PREFACE

The entire world’s population depends on Water for its survival. Water covers nearly three quarters of the earth’s surface. It comprises nearly ninety percent of the human body. Everything humans consume in the form of food is mostly water. Many important forms of entertainment involve water; yet, little is known about this single most important item in our daily lives. This text is designed to address the Importance of Balanced Water to the swimming pool industry. Since the swimming pool industry constructs and fills its product with water, it is only natural that water greatly affects its survival. The following topics are examined in this text:

• Water

• Composition of Water

• Characteristics and Effects on Swimming Pools

• Aggressive. Scaling, and Balanced Water

• Wafer Tests and Relationship to Balanced Water

• Additives that Balance Water

• Additive Quantities per Gallons

• Ways to add Additives

• How Balanced Water Affects Sanitizers

• Balanced Water and Sanitizers

INTRODUCTION


The life of a swimming pool starts the day it is filled with wafer. The proper procedure for t his beginning requires the understanding of the factors that affect it. We must understand that the containment of a liquid (water) in a vessel (swimming pool) is the first priority. To accomplish this task, the interior of a swimming pool is plastered with a substance composed of sand, cement, and water. Once applied, this “marbleized”, plastered surface acts as a waterproof lining, As with any vessel required to contain a liquid, the liquid must not adversely affect its liner, As an example, we would not attempt to contain water in a thinly sugar-coated bag. We all know that the liquid (water) would dissolve the vessel’s liner (sugar). At first one might think our example exaggerated, and one must ask why water dissolves some substances but not others. The answer to this question lies in the Characteristics and Composition of water.

WHAT IS WATER?
The swimming pool industry and many others often refer to water as consisting of two parts hydrogen and one part oxygen; thus, the term “H-two-O”, It is very important to understand that water rarely appears in this refined state. Even when found in “pure form”, it is always changing. Water is one of the most dynamic liquids found in nature. Most commonly, it is combined with other minerals and elements (Composition). Common drinking water usually consists of mostly calcium carbonates sprinkled with odds and ends of other minerals and elements. It sometimes has an excess of these minerals and elements or a deficiency of them. All too often these

•
Conditions are overly simplified and are labeled “Hard Water” and “Soft Water’. Further understanding of water reveals that each of these conditions can vary in degrees of concentration; the solvency (Characteristic) of water is affected by this fact and renders it the most unusual of all liquids. Given the proper

•
Composition and concentration of minerals and elements, water will dissolve or scale everything. For years, chemists have considered water “the Universal solvent”. What then, has this to do

In our example, we suggested trying to contain water in a thinly sugar-lined bag. Consideration for the ability of water to dissolve the sugar lining and readily combine with other things made our task impossible. What if the thinly sugarcoated bag was very thick? Would water dissolve it? Further understanding of water will answer these questions.

COMPOSITION AND CHARACTERISTICS

The composition of the water and the concentration of its components directly affect its characteristics or tendencies. Water will dissolve only the components it is lacking and only a certain concentration of them, this process is based on the component’s particular compatibility with the original composition. If the bag was lined with a thick sugar coating, only certain amounts of it would dissolve. The water would only be able to combine and dissolve a proportionate amount of sugar. Swimming pools are subjected to this phenomenon. Depending on its composition and the concentration of its components, water’s characteristics will affect the lining of the swimming pool. If water is deficient in its most common component (calcium), it will dissolve a portion of it from the plastered surface (plaster composition is mostly forms of calcium). Similar results occurred in our example. The only difference were the elements involved or the composition of the lining. The most important point is that water will seek and achieve a temporary form of stability depending on its components and their concentration in relationship to the composition of the container lining (swimming pool plaster), The reverse of this process (solvency factor) would be the depositing of excess components (minerals and elements). Water will only hold a certain concentration of minerals and elements at a given temperature.

Temperature does affect water solvency in swimming pools, but it does not become a major factor in water balance unless it is often subjected to extreme temperature variations. Given the facts, one can say that water is either deficient in certain compositions and in their proper concentration, saturated with them, or in a variable condition. If water is lacking certain elements and attacks things, then it can be called Aggressive. If it is saturated or depositing its excess components, it can be called Scaling, If it is neither aggressive nor scaling, then one can call it

Satisfied or Balanced Water. The single most important benefit derived from a balanced water condition is the formation of a thin, hard, protective, unobtrusive, microcrystalline deposit. This protective layer, of nearly invisible film, coats the interior of plumbing, equipment, and swimming pool lining. Extreme water imbalance can remove or increase the size of this deposit. Once removed, the entire swimming pool and its contents are vulnerable to either corrosion or non-protective calcium carbonate scale.
WATER TESTS

How can one associate the erratic composition and characteristics of water with a swimming pool? One might find fads about water confusing, but there is a simple solution for dealing with the solvency of water. there are two major tests of swimming pool water. Their relationship to one another enables one to control water solvency and understand its effects. the first test is Total Alkalinity. Total Alkalinity is a measurement of carbonates found in water. total Alkalinity has a very important function in relationship to the degree of acidity (ph) of water; it can be compared to the shock absorbers on a car. When it is properly adjusted in relationship to Calcium Hardness, it will ‘cushion” and decelerate the highs and lows of ph (ph Bounce), the second test is Calcium Hardness, Calcium Hardness tests reveal the amount of calcium available in water, Calcium is one of earth’s more abundant elements, Since calcium is very soluble in water, it’s often water’s most abundant component. In relationship to total Alkalinity, it plays a very important role in one’s ability to control the erratic changes in the dynamic nature of water (solvency). Each test is measured in Parts Per Million (ppm).

There are a few facts about this relationship that all swimming pool builders, servicemen, and owners should know, First and foremost, this relationship will affect the swimming pool lining, swimming comfort, rapid changes in water quality, equipment maintenance and disinfection of the water. Understanding this relationship determines the ease, care, and enjoyment of the swimming pool. In this relationship, what is most important? Facets of any good relationship depend on how each affects the other.

TOTAL ALKALINITY AND CALCIUM HARDNESS


Total Alkalinity and Calcium Hardness of water affect the swimming pool much the same as baking powder and sugar will rise but will not taste sweet. Without proper amounts of baking powder, the cake will taste sweet but will not rise. Too much of each and the cake will rise beyond the sides of the pan and, with unbearable sweetness, stick to the oven. If the cake has neither ingredient, versus too much of both, the whole cake is a disaster. Without proper ingredients, the net results are the same. “You can’t fool Mother Nature.” When baking a cake, it is important to maintain a good relationship between sugar and baking powder. If one were preparing dynamite in their garage. the relationship between sodium nitrate and glycerin would be critical, Fortunately, maintaining water balance in a swimming pool is not as dangerous. but the mistakes and results can be very similar.

POSSIBLE WATER CONDITIONS

Before the swimming pool is filled, the source of water must be tested. What is the existing relationship between Total Alkalinity and Calcium Hardness? If we know that the ideal relationship for plastered swimming pools is 90 ppm to 100 ppm Total Alkalinity and 150 ppm to 250 ppm of Calcium Hardness, certain steps can be taken, if necessary, to adjust the relationship. (See Balanced Water charts). Consider the possible combinations:

Examples:




# 1. Low Total Alkalinity and Low Calcium Hardness


40 ppm
100 ppm

#2. Low Total Alkalinity and High Calcium Hardness


60 ppm
300 ppm

#3. High Total Alkalinity and Low Calcium Hardness

200 ppm

        50 ppm

#4. High Total Alkalinity and High Calcium Hardness

                                            180 ppm
                       300 ppm


#5. Balanced Water


   Total Alkalinity
      Calcium Hardness

      90 ppm to 100 ppm             150 ppm to 250 ppm

ADDITIVES

It was also stated that content and concentration of the components of water were the factors that affect the characteristics of water. It was stated earlier that the Total Alkalinity is a measurement of carbonates, and Calcium Hardness is a measurement of calcium. In pursuit of Balanced Water, one measurement. Hydrochloric Acid (Muriatic) will decrease Total Alkalinity of a swimming pool. Sodium Bicarbonate (Baking Soda) will increase Total Alkalinity. Calcium Hardness can be increased with addition of Calcium Chloride (Hardness Increaser) but cannot be decreased with any chemical that is not compatible with the swimming pool plaster. The only common method for dramatically reducing the Calcium Hardness in a swimming pool is by removing the swimming pool water or diluting it with water of a lower Calcium Hardness. As was discussed earlier, concentrations or ppm of Total Alkalinity and Calcium Hardness are critical; consequently, one must know what quantity of each additive is needed to achieve the necessary ppm. These calculations are based on the volume of water.

Use the prior examples and determine what additives and amounts of each should be added to a 20,000-gallon swimming pool:

(See Balanced Water Charts)

Example # 1.


Add 16 lbs. Sodium Bicarbonate to increase Total Alkalinity


Add 12.5 lbs. Calcium Chloride to increase Calcium Hardness 

Example #2.

Add 12 lbs. Sodium Bicarbonate to increase Total Alkalinity


Add 0 lbs. Calcium Chloride to increase Calcium Hardness. 

Example # 3.


Add 3.25 gal. of  Muriatic Acid to reduce Total Alkalinity


Add 25 lbs. of Calcium Chloride to increase Calcium Hardness 

Example #4.

Add 22/3 gal. of  Muriatic Acid to reduce Total Alkalinity

Add 0 lbs. of Calcium Chloride to increase Calcium Hardness 

Example # 5.


Water Balanced No Additions

After learning types of additives and required amounts, it is important to know how they should be added. Both Calcium Chloride and Sodium Bicarbonate should be dissolved in water and added in a liquid form, Care should be taken when handling and adding Calcium Chloride to water; extreme heat can be released when first added. Muriatic acid should be handled with acid, added in a single column, reduces ph and the Total Alkalinity. If Muriatic acid is spread around the perimeter of the pool, it will reduce the ph but only slightly reduce the Total Alkalinity. If large reductions in Total Alkalinity are required, acid must be poured in a straight downward column. If this technique is used, after approximately two minutes, a sweeping motion in the pool water with the pool brush is required. Muriatic acid is heavier than water. The brushing action prevents the acid from merely lying on the swimming pool bottom.

SANITIZATION

Balanced Water assumes a posture that accepts intrusion of sanitizing agents. In general, sanitizing agents are very unnatural for water. When the natural composition of water is invaded by sanitizers, the molecular structure of the water molecule is drastically affected. As stated earlier, water can have many characteristics, some good and some bad. Sanitizers bring out the worst characteristics in an imbalance of water. Balanced Water responds to the molecular invasion of sanitizers by maintaining a greater molecular flexibility. lmbalanced water (with or without sanitizers) has excess concentrations of compounds that combine, disrupt, and dislocate hydrogen and oxygen. This activity directly affects the amount and the efficiency of a disinfectant, Balanced water has more available oxygen, more available hydrogen, and less carbon dioxide. Carbon dioxide is one of the key ingredients in the production of algae. Most sanitizers disinfect by combining with the hydrogen and oxygen in water. The more oxygen and hydrogen available to combine with a sanitizer, the more efficient the sanitizer. The more efficient the sanitizer, the less quantity required. Chlorine, the most common sanitizer, when added with water, farms the disinfectant hypochlorous acid (HQCL). Hypochlorous acid is one part hydrogen (H). one part oxygen (0). and one part chlorine (Cl); thus HCCL.

Notes: —
Hypochlorous acid (HOCL) should not be confused with Hydrochloric (Muriatic) Acid (HC1).

               —   Abuse of sanitizers can cause a “softening of plaster” and make Water Balance difficult.

SUMMARY

Important aspects of Water Balance have been identified -what water is, its major components, its unusual characteristics, and how they affect the swimming pool. These factors, combined with proper quantities of control additives and their proper administration enable one to balance water. Understanding and implementation of Water Balance, insures an Increase in life expectancy of the swimming pool, less maintenance on equipment, and less costly disinfectants. All these factors add up to a quality swimming environment,
 
WATER BALANCE CHART

TOTAL ALKALINITY (ppm)         
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IDEAL RANGE FOR CALCIUM HARDNESS


Adjust total alkalinity to coincide with calcium hardness. 

@
TOTAL ALKALINITY in RELATIONSHIP to ideal calcium hardness (SEE CHARD should be 90 ppm for plastered pools and 100 ppm - 110 ppm for vinyl,
Lowering Alkalinity With  Murata Acid















GALLONS IN POOL















Decrease in TA in ppm
1,000

5,000

10,000

15,000

20,000

25,000

50,000


10
2.00
oz
0.33
qts.
0.66
qts.
1.00
qts.
1.33
qts.
1.66
qts.
3.25
qts.

20
4.00
oz
0.66
qts.
1.33
qts.
0.50
gal.
2.66
qts.
3.25
qts.
1.33
gal.

30
6.00
oz
1.00
qts.
0.50
gal.
3.00
qts.
1.00
gal.
1.25
gal.
2.50
gal.

40
8.00
oz
1.33
qts.
2.66
qts.
1.00
gal.
1.33
gal.
1.66
gal.
3.25
gal.

50
10.00
oz
1.66
qts.
3.25
qts.
1.25
gal.
1.66
gal.
2.00
gal.
4.00
gal.

60
12.00
oz
0.50
gal.
1.00
gal.
1.50
gal.
2.00
gal.
2.50
gal.
5.00
gal.

70
14.00
oz
2.25
qts.
1.13
gal.
1.75
gal.
2.25
gal.
2.75
gal.
5.50
gal.

80
16.00
oz
2.33
qts.
1.33
gal.
2.00
gal.
2.33
gal.
3.25
gal.
6.50
gal.

90
18.00
oz
3.00
qts.
1.50
gal.
2.25
gal.
3.00
gal.
3.66
gal.
7.33
gal.

100
20.00
oz
3.25
qts.
1.66
gal.
2.50
gal.
3.25
gal.
4.00
gal.
8.00
gal.

Raising Alkalinity With Sodium Bicarb















GALLONS IN POOL















Increase in TA in ppm
1,000

5,000

10,000

15,000

20,000

25,000

50,000


10
2.50
oz
12.00
oz.
1.50
lbs.
2.25
lbs.
3.00
lbs.
3.75
lbs.
7.50
lbs.

20
4.75
oz
1.50
lbs.
3.00
lbs.
4.50
lbs.
6.00
lbs.
7.50
lbs.
15.00
lbs.

30
7.25
oz
2.25
lbs.
4.50
lbs.
6.75
lbs.
9.00
lbs.
11.25
lbs.
22.50
lbs.

40
9.50
oz
3.00
lbs.
6.00
lbs.
9.00
lbs.
12.00
lbs.
15.00
lbs.
30.00
lbs.

50
12.00
oz
3.75
lbs.
7.50
lbs.
11.25
lbs.
15.00
lbs.
18.75
lbs.
37.50
lbs.

60
14.50
oz
4.50
lbs.
9.00
lbs.
13.50
lbs.
18.00
lbs.
22.50
lbs.
45.00
lbs.

70
1.00
lbs
5.25
lbs.
10.50
lbs.
15.75
lbs.
21.00
lbs.
26.25
lbs.
52.50
lbs.

80
1.25
lbs
6.00
lbs.
12.00
lbs.
18.00
lbs.
24.00
lbs.
30.00
lbs.
60.00
lbs.

90
1.50
lbs
6.75
lbs.
13.50
lbs.
20.25
lbs.
27.00
lbs.
33.75
lbs.
67.50
lbs.

100
1.50
lbs
7.50
lbs.
15.00
lbs.
22.50
lbs.
30.00
lbs.
37.50
lbs.
75.00
lbs.

Raising Hardness With Calcium Chloride















GALLONS IN POOL















Increase in TA in ppm
1,000

5,000

10,000

15,000

20,000

25,000

50,000


10
2.00
oz
10.00
oz.
1.25
lbs.
1.75
lbs.
2.50
lbs.
3.25
lbs.
6.25
lbs.

20
4.00
oz
1.25
lbs.
2.50
lbs.
3.75
lbs.
5.00
lbs.
6.25
lbs.
12.50
lbs.

30
6.00
oz
1.75
lbs.
3.75
lbs.
5.50
lbs.
7.50
lbs.
9.25
lbs.
18.75
lbs.

40
8.00
oz
2.50
lbs.
5.00
lbs.
7.50
lbs.
10.00
lbs.
12.50
lbs.
25.00
lbs.

50
10.00
oz
3.00
lbs.
6.25
lbs.
9.50
lbs.
12.50
lbs.
15.75
lbs.
31.25
lbs.

60
12.00
oz
3.75
lbs.
7.50
lbs.
11.25
lbs.
15.00
lbs.
18.75
lbs.
37.50
lbs.

70
14.00
oz
4.25
lbs.
8.75
lbs.
13.00
lbs.
17.50
lbs.
22.00
lbs.
43.75
lbs.

80
1.00
lbs.
5.00
lbs.
10.00
lbs.
15.00
lbs.
20.00
lbs.
25.00
lbs.
50.00
lbs.

90
1.00
lbs.
5.50
lbs.
11.25
lbs.
17.00
lbs.
22.50
lbs.
28.00
lbs.
56.25
lbs.

100
1.25
lbs.
6.25
lbs.
12.50
lbs.
18.75
lbs.
25.00
lbs.
31.25
lbs.
62.50
lbs.

GLOSSARY*

AGGRESSIVE WATER (Corrosive Water)

Water in a physical state that the process and rate of dissolving is greater than the rate of crystallizing of a solute. Water that is looking the recommended ratio of calcium hardness to total alkalinity. Aggressive water will dissolve any element available in the swimming pool (elements found in plaster, ladders, heater and pump components, etc.).

ATOM

The smallest particle of an element. It can exist either alone or in combination with other atoms of the same element or of another element.

BALANCED WATER
Water that is in a physical state attained in which the opposing physical processes of dissolving and crystallizing of a solute occur at equal rates. Water that the ratio of calcium hardness and total alkalinity is such that will neither dissolve nor scale its container.

CALCIUM (Ca)

A silver-white soft metal element. Calcium is found in nature and combined with other elements.

CALCIUM CARBONATE (CaCO3)
Found in nature usually as a solid. Commonly found in cement and used in the making of lime. Sometimes known as a mineral called calcite or argagonite. In its ionic form (CaCO3), it is usually the largest component of potable water.
CALCIUM CHLORIDE (CaCI2)

A crystalline compound used in the accelerated drying of cement. Additive used to increase calcium hardness in water. Often used in the laying of dust and melting of ice on roads.

CALCIUM HARDNESS

The term referred to in swimming pool water chemistry as the amount of Calcium and Magnesium (Calcium and Magnesium ions) in water or its hardness level. Most testing equipment considers the other carbonates such as magnesium and aluminum, but these elements are relatively low in concentration and are factored into most test kits. Calcium hardness is measured in ppm.

CHLORINE

Chlorine is the most common sanitizer for swimming pools. It is normally found combined in nature with other elements. It is a greenish-yellow gas that is known In chemistry as being very corrosive, toxic, and having the ability to combine readily with many elements. Only in its combined state does it act as a sanitizer,

ELEMENT

A substance that cannot be further decomposed by ordinary chemical means. For purposes of water chemistry, it can be considered the most unique form of matter in its most reduced form,

HYDROGEN (H2)

A colorless, odorless gas that is the major component of water. In its gaseous form it is the lightest element and the most flammable. Its ionic form is extremely active with other elements. The hydrogen (hydronium) ion is the basis for the ph test.

HYDROCHLORIC ACID (HCL)

Hydrochloric acid, commonly known in the swimming pool industry as Muriatic acid, is used as an additive to reduce the Total Alkalinity of water; its low ph factor reduces the hydroxides, carbonates, and bicarbonates that compose the Total Alkalinity.

ION

An atom or group of atoms with an unbalanced electrostatic charge. Atoms in ionic form are usually listed with the symbol

MOLECULE

The smallest chemical unit of a substance, which is capable of stable independent existence, a typical molecule of water -

H20.

MURIA11C ACID

Muriatic acid is commercial low-grade hydrochloric acid.

Due to its weaker nature, it is more suitable and less corrosive for public use.

OXYGEN

The most abundant of all elements on earth, If is one of the most active elements combined, in some form, with nearly all elements. Of all elements, oxygen is the single most important. It plays the major role in the substance of life and the world we live in. Every molecule of water contains a portion of oxygen.

pH

Is the hydronium (Hydrogen) ion index. This index is used to determine whether a solution is acidic, basic (alkaline), or neutral. It is a scale ranging from 1.0 to 14.0. One being very acidic, seven being neutral and fourteen being basic. pH is buffered by the total Alkalinity of water.

ppm

parts per million.

SCALING WATER

Water that is in a physical state that the process and rate of crystallizing is greater than the rate of dissolving a solute. Water that has an excess ratio of calcium hardness to total alkalinity. Scaling water will scale any container along with any of its contents.

SODA ASH (Na2CO3)

Used as a pH increaser. Soda ash is only necessary if

SODIUM BICARBONATE (NaHCO3)

An additive used to Increase the Total Alkalinity of a swimming pool; thus, providing the lacking carbonate ions. Should not be confused with soda ash.

SOLUBLE

Capable of being dissolved,

SOLUTE

A substance capable of being dissolved.

SOLVENT SOLUTION

A solution capable of dissolving a substance.

TOTAL ALKALINITY

Total Alkalinity is the measurement of the hydroxide ions (OH), the carbonate ions (C03), and the bicarbonate ions (HCO3 ) in water. It is measured in ppm.

It is important to note that the above glossary contains definitions that have been condensed. Intended simplification is to assist the understanding of swimming pool water chemistry. These definitions are not to be construed as totally complete nor influenced for the convenience of the author. The basis for these definitions is found in “Modem Chemistry” - Metcalfe, Williams, and Castka. Published by Holt, Rinehart and Winston, Inc. Also “Webster’s New Colleaiate Dictionary published by
