large deyree, and who is goinyg to tell us avout some of
his subjective comments regarding tine mission itself.

DR. PICARD: Gentlemen. If we consiuer tue
purpose of our mission was to stay one monti under water
and keep in good condition, and possibly to make some interest~
ing oceanographic and ctaer observations, we may consiuer
that our wission was completely and entirely successful.

liowever I believe that we do not gain anything
by repeating it was a complete success, and us we plan toward
other missions, and especially as we plan to use tuis poai
or a siwmilar boat for other lony duration missioas, I veliove
that we will never make any progress if we do not look very
carefully into tie things which were not very perfect, let's
say like this. It may -- and it was, only very minor things
which were not good. But these minor things nay turn to Le
very important in other missions.

So I do not intend to criticize anybody by speakiig
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to you today only of things wuich I believe were not ygood;
I just believe that it is a more constructive way to wo.
And if we face really the thinys which were not yood, we
may find automatically away to improve other missions.

So there will be mainly six kind of chapters, or
paragraphs, that I would like to discuss witan you on wnicn
I believe several points can be inproved.

Tne first point was the so-called life supply.

We stayed for one month, and we could livefor one montia, but

it was not always perfect, and we didn't feel alwajys, I belicw:,

as well as we could have.

Tiue first things which happen if we are closed in
a relatively small room -- I should say a room in wuich
nobody is smoking; otherwise -jt would be just albout tiie same
as here -- the producing of CO;. And we know tnat by breath-
ing we produce CO,, and the CO, will be more wangerous and
rnore immediately poisoning people than the absence, or tae
decreasing amount of oxygen.

We first said thnat we would never have tue CUy
level higner than 1 percent; which was the . figurc tuat I
reconmended myself. And after this, after some investigation,
pecple Lelieved that we could go up to 1.5 percent. I aon't
believe it was a good idea; because obviously CUy is a poison,
and tne less we have CO; in the atmosphiere the better it is,

even if we don't feel directly the inconvenient.
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And it's interesting to know that it doesn't take
nore lithium hydroxide -- because this was the product tnat
we used to absorb the CO; -- to keep the level at 1 percent
than at 1.5 percent, except for the very few beginniﬂg -
the very first hours. As a matter of fact, as we never have
been more than 1.5 pcrcent, it means that we nad enouyi
lithium hydroxide on board to absorb all the productiou of
CO;. So we could have workeu a system whicia would nave
been more efficient in order to absorb more CO; and keep tae
level at just 1 percent.

The system that we had basically was liguid
oxygen which was evaporating slowly inside of the hull, anu
we had a completely passive system for absorbing tne Loy,
just twelve panels of lithium hydroxide fixed on the wail
of tlie hull, and just by the normal noving of the air the
C0p was absorbed. This had some advantage, especid;ly Lecause
ligyuid oxygen is a good way to save weight. It takes for
the same amount of oxygen léss total weight than if you useu
caompressed oxygen.

Lowever I would like to point out a system thac

we used 20 or 25 years ago for the first bathyscape, cespeciall,

for the TRIESTE, when we started with the TRIESTD. lle aad
three conthiners, one containing lithium hydroxide, anuther
one containing silica gel, and the third one containing

activated charcoal for odor absorxption. And tie oxygyen was
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not liquid but was in compressed cylinders. And when the
oxygen got out of the bottle it sucked part of tae.ambient
air and blew this air through these successive thirece tanks
with lithium hydroxide, silica gel and activated ciarcoal.
So with the same system, vithout any power -- because tue
power was requested before the expedition when we filled
the compressed oxygen in the wbottle -~ wituout any power we

nad a cpmpléte automatic system which absorbed extremely

well and which kept the level of CO, akt a lower deyree than

what we had on tihe BEN FRANKLIN.

So this could be made, in some case -- I will not
discuss it: it was a case of doing encugih with the BELNJAIIJ
FRANKLIN, but it is a possibiiity, at least.

The se.ond problem that we had was CO. You know
that-carbon monoxide is a réql bad poiscn, muca stronger, of
course, tnan carbon <dioxide. And we had soae on uoard,.and
we don't know yet -- as much as I know nyself-- exactly
where it was coming from. We have some reports accoruiuly
to wiich some CO is produced by obredthing at tne same time
as CO, but at a much lower degree, but tunere is some. Anu
some other people, some doctors told me it is not true. As
a matter of fact, the CO cannot come from the Luman bouy, mut
could come possibly from some evaporation of heated plastic.

Some plastics, when you heat taeir, produce some CO. 5o we

could imagine that we had CU produced by insulation of elcctric
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cable, for instance.

We lad onlkoard a system to absorb the CO -~ nore
exactly, to cnange -- to burn, chemically speaking, the CO
into COy, wut this system did not work on bLoard, provably
due to tue humidity of the air, of the ambient air.

It was also a little Lit uncomfourtable on board
psycholoyically speaking, because altinougi Gruuman knew the
limit of the CO that we could have on uwoard, we on board did
not know exactly up to what point we could go. Aund sgeaking
with the surface, we had theinpression that we could not 4o
over 25 parts per million, arnd later on it haprened it was
40 or 50 parts per million. But this created during the
mission sone kind of uncertitude whicih was uncomfortable.

The question of the humidity is the same as the
one of the CO,. We have never been wore than about 75 cr
80 percent of percentage of humidity in the air. So it also
showed the silica gel that we had was sufficient to absorb
all the aumidity produced by the six crew menbers and the
other equipment -- the kitcnen, the shower, tie toilets, and
30 on. But, again, if we could keep a level of 75 gercent
with the same amount of silica gel, if it is well usedu, wita
hetter efficiency, we could keep the level much louwer, maybe
50 or 55, which would have been more comfortable and which
would, maybe, have aliowed the CO equipment burnup to work.

The temperature on board was not agreeable. It
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was relatively good when we were at a normal depth for the
drift, which was six to seven hundred feet, although it was
never warm enough to really be absolutely comfortable. And
we knew in advance that the Gulf Stream was a so-called
"warm" current, but "warm current" doesn't mean anything; it
just means it is warmer than the surrounding water. And
especially when we made relatively deep dives or bottom
excursions, then we arrived in water which was 50 or 54°F.
which gradually lowered the temperature in the boat also
to these kind of temperature, and it was really uncomfortable
and cool. And two or three times we had to shortthe deep

dive just due to the fact it was so cold we could not

practically stand it; at least we could not stand it and
work at the same time.

So we need a better insulation. We had no insula—

tion at all, as a matter of fact. We could insulate the hulil.
We need better clothing.

The clothing that we had were not good, not
convenient, not agreeable, not warm enough, and irritating the
skin for some crew members, but not for all. I was apparentl£
more sensible than the average of the other ones, but I was
facing the dilemma of having the skin irritated continuously
or being dead cold, which was not very comfortable.

Then the food. We, of course, made a lot of jokes

about the food. The main idea that we had-- You know, I am
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speaking abéolutely seriously: we say everything which NASA
is doing is perfect, so we'll take the food from NASA and
we expect to have the perfect food. Apparentlywe didn't
take exactly the food of NASA because it was not perfect,

(Laughter)

And it was extremely monotonous. And I don't
know for what reason, but I believe it has been considered
much more complicated than it really was. We had, for
instance, some kind of cookies which were good because they
were the only hard things to chew. For one month you like
to have something hard to eat, you know, besides the chicken
sauce and the beef stew and these very soft materials. ‘So
we had to use some of these cookies. But all the cockies we
had were the same kind. Aand a rough analysis of these showed
that about 30 percent was cereal, which was good, and roughly
70 percent was dust, which made it very, very untasty for
the most, at least. And we just didn't know why we hadonly

one kind, and why we had to make s=o much story for cbokiés,

. because ¥You can go into any drug store in the States andg

buy a hundred kinds of cookies that you can keep for months

and months, and they are very good provided you keep them in
a closed box. So this is typically a case in which we looked
much too far away when it would be so simple just to ask our

wives to get us very good cookies.

(Laughter)
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Incidentally, we had not enough tea or coffee on
board. This is interesting because apparently when we are
closed for one month together we have more opportunity to
drink coffee, and the statistics which were -~ I aon't know --
provided by the Food and Drug Administration or some official
office like this, were not concerning our case.

Mainly we had a problem with the water, alsoc. We
had two different supplies of water. We had one supply for
the cold water and one supply for the warm water., The idea
was that we had not enough power, or we didn't like to use

our energy, battery power, for heating water, so we had four

tanks very well insulated -- the cryogenic system, you know -—-
|

j2nd in advance we had about 250 hot water gallons, and this

PEFLEILY TH 1

water was supposed to stay warm for the Eull mission. It
happaned for very good reason that two or three of these
tanks didn't work, and the company that-.was. supposed to.repairi
them was out of business, and so on, and when we left we knew i
that at least two tanks -- and it happened to be three_tanks,I
i
would not be very good. The fourth one was good and kept the é
water long enough. And also we had been very lucky with the
power; we didn't use more power; we didn't lose any part of
the battery power that we expected maybe it would happen; so
we could use some of our bowar to re-heat part of the water.
But we definitely were out of a good supply of hot water,

which was also uncomfortable, especially due to the cold

e e SR
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atmosphere in which we were.

The cold water was -~ we had enough at the beyinnin
but it happened that very soon Chet-- Let we say, before I
accuse Chet: in order to keep the water drinkable it was -~
we put some iodine in this water. And I don't know exactly
why, but the result was absolutely awful, and it was bractical
impossible to drink this water.

I know that in the LM they had several experience
with iodine and with chlorine. T believe that you found out
that chlorine is better. We used iodine for other very
good reasons., But the result was that that water was
extremely bad, and for a few days at the beginning we were
supposed to drink that water if we would like to .have cold
water,

And then Chet May made us a very good help when —-
you know, he was in charge of looking for bacterias and *
viruses and those kind of bugs on board, and by chance he
found very bad bugs in the water which had the iodine. So
we said an order of not drinking that water. So he saved us
really with his bugs.

But, of course, it was rather strange to note
that the cold water with iodine got bugs and we could not
eat it, and the hot water without any kind of disinfectant
product -- iodine or chlorine-- remaineé absolutely good for

the full mission.

g

i
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1 One point: you know, at thé beginning this water
2 | had been brought to very high temperature, so every bugs were:
3 | killed. So this was good. But they didn't appear later on,
= 4 | even when the water got cold again. BSo this is something to
9 | think which could be certainly improved. Because if you have
6 ! bad food, it's one thing, but you need at least good tea
7 or good coffee or good water in some cases. This I feel is
81 a very important point.
9 We had a minor problem, which was mainly more
10 | accidental than the question of organization, with the toiletf

11 system. We had--. Everything was kept on board because we

12

didn't like to pollute the sea, especially because we are
drifting with the water, so we stayed witn the saue water,
so we could not throw anything away. So we had waste tanks

[ S

to keep everything on board which was disinfected and cnemi-

cally treated, and so on. 1In spite of this-- Well, let me

:!9 L, say that for the first three weeks, or two and a half weeks,
I believe, it worked very well., And for the last one week

1 or last ten days about we started to have some problem, some

| odors and so on, which were not good. And it is a pity,

be cause we could have -- very easy we could have sume, maybe
fifty pounds of extra activated charcoal which would have
solved the probiem completely. But when some of us requested

in advance to have an excess amount of charcoal for this

possible purpose we have been told that everything was so fin.

ACE-FELERAL REPORTERS, INC
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and so well prepared that we would not need for any extra
charcoal. And this was a mistake again, because the charcoal
happened to work very, very well. But, of course, we need a
sufficient amount for this.

Then if we continue: No. 2 that I have to comment
is life conditions on board. Maybe I was a little bit un-
realistic inladvance, but I expected that the fact of stayiny
six people close together for one month underwater would
provide everybody absclutely a remarkable opportunity to
work peacefully, to a -- I wouldn't say on a philosophical
way of thinking, but a little bit like this, and to really
be able to enjoy the trip and to have enough opportunity to
think toward this problem and to work in a different way than
what we do in our laboratories and business and so on, when
we are continuously disturbed by the modern activity, let's
say like this. And it was not the case at all, except for
one occasion that I will tell you later on.

The boat was too noisy, much too noisy. We
believed in advance~- Of course, you have to realize that

this is mainly -~ I am speaking to you now, so this is my

| opinion, what I am thinking now, and it may not be the same,

for instance, as Chet May. Maybe he wouldn't say like this.
But for me the boat was too ncisy. We had, for instance,
taped music on hoard. We had about twenty cassettes. And

we had every kind of music from Mozart, Rossini, to the

f
i




10
11
12
13

Srmm . e e

16
Beatles, you know. And as I said, we had twenty cassettes.
That's a lot of choice. And the first day we had a lot of
choice. And the second day we still had choice. And the
third day we had not much choice. And for the twenty-seven
other days it was always the same music; which was very
annoying for people who did not like the kind of music that
the other one liked at that time.

And we had one earphone, for instance, one pair of
earphones which was of extremely good quality, and when you go
the chance to have the earphone you could enjoy the music
very well. But we had one. pair of earphones for six people,
which was not enough, of course. Aand very often this music

was just terribly annoying and noisy and preventing you or to

work or to think or to sleep; which was important.

S0 this is very easy for another mission. We can
have more choice of music if we like, but mainly we should
have gix pair of earphones and several places in the boat
where you can plug, or in pPlug when you like, so you can even
work on your porthole and have your music, theBeatles, and
so, if you like them. So this should be done.

Besides this it was always too much noise
because -~ I believe this is everybody's responsibility. we
ha§ always to have two people being awake for the control
of the boat itself, So of course we had people sleepiny

while people were working and others were having their luncn,
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and so on. So we had a little bit difficulty, and we.should
have been better prepared for this really to keep guiet while
other people were sleeping, or trying to sleep.

VOICE: Was there any isolation?

DR. PICARD: What did you say?

VOICE: Was there any isolation?

DR, PICARD: No. It was practically no isolation.
We had six bunks. The idea was that everybody could have
one bunk for himself and relax there completely. And we had
.only a small curtain about the same thickness of this one
here, which let the light go through: much too much, it was
not dark enough in your bunks. And it didn't prevent any
noise at all. So this is something that could be improved.

The best thing in this deal ~- maybe I'm going
too far away, but this is a goal I would like to reach for
another mission of this: everybody should have one sumall

room, completely insulated, with one porthole for himself

fat least, with one or two searchlights for outside, and a bed,

a little table, and a shelf for placing his books and so on.
And then he could isolate him completely and work in complete
peace.

I lost many, many hours because I just could not
work due to the noise that everybody was doing.

VOICE: That's the same experience they had down

in Antarctica. They found that they've got to give each man
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: a room there.
DR. PICARD: So the noiee, this is very important,
E Of course in our case, in the mezzascarp as it is

| now, we don't have, enough place for making this. We have

| ten feet in diameter. If we would put twelve feet in diameter

it would be very easy to do it. We could just do it very -

| well.

80 this I consider is an important thing in order

| to give to everybody the possibility of working well.
Myself, I happened to be awaked, among others, on

the morning until early afternoon. And during that time the

man. who was in charge with me to be awake happened to be an

extremely silent man. He never had any kind of noise. He

was working always like this, and he never opened his mouth. ;
He was a perfect companion for this. And on the morning I
could really work very well because everybody was sleeping

.usually except of his one. So this was for me a very good
time. But on the afternoon when everybody started to get up,
the people who worked during the niyht, then thg music and

noise, and so on, started to come, and it was impossible to |

work,
Another thing interesting for the general condition
of life. we had installed by NASA three automatic cameras
| on board, and these cameras were taking a picture every two

| minutes. So altogether every two minutes we had three
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pictures done. 2and the responsible people at NASA told us
that if we didn't like we just allowed to stop the camera
absolutely any time. All six people in the crew were allowedw
to stop the caweras if they liked. wWobody did it. Aand I
didn't, of course, because tiue purpose was to -- part of tue
purpose was to take these pictures; so it woula wmake no sense
to stop the camera while they were jiustalled.

But for me they were extremely uucomfortable.

I really hated for one month to have these pictures taken
every two minutes,and know that whatever yau do JOu nave this
picture continucusly, except for a swull part in the middle
of the oat which was kept for complcte Privacy.

I know that some other men -- most of  the other
people didn't care really for this. I had been told that
may be disturbed with the picture, with the camerxa for tue
first hours or days and I will forget tuem. I did never
forget them. So it was very uncomfortatle. But, again, it
was part of the goal, 30 it's not very inportant. I'd just
like to point out the fact that I diu not get used to tuis
camera after one nmnth..

We had also below our bunks,installed by WASA also,
we had some neter to know exactlyhow many hours we spent
every day on our beds. This was good. Trhis did not disturp
at all. ©But it's a little bit difficult to interpret them

and to understand the result. Because two members of the crew,



20
!
é
I

Chet May and myself, for instance, we had portholes on our
beds just close to the pillow -~ which, Ly tue way, was

; really wonderful in some cases. and very often I was laging
? on my bed just for looking tarouyin the porthole, because it
was part of my job, you know. 8o if you just weter the
number of hours I spent on my bed you will say "'This man

was slecping all the time." -- which is not exactly true.

{Laughter)

No. 3 concerns the relations between tie various
crew menbers. Ior tne newspaper mainly I believe itiaas been
said that we started with six men and we ended tae nission
as six friends. It is very nicely said. And I agree in
one sense, of course. but it was not true, really.

e diun't hate ourselves at all. we had ao
major problem. gsut we didn't improve -- I don't believa,
exce;t maybe in one special case, we diu not improve any kinu
of friendship during the mission.

I believe that~- We had some trouble. .aybe we
were completely prepared to accept everytihing, and tais
rmakes it, of course, easy, because we accept ever,ytiling.

But it also maybe gave to soune of tue crew memuers tle idea
they were free to do anything they liked. And you kunow for
one montn if once somebody tells you "Don't use tae lignt

now, it disturbs me, or it takes too much power," and so on,

once it's all right. But if it comes too often, and if somebody

—— i e e = e
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tell you "Don't use the light for the outside," and in the
meantime he never turns off the light of his bed even when
he's not there, you know, it becomes a problem., And
especially because the heirarchy on Loard was not exactly
established.

We had basically three chiefs. We had first tae
captain on board. The captain was responsible for the boat,
80 he was -- in one sense he was the chief of the operation,
of course. We had the surface -- the surface was also what
you would call the ground, which was also -- wio had also
some very important responsibilities. And finally one of
the men was called the mission leader. So who was in charge
of the boat, really? Who had the right to say "iiow we don't
use any more light because we don't have enough power, "or

"we don't use any more hot water for a few days, just to save
it®, or "we will not make this experiment but we will make
another one," and so on.

This was not decided in advance; and this was a

1. mistake.

And if it was not adrama for our case it is due
to the fact that we all had very, very high motivation, and
we all were absolutely willing to stay onermonth under water.
But this is just because it was the first time, because it was

a quite special experiment.

1
i

And I, for instance, I was in advance decided to be
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never excited, neither outside nor inside for myself, and to

accept absolutely everything. Because I'd just like to make
the mission, I'd like to get some pPrecise information in
which I was interested, and I knew that by starting a figit
for prestige and things like this would be ridiculous in this
case. But for another mission I believe it is extremely
important to establish exactly who is responsible for one
thing and who is responsible for another thing.

It may be there is nobody absolutely responsibie
for everything at the same time. But at least for the various
parts it should be decided muchk more than it was.

The next point, which is really just about the

same idea, was the relationship between the crew as a whole
and the surface. Again this was not very clear. And ajain
this created some problems. E

We had the impression -- mainly I had. the impressio%
that we had been treated on the water-alittle bit like

children at school, you know; which was good, because --

which was not good, but understandable, because at school

the management of the school, or the teacher, feels responsi-
ble for the little children and they say "You do this, and
you do this," not because they like to have a law but just
because a consideration is safer for the chilaren: "Be
careful when you get out in the street, and don't run if it

|
is a car," and things like this. Tt was a little bit the sane
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case for ourselves.

A lot of things that we could have decided ourselve
was just decided by the surface; not a lot of things, but
several things which happened to be relatively important.

For instance, once we had to ride to the surface
because we happened to be pushed out of the Stream and our
own power was not sufficient for going back in the Stream
itself, so we had to go to the surface and be towed by the
boat ~- we didn't open the hatch, of course -~ be towed by.
the surface boat and start a dive again. And for starting
the dive we had the use of some ballast and we requééted a
special amount of ballast that we computed very carefully:
we had full knowledge of the temperature, the density of the

water, the density of the boat itself, the amount of ballastw~-

which was iron shot in-tnig case -- that we had used up éo
how, and so on; so we reguested to have a certain amount of :i
ballast. And the man on. the surface did not know the problem;
as we knew, of course, he had not all the information we !
had accumulated during the first ten days of the mission, but
he was extremely careful and extremely willing to do the

best that he could, and he just decided to double the amount i

|
of ballast that we requested. And we told him no. we neeaed |

i
about a thousand pounds, I believe, and he put two thousand
pounds of bhallast.

And at that time I would have -- or I would
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recommend for another time that the surface would discuss
with us and tell "Well you believe a thousand. liow diu you
achieve your calculations? Why do you say a thousand and not
twelve hundred or eight hundred?" And on my side. The
surface could say "I would recommend to be more because
maybe darkness will come and maybe it will be nignt, and
maybe the sea will be rough, and so we would like to Le sure
that you really start to dive very fast," and so on. ot a
word of this. Just two thousand pounds, or whatever it was,
without any comments. He told us how much he gave, 50 we
knew. So as soon as we start to dive we start to drop the
ballast, of course.

But psychologically it was not good,

Another point, for instance, in Which we had been
hot treated as I would recommend for another mission: The
mission was thirty days, and we start the dive in Palm Beach
on July 14th at about eight o'clock P.M. 8o the dive was
supposed to be finished at eight o'clock on July 13th,
obvicusly. And the surface decided that we would stay in the
water until August 1l4th, a half a day more, in order to
make the dive -~ to end the dive in the morningand not in
the night.

By the way, I happened to be of thé same idea,
especially because the weather was not quite good. It was

much safer and better to stay nalf a day longer, But, again,




&

f_#.'

o

L= I = B

[+1]

10
11

o e e = e

25
the surface should have discussed with us and explained to
us, saying "Listen, you know the sea is rough, and what do
you think yourself? Don't you believe it would be better
to stay twelve more hours? You have been 720 hours, can
you stay 12 more hours?"” And we would have said yes, no
problem, of course.

A few people who were more used about the sea

than some others didn't see the importance of getting out of |

the boat in the morning. They were useq to the rough sea
and didn't care about this. So they aidn't understand why
it was better to stay twelve more hours. They were very
angry. And this was absolutely useless. I know they would
have accepted the idea of staying half a day more if it had
been discussed in advance, just for scme -- to be nice, to
be a little bit more psychologist, maybe; not just to apply
a precise rule in this case. '

Another thing which also was not perfect: We had
to £ill -~ for the psychiatrists, the doctors who would like
to know exactly what we were thinking, and so oun, now was

our own personal evolution and feeling during the missiou -~

we had to fill every day some question, sometimes two payges,

three or four pages ofinformation, and so on. and in advance |

we received a letter from Grumman telling that all this
information will be absolutely secret. and will not be

published for any reason. So we accept to-fill thisf which
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was a little bit confidential, as you may understand, of
course. And once suddenly the surface tells us to -- ask
us to give some information coming from these sheets. And
at that time we should have taken some sheets and look and
speak by phone where everybody could hear and give some of
this information. And two or three of the crew members
refused to do it. They said "No. We received precise
information -- precise instruction in a letter from Grumman
and NASA telling it would be absolutely confidential, so we
refuse to give it."

And the captain was yuite enbarrassed, Lecause e
had received the order from the surface to give this
information. And so he told to the surface -- which happened
just tole, of course, obviously in perfect good faith: the
surface man who was interested in this did not know that it !
was supposed to be confidential. And they did not insist.
They said "Well, if you don't like to give it, just keey them.

But in the meantime the captain has said to tae

surface "I would not like to give it to you, but if you
insist of course I will do it." ‘And so this was a very, very
bad problem. Because again it showed the problem of the
hierarchy: was the captain of the boat allowed to, or had to
give information to the surface when he knew, or when every-
body knew that it was secret, just because the surface man

did not know it was secret?
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S0 again the question of the dependence -~ the
interdependence of the various people was an important
prokblem.

The last point that I would like to discuss with
you a little bit only is the criterion of abortion. 1In
what case had we to abort the mission? And for me, as much aJ
I was concerned for thirty days about, or at least, let's
say, twenty-seven days, I had continuously the feeliny that
we would have to abort the mission, that something was not
possibly going good, and that we may be in minor trouble
which wouldhave obliged us to abort the mission. And this
is because some facts happened which were not precisely enough

decided in advance.

For instance, 'one of these things was; inside tie
boat we generate gradually a little over-pressure, not due

to the life supply system but due to a small leak that we

-4 had in one valve, and we didn't use this valve usually, but

| occasionally we had to use this valve, and every time we used

this valve we had some leak inside the boat and the pressure
built up gradually. And we did n;t know how far we could go
with the pressure without having to come to the surface and
ventilaée the boat, or at least equalize the pressure. Aand
the fact that we did not know it made the thing also a little
bit uncomfortable. The same as I mentioned already for the

CO, we didn't know exactly how much -~ how many parts per
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' million of the CO we could afford to keep without any

damage, although it happenéd later that Grumman itself knew
it very well,
One thing also: we didn't know clearly what we

wouldhave to do if some part of the scientific egquipment

' would not work. And this had been decided in advance, but

we knew that it could never be really applied as it was
decided: it was probably too severe in advance. &And it was
too severe mainly due to the fact that as a matter of fact
Grumman -- and, at the same time, NASA -- had one goal to
achieve, and the Navy another goal to achieve. And both
goals were, technically speaking, completely different.

The Navy was not interested in stayihg thirty days under
the water. For the Navy, we could nave come ten times to
the surface and opened, ventilated the boat, and go down
again; because to the Navy it would have been exactly the
same because the scientific, or the oceanographic aata
collected like this would have been practically exactly the
same. And NASA and Grumman -- and myself, too, by the way ~-
were interested mainly -- not mainly, but widely, let's say
like this, in staying in a closed boat drifting continuously
below the water for .one month.

So the fact that we had two different goals to

- achieve, it produced during the dive some kind of uncertitude

| which was also -~ which could have created some difficulty.
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1 And besides this, we had a very gyood dive for

2 | one month,

3 So that's all I have to tell you today.

4 (Applause)

5 VOICE: Thank you very much, Jacgues.

6 Are there any questions regarding Lr. Picard's

7 presentation?

8 VOICE: What was the pressure?

9 DR. PICARD: Atmospheric pressure.
10 VOICE: Did the cameras make noise when they took |

11 ﬁ the pictures?
1k DR. PICARD: Yes, but the noise didn't disturo

13 ﬂ me at all. We could hear it continuously, but I was not

disturbed by the noise. I was disturbed by the idea.

VOICE: Could you have stayed down another
fourteen days under those conditions?

DR. PICARD: Practically we would have had some
difficulty due to the toilet System, which started to yive
some trouble. The toilet started to give off odors; not
i too bad, it was mainly chemical, but it was uncomfortable.

We would have been in a little bit of trouble really.

If we would like to, with the same boat, to

extend the mission up to six weeks, or even two months, we
| could do it. And if we would have had to stay a few more
days I believe we could have done that very well.

‘i REPORTERS, INC. “|
I

|
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Psychologically, yes. But on one condition, you
know: decided in the boat, together. What siall we do?
Do we accept we stay a few more days? And we could have
done it.

But several people, two or three people on board
would certainly not accept the decision (inaudible)

VOICE: I understand it's possible to modify the

boat now. Could you actually add more power to it to get

| a more reasonable power level to work with? --with modificatio

DR. PICARD: We could. The next step would be to

use fuel cells. Fuel cells for the amount of power that we

. need are awfully expensive.

{(Inaudible)

Of course if we have atomic eneryy tinen we could
do it.

VOICE: 1In terms of the supplemental data
capabilities you had, such as your own logs, £ilms, etcetera,
did you significantly add to the CGrumman data spontaneously?
The things you took, the pictures you took, did they add
anything that they --

DR. PICARD: I don't understand tae gquestion.

VOGICE: You had cameras on board which you were
free to photograph anything about your own activities.

DR, PICARD: VYes.

VOICE: Did they find anything valuable from these

ﬁ"'
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films?

DR. PICARD: No. We didn't take any good pictures.
We had a few relatively good ones, but nothing really good;
and for one major reason: in the hold there are batteries,
which is in the keel under water, which worked extremely well
during the full mission. We had some trouble with the
battery before in a preliminary test dive. And we were
always concerned to lose part of the battery.

In other words, we decided to keep the battery as
much as possible just in case if we lose some part we still
have enough for the life supply and so on. -

S0 in several cases we could have taken very, very

good pictures and movies, and we just haa to renounce them,

again because the main purpose was not to do pictures under
water but to survive for one month. And just for safety we
didn't take that. .

I think all the pictures that we did -- that
everybody in the crew did, have been given to Gruwaman.

VOICE: Let's cut off the questioning at this
time so we can continue.

DR. PICARD: One thing I forgot: we could use

a silver battery. But 28 tons of silver

battery would be more expensive than the rest of the Loat.
VOICE: I khow there has been talk about modifying

the PA-15 and making it bigger and adding other features
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like andso forth. I was wondering waether

there was consideration being given to the power. I assume
that there has not been.

{simultaneous discussion)

VOICE: Well let's continue the presentation,--

VOICE: I think we can cover tiaat power situation
later on in tne discussion. Let's continue on with Chet.
Time is running out.

VOXICE: Chet iay part;cipated in this mission
trying to get yuantitative data for NASA, and he did iec in
several areas. And that is the gist of his presentation
today.

iiit. MAY: What I'll talk about today won't aeal
with the Havy work but it will deal with tihe NASA prograi
that we -~ when we took a look at it, without going into it
again, the justifications of the commonalities between
underwater systems and space systems and the potential cross-
over where there are common areas of study, and tien in tura
where you can use these kind of systems as an analog. I
will comment Lriefly on these. And, again, tne hind of
rationale it would take to go through this, I can gu througa
if you want. bBut I don't think right at tnis point tne tiwme
would merit it. We can discuss it later on after tuis
misaion,

The NASA program, our objective, our over-all
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objective was to investiyate the feasibility of utiliziny
underwater systems, in this case a mobile underwater system,
as an analog for a space station in certain areas: in the

living and working area, aad as a test Led for hardware.

In looking at tue LEN FRANKLIN and the Gulf Stream

Drift Mission.we found mostly that the commonalities were
in the living and working area. Our approaci in this
particular program was to go througn to find the areas of
similarity between the ocean and space, aad tiien to try to
define some sort of astudy for tiesulf Stream vrift Mission
which made sense that we could both obtain juantitative ana
gualitative type data from.

We have aone this, and out of tinis, tuen, progpose

any programs that we feel in the future coulu pe -- could for

HASA provide data which is needed,

So if we look at tue areas that we chose for the
Gulf Stream Drift Mission, the hardware was not siwmilar, so
obviously it way the living and working area and activitics
taat we were concerined with. oOut of this we developed a
program in tiae psychological and ghysiological area ~-- but
the pnysiological isn't noted here. it was left off wy tue
guy fixing the chart.

We looked at habitability for liviny and working
conditions witih respect to these kind of characteristics.

We looked at tihe system, since it was a cowpletely closed

ot . .
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enviromment for thirty days: notiing going into or out of
the system, including waste: we looked at the microbial
aspects of the mission. And tien we have a lot of data with
respect to maintenance in terms of the effects of welyntless-
uess on maintenance, and in terius of the space suit and aow
it affects maintenance, but we haven't any data relative to
confined environments of this nature on how to -- is there
a delta here or some sort of an effect tiat this environment
itself offers on the actual performance of maintenance tasks
during an actual operational mission.

So it was our intent herc to identify the tasks
and try to see if in the actual performance of tihe maintenance
tasks there was some sort of delta in this area.

I might add -~ and-I will talk about it later on
as I go through this area -- thiat the only kind of waintenauce
that we actually had to perform on tiae mission were scueauled
and non-acheduled tasks. None dealt with tie safety of tue
¢rew. 2nd then we had an area wiere we looked at tne missioun
control and problems. '

How to go through these particular areas section-
by—section and tell you, or show you some of tue yuaatitative
data that we got out of it: of course we have guite a few
sukjective and picture presentations we could show, but this
is mostly to try to give you an idea of the kind of data taat

we collected in each one of these areas.,
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e gave a full day-long preseutation at Marshall
about two or three weeks ago, and wvhat you will see here
today is a summary of that presentation, to try to show you
in essence some of tie trends and some of the ways in wpicn
we treated the data.

Obviously when you go through these sort of
studies and you take your first cut through it, there are
other relations and other ways in which you think the data
could be treated that make sense. \le have seen some of these
already, but we haven't had time to really go into them.
What I will show you will be sort of representative of tae
way we treated tne data to date.

Mow in the life science area we had the objective
to identify the crew reactions and measure tieir perforisance.,
And we did this with interviews, tests, uiaries, logs,
voice tapes, time lapse pnotography, and psyciio-motor
performance measurement. 2MAnd there is another measuremont
device on here which I will show you some data on, but it's
not on here, is the sleep monitoring device which we used
from Dr. deLukey and Dr. Frost at MSC and Baylor uUniversity.

I would like to say, make a general conment witi
respect to the life sciences area, and that is that as I
think Dr. Picard pointed out, there are different objectives
on the mission, and obviously the .lavy's objective was not

one to meet the MNASA problems, or to solve the WASA problens.
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They did agree to fill out tie logs. You can
question the confidence relative to what these logs reveai
in terms of wheu the logs were filled out as opposed to when
the problems actually occurred., If you are not, as I nave--—
And this is my own interpretation and ny own observation on
the mission -- not specifically concernea with those probleis
wilen you come to those logs to fill them out, many times tue
questions are repetitive and you just put Jdown an answer to get
it off your back and get the log in. Well, I meation this
to show you that in one case, in my own case, I was, of course,
very concerned with the particular data that we got. And =o
I took a considerable amount of time to answer tune kinds
of questions.

Now I'll show you data -- and I don't mind. in Ly
own case the data is confidential, it's confidential Lut it's
also Lased on the individual's willingness to reveal what
his comments were. In m& own case I feel tuaat the couents
and the things that I revealed can do us more good by throw-
ing them out on tihe floor and kicking them around, So the hiua
of data that I will show you will be, some of the data will
be -- particularly my data, and also will show typical data
from some of the otner guys. AaAnd I'll also reiterate that
I'm not sure ~- it doesn't mean, I don't think, that mayie
the stress tnroughout the other crew menbers wasn't as 1iyga

or peaks, and we couldn't neasure it. tlaybe tae instruments

R e
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that we used weren't sensitive enougii to pick up in terms
of the involvement or the revealing aspect of tine mission.

I'll go throuyh tie sleep monitoring equipment.

e had this particular instrument on board. It
had seven sensors on the head which monitored four puases
of sleep.

Now this chart is a little busy, but all I waut
to show here, is to make a poiant with respect to lhow tuis
kind of data is analyzed.

This is a day waich was in the latter part of the
mission, and it's eigit hours: two and a nalf nours on this
line, two and a half hours on this one, and two and aalf
on this-- Well, anyway, it comes out eight hours.

(Laughter)

That doesn't quite come out eight hours, Lut tais
one comes out eight hours.

But you have four stages of sleep. And tae REud,
which is the rapid eye movement gives you an indicatiun of
wiien the subject is dreaming. Now in this particular case
you can see that it was better thun au hour-- Norwally what
happens here in this euviruvnment, when you and I are at hou
in our beds asleep you go through these four pihases of sleep
in 90 -minute cycles. You go all the way through Phase 1,
Phase 2, Phase 3, Phase 4, into the Phase 4 deep sleep. You

spend some time in each one of these pliases, depcnding on
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ﬂ whether you have sometining bothering you psycnologyically or

whether you've got problems or not. aand then 7ou come back

!
]
|
'
; to your dreart ~- back up to the top, to your aream period.
f

You gothrough a dream period, then you yo baci tirouyn your
four stages of sleep and back to your dream cycle.

Now this particular chart,--obviously you -see tiat
didn't occur. fThis was later on in the mission. It took
some better than an hour just to get to Stage 2. It -took
even more to get to Stage 3. Stage 4 was nhot reacheduntil
better than three hours into the sleep cycle. sostly tiis
shows that on this particular aay the sleep was sort of -- you
went through a drowsy state and did not sleep well, tae
subject did not, on this particular night.

How this is-- 2As you will see in tue data, tuis®
is typical. I picked out a couple of yraphs. iiow there's a
detailed presentation in this particular area in itself
wvhiich Dr. deLukey has put toyether, waich I think is very
fine, because he has had Baylor University runaing these
thinys through the computer to quantize his results. But I
have got a couple of charts to show basically some of the
ways ue has treated the data.

This particular scale aerc is in minutes. Tais
data here is the baseline data pre-mission: two roints wau
where tne subject was in Houston in the Baylor University

taking his sleep. One was where he was at yest Falm Loacis.
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Then these are days in the mission, This is way 1, vay 2,
Lay 3, way 4, vay 5, bay 6, vay 10, vay 14, 17, 21 anu 24.
VWie also took data in tie last turee or four days of tue
sission. iowever, some way the data didn't come cuat on tue
tape. £So we lost about three days uf that. but you can get
an idea of the trend.

Obviously there was apprehension here witir the
pre-mission data relative to - we were six weeks late in
getting started on the mission. There was apprehension
really with respect to vhether we even go on the mission or
not. ~2nd Ithink some of the time in getting tov sleep, in
getting to Stage 2 - I picked out Stage 2 and Stage 4 to
show you -~ it showved up.

Obviously when we went on tue mission, the -suliject,
because of the relief of the tension, tuhe going oa tae mission,
and this sort of thing, fell rigiit into -- anu tne workload
that he had went very fast and nad very gJood slee, records
with respect to his baseline, rigit uy to about Lay 12 or
bay 13.

On Day 14 things started hapgening, and the tiwue
to get into Staye 2 started increasing. Un wvay l4, Lay 17 aad
then Dgy 21, you can see it increascd very significancly.

Now if you get this trenc - and of course tue
trend went right on -- could go rigynt on like that.

If we look at Stage 4-- tow rememper, this scale
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was in minutes. This scale iere is a log scale in uaours.

Again, you see that Stage 4 was attained sort of
rapidly; stage 4 wore rapidly at tie first part of the
nission. And tuen again started naving problews in getting to
Stage 4 to where on Day 17 it took better than seven iours to
even get to Stage 4. but if ;ou had a mean curve througi
this, the point is the trena is a very increasing type of
a curve.

VOICE: Chet, can you relate, like on bay 17, to
specific events?

AR, UAY: Yes. I can relate Day 17.

You'll see in this particular man's churt—- I wiil
tell you one thiny that occurred which Proobably was one reasou
that bothered tihis particular individual on bLay 17 in tais
area, was that the crew had said around Day 13, 14, 15, in
there somewhere, that it would be uice to yet wora from all
of our families. 5o we sent a messaye to the topside to
contact all our families and tell tiem hello, and try to gt
them to respond in some wdy back to us. Well for tiic waole
crew, after about two days -~- you know, this took tiwe, wiei
tuey got back to West Palm Beacn and coantacted the families ---
for five members on the crew word came back relatively fast,
One merber of the crew -- in this case this particular
meriber -~ did not get any word, and when he called up to fiad

out the reason, they didn't Lnow what the reascn was, bubt tiey
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would clieck it. Some thirty-six hours passed without any
feedback to this individual, andwhen he called and asked
again, and repeatedly, about four or five comnments, taey
kept putting the taing off; they wouldn't give him -- thay
said no, they hadn't bLeen aLle to reach them, they couldn't
get in contact.

Well it cane out there was probably some four
or five days passed here before tieygot any word to tie guy
about his family, then they said it was okay. However after
the guy got back he found out taat really what had naprened,
his wife was in the hospital and there was no one at houe.
liis wife spent twelve days in the hospital with an operation,
anemergenc y operation, it occurred.

So that kind of thing-- But hot knowing I think
had a lot to do with this particular individual in thai
stress., But it is representative from the stand.oint of,
there are things that will bothner individuals, T think, ia
the mission as tihey occur. This is just one way of tais
particular individual being stressed.

If we look at another means on the mission that
we tried to measure serformance, we looked at the Lungley
research device. There is a Skal -- this has become known
as the Skal box, or on our mission it became known as the
MNASA pinball mach;ne. Tae hypotnesis, of course, is taat il

does measure performance, and of course Dr. Skal at Langley
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! is using titese in guite a few studies., They were used in
Tektite-1l, and it's being used in several other studies, to
try to baseline tie piece of equipment to see, in effect,
4 aow it does measure performance,

I will say that in our mission-- Cbviously t.ue
machine works. You have fifty problems wiich show up in these
four sets of ligits. You have a foot pedal for each foot
and a nand pedal for each hand. wow when tne problem suows
up you've got to go turougir sone sort of sejuence to matcu

10 | these lights, and not until all four of tihe lights are
matched does the problem go to the next problem; S0 it uves

1 in essence neasure in your own mind whether sowmetning is
bothering you or not. If something is bothering you you
just sort of take this -- the time that it takes to work
that problem increases. That at least is the tueory.

Now in our particular-- Obviously you aave to
be off the learniny curve with resgect to this particular
unit, or else -- before you start the mission, or else tae
neasurcments on it are non-interpretablea.

We had three men on the wmission which the data
shows were off the learning curve prior to tue aission. The
psychologists had a contest prior to tie mission, aund tiaree
of the juys participated in that contest and had sufficiently
worked tine machine enough to wiere Ehey vere off tiae learniny

curve. So with respect to those three individuals-- VWe have
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gone ahead and plotted all 3ix of tinem, but I want to show
you a couple of curves with respect to two of those inuividuals.

Tais is the mean, winere we look at this as being
in time, and these are of course deviations from taat wmeaun.
We look at this particular inaividual's curve, anu we can say
he was in good shape here, ne had something botheriny him -- if
you accept that this machine dowes measure perfornauce, ile lad
something bothering Aim; he got okay here; ine haa sovnething
bothering him in here; okay in here, with another little
perturibation. But toward the end of tlhe mission tiie stress
started staying above the line, primarily at least the last
week of the mission. BSo thats not too unacceptauvle.

However, what happens to this particular
individual with respect-~- He'was also off the learning
curve, had a very consecutive average, and seemed to work
pretty well. And again here was thé same inaividual wno had
a stress period at the very middle of tue mission witi
respect to the information ~- tie lack of iaformation about
his family. and ayain toward the-- after this ue sort of
felt relaxed and put it out of his mind, and we're right hack
into a very well -- and even channel fever didn't get to hiw
here, at least from the stanapoint of the opcration of tue
Skal device,

Well we also had from our logs wood scales,

psychological well being, depression and fear and these sort
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of things which I haven't shown you curves on. we have ticil.
But I would like to show you in terns of one of the indiviauals,
and, aygain, tnis is the individual tuat we <id have -- felt

we had good quantitative data as well as good responses in

the logs.

This particular curve -- again, liere are tae
number of meals -- I think this area was representative of
the whole crew. In other words, as the meals -- in the

beginning of the mission the eating of the meals together
was more frequent than it was toward the end of tune missioan.
Toward the end of the mission the eating of the meals alone
for all of the -- at least four of the six crew - we were
in two -~ three dyos -- we had broken up into three sets of
two; where we ate our meals togetier. Obviously all six of
us couldn't eat together in this velicle. So we had Lroken
up into three sets of twos to eat tue meals with.

tNlow twa of the sets, certainly thq data showed a
definite trend toward a separation toward the end of the
mission, of cating more and more meals alon2, siyunificaatly.
Nne set did not. And, of course, we also have scnie theories
as to why this occurred.

If we look at the psychological wellkeing, towara
the middle of thie mission -- it got pretty bad toward tue
middle of tiae mission. But if we look again at what aappencu

in here it wvas at the same time of the family prouolew, ana
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again at the same time the boat was out of tiie Qulf Streau
and the potential problem of cancelling the mission existou
very stronyly. But toward tine eund of tne mission, as can
be seen, the trend started goiny up. And as I uncérsvana ik,
naybe this isn't unrealistic, it may be the trend in tuese
kind of studies, when you start seeing tiat your pSychological
well ieing gets better as you see tne enu of tie mission in i
sight.

Again the depression was the lowest at this poiut,
and, again, taat may be tihe trend that you would expect in
this kind of condition.

In here the Langly scores show this biy dij tnat
occurred in tine middle of the mission.

llovever I do feel I want to show you one regre~
sentative curve of tae depression and tue pSycucloyical
well being of.one of the otiher individuals,

As you can see hre, in ais data, from the logs,
his psychological well being did not change significantlf.

It was still even on tne down slope, though, toward the eund
of the nmission. But tie deyression was, again, coming back
up toward a zero point, or at least a nonchalant pOint,

Again, this particular curve may be more represeita-
tive of the otuer crew menbers than the curve you saw before.
I again say that I don't think -- I don't think it's tiw

instruments -~ I don't think it's the participation; I think
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maybe it's the convincing of the crew of the need of tie
data really to reveal tihemselves. because I know tiat tiere
were proiblems. I was there. I kuuw there were problems. aad
I know that these problems didn't show up in the logs. And it
is a case Ithink where individuals just hesitate to reveal
how they really feel about a situatiou.

If we look at the results, then, from this
particular area, we see that tie mood charts and the psycho-
motor measurements we felt were insensitive to the mission
events liecause, again, we had one data point that seeimcd to
be -~ we felt we had a lot of confidence in, hut, again, we
felt that if we can ~- in future studies specifically, you
need to do’'a lot to try to convince the crew to really
reveal, and that tihe confidence that the data is going to oe
confidential, and to really reveal their true feelings and
the way they really feel about the problem.... There's no way
you can get this data mechanically. You can vet tiarough
obgervations, position and time and location, where tiaey sgend
their time, and that sort of thing. But to really knowﬂhow
a guy feels you have to Lave aim reveal it to you nimgelf.

I think that, in essence, is one of the problens.
Of course tihe time and location data is something yau can
extrapolate from, and maybe yourself, or the psichologist can
Say -- put certain interpretations on it. Again I feel and

think that in order to get to tae real events on the mission
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you've got to convince the crew to reveal themselves,
Signs of depression did occur specifically in all
areas during tow witn respect to all of the individuals.

We did, again, accomplish the mission in spite of

| wide variations in background. ' I think what you can derive

| from this particular conclusion and recommendation is that

maybe motivation cught to be the No. leriteria you use in
selecting crews. I'm not saying that you dou't consiucr
other kinds of things such as compatibility and otner
psychological measurés., All I'm saying is that motivation

ought to rank pretty high. Because we feel, particularly

! in this case, it was high with all of the individuals, and as

a result the problems were minimized.

I'd like to get into some of the habitakility
problems we had.

Again, here we wanted to measurement enviruvnment
from the standpoing of knowing what effect the contaminants
in the environment had on the individuals; if s0, if we coulu
correlate this with -- when other problems crouged up, to be
able to correlate this, if it was needed. and, again, how
was the space utilized? wWhat kind of food? How was tile
food, clothing, and this sort of thing.

Ve had time lapse cameras, we had counters, and
lignt meters, noise, diaries, etcetera, to measure tais.

And from all of this data, again, I will show you
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some of the representative kinus of data.

I also tuouygnt I would show you tlhe layout so
you'd know tue interior aspects of tne veuicle that we're
; dealing with.

This was our wardroom. i/ had gseats around the

Eside of the vehicle, which you'll see in some of tiue pictures.
! This was tile command and control paacli on tiue port

side, Our water tanks over the galley on the starboard siue.
| One bunk on tie port side right across from the galley.

We had the head on tae port side, tihe shower on
the starboard. We had two bunks on the port side in this
area, one bunk on the starwocard side. We had oceanoyraphic
and scientific eguipment in here. And the aft uecunispuere
sad a telescoping structure in it for an escape mecaanisa
in case of cmergency aind was unusavle in terms of habitaviiity,
we used it mostly for owservation.

You can see here that we did have lights tnrougaout
the mission. Ve did have portholes to look out of and make
observations. And these lights we used consiuerably
tiiroughout the mission.

VOICE: I only saw four bunks.

HMR. MAY: There were six. THere was oue in the
galley -- across from the galley; three back wihere tue
plankton sanpler was, and then two was over the scientific

instrunentation. They folded up. That's the reason you diun't
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sece those two. There were six suiks,
I want to just give you a little Lit of what tae

boat looked like in the forward end. Of course this is wiere

. the table was, and many sessions was held, as you see, right

llere,

Tnis was the silica gel, one of the lithium
hydroxide panels., Here was our music recorder, and uere was
the set of headphones that Dr. Picard talked about.

This was the mid-section of the koat. You can
see in here, here was all the bunks, and the blue curtains
that were mentioned. lere gtarts the ~- this way back starcs
the oceanographic aguipment, and a lot of the work was done
on the bunks in the mid-section. -~-a lot of my work was uone
on my ounk. I got nicknamed "The Bunkonaut" in the mission.

This is tie ~- yéu can see the rear aspeccs of
the boat here. This is the telescoping structure tiat cane
down. This is Ken i#Haig trying to get in his bunk. Yhis is
the overhead bunk over his equipment. It did fold up in tae
daytine.

And you can see some of the storage probleuns tihat
we had back here in tie back, sone of tue prowlems we add in
actually utilizing that particular area.

IF we look at what the surface -- wiiat tne volume

=

and tihis sort of thing was, we hau 177 approximately sjuare

- feet of surface area; we had 1372 cubic feet of volune; and

~
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eyuipment space, 38l. Ve nad approximately-~ Tuat colcs cut
to be less than 30 sguare feet per wman ifyou just look ac
total volume. That's not private area, that's total volume.

If we look then at the environment to see what
were -- each one of these we have plots for, but I showed
you the summary chart in essence to shuw you how thaese
parameters came out. We had a variation in tae pregsure
from 1.01 to 1.2. ‘“he temperature, 53 to 84° was tae ranye,
The average temperature came out to be probably around 66
or 67°. Because this temperature here only occurred in Liayve
seven or eight times during dives to the bottom.

“he humidity varied from 63 to 83 percent, witi the
average béing around 75 percent., %he CO2 -- we alwayas
changed the panels at 1.3 perc ent. 7The O went up from 19
to 22. We did pick up methane in' thé boat, 190 varts per
million. We had a gas chromatograph, wa had 34 Dregger tubes
which I used. V¥e had syringyes with which we took sany:les
periodically throughout the mission and brought back for
aetailed laboratory analysis with a sopnisticateu gyas
caromatograph. Angd we also brought back the contamination
removal cannisters that we haa.

The CO got up to 40 parts per wmillion. Actually
Ly count in the logs was 44, This was the laboratory count.
And, again, we were told we may have to abort the nissioa

at 25 parts per million, but they moved.ft-up to 5C parts per
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million. This was sort of an arbitrary thing it seened to
us, We weren't being bLothnered by it, so we went along wita
it.

The hydrogen, we got 420 parts per million.
Ammonia, less than 1 part per million. Anu we picked up soume
ketone in the environment.

Wow if we look at the way tlie camcrus were
located and the kind of position that we finally cane out
with, as LDr. Picard said we had a private zone in the boat

which was from here to about rigut here, this area in here

‘where the head and some of the unks were was a private zone.

ife lad three cameras, one located here lookiny at the front
end of the enviromnment, one located through inis area picking
up the inforwation in tne galley and the cockpit, tue
conmand and control panel, e had this camera looking furward
which picked up tie activity in the rear hnemisphere aind went
througn and picked up this area, and because of the wide anyle
of the lens yot the activity in the scientific instrumentation
area.

If we look at one of tie ways that we usea that
data -— and there are otiher ways: I just wanted to siouw
you-- We had planned time lines tnrouganout the mission, and
tnen we used the film to actually go through und determine
how effectivelg the men, the various men kept to tilose tine

lines. All of this is in tae final report; nowever I just
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wanted to siiow you one graph here wiich gave you tiie iuca of
locating guys in these areas. And when they were suﬁpuseu
to be in taose area by the planned time lines is suaowu 0y
the blue area, and when tihey were out of tae area in souwe
other area that tliey weren't supposed to be, according to e
time line, is shown by the green area. o this guy followeu
it in certain aspccts, and in other aspects ue daid not.

And other guys, maybe on particular days, tiney fullowed it
very thoroughly.

I was golng through to try to give you suvue iuea~-
Habitability is a very difficult factor to try to get a feel
for the parameters, as to liow they really -- Low you can
really get a feel for what the problems are in habitubility.
And I've shown a Vu-grapi here which kind of shows tie
complaints. Ithink that complaints are indicative of some
of tine habitability subsystems that are given to the men on
the particular vehicle.

Over-all, the logs requested complaints at certain
times throughout the mission. When those corp laints werc
requested a high number of conplaints were ovotained. However
even when the logs did not rejuest complaints t.uey were
still given relative to certain aspects.

And I might say, to go in ana see what this iy
made up of, what is this total complaint business made up uf, I

might say that in the logs these are some that we picked out
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with respect to the ones that were on this side were again
selected or -- these were volunteered without tue loys askiag
for them.

A8 you can see, the top complaint was comwunicatioun
with the topside, with food runniag a close secuud. again,
the furniture in the vehicle. Tie clothing. !More furniture,
bunks, temperature control, accessibility, water.

I might say that some of these complaints doesn't
necessarily mean that the only time-- We solved, of
course, the hot water problem with respect to the food by,
as you will see maybe on one of the later clarts, that the
way we solved it was, when the water got down to around 1G5¢
we actually used boat power to bring the water back up. 5o
the complaints in this area sort of got minimua.

We had no hot water for showers. we used only
cold water,

Some of these complaints it was made known in toe
logs that they were going to complain one time about them
and no matter how many more times you asked they said they
were not goiny to complain any more; they were just;going to
make it known. So the numbers that you see nay even be
less indicative of the complaints that were there. In other
words, when the complaints were nade about the food and
water they were sort of a relative thing. In terms of tue

food, T know in some of the logs the statement was made "I'll

¥
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imake this staterent now and it'll pertain taroughout the
;gmission.ﬂ It occurreu around the fifth or sixtii uay. "and

that is: every time I evaluate tnis food it's based on a
scale of terrible. And we yo from tiere witn respect to
food bLeing fair, good, or poor, or this sort of thing.®

50 even tinougii some of these comuents were made,
we still received complaints. And it was an Upward Lraau
with respect to tihe food. Aund, again, with tae water, waen

you heat the water the complaints vbviously drop off.

If we look again at tue clothing, it was a
continuously upward trend with respect to the clotii. Here
again, two-piece clotihing was some of tue suyyestions tuak
would have corrected this. A cinange in torms of tile under-
clothes every day. We had underclothes changlug every tarce
“agss. It was pretty bad Ly tie tiweyou got around to Jour
Changes, 8o you're talking avout a laundry facility, or
you're talking about at least underclothing caauyus ot least
daily, or something along these lines. ''he outer jarment,
if you'd change the design of it: if you're yoiny co heep ic
one-piece, put a zipper in the tail, or something like that,
and it may not be so bad. 3But these cluthes, the naterial
that they were made of, as Jacques said, did break sowe of
us out in rashes, and this sort of thing.

The privacy -- again, one comment I want to mahc
here: you must realize that the LEN FRANKLIN is a

{
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submersible venicle. It was not designed to be a space
station. The guys that were there using that venicle were
there using it as a submersible. "“ne BEN FRANKLIN is a
Cadillac in tiue subnersible design area. It is probably a
ilodel T, I hope, in the space station area.

So wien you talk about complaints in texms of
privacy, you've got to realize tnat tihese guys are usecd to
going down in two-man capsules, staying eight hours all
cooped up, with very little -- with just what food they
take, and these sorts of things; no moving around or anytiing.

So with respect to privacy some of tiese
individuals felt that tiie boat had lots of room, and this
sort of thing, and it wasa't any problem. but, again, I
reiterate, Leing there and knowing souwe of the problers that
wve have with tihe space station design, I can assure you taat

we have a long way to go with respect from the SEN FrAJKLIN

to make a space station which isg habitable for scicntists for

tae kind of time periods that we're talking akbout.

Has there a question?

VOICE: Would you elaborate on the tiwe line
complaints?

R, MAY. Tae time line complaints?

VOICE: Yes. The voluntary complaints on tie
time lines.

MR. rAY: Oh. Uell, some of tiie crew nember:s
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didn't feel they wanted tu even fill out a tine line. 'wiey
felt, some of the scientists felt that they wanted to go
down, do tileir mission whenver they felt like doing it, ana
this sort of thingy. And their complaint was, wiaen we asked
at the beginning of the mission, pre-mission, to fill out a
time line, we almost had to do it ourselves. Wwe :ad to go
and sit down and talk with them, find out wuat their Ffunction
was, periodically when they werc yoing to do it in tae nission,
and try to come up with sone sort of a time line for tuen.

I think based on this -~ and I have uealt with
time lines in space station work myself, I think basically
wiat we really need is not a task-by-task type time lining
laid out for the individuals, especially in space stations,
Iut more by functions. If sou've got a certain observation
to make, give a guy a block of time to do that particular
observation whenever it's neeaed in the mission. iet uinm
do it in the daytime whenever he gets that tiue to do it.

I really don't think you need to go in ana
program every minute of his time. I think tnat was tae big
complaint, and I think it was a justified oae.

Then in terms of what we're talking about, certainl
in the contaminated area we had inadequate sensing and
control technigues. Our taillijht cannisters that we .ud
did not control the CO or the odor or anything else. So

certainly for this particular nission we had inadeyuate
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seusing and control techuijues.

e nad inadeguate limits set with respect to
aborting the nission. So you can certaihiy take recommenda-
tions from this.

I think, and I think the crew felt, that naving
real time data on these contaminants was important for tae
p3ychological well being in the mission as well as your uwii
safety in the mission. If we go iu space stations and we wo
not have eyuipment which can, in essence, teld you waat that
atmosphere is, I think it could be a source vf psychological
3tress.

Again, we had a aigh level of complaints in these
arcas, and I can again go over Specifically what trade-offs
ware made in each one of t.e areas, wnat tue complaiuts Wale,
but I think for the time that we nive for tEhis presentacion
it's difficult today.

VOICL: But as to the living and tue working,
Chet, I didn't understand that,

MR. MAY: Well, living and working complainty
iere mostly is, that in terms of living you normally thinh
of your personal hygienes, your food, your recreation, t.ese
kinds of things, uas being scparate from when you ¢o to uo your
scientific work, All of these werc intermeshed together ia
this vehicle. I think what we really need to do is separate

the living and working functions, and particularly nave au
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area where you go to live and have an area where jyou yo to
worl,

We look again, then, at the other aspeckt of tae
program, the third aspect, wiich is tue microbiology stuuy.
I will go through this in terms of the data that we got anu
the objectives,

' Again, we wanted to identify what tie microbial
growth was in the mission. Ve did this witi these pleces
of hardware. And what that data looks like in terms of tae

117 over~all profile of the mission was tnat in the ~- I took
three readings in the galley sink each day. I took turee
readings in the head sink and the shower sink every third
day. And as you can see, in the first week of the mission
ve nad positive readings in the enuo and'positive reduiays
in the total.

dow if you say "wWhat dues that wmean?" 'Thal wmeans
that our criteria here was zero reading with respect to c¢ndo,
that is, in your home or anywhere else. That's the criteria
that commercially is with endo, supposed to be with resgect
to endo, and I think somne of tiie others. The guys toat diad
this analysis has all the specs, the LASA- specs and tue
conmercial specs, and he could give you all tuae details. I
don't have them,

In essence what I'm trying to siow 7ou in this

chart is that of tie sample period the durk ones of course are
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positive cultures, which means that as far as we were
concerned the water was contaminated and it was not drinkaple.
Ve did use it for showers and we did use it for washing
dishes and things like this. uJut we did not use it as intake
to the body. And you can see tilat toward the eud of the
mission—-- These particular dotted lines here was at times
when I changed the micro filters in the water to try to

clear up some of the contamination, but it diu not work in
each case,

By the end of the mission, as far as we were
concerned, the whole cold water system.was contuminated.

Yle got all our cold water out of the cold water tank. ile
drained it out of the hot water tank and let it set and cool,
and then we drank it and prepared our food witn ic.

The iodine, as Jacgues pointed out, was a very
crucial problem. Even 1 part per million of iodine you can
taste, and it tastes pretty bad. &nd I tasted the water
before I went on the mission, and I thought “Well I'll be
able to drink the water, and I'll be able to prepare iy
food with it," but I tnink after you're down tiere two or
three days it gets to you, and you don't really take tlut
attitude.

The same way with the evaluation of the food. e

had five menus. The nenus looked terrific to e prior to the

mission. And I even tried some of the food, and I thought
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"Well, that won't be bad." But after you're down tihere for
about thrce days, three, four or five days, it doesn't take
very long for that food to et old very fast.

With respect to the surface, we can look here at
the surface count in terms of organisms per sguare iiach with
respect to the actual rodak plates that I took througihout
the mission, throughout the boat during the mission. auna
we had an Anderson air sampler that gyot the airborne particles,
with this scale being the Anderson air sampler and this
being the surface content.

You can see that pre-mission we were pretty dirty,
tae boat was pretty dirty, because we were loading ic, ana
this sort of thiag; and that's expected. But we washed the
boat down and got it down to a reasonacle level. lowever
tiaroughout the wmission it startec ~uilding back up.

At this point I read tnese particular rouak plates at
24 hours, 48 aours, and 72 hours, and at tais point made a
decision that we would wash tiie boat down. We aad Lilcroguara,
a special Microguard soap on Loard that we uid this wica.

So we washed it down and Lrougut tihe count duwn. usut Lt
caie vack up very rapiuly. 8o we went into a different
procedure, which is saying looking at the specific arcas
that were contaminated such as the galley, the nead and tae
shower, which was the primary_dirty areas. 5o we weat in

with a very high concentration in these areus, wasnca tiem
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on a daily basis, and we kept the contamination uown to a
very reasonable level.

.again here, this high count in terms of alrvorue
vas again when we had troucle wita our iead.

Now if we look at the body -~ I took saiyles from
seven parts of the bouy from every crew member every three
days. And, again, this shows how that particular data vaue
out.

From the standpoint of body simplification, in

. other words, if you've got fourteen different types of

organisms, as we did, around when we started the mission,

. when we got to tine end of tue wmission this uad come down to

the point of maybe nine or so. 8o what we're sayihg is
that tine flora in the environment in terms of body flora
does simplify.

How does it simplify? Loes it sinpiify toward
the gram-negative side of the house or towara tue gram-
positive side of the house? --which means, gram-neyative
Leing your potential disease carrying oryanisms and your
gram-positive being the friendly guys which we live with
every day.

If we look at this chart, tnen, we can see tuat--
Again, before I get into that I want to continue with just
one curve here waicin, in terms of the total nunber of

vrganisms, even though they decreased, the organisiuis tnat
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did live, the eight or nine categories, as you can see lere,
increased. There was an increase in growth with respect to
thie ones that were there.

Vhich ones were they? If you look at tue green
line here, they wore the gram-negatives, and the granm-
positives were on a decline. Jow what this really means
in terms of us in the space business -- and this isn't any
new phenomena: we have known about tae pgotential of this
phenomena through other studies, such as beeiny and some
of these things: this merely verifies it. 1In faect, in an
active life support system you may think at first thougit,
since this was a passive life support system, that wnahbe
this won't occur in an active life support system. wsut I
thiak if you look at the data tiis won't be borne out., It
will show tiiat this crossover actuully occurs faster with
respect to an active life support system than it aid in
this particular passive life support system.

S0, again, what this means in terms of us in the
sj;ace business, when we're talking about long duration
missions mavbe we ought to know more about tuis phenounena
if we're talking about rotating crews, and taking crews up

and putting them in this kind of an environment that mayle

have a high concentration of gram-neyatives in the cuvironment.

If we go one step farther and’ say “Wnat were sorie

of those potential pathogens in the environment?" -- we can
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look at-- In our pre-mission testing wé ickeu up waat we
call beta-hemistrat, which is a common throat organism. nuu
if we look at the red chart here that's a staphorcous waica
you see, or have heard about in hospitals and is very cowon,
and is known to have caused consiuerable numbers of deatihs
with respect to that. And in tie operations if this kind of
aninfection occurs it could cause -~ lead to ueath. .nd
this organism showed up on this particular indivicual, aot in
the pre-mission testing. It doesn't mean that it wasn't
there; all it means is that with the sampling technigues
which we used prior to the mission we did not detect it.
However, onéé in the mission, we detected it continuously on
this particular individual throughout tne mission.

Again, with respect to tie betu—~nemistrat, we
detected it throughout the mission. on tuis particular inaiviuu-
al, but tnere was some transients tnat occurred. There was
some transients in this particular urganism that occurred.

We only identified these particular organisms down to tue
general level. e did not take them dewa onto a decper
level, which may in essence have led you —- iuentifieu how
these transients occurred. e uidn't have the funding to o
that kind of a thing. we were lucky to get down to tais
particular level in this effort.

If we look at, then, soune of the results that we
got out of this: we did identify

(End of tape, Side 1)
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—- tihat we used iu the environment, so wa waere

able to control it to a certain extent,.

Okay. If wa yo in to look at tihe recokienuations
in terms of we ought to naybe know a little more about avy
this transference occurs, we ougit to know certuinly somebaiig
about what this Lio-shock pienomenon uoes to us in verws of
the space station work, we ought to Kknow winat tne criteria is
1 in terms of crew selection or how you -- well, what I'm

1 talking about here is in terms of wien you know an inuiviuual

% has these kinds of strep -- or stapihoreous do you really put
; him on a mission; like in this particular case tue inuiviuual
had it before we even went.

And we should estanlish some cleansing criteria
fur tiue environment.

In terms of tie maintenance area, if we look at
the work that we did tuere, we started out witn tie objective
then of determining total maintenance workload anu tien |
measuring the effects, if we couid, of long durations in
tarms of actually performing the maintenance, and tnei
evaluate two maintenance prediction tecaaigues witn respect
to crew time to perform tasks. And these were Jdetaod 2 and
ilethod 3 from the 472 document,wiici those of you wio are
familiar with maintenance will be familiar with.

In terms of total mau-hours used, there was idod



man-hours available tarocughout tite mission farwork. 321
houras of this particular ~- of tuese l8v0 -- was used for
maintenance.

llow was this waintenance distrivuted, taen?

Around 20 percent of the -- if we lookh ut it at
the beginning of the mission was turoughout tuc nission wutl
had narrowed down to abouut 14 gerceat., We dia aave guice d
few malfunctions that we left undone at this staye wvecause
we knew we were —- the mission was over and tiiose functions

12 yeren't real critical to the success of the mission.

! I think we did a lot of cannibalizing in this
particular mission. e did not have a lot of tue parts, anu
we ware very fortunate to have some of tieindividuals on
board, like tiis an Jo. 4 w10 had a wide exgerience ia
elactronics maintenance where most of cour failures occurred.
It was not planned this way, it just happened tuis way.

I think we can't afford to let that happen with space stations;
we want to make sure that we have those skills on board.

You can see here tnat most of the rnaintenaace
load was taken up poth in the scheduled and unscueduled area.
I might say that we nad 13 unschedulea tasks and 13 uuscaeduleu
tasks which we had made a failure mode analysis effects -- a
study for prior to the mission tihat we went oun, and we had
predicted spares and we had predicted what failures woula

occur in these areas, and we also nad certain scieduled
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maintenance tnat had to be done un the eguipnent. sut tie
aighest majority of the failures that we uid encounter were
not predicted failures.

VOICE: UDid the scheduled failures oucur?

MR, iMAY: ‘ell, yes, the scieduled did. It was
in the unsclieduled area. We did the scaedulea ones
automatically. I1le knew before we wenton the wission we were
going to do the scheduled ones. Tiey were preventive Eype
maintenance or inspections, and this sort of thing.

I didn't show the prediction chart because it is
a sort of complex chart and it takes time to gyo over it.

But in essence it showed that .Jdethod 2 came out to Le wuci
nore valid in terrns of prediction, predicting time to wo
maintenance than Method 3. iletiod 3 was pretty rmuen all over
tire Loard.

But in terms of the results of the missioan ktue
naintenaince work load was equivalcent to oae man. wihe Lask
tires were not-- Wiaat I'm saying nere is, as far as we vould
duectect we had no waintenance failures whnich affected tne
safety of the crew and, therefore, the tasks that were done
were routine tasks or unscheduled tasks wiaich could be put
off at a certain time to when tihe crew members.had the time
to 4o it and, therefore, tiiere was no delta tuat we could
discern witi respect to verforming maintenance in tinis

environment as there was in the dockside case.



6y

Ve did .iave correlation with tihe :ietuod 2, as I
said. And, again, we thinkh tuat the unscaeduleu witnoug
the niaintenance that we dia do, certainly we would nouit uave
conpleted the mission. e did uave a failure whicua ouvcurreu
on the third day that was critical to tue mission success, ang
if we had not doue tuat particular task I don't tnink we
wvould nave gotten any fartiier. Jur commoue went out.

VOICE: Is this one man--

MR. HAAY: Tt's eguivalent to one wan.

VOICE: ~- and eight-hour day, or tiree suifts,

B s —

or wnat?

R, FHAY: No., We had 1860 hours available for
work in the mission frow tihe six mwen. There was 321 uours
of thuat available work time that was used up in ltainteuance
alone. 1It's about a ten-uour Jday, I think, for cach
individual, a ten-iiour working day.

Again, here, in terms of recoumendations, certainly
we should consider maiatenance skills wien we arg selecting
tiie crew. and from tne standpoint of -~ I taniak iu tuaese
kind of studies there are a lot of other things that we
could learn with respect to maintenance.

If we look at, then, tne mission plauning and
things, without going into some of these problems, we're
all familiar -- Jacyues mentioned several of tliese proulens

I think in the command decision area. Ve aad our first proolesnr-
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AS you hnow, when we went ol the mission we unad a tiirece~uay --—
we were going to nake this a three-day test dive, and at tue
end of three days if everything went rigint, tae specific
ejuipnent was working, we were goiny to make a decision o 4o
aread with the nission. That mission go-aheau decision was
made tiree days into the missiun.

We dia nave failures in tue scientific Gyuigsment
in terris of the sub-vottom profile and in some things iike
that, but we decided to jo aliead with the mission anyway
ratiher tiian go back.

Thiere was anotier major uecision in terms of
surfacing -- resurfacing it for tow, a major decision wita
respect to shot loaaing, CO build-up, and mission extension.
Tuede all cuaused, I think, some interrelatea PruLlciag Wil
resgcet to the internal aspects of tiae mission as wels as
tne relationsiiy withh the topside.

If we look at some of tae complaints, tuen, that
we got relative to these, you can see tnat cowplaints with
respect to communication witn tue surface crew coutinually
arosc throughout the mission. Aand these points here were
sucnn as a tow day, the CO Luild-up. Tnis is dive day. and
this is the command decisions. &o you can see that
complaints with respect to the coumunication witn the surface
did increase with time.

vwe didn't-- Again, we noted tnese areas ana we
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noted these problems, and frem tuais I think the reconuenud-
tions’can show that we need explicit deFinition of what
the mission control -- fron what tne surface ship -~ wiat
decisions they ihave the prerogative to make, ana wuat
decisions that you make within the environment to establish
the clear limits in terms of what consists of abort
criteria, and in order to continue the wission, and who
makes the decisions; to establish, again, realistic crew
workload. distribution.

I would say now we're talking about a seven-day
workload with respect to crew members in space stations, and
we say -- we use as this justification, if you're up there
with a bio-science puyload you're up there with astronony,
you can't just leave those animals and go off. You've got
to work seven days. DBut I'm not saying in this Rind of a
thing that we let the animals die, we all take off on one
day. But I tnink the workload distribution, wien we start
prograining a seven-day work-ueek we cugnt to think loany and
hard. because I don't think tie philosophy itolds up cuat
up there you feel that the guy is going to be less Lotucred
if he is continuocusly busy all the time., I think that se's
not going to have any problem in taking a day to relax
if the recreation in the environuent is such that it gives
him an opportunity to do other things.

In our particular case we had no recreation to
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speak of wiich gave us an opportunity to do utier thiings ,
But certainly I wouldn't have syuawked awout a day off to
have read and relaxed, and have taken a siiower and Just
reminisce about tie things tuat I had done throuy tae miséiqn,
plan tie work that I was going to do from tuere on. uvilort
term goals I think are very imgortant frou tue standpoiat
of really ~- of your workluad, trying to set up suort toerw
goais 30 you can see meaningfully how yaureally accomglishoa
your job and how you are proyressing in getting the datd taac
you're talking awout,

I think in our case we hau a communication proolem
with the family. And we had communication provlens, periovu,
I'm not sure that tinis exists in the space station, but ic
is cortainl: something that we ougnt tu consider. .and in
the space station we can certainly yive otner reans of comi-
munication, such as %V and things like this, tanat we coulun't
aave here. BLut I think it seriously ougnt to Le considered
with respect to space nases.

I want to tal. now just to sowe -~ and I know
this is sort of a busy ciart, but I want to talk from tue
standpoint of the way I felt about certain tiuings and tucse
particular factors, in terms of tne recreation, work, sleey,
gym -- the gymnasium kind of activity, tue physical exercise,
the personal hygiene, the not saower, sauna batia -- anythiny -

in these areas, I think., 'aey can cause problems wWici respectk
Y i k :
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{to your performance as time goes on. They get more critical
i

h

”I think as time goes on, and as you are in this enviromuent

,tiiis time.
i
n

4 3 I think certainly with respect to tue recreation

gand the kind of a lay-out we need in spuce stations, I don't
€ ?think going in to some sort of zolarium, sucl as having

.greenery around, and these kind of thiangs, is Leyond yoiny

Tinto the space station design and trying tu coume up wita

i .
‘places where the guys can sort of isolate themselves and

13 %think about their problems, and some of tiheir work, and
sthings, in a very relaxed Kkind of an environment.

And the crew make-up.-- Certainly I think that
the scientific and the engineering kind of crew make-up is
going to be different from the kind that we have beeu used
to selecting in the space program. We're talking about nere
men who -- certainly motivation I think ought to be one of
the key criteria with respect to selectiny. And compatibility
can't be neglected. But motivation I thinkh certainly should
be the primary one.

In the command and the hierarchy. this nas to be
laid out and documented, as I said, very tiloroughly. ¥We haa
problems on our mission, and I don't think we want to run
into these sawme kind of problems in the Space program.

I think out of the whole mission, out of tue

design things that we can change in tie space station area, to
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me I think the toughest factors that it's guing to be to

compensate for is going to be the social isclation and

b

cconfinement in terms of isolated from your social environueat,

which is tough to do anything about; isolation frowm the

N —

environrental stimulis, such as tie earth, the trees, things

2that we take for granted cvery day; and in terns of

dconfinement, not being able to get up and get out of the

i

?particular environment that you're in, not being aule to go
i

"out and talk a sun bath or a swim or somathing lile tais.

!

I think it's going to be tough factors to design for in tune

j
|
!
j Again, I say that in the studies that I think ~-

space station area.

I can't vwr-emphasize the combination, the synergistic
effect of tlhe combination of the simultaneous removal of the
individual at the sane time from both his social cuvirunkeut
and from his environuental stimul?. I think if you rciwve
me from my family and everything anu you put ne back on top
cf a hill somewhere I think I can live there a lony tine as
long as I had tihe sua and the trees and this sort of tiiu;
not that I wouldn't riss the family life, but I aon't think
it would bother ne near as muci as if you take botu of then
away and then put me in an enviromment to do -- where I've
got to do creative work, where I've got to do scientific
work, and not just do a repetitive kind of an operation waich

doesn't reguire you to think, and this sort of thigy, out
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reyuires you to be a stimuli and to be a creator withiun

particular problems, aad haudle your data in certuiu mdinaers
within tiiat environnent.

I think, again, as I've pointed out tarvugiwut
this presentation, tnat enviromaental wonitoring, rnowing tae
status of the environment, is certainly I think u source of
stress that ve ougint to consider in terms of the psychuloyicai
stress as well as the physioloyical well beiny of the
individuals.

‘the maintenance on scientific equipment we haven't
realiy considered, I don't think. Wwe are starting now to
consider the maintenance probLlems that we're having with the
primary system and subsystem in tihe space station. usut I
think we're sort uf overlooking tue scientific —-- the
egyuipment and the maintenance that you have to do on tie
scientific equipment. +This is certainly a source of stress
from tne stundpoint if a guy, if a scientist has put two or
three years of nis life, or five years or his life iato
getting that eyuipment up there, and he's there to operate
it, and tue stuff malfunctions at the very beginning of tue
mission, and he has got to stay there for six .ontas and no
equipment to work and no way to repair it. it can be a very
frustrating problem, Lut one I think we've got to rechon witu.

In general I think I can conclude that in thne

underwatcer systems we can utilize tiese Kind of systens as
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space station analogs, specifically, in the ones tuat I've
seen, in the man related areas, if we maintain a real
mission. If you yo witi a simulator I think, again, tue
data isnot really interpretable in terims of an analoy. It
may be a simulation but you must recognize it as a siaulator
and not as an analog.

vou must maintain a real mission in tae systens,
as I said. 'when I say "man related" what I'm talking about
is the hardware that we used and the hardware that I've seen
is not space hardware. There are certain areas, such as in
the life support area, waere tiere dre common reguirements,
common functional requirements such as maintaining and
sustaining life, which I feel if recognized tuat we vould
meet both requirements in both tne ocean system and tie
spuce system with the same kind of eJuipment titat we'le
going to use in the space station and develop operaktional
capability and confidence in tiat eguipment witic: could lead
to actual space-type hardware., And I think in meeting those
sane reguirements for the ocean, it could ke a very cost-
effective way of uoing the job.
) Aggin, I reiterate what I've said througuuut tiis
mission, thatwe were dealing witlh oceanographoers, and oceano-
graphers were not particularly conscious of revealiny things
and information about problems and data tnat we wanted for

the space probler. I think in any of these arcas tiat we get
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involved in, we ought to try and uave a .AGA man on board.
That, gentlemen, sort of concludes ny part of tae
presentation. Again I want to iterate that in looking at

the BEN I'RANELIN what we've said here, we've try to say in

ligiat of the way we would like to see things changed, or done

'in the space station area. We have not said it as veiuy

reflective on the BEN FRANKLIN veiicle itself, uecause it is
a very nice submersible vehicle.

I thougiat I had Letter end up with that note.

VOICE: Any questions?

MR. MAY: We're open for questions, Jacgues and
I both.

Go ahead.

VOICE: I take it that wnost of the time you were
in darkness?

{IR, MAY: No, taat isn't true. Ve had our ligits
on a considerable amount of time.

VOICE: But I mean the ocean outside.

dR. MAY: VWell, it's 600 feet, and you cuan see
fairly well. We followed tuna all up along norta of Cape
[latteras. Jacqgues and I lay on our bunks and watcieu tliese
tuna go around and around the loat nortih of Cuape llatteras.
and then when we went down to 2000 feet we always unad liuts
of some sort. Ve hadthree different sets of liyats.

VOICE: what I was leading up to was the type of
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cycle you followed, or the routine, rather, that you followed.

»Did you follow a regular day-night schedule or--

AR, MAY: No, I don't think we did. I think a
few of the men did. I think particularly some of the nen
felt that tiey wanted to stay on the zane cycle that tney -
the diurnal cycle that tuey were on prior to going uown.

I nyself, and several other guys, changed vory

quickly, wvithout any proiLlem, to a nignt work scaedule, aand

with no probilem at all., I did have problems when I came

back up, getting Lack used to.tie day-night cycle on tae

'earth side. In fact, tie first night I was up I diun't sleep

a wink.

VOICE: Di most people seen to stay on tue same
cycle cnce tney got used to it?

MR. .iAY: Yes, they dia.

VOICE: ‘‘hat kind of a cycle was it, chet? iat
hapgpened to tue days? what did you scacdule, and ho. uld it
eud up?

AR, MAY. Hell each une of us, I think - we hau
our uwn schedule, our own work. =~nd as long as we did tuac
work within the mission profiie -~ I mean wituin tue tiAe
pericd, tien we were in good shape.

VOICE. ‘hat was tiae time period?

MR, MiaY: Okay. Just let me finisnh uere.

Oa the dive days, of couruse, at tie botton, we bau
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specific things to do, and everything else took seconu
priority. That took [{irst priority. So when we were on tie
botton everyhody was concernéd witlh looking out for uaseen
objects, and we were doing tile oceanographic mission there.
But wien we were in a normal urift kind of cycle I nad ny
routine and the Havy guys scaedulea blusting cugs to yet
their acoustic work done, and Jacyues scheduled anis plankton
sampling, and things like this, whenever it fitted uis
schedule.

Yherd was an eignt to ten-hour period of which
only three guys at a time were up. There was about a 3ix to
eight nour period where all six of us were up.

VOICE: Okay. There was no fixed perioud of tiume,
then. It was pretty much ad’ lib depending on tae tine; it
wasn't 3o much eigat-on and four-off sort of thin.¢

MR, JA¥: Ho. It came out to be like thiis: turee
men went to bed normally arocund six to eightin;thc moxning and
slept until one to five in the afternoun, depending on waat
time tiey went tou bed. And three men went to boed arouund
ten -- somewhere Letween ten anda twelve, and got up scewilera
between 3ix and eignt. So it was tuis time between sia anu
ten at night that we were all up doing whatever--

VOICE: But you were on a twenty-four hour cycle?

mR. MAY: We were on a 24~hour cycle. Someone was

awake at all times.



! In my own case, I spent longer in the sack toward tde
”end of tie mission to get tlhe same amount of rest that I diu 5
at the beginning of tle mission, as much as three to four
hours longer.

VOICE. You weren't on a 24-~hour cycie. You told
just told us that in your last sentence. You shiftea Jour
cycle. You lengthened it or Something.

1
5 MR. HaY: There were men up the full twenty-four
i hours.

VOICE: Your work cycle was twenty-four, waat Fyou

?set ujp for yourself, but your diurnal -- your circadian
%rhythms had shifted, becausc you just told us that.

tIR. NAY: wWe aidn't stay awake twenty-four Lours,
no. sad guy got his eight' to ten hLours slecp.

VOICL: You won't understand, I think. I said your
natural rhythms.

MR, MAY: Oh, yes.

VOICE: The work cycle was twenty~-four,

HR. HAY: Rigat. Rigut.

VOICE: How about eating? pid each individual justc
eat when he felt like it, or did the whole groujp--

MR. HLY:; Toward the end of the mission it zot to
be that case. At no time during the mission did all six guys,

except the first day, and we dispensed with that idea vocause

of volume and that sort of thing. --of euating meals toyether.
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But toward the end of the mission the neals ~- tae

individuals started tending to cat morce meals alone than they
“did at the beginning of tue mission.
VOICE: Did c¢verybody fix his own?

HR. FAY:  Bverybody fixed his own. Dverybody

%cleaned up after himself. Unless you made sone arrangement

‘with your partner: he fixed one day and you fixed tie next

VOICE: 1It's interesting. what you're sayinyg is

‘mealtime did not become a time for discussion or plunning cr

éanythlng of that nature.

i
MR. MAY: HNews time became--

VOICE: Noon time?

AR. MAY: iews time. Ve ¢got our news cvery night
at eight-thirty. And the only time during tihe missica wiicn
the whole crew set down together to talk, toc B.5. or anythiag
like this, was around between eignt-fifteen anu nine-fifteen at
ningat.

VOICL: I'm still confuseu about this cycle. I
Ithought you said you were sleeping longyer towaru tie enu of tue
mission. but still you said that you did stuy on a twenty-four
nour_cycle. And yet I uanderstood you to say it wus not a
twenty--four hour cycle.

VOICE: f%Yne work cycle was tweaty~four .aours. In

other words, they planned tneir work around it. Bul their
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.own diurnal rhytims shifted. Le just told us taat.
VOICE: (Unintelligible) -~repetitive.

HR, MAY: It was more or less repetitive on a

twenty-four hour--

VOICE: The percentage of tne day you were sleeping
changed, but it was still a twenty-four nour tiue.

HR. MAY: Yes, it was still a twenty-—four hour tiwe.,

VOICE: Let me try and explain it anotaer way.

Before the mission we broke tihe-- we have six
Li:dnen. We made three two-man teams. Jacgues and xKaz wdas thne

11 'No., 1 team, Ebersole and Cnet was wo. 2 team, and the two

l!
Nav-Oceano scientists was No. 3 team. The oceanographic
people could adjust their cycle by themselves, Lecause they
had to spend their time on the oceanographic experiments. GSo
they were planned for twelve hours on and twelve hours off,
or tiey could make it eight oun and four off, «8 long as one
or the other was available to take care of tueir oceanograpiic
equipment.

o Jacyues was working with anis oceancyraphic

experinents as well as he worhed with tihe piloting of the
vehicle., bDon Kazmire worked with ibersole who wcre also —-

they were two pilots. So tiley had to work tiheir time in witn

Jacgues. And Chet Lad nis owh scnedule waicu ae could work

in on maintenance activities and otiuvr activities, wut it

,was flexible,

{
1
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Wnat we're trying to get across, we nad a
twenty-four-nour work cycle, but there was a great deal of

flexibility worked into the over-all program.
]
{
|

;iours and living at twenty-six or twenty-eiynt hours?

VOICE: But you weren't working at twenty-four

ey

{R. MaY: No, we stayed pretty muca on a twenty-~

four basis.

: Certain things that I had: most of my tasks werc
gl

irepetitive in three-uay cycles. In other words, on Day-l1 I

|

rdid certain things. Maybe I concentrated on microbiology.

q
fMaybe Day-2 I could concentrate on contaminant analysis in
”the environment. Maybe Day3 something else. and on bay-4
I went right back to the microbiology. So that I uau my owa
cycles, which if I did all tie activity that 1 ulanned for tuaut
day and that was the end of the day, I read tue rest of tie
day or did some sort of recreation to finish out till six
;o'clock wlhien I went to bed.

VOICE: If you aad your schedule completely at
your disposal you might stretch cut your twenty-four iour iato
a 30-hour schedule, migiatn't you?

HR. MAY: I see no reason wily you coulan't. Because
we didn't pay any attention to-really nigat and day kina of
business.

VOICE: Obviously there are schedule liaitations

{inaudible)
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MR, MAY: VYes, Ve tried to gyo pretty much on a
twenty-four hour cycle, though, I think.
Liob, did you have a yuestion?
VOICE: (Inaudible)
MR.i1AY: l'oward the front of tiie mission I was
fi sleeping around seven to eight hours, toward the first two

weeks. Toward the end of the mission-- And that's awout whac

t

ftime I wvas spending in the bed. Tovard the last cou, le of

1

‘weeks of the mission I personally was spending soueviere

around eleven to fourteen .aours to get the same seven to

—T

1] #feight hours sleep that I was getting toward the frunt uf the

miszsiun.
VGICE: (Inaudible)
R, (JAY:  Yes.
VOICL: (Inaudible)
AR, #AY:  Oh, yes. I think the informatiovn frow
the outside world was very narrow to us, specifically. aud
I think in some cases toward the end of the mission it was
beginning to bother some of the Leoule.
VOICE: (Inaudible)
JR. AY: Continue to increase-- You taink tue tinw

in bhunk would have increased? I don't knouv aow it coulu

incredase muca more.
VOICE. You'd get bed sores,

AR. MAY., Yes, I'd get bed sores if I stayad there
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rmuch longer.
VOICE: We've veen workiug on the assumption thac
implicitly, that cohstancy is good. Did you find you wanted
variability and flexibility, or that coustancy was boxing?

:iRe MAY: T think variability woulduaave been the

‘way I would have goue, somne way to nake thiugs Jdiffercac.

I Lhink variability in terms of Ffood, variavility in terns
of the personal hyuiene things tiaat we did, and tals sort of
thing would .ave been much better tnan-- and variability of
recreativn, For example, I like to play pchker every aow did
again. Ve had to train two of the guys to play poker. ..nd
it took us three weehs to get a poker game yoing., .id wien
we gyot it yoing we all enjoyea it, toe ones that playca.
There was four of us that plaged. put Lhe two guys we culyut
tool. all tho noney home.

VOICE:. wveo you have any way to cvaluate t.ie
performance-- I know it's very daifficult. You're cealing

with (unintelligible) scientific activity. wout is there

ang wvay of getting any uvvaluation of the perforinaunce of tae

vurious team nunbers other tnan a psycnonotor tester? In
other words, did the; do everytiiing you wanted themn tu do
(unintelligible) could have done under nore favoravle circu-

stances? Or was there a penalty, or price tney paid because

©of the environwent in which tiey found themselves?

MR. MAY: Tiell Ithink tuere's a way, Stan, in waich
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you can get to that uwata, or get better uata in terms of
performance and in tcrms of the tasks that were accouy.lisheu,
tiie number of tashs and the data that was sct out to be
yotten as comgared to what was actually gotten, and the reasons
as to why., But I think you nave to have very good couperatiou
and understanding from the yuys who are actually doiny that,
to get to it.

They've gut to be willing to spend some of tieir
time to docunent it. And I think in an operational situation
if they're not really aware of the space proyram and tae
requirements of the space progrum they're not really too williung
to do that.

VOICEL: 1It's very difficult. I was thiankin,, of
course of the Picard case where he used time in the waler as
a criteria. DBut it's not a good c¢riteria, bLecause yuu still
don't know now productive he is in water.

iiR. MAY: Lxactly right.

VOICE: So it's very difficult to cone up with an
objective. I thought maybe you haa sometning that you migat
use.

1R, MAY: We've got times -~ and, .datt, you wijut
want to say something about this, with respect to the aifferent
tasks., We attemped to do what you're saying, I taink,.

VOICE: Yes, we measured the tines in whica -- like

the oceanographic tasks that perhags you'd be interested in.
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'And the oceanograpihers, we wpaid particular attention 4s to
H
1
itheir tirie on station and what we could observe as working.
]

i
]
And we have that data to review. I'm sure we can talk about it.

UVut according to the ocutput, which we haven't

ishown here in this presentation, they accomplished tiheir

'mission goals. They did everything they set out tu du.

MR, MAY: Lxcept where they had a cvouple of
failures of the eguipnent.

VOICE: Except where they had failures, whicih Lhey
leould do nothing about.

? VOICE: I'm thinking of the crew interpersonal
!relationships and wvhatever it was that led you to say that

1 .

Ianother time they ought to have a wore specifically structured
set of responsibilities, aud so on, I'm looking for tne dif-
ference between three men and six men, and whether you woulu
expect to see a qualitative difference in that arca of tuings
between the three~man crew and the six-wan crew.

‘IR, MAY: I personally would say tunat, of course,
when you're talking about a three-man crew and a six -wan
crew, obviously you're talking about a different ratiu of
scientists and engineers. And I think if you're talking
about all operational guys and all engineers, I think you're
talking about a different problem than if you're talkiny

‘about putting a scientist on board or two scientists m board

with an operational guy. 5o it will depend on-- Really, what

e
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1
gfou're asking me would depend on the: individuals, thoe backgrouau

jof the individuals involved.
i VCICE. ‘hat's on my mind, of course, is tne
iexpcrience we'll have in the workshop, and to what extent that
1is going to throw any light on how we ought to operate when
fwe start putting space stations (inaudible)

MR, MAY: I think our data is more applicable to
;space stations where we're talking about a aigher ratio of
fscientist to engineer Lachground, crew background. aAnd I
?think_— If I understand tie AAP crew requirements still
ibasically they are operational; if you will, the kina of
dindividuals who are very =-- you cdn put thew anywhere and tney'll
ﬁo anything, hind of thing. You still aren't integrating tae
scientist backg;oun& where what thelr workh is -- taelr worik,
tneir aims in life are difierent. 7They're not recally
specificall; interested in these environments just to 4o tuere
to see if they can survive or aot; they're interested in yolng
there to see if they can get some data. They're notinterestea
in spending their life's work in getting ready for taat jow,
either. :
VOICE: This is one of the things taat we think we
got out of the prugram, that there is a difference wetween tae
so~-called operating group and the scientific type. And tae
scientist, he's interested in performing certain tasks and

coming back with data which will say ue has performed a useful
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scientific measurenent.

VOICL: Just as you're talking akout tuiis as a way
of looking into sowe space station problems, so also are we
tiinking of ZAP as a way uf looking into space station -
problems. I would like to structure it in a way tnat tarows
as much light on how you vught to ovperate a space station
(inaudible) as it can. So I'm interested in probing this
area to help us feel that we-- Ve talked, for exanple, about
the possibility of a second.worksiiop haviny a periou uf crew
overlap, so we could have six peoile for some period of tine.
We're trying to get a handle on wnether that's an important

thing to try to do or whether it's not.

MR. HAY: I think certainly as you narrow the crew
down and you get less number of crews you yet a less numper
of interrecactions that can occur between the various crew
members, and a less number of kind of group activities Laat
they can be involved in.

VOICE: Let's close the nmeeting off. aAnybody wno
wants to stay to ask more detailed questions, youu're welcoik
to. I don't want to nhold anybody against tuelr will aere.

I want to thank you, Jacyues, for coming, and
Cihef, for a very fine presentation.

(Applause)

(End of tape recording)



