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NASA Under the Sea:
The Scott Carpenter Space Analog Station

Wait! 1sn't NASA the space agency? Wadll, yes, but part of NASA’s misson isto share what it
has learned about space travel. Very few of us have ever been in space oursalves, so the Scott
Carpenter Space Analog Station was created in order to explain some of the ideas relating to
gpace life support systems. The Station is an example of a habitat that is closely rlated to living
in space. It demonstrates concepts of space life support systems by modeling space missonsin
an underwater environment. For example, in both environments inhabitants are isolated, and it is
necessary to import a breathable atmosphere, food, water, and power. Underwater and space
environments also require specid systems for regulating and monitoring the environment,
protecting occupants from hest and cold, communication, and waste remova. Findly, an
underwater environment can be used to Smulate welghtlessness.

The Scott Carpenter Space Analog Station was created in 1997. It was designed by Dennis
Chamberland, Life Sciences Outreach Coordinator at Kennedy Space Center. The Station was
named in honor of Scott Carpenter, who is both an astronaut (circling the earth three times on
May 24, 1962) and an aguanaut. He was chosen as commander of the underwater Station
Sedab Il in 1965. Hisinterest in undersearesearch continued after his retirement from NASA.
In 1995 he spoke to astronauts in the Space Shuttle Endeavor from an underwater |aboratory off
the FloridaKeys.

The Scott Carpenter Space Andlog Station is one of four functioning underwater habitats in the
world. The other three underwater habitats are named Jules, Marinel.ab, and Aquarius. The
Station was originaly developed and built as part of Kennedy Space Center’s Mission to
America s Remarkable Students (MARYS). It was designed to travel easily to schools, something
that cannot be done with the Shuttle, and it can be launched from an ordinary boat ramp. This
makesit very codt efficient to use for demongtrations for schools and the generd public. In 1997
and 1998 it was secured to the sea floor off Key Largo, Florida and operated continuoudly for 31
days. The main purpose was to increase student and public interest in both the sciences and the

space program.

The Station is the sze of the Apollo Command Module or the size of afamily van and weighs
approximately 21,000 Ibs (10.5 tons). It took about a year to build at a cost of $71,500. It can
house up to four people for short periods of time and up to three people for more than 24 hours.
Power and air are supplied to the Station from the surface either through a supply pod or directly
from shore. The systems needed to operate the Station are dso run off 12-volt batteries. There
are two converters. One changes 110 volts AC to 12 volts DC and the other one reversesthe
process.

The Scott Carpenter Station can go to a depth of up to 27 ft due to decompression congtraints. It
is an ambient pressure habitat, not designed to have a cabin that is maintained a atmospheric
pressure. The aquanauts breathe air that is pumped into the top of the cabin in a steady stream.
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Thisin turn pushes air out an open hatch at the bottom of the cabin and keeps the surrounding
water from entering the cabin. Therefore, the pressure insde the cabin must be equd to the
pressure outside at the hatch.

Aquanauts come and go through the open hatch in the bottom of the cabin. Every day food is
brought into the cabin and garbage and anything e se they are sending to the surface is removed
through the hatch in 50-pound containers. Since air is continualy bubbling out through the

hatch, this dso provides an opening for the excess carbon dioxide, CO, produced by the
aquanauts breathing to escape from the cabin before the concentration builds to toxic levels.

One breath of air taken in has 0.04% CO- and one breath exhaed has 4% CO,. At these rates the
amount of CO» in the cabin could quickly reach criticd levels unlessit is removed.
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Figure 1- Scott Carpenter Space Analog Station

In designing and building the Station the engineers faced many chalenges. One of theseisthe
effect of the underwater pressure on the Station. This s the application that we will consider.

The pressure of the atmosphere around usis rdatively congtant at sealeve. However the
pressure changes as we increase our depth in seawater. The pressure a sealeve is1
atmosphere and increases by one atmosphere for every 33 ft increase in the depth of the water.
One atmosphereis equal to 14.7 pounds per square inch (ps).
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Condder the sketch in Figure 2 as you answer the following questions.

Figure 2- Schematic of Space Analog Station

1) What isthe changein pressirein ps as you increase the depth by 1 ft intervas? Assumea
linear relationship.

2) Write a sentence stating the relationship between the depth in feet and totd pressurein ps.

3) Complete the following table and then use the information from the table to find afunction
P(X) giving the pressure in ps with respect to X feet of depth.

Tablel
Depthin Pressurein ps
ft.
1
Sea level
2 14.7 psi = 1 atm
3 33 ft.
29.4 psi = 2 atm
4 66 ft
. 44.1 psi = 3 atm
33
X
P(X) =

4) Sketch the graph of your function.

5) Wha isthe dope of your function? What does it mean in this Stuation?
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6) What isthey-intercept of your function? What doesit mean in this Stuation?

Next, let’s consder the difference in pressure at various points insgde and outside the Station.

Figure 3- Scott Carpenter Analog Space Analog Station

7) Inorder for the hatch to remain open at al times the pressure everywhere indgde the Station
must be equal to the pressure of the water at the haich. What is the pressure of the water at
the hatch if the hatch isa 21 ft below sealeve?

8) If the height of the cabinis 7 ft, what is the difference in pressure in the water outside the
cabin between the leve of the bottom of the cabin by the hatch and the level of the top of the
cabin?

Suppose the bottom of a vertical window on the tation is 3 ft from the bottom of the cabin, and
the top of thiswindow is 1.5 ft from the top of the cabin.

9) Find the difference in the outside pressure between the top and the bottom of the window.
(Recdl that the cabinis 7 ft high.) Why isthis sgnificant to the engineer who is designing
the window? How doesit affect the thickness of the glass? How doesiit affect the strength
of the bolts securing the window to the frame in various places?
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10) Use your answers from Exercises 7-9 to complete Table 2.

Table?2

Location Depth in feet Pressure outside the Pressureinsgdethe
cabin at this depth cabin at this depth

Top of cabin

Top of window

Bottom of window

Hatch (bottom of

cabin)

11) Isthe pressure of the air in the cabin greater or less than the pressure of the water outside the
cabin?

Every day a container of food is brought down from the surface. The container looks like a
briefcase with rounded corners and two catches. Itis 18 incheslong, 12 inches wide, and 4
inches deep. This caseisfilled with food (such as frozen microwave dinners) on the surface and
brought down to the opening at the bottom of the cabin. Asit islowered, the pressure thet the
case experiences changes and the sides of the container are pushed in. By the time the case
reaches the aquanauts ingde the cabin, the difference in pressure is so grest that they cannot
open it without equaizing the pressure by means of vaves built into the case. When the valves
are opened the container returnsto its origina shape.

12) What change in pressure (in psl) is needed so that the pressure insde the case is equal to the
pressure outside the case (inside the cabin of the Station)?

After the aguanauts take out and store the food, they can fill the container with items they want
to remove from the cabin, and return the case to the surface. The caseis designed to minimize
leskage as it passes through the water, but the aguanauts wrap important itemsin plagtic before
sending them up, just to be sure.

13) Asthe caseisreturned to the surface, what happens to the case? (Recdl that asit was
lowered to the Station, the sides of the container were pushed in.)

As the case moves upwards the case “burps’ the way plastic food containers do, in order to
equalize the pressure.
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