
WATER–HARD AS A ROCK?

CONCEPT

Crystal systems and other
physical properties and
characteristics are crucial
in the identification and
classification of mineral
resources.

LEARNING OUTCOME
The students will
discover the approximate
hardness of the water in
their area.

CURRICULUM FOCUS:
Science

SKILLS/PROCESSES:
observe, experiment,
research, chart

KEY VOCABULARY:
magnesium, manganese,
calcium, iron 

MATERIALS:
green soap tincture (from
pharmacies), eyedropper
and glass jar with lid for
each group of students,
samples of water from
different locations

Background
Hard water is found in eighty-five percent of the United States. Cal-
cium and magnesium, and sometimes iron and manganese, are the
minerals that make water hard.  The degree of water hardness is
usually expressed in grains per gallon.  Generally, water with 0-3
grains of hardness is considered soft, and water with more than 10
grains, very hard.  Water with over 19 grains of hardness is
extremely hard. Hard water leads to a buildup of minerals called
lime scale in pipes and leaves a film of sticky soap residue on skin
and clothes.

Preparation
Obtain water from various sources. You may want to have students
bring in water. Obtain and set out the other materials.

Learning Activity
Ask the students the following questions to assess their knowledge
of the subject or to stimulate interest in the activity:

Do you have a water softener at your home?  What is the difference
between hard and soft water?

1.  Explain to the class what hard water is and what minerals
make it hard.

2.  Divide the class into groups and give each group a water
sample to test.

3.  Instruct the students to fill the glass jars with water.

4.  Have them drop one drop of green soap tincture in the water,
put the lid on the jar, and shake it.  If the water soap mixture
bubbles, then the water is soft; if the water turns cloudy, repeat
the procedure using one drop at a time until the mixture bub-
bles, counting the number of drops of soap needed.

POINT OF INQUIRY

How can water be hard?
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5.  Approximately for every grain of water hardness it takes one
drop of soap to make the water bubble.  Therefore, if the water
is soft, it should take 1 - 3 drops of soap to bubble the water; 10
drops if the water is hard, and up to 19 drops if it is very hard.

6.  Have students chart results of different water sources.

Check for Understanding
1.  As a follow-up to this activity assign the students in groups to

consult the city or state water department and the local county
extension agent to determine the exact water hardness in their
area.

2.  Have the students research how a water softener works.

To Know and Do More
The taste of water differs in areas of the United States and also even
within a state.  Assign the students to research the composition of
the water in their area and identify the reasons water tastes differ-
ently.  Some examples of water are natural spring water, well water,
distilled water, and naturally carbonated water.

FOR YOUR
INFORMATION

Hydrogeology looks at the
water below the earth’s

surface, like underground
streams and lakes.

WHAT THE TOOL DOES:  Mills crush the ore to smaller fragments,
even to a fine powder.  Sag, rod, and ball are the three types of mills.
They are used to grind the ore so that it can be processed.  These mills
employ rotating drums that are used to grind the ore.  The length of
time that the ore remains in either of these mills depends upon the
hardness of the ore, the size of the pieces going into the mill, and the
desired size of material coming out.  The following is an example of
the size of the mills.  Rod mills are twelve feet long and six feet in di-
ameter (3.66 m by 1.83 m), and they are half filled with rods that are
three inches (7.6 cm) in diameter and about as long as the drum.  Ball
mills are eleven feet long and nine feet in diameter (3.35 m by 2.74 m),
containing about 80,000 pounds (36,364 kg) of steel balls, one and a
half inches (3.8 cm) in diameter.  A mixture of crushed ore and water is
moved into the mills, where it is first ground to the size of wheat
grains, and then ground to the texture of flour.  A rod mill costs mil-
lions of dollars.  Depending on the hardness of the ore, about 750,000
pounds (34091 kg) of steel rods and 2,000,000 pounds (909,091 kg) of
steel balls would be used in the mills in a year.  The largest sag mill in
the world is 36 ft. (11 m) in diameter and 17 ft. (5.18 m) in length.

WHO USES THE TOOL:  Mill operators are laborers who receive on-
the-job training for their position. 

WHERE THE TOOL IS FOUND:  The mills are located between the
mining area and the refinery.  The ore goes into the mill as larger
pieces of ore and comes out as very fine material, the consistency of
face powder, ready to be refined for metal or other elements.

MILLST O O L  O F  T H E  T R A D E

National Energy Foundation’s Out of The Rock  page  82

OOTR GUIDE.qxp  5/26/2007  9:54 AM  Page 82



National Energy Foundation’s Out of The Rock  page  83

W
A

T
E

R
 H

A
R

D
N

E
SS

 M
A

P
 O

F 
U

.S
.

S
O

F
T

M
E

D
IU

M
 H

A
R

D

H
A

R
D

V
E

R
Y

 H
A

R
D

OOTR GUIDE.qxp  5/26/2007  9:54 AM  Page 83


