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Under the Surface
Water is used for many things.  You drink it.  You use 

it to wash things.  You swim in it.  But, did you know 
water is used to train astronauts?

There is very little gravity in space.  That means that 
astronauts float around in their spacecraft.  This makes 
them feel weightless.  Training in water helps them get 
ready for what it feels like to be in space.

Astronauts are not the only people who train in water.  
Athletes train in water, too.  Water can also be used 
to help people get better after they have been injured.  
And water can help people with 
chronic conditions, such as 
arthritis.

Astronaut Robert L. Curbeam Jr. 
trains in a pool.
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An athlete swims in a pool.

These women exercise 
with weights in a pool.
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Staying Neutral
You may have noticed that objects that are heavy on land 

seem lighter when they are in the water.  This is because 
they are more buoyant in water than they are on land.  
That makes some things that are hard to do on land much 
easier in water.  In the pool, you can lift your friends with 
ease.  You can even float!

The feeling you have when you are in water is almost 
what it feels like to be in space.  In fact, some astronauts 
train for space in water.  They train in labs that have large 
pools.  While in the pools, astronauts wear weights so that 
they don’t float to the top or sink to the bottom.  This is 
called neutral buoyancy (BOY-uhn-see).

NASA’s Neutral Buoyancy Lab
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When Archimedes (ahr-kuh-MEE-deez) 
discovered buoyancy, he is said to have 
cried, “Eureka!”  It means “I have found 
it.”  It is now a well-known phrase 
when someone figures something out.

An astronaut trains in a neutral buoyancy pool.
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Train Around the World
There are neutral buoyancy pools all over the world.  There 

is one in Russia.  There is also one in Germany.  Chinese 
astronauts practice in a pool in Beijing.

In the United States, there is a pool in Houston, Texas.  It was 
built in 1995.  It is part of the Neutral Buoyancy Lab.  Many 
things are placed in the pool to help astronauts train.  Even 
space stations have been put in the pool!  When an entire 
station does not fit in the pool, it is split into pieces.  A big 
crane is used to put pieces in the pool.

Astronaut Michael Barratt 
trains for a space walk in a 
pool in Russia. 
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neutral 
buoyancy

float sink

A B C

Density
To understand how underwater training 
works, you need to understand density.  
Density is the amount of matter in 
an object compared to how big it is.  
Things that are less dense than water 
will float (see B above).  Objects that are 
more dense than water will sink (see C 
above).  When an object has the same 
density as water, it will suspend in the 
water (see A above).  It will not sink or 
float.  This is called neutral buoyancy.  It 
makes you feel almost weightless.

Science
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Practice, Practice, Practice
There is very little gravity in space.  It feels different from 

being on Earth.  A neutral buoyancy pool allows astronauts 
to get used to this feeling.  It makes them feel as though 
they are in space.  Astronauts spend many hours in neutral 
buoyancy pools.  They practice what they will do in space.  
Anything that is going to be done in space must be done 
in the water first.  They practice how to move in space.  
They practice how to fix parts of the space station, such as 
telescopes.    

NASA astronauts practice 
for a mission in space at 
the Neutral Buoyancy Lab. 
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The Pool
The neutral buoyancy pool in Houston 
is huge.  It is 62 meters (202 feet) long 
and 31 m (102 ft.) wide.  It is 12 m (40 ft.) 
deep.  The pool holds over 23 million liters 
(6 million gallons) of water!  Parts of the 
International Space Station (ISS) have 
been recreated in the Neutral Buoyancy 
Lab for training. Since the ISS is much 
bigger than the pool, different sections are 
not connected like they are in space. 

Mathematics
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Working in space is very different from working on 
Earth.  If you drop something in space, you cannot just 
pick it up.  It will float away.  It is hard to get new supplies 
into space.  So, if a tool is lost, it can be hard to replace.  
Astronauts need to be ready before they travel to space.  
They practice a lot on Earth before they board the shuttle.  
This lessens the chance of losing or dropping things 
in space.

Working underwater is not quite the same as working 
in space.  You do not experience the same weightless 
feeling.  In a pool, you can feel your weight.  There is also 
fluid resistance.  It is more difficult to move your limbs.  
The water creates resistance that space 
does not.  But these special 
pools are the best way to 
prepare for space.

An astronaut practices using 
tools she will use in space. 
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Natatorium (nay-tuh-TOHR-ee-uhm) 
is another word for indoor pool.  It is 
a pool that is in its own building.

An astronaut trains for 
a mission at the Neutral 
Buoyancy Lab while divers 
watch and assist. 

[SAMPLE]



14

What to Wear?
When astronauts are in neutral buoyancy pools, they wear 

special space suits.  The suits are a lot like what they wear in 
space.  But, most of the electronics have been taken out.  The 
suits have special weights in them.  The weights keep the 
wearer neutrally buoyant.  They do not sink to the bottom of 
the pool.  They also do not float to the top.

Working in the suits is not easy.  They are very stiff.  
Astronauts have to practice moving in these suits.  They have 
to move differently than they would on Earth.  Wearing these 
special suits in the water helps astronauts feel what it will be 
like when they are in space.

Two astronauts are 
lowered into the 
pool with a crane. 
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An astronaut puts 
on his space suit. 

Out-of-This-
World Fashion
Space suits are designed to 
be functional.  They help 
astronauts breathe and 
stay safe.  They have many 
different parts and layers.  
But designers want suits to 
look nice, too.  When people 
think of space travel, they 
picture space suits.  The suits 
are a symbol of the space 
program.  Designers spend 
time choosing colors, adding 
details, and making the suits 
as comfortable as possible.

Arts
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Under the Sea
Astronauts often spend many days in space.  

They live on a space shuttle or a space station.  
Life in space is very different from life on land.   
To help them get ready, some go live in the ocean.

There is a lab deep in the ocean off the coast of 
Florida where some astronauts go to train.  The 
lab is called Aquarius.  It is the size of a school 
bus.  A space station is about the same size.  

Astronauts can spend many days living in the 
lab.  Up to seven astronauts at a time can stay 
there.  This helps them get used to living together 
in a small area.  While they are at Aquarius, they 
do research.  They go outside the lab to practice 
working in space.  All of this gets them ready for 
life in space.

Aquarius
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Strong as Steel
Aquarius was built to survive large 
storms and hurricanes.  It weighs 
73 metric tons (81 tons) and is 13 m 
(43 ft.) long.  It sits on top of a base 
that weighs 109 metric tons (120 tons).  
There are four legs on the base.  The 
legs can move up to 2 m (7 ft.) to 
adjust for movement of the seafloor.

Engineering

Two scientists work inside Aquarius.
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Other scientists use the underwater lab, too.  Engineers go 
to the lab to study the coral reef.  They also study the ocean.  
They learn a lot while they live and work under the water.

Most missions at Aquarius last around two weeks.  Divers 
can be in the water for six to nine hours each day.  This gives 
them time to explore and test equipment.  When they dive 
from land, they can only spend a few hours in the water each 
day.  They can get sick if they stay longer.  The change in 
pressure is hard on their bodies.  

Astronauts train 
outside of Aquarius.
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A NASA astronaut works 
with tools underwater.

International astronauts 
pose at Aquarius.

Astronauts who have 
been to Aquarius and 
into space have a special 
name.  They are called 
aquastronauts  
(uh-KWAH-struh-nots).
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More than Training
You don’t have to be an astronaut to train in water.  

Athletes work out in pools.  It helps them build strength.

Work It Out
Water exercises are a great way to train.  You can exercise 

in a pool.  You can even exercise in a special tank of 
water.  In water, there is less pressure on your body.  Some 
movements that are hard on land are easy in water.  For 
example, many people can’t do a handstand on land.  But, 
in a pool, it is much easier to hold yourself up with your 
arms.  This is because of the buoyancy of water.  It makes 
you feel almost weightless.  Water is also good for weak 
muscles.  Try running in a pool.  It is much harder than it is 
to run on land.  Water creates a natural resistance that can 
build muscles.

Most fish can control their buoyancy.  They have air 
in their bodies to help them suspend in water.  The 
extra air is stored in an organ called an air bladder.

air bladderliver

stomach
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A woman exercises 
in water.

People use foam weights 
and water resistance to 
build their muscles.[SAMPLE]
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Injuries
Water can help when you hurt a muscle or a bone.  

Because of buoyancy, people who are injured can do more 
exercise in water than they can on land.  Injured athletes 
can stay in shape while they heal.  There is less stress on 
their bodies when they train in water.  Physical therapists 
often take injured athletes to pools to help them get back 
in shape.

The temperature of the water makes a difference.  Warm 
water relaxes muscles.  Cold water stops muscles from 
swelling.  Therapists choose which is best for their patients.

This physical therapist 
works with a patient. 
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Running Underwater
Underwater treadmills can be used 
to help people recover from injuries.  
Running on an underwater treadmill 
puts less stress on a person’s body.  
Some underwater treadmills may even 
have cameras so physical therapists 
can make sure patients are walking or 
running correctly.  

Technology

Many different exercises 
can be done in the water.
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Chronic Problems
Water can be used to help people with chronic 

conditions.  Sometimes, these long-lasting conditions 
cause pain.  Doing exercises in the water can help to ease 
the pain.

Some people who have chronic pain use a special 
device called a float tank.  The tank is filled with water 
and Epsom salt.  The salt makes the water denser.  This 
makes the person in the tank float to the top.  The water 
is kept at body temperature, so it doesn’t feel warm or 
cold to the touch.

Inside, a float tank is silent.  It is completely dark.  
The water makes the person in the tank feel like they 
are weightless.  There is very little strain on muscles and 
joints.  This helps ease chronic pain.

Franklin D. Roosevelt was 
the 32nd U.S. president.  He 
had a disease called polio.  
He used water treatments 
to reduce his chronic pain.
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float tank

A woman relaxes 
in a float tank.
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Benefits of Water
Astronauts train in water.  Athletes do, too.  People work 

out in pools to recover from injuries.  People with chronic 
pain often have less pain by moving in water.  Why do so 
many people use pools to train and get better?

Scientists and doctors know that water is helpful.  
Physical therapists know this, too.  They watch how people 
move in water.  Then, they come up with ways to help.  
They might design better space suits.  They might think of 
new exercises.  

The next time you are in a pool, think about all the ways 
pools can be used.  They are not just for swimming!
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These people train in a pool. 
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STEAM 

CHALLENGE

28

Constraints: You can only use three 
types of materials to make the object.

Criteria: The object must stay 
neutrally buoyant in a water tank  
for 30 seconds.

Define the Problem
An important part of astronaut training happens right 
here on Earth!  Scientists have asked you to make a 
neutrally buoyant underwater lab.  Can you change an 
object to make it neutrally buoyant?
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4

3

2

1
Research and Brainstorm
How does training in water prepare astronauts for 
space?  What does it mean to be neutrally buoyant?  
What could you add to an object that floats to make 
it sink?

Design and Build
Observe the materials.  Then, sketch your design 
of the object.  What purpose will each part serve?  
What materials will work best?  Build the model.

Test and Improve
Test your object in the water tank.  Did it work?  
How can you improve it?  Modify your design by 
adding to it or removing from it.  Try it again.

Reflect and Share
Do you think the object would be neutrally buoyant 
in other types of liquid?  What about this challenge 
was most difficult?  How did you overcome it?
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astronauts—people who go 
to space

buoyant—able to float

chronic—something that 
continues for a long time or 
returns often

engineers—people who 
design and build complex 
products, systems, 
machines, or structures

fluid resistance—the 
opposing or slowing force of 
liquid

gravity—a force that acts 
between objects, pulling one 
toward the other

labs—places used for science 
experiments

matter—what everything is 
made up of

physical therapists—
people who treat injuries, 
sometimes using water or 
heat

polio—a serious illness that 
can make a person unable to 
move

stress—force or pressure

telescopes—devices that 
use lenses to make objects 
appear closer and larger

30

Glossary
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Aquarius, 16–19

aquastronaut, 19

astronaut, 4, 6, 8, 10, 12–16, 
18–20, 26, 28–29

athlete, 4–5, 20, 22, 26

chronic condition, 4, 24

density, 9

engineers, 18

natatorium, 13

neutral buoyancy, 6–11, 14, 
28–29

Neutral Buoyancy Lab, 8,  
10–11, 13

physical therapist, 22–23, 26

Roosevelt, Franklin D., 24

scientist, 17–18, 26, 28
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Career Advice
from Smithsonian

“What kid hasn’t dreamed of being an astronaut?  
Exploring space sounds so exciting!  But to be an 
astronaut, you not only have to be smart, but you 
need to be physically fit, too.  Most astronauts 
study one or more of the STEM subjects.  One 
thing all astronauts have is curiosity about the 
world.”  —Robert F. Van der Linden, Curator, 
National Air and Space Museum

32

“Some people are more interested in the behind-
the-scenes work at NASA.  Thousands of people 
work on planning and organizing missions.  
Some of them even oversee the actual flights into 
space.  Designers and trainers help astronauts 
get ready for life in space.  Studying space is 
fascinating!”  —Steven Williams, Education 
Specialist, National Air and Space Museum

Do you want to explore space?
Here are some tips to get you started.[SAMPLE]



Read and Respond
1.	Why do physical therapists use water to help 

people recover from injuries?

2.	Why do astronauts practice in neutral buoyancy 
pools?

3.	Compare and contrast being in water to being  
in space.

4.	What other ways could buoyancy be used to 
help people?

5.	Would you spend two weeks in an undersea lab 
with six other people?  Why or why not?

6.	Create a pretend online review of the Aquarius 
lab.  Include some good things and some bad 
things about it.  Rate it on a scale of one to 
five stars.
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