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CHAPTER 1:  WATER SYSTEMS OVERVIEW

. Providing enough water  to meet the total demands
of the system.

2. Providing water  that is both safe and palatable to
the customers.

3. Providing that water  to the customer  when it is
needed.

MEETING WATER SYSTEM DEMANDS

DOMESTIC WATER USAGE

AGRICULTURAL WATER USAGE

PUBLIC WATER USAGE

SOURCES OF SUPPLY

MEETING WATER QUALITY STANDARDS



MEETING WATER CONSUMPTION AND PEAK

DEMANDS

SEASONAL DEMANDS

DAILY PEAK DEMANDS

COMPONENTS OF A WATER SYSTEM

WATER SOURCES AND TREATMENT

DISTRIBUTION AND TRANSMISSION WATER MAINS

SERVICES

PUMPS

STORAGE TANKS

CONTROLS

ISOLATION VALVES



CONTROL VALVES

SURGE TANKS

FIRE HYDRANTS

OPERATOR RESPONSIBILITIES
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BASIC STUDY QUESTIONS
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CHAPTER 2:  SAFE DRINKING WATER ACT

PUBLIC WATER SYSTEMS

PRIMARY CONTAMINANTS

MAXIMUM CONTAMINANT LEVELS (MCL)

INORGANIC CONTAMINANTS

LEAD AND COPPER RULE

NITRATES

FLUORIDE



TURBIDITY

ORGANIC CONTAMINANTS

RADIOACTIVE CONTAMINANTS

BACTERIOLOGICAL CONTAMINANTS

Table 2.4 - Radioactive  Contaminants

Table 2.2 - Inorganic Contaminants



SECONDARY CONTAMINANTS

MONITORING AND REPORTING

SAMPLING SCHEDULES

BACTERIOLOGICAL VIOLATIONS

PUBLIC NOTIFICATION

ACTION PLANS FOR VIOLATIONS



Var iances

Exemptions

OTHER NEW REGULATIONS

SURFACE WATER RULE

Giardia
Cryptosporidium

Cryptosporidium

References:

Water Treatment Plant Operation

Drinking Water Regulations

BASIC STUDY QUESTIONS
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ADVANCED STUDY QUESTIONS

Giardia Lamblia

ADVANCED SAMPLE STUDY QUESTIONS





CHAPTER 3:  INTRODUCTION TO DRINKING WATER SYSTEMS

WHAT IS WATER?

Life Blood

Other  Planets

Univer sal Solvent

Dissolves Miner als

Gases

WATER AS A CHEMICAL
TheWater  Molecule

Like a Battery

States of Water

Figure 3.1 - The World’s Water

O--
H+

H+

O--
H+

H+

©ACRP
Figure 3 2 Water Molecule



Molecules in Motion

Density of Water

Expands When it Freezes

Water and Heat

DISTRIBUTION OF WATER ON EARTH
The Study of Water

4 Density
5 Fahrenheit
6 Celsius

DEFINITION BY SOURCES

Surface Water

Groundwater

70%  of Ear th is Water



HYDROLOGIC CYCLE

Available Water  Supply

Precipitation

Fall Toward Ear th

INFILTRATION

PRECIPITATION

OVELAND FLOW

EVAPORATION

TRANSPIRATION
STORAGE

PERCOLATION

©ACRP

Figure 3.3 - The Hydrologic Cycle



Evaporation

Hits the For est

Hits the Ground

Flow Along the Sur face

Sur face Water

Groundwater

Evaporation & Transpiration

Gr oundwater  Movement

Spr ings

Back to the Atmosphere

1 4 Precipitation

1 5 Evaporate
1 6 Humidity 
17 Forest Canopy

1 8 Over land flow
1 9 Organic 
20 Bacter ia

2 1 Viruses
2 2 Protozoa 



DISTRIBUTION OF WATER

Total Supply

Dist r ib u t ion  of F r esh
Water

Usable Fresh Water

Division of Fresh Water

Figure 3.4 - Fresh Water

Figure 3.5 - Useable Fresh Water

Location by Per  Cent of the Wor lds Fresh Water
% LOCATION MILLION CUBIC MILES

Table 3.1 - Location of the Worlds Fresh Water



DISTRIBUTION BY SYSTEM

DISTRIBUTION BY POPULATION

WHY THE DIFFERENCE?
System Location

Water Availability

Figure 3.6 - Water Distribution by System

Figure 3.7 - Water Distribution by Population (U.S.)
References

Introduction to Small Water Systems

BASIC & ADVANCED STUDY QUESTIONS



CHAPTER 4:  WATER SAMPLING

NEW MEXICO WATER CONSERVATION FEE

WATERBORNE PATHOGENS

WATERBORNE DISEASES

All Water  Supplies:

Sur face Water Only:

COLIFORM GROUP OF BACTERIA

SAMPLING SCHEDULES AND TECHNIQUES

SAMPLING SCHEDULES



SAMPLING TECHNIQUES

 

Select a sampling point

Flush the line

Collect the sample

R S C

RETAKES AND VIOLATIONS

l. System name, address, and
identification number

2. Location of sampling site

3. Date and time sample was taken

4. Type of water sampled (raw or  treated)

5. Chlor ine residual

6. Computer  ID number

7. Name of operator  taking sample

Table 4.1 - BAC-T Sample Form
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Volume 2, Chapter 22.
Safe Drinking Water Act

 Drinking Water Regulations
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CHAPTER 5:  DISINFECTION

TYPES OF DISINFECTION

CHLORINATION

CHLORINE GAS

CHLORINE POWDER

CHLORINE BLEACH

CHLORINE TREATMENT TERMS

CHLORINE DOSAGE

CHLORINE DEMAND

CHLORINE RESIDUAL



Dosage - Demand =    Residual
or

4.0 mg/l - 2.5 mg/l =    1.5 mg/l  Residual

Cl2 + H2O > HCl + HOCl

DISINFECTION REQUIREMENTS

BREAKPOINT CHLORINATION

Figure 5.1 - Breakpoint Curve



TESTING FOR CHLORINE RESIDUALS

GENERAL CHLORINE SAFETY

CHORINATOR ROOM

Table 5.1 - Chlorine Symptoms



CHLORINE STORAGE

CHLORINE CYLINDERS

HTH HANDLING SAFETY

RESPIRATORY PROTECTION



CHLORINATION EQUIPMENT

GAS CHLORINATION
Figure 5.4 - Cross Section of a 1-ton Cylinder



Figure 5.5 - 150 lb Chlorine Gas Feed Unit



HYPOCHLORINATION  SYSTEMS

EMERGENCY RESPONSE PROCEDURES

Table 5.2 - Troubleshooting Gas Chlorinators



References

Water Treatment Plant Operation

Water Distribution System O&M

Small Water System O&M
Introduction to Small

Water Systems

OUTLET

SIGHT PORT

INLET

WIPER KNOB
ULTRAVIOLET RAYS

GERMICIDAL LAMP
IN QUARTZ SLEEVE

DUAL ACTION
WIPER SEGMENT

ULTRAVIOLET LIGHT

BACKGROUND

NOT EFFECTIVE WITH GIARDIA

Giardia 

USING ULTRAVIOLET LIGHT

UV EQUIPMENT

Table 5.3 - Components of an Emergency Response Plan



BASIC STUDY QUESTIONS

BASIC SAMPLE TEST QUESTIONS

ADVANCED STUDY QUESTIONS

ADVANCED SAMPLE TEST QUESTIONS





CHAPTER 6:  FLUORIDATION

FLUORIDE FEED SYSTEMS

 

SODIUM FLUORIDE SATURATORS



Figure 6.2 - Sodium Fluoride Saturator

MONITORING FLUORIDE CONCENTRATIONS

References

Water Treatment Plant Operation
 Drinking Water Regulations
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CHAPTER 7:  DISTRIBUTION

PIPED SYSTEM

MAIN LINE PIPING MATERIALS

GRAY CAST IRON PIPE (GCIP OR CIP)
Pit Cast & Spin Cast

DUCTILE CAST IRON PIPE (DCIP OF DIP)

Table 7-1 - Pipe Types

 
  

1 AWWA 

Figure 7.1 - DIP on Truck

Manufactur ing Process

Size

“C” Factor
J oints & Fittings

mechanical joints



Figure 7.2 - Rubber Ring Push-
on Joint

Figure 7.3 - Mechanical Joint

Figure 7.4 - Asbestos Cement (A.C.) Pipe

ASBESTOS CEMENT (A.C.) PIPE

Size

J oints

Figure 7.5 - AC Coupling



STEEL PIPE

Size - Mill Pipe
 

J oints

Figure 7.6 - Dresser Type Coupling



PVC - POLYVINYL CHLORIDE PIPE

Types & Sizes

Size & Lengths

Joints

CONCRETE PIPE

Prestressed Concrete Pipe

Pr etensioned Concr ete Cylinder  Pipe

Figure 7.8 - PVC - Integral Bell & Spigot Joint

Figure 7.9 - PVC Integral Bell Cross-section



Sizes of Cylinder  Pipe

Joint Types

HDPE PIPE

Size & Lengths

Joints



BEDDING & BACKFILLING THE PIPE

BEDDING

Pipe Bedding

•

•

BACKFILL CONSIDERATIONS

•

•

•

•

Figure 7.12 - Pipe Bedding

Figure 7.13 - Backfilling the Pipe



PIPE PRESSURE RATINGS

SEPARATION OF WATER AND SEWER LINES

CLEANING WATER LINES

WATER LINE REPAIRS

LOCATING LEAKS

Figure 7.14 -
Launching a Pig



REPAIRING THE LEAK

DISINFECTION OF WATER LINES



DISTRIBUTION SYSTEM VALVES

GENERAL VALVE MAINTENANCE

GATE VALVES

BUTTERFLY VALVES

Table 7.2 - Valve Maintenance

GENERAL VALVE MAINTENANCE DATA

•
•
•
•
•
•
•

Figure 7.15 - Non-Rising Stem Gate Valve



BALL OR PLUG VALVES

CHECK VALVES

AIR RELEASE VALVES

CONTROL VALVES

ALTITUDE VALVES

PRESSURE REDUCING VALVES



PRESSURE RELIEF VALVES

PRESSURE SUSTAINING VALVES

FIRE HYDRANTS



SERVICE LINES

WATER METERS

POSITIVE DISPLACEMENT METERS

Figure 7.19 - Service Line Installation



TURBINE /CURRENT METERS

VENTURI METERS

READING METERS

Figure 7.20 - Types of Meters

Figure 7.21 - Water Meter Dial



DISTRIBUTION SYSTEM HYDRAULICS

FRICTION LOSS

WATER HAMMER

THRUST AT PIPE BENDS

 

FRICTION LOSS FACTORS

•
•
•
•

Table 7.4 - Friction Loss

Table 7.3 - Lost Water

REASONS FOR LOST WATER

•
•
•
•



CORROSION CONTROL

CORROSIVE WATER/CHEMICAL STABILITY

BAYLIS CURVE

GALVANIC CORROSION

ELECTROLYSIS



CORROSIVE SOIL

CROSS-CONNECTION CONTROL

sea l
water  

cr oss
connection6

BACKFLOW

Backsiphonage

Backpr essur e

Figure 7.24 - Backpressure with boilers



Prevention

Devices

Double check

Selection of Devices

Degree of Hazard

BACKFLOW PREVENTION DEVICES

Air  Gap

air  gap

Atmospher ic Vacuum Breaker

vacuum breaker

Pressure Vacuum Breakers

7 D bl Ch k V l A bl

Figure 7.25 - Air Gap

Figure 7.26 - Atmospheric vacuum breaker



Double Check Valve Assemblies

Reduced Pr essur e Device

RPZ

Selection of Devices

Figure 7.27 - Double Check Valve

Figure 7.28 - RPZ Device

Testing Device

References
Introduction to Small

Water Systems



BASIC STUDY QUESTIONS

BASIC SAMPLE TEST QUESTIONS
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CHAPTER 8:  WATER STORAGE

WATER STORAGE

GROUND STORAGE TANKS

CONSTRUCTION OF GROUND STORAGE TANKS

DESIGN CAPACITIES OF GROUND STORAGE TANKS

LOCATION OF GROUND STORAGE

PROTECTION OF GROUND STORAGE TANKS

•

•

•

FIRE PROTECTION

CATHODIC PROTECTION



LEVEL INDICATORS

ELECTRODE SYSTEMS

FLOAT SYSTEMS

HYDROPNEUMATIC STORAGE

Figure 8.1 - Sacrificial Anodes Used for Cathodic Protection



TYPES OF PNEUMATIC TANKS

SIZING A PNEUMATIC SYSTEM

Figure 8.2 - Types of Pneumatic Tanks

References

Water Distribution System O&M

Small Water System O&M
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CHAPTER 9:  PUMPS & MOTORS

 
  

 CENTRIFUGAL PUMPS

TYPE OF PUMP PRESSURE/FLOW RATING CHARACTERISTICS

Table 9.1 - Pump Characteristics Overview

Figure  9.1 - Impeller Rotation &
Centrifugal Force



TYPES OF CENTRIFUGAL PUMPS





CENTRIFUGAL PUMP COMPONENTS

Figure  9.5 - Shaft Sleeve



Figure  9.7 - The Volute

Figure  9.9 - Leak Back



Figure  9.10 - Stuffing Material

Figure  9.11 - Seal Water

Figure  9.12 - Stuffing Box Cross-Section



PUMP HYDRAULICS

l. Determine the gpm:

2. Determine the suction head:

Figure  9.13 - Mechanical Seal Components

3. Determine the discharge head:

4. Determine the total head:



5. Determine the friction loss:

6. Determine the Total Dynamic Head
added

PUMP CHARACTERISTICS CURVES

 
 

SHUT OFF HEAD

Checking Shutoff Head

T.D.H = Discharge Head +/- Suction Head + Fr icion Loss



NOTE:

COMMON OPERATIONAL PROBLEMS

CAVITATION

 
 

AIR LOCKINGFigure  9.16 - How to Determine Shut-Off Head



LOSS OF PRIME

ELECTRIC MOTORS

 

 

PHASES

SINGLE PHASE MOTORS

THREE PHASE MOTORS

 

SINGLE PHASING

CIRCUIT PROTECTION



BASIC STUDY QUESTIONS

BASIC SAMPLE TEST QUESTIONS

References

Water Treatment Plant Operation

Water Distribution System O&M

Small Water System O&M
Groundwater and Wells
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CHAPTER 10:  MECHANICAL SYSTEMS

Table 10.1 - Damage Caused by Packing Failure

PUMP MAINTENANCE

PUMP PACKING

REMOVING OLD PACKING

6.   M



REPACKING THE PUMP
 

BEARING MAINTENANCE



Figure  10.1 - Repacking A Pump



COUPLINGS

ALIGNMENT

INSTRUMENTATION

Figure  10.2 - Gear Coupling

Figure  10.3 - Flexible Grid
Coupling

Figure  10.4 - Types of Misalignment



CHEMICAL FEED SYSTEMS

Figure  10.5 - Feedback Control Loop



Figure  10.7 - Volumetric Chemical Feeder

References

Figure  10.9 - Diaphragm Pump
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CHAPTER 11:  GROUNDWATER & WELLS

HYDROLOGIC CYCLE

 

GROUND WATER SUPPLIES



WATER TABLE AQUIFER
 

  
 

ARTESIAN WELLS

TYPES OF GROUND WATER FORMATIONS
 
 
 

dolomite, 
 

WATER WELL LOCATION

SANITARY CONSIDERATIONS

WATER WELL CONSTRUCTION

.

 

 

. 
 

.

CABLE TOOL METHOD

. 

ROTARY DRILLED WELLS

VERTICAL CASING ALIGNMENT



Figure  11.2 - Artesian & Water Table Aquifers



SANITARY PROTECTION OF THE WELL

 

 

DEVELOPING A WELL

.  

 

GRAVEL PACKED WELLS



Figure  11.4 - Gravel Pack Well Construction

 
 
 

 
usually



DISINFECTING WATER WELLS

an 
 to

 
 

 
 

 

 
 

 
 

 
,  

 
 

WELL PUMPS

“Staging” (stacking several impellers 
on the shaft) generates high pressures 
required to lift water out of the well. As 
the water passes from the discharge of 
one impeller to the suction of the 
impeller above it, the pressure that the 
pump develops is increased. For 
example, if five impellers that generate 
100 feet of head each are staged in a 
pump, the pump will generate a total of 
500 feet of head pressure. Anytime 
pumps are operated in series, where one 
pump or impeller discharges to the 
suction of another pump, the pressure 
will increase while the flow remains 
constant.

 

VERTICAL TURBINE INSTALLATIONS

L S P

Figure  11.5 - Gravel Packed Well Types not suitable for wells supplying most public water systems.



Line Shaft Bear ings

Oil Dr ipper  Systems

Adjusting Dr ipper  Systems



Figure  11.7 - Shaft Lubrication Systems



WELL SCREENS

WELL HYDRAULICS

 
 
 
 
 
 
 
 
 

����� Static level
.

����� P i l l

Figure  11.8 - Well Screens

����� Specific capacity

����� Con e of dep r ession

����� Radius of influence

 
  

 
 

����� Recovery time



Figure  11.9 - Water Well Hydraulic Terms

MEASURING STATIC AND PUMPING LEVELS

 

  
  that 

can locate the water level
 

 
 
 

 , effectively ing



 
 
 
 
 
 
 
 

In the  below
 

 g.  By subtracting 100 feet from 300 feet, we find 
the depth to water is 200 feet.

THE WELL LOG

,  
 
 
 
 
 
 
 
 

TROUBLESHOOTING WELL PROBLEMS

 
s  

  
 
 
 
 

  
  

 

WELL RELATED PROBLEMS
 

,  
 

Table  11.1 - Well Log Data

Figure  11.10 - Measuring Static &
Pumping Levels



Clogged Well Screens

Sand Br idging

Iron Bacter ia
 

 
 

 
 
 
 
 

  

 
 

Lime Scaling

CLEANING INCRUSTED WELL SCREENS

Surging 

percussion

Figure  11.12 - Well Problem - Sand Bridging

Figure  11.11 - Well Problem - Clogged Screen



acidizing

Always use inhibited acid!  
,  

 
 

 
  

the 
 

 Sulphamic acid, for example, 
is one such acid. 
Mechanical cleaning

PUMP RELATED PROBLEMS

Figure  11.13 - Well Problem - Mechanical Pump

ADJUSTING IMPELLER CLEARANCE
(LATERAL SETTING)

Table  11.2 - Forces That Cause Shaft Stretch



Table  11.3 - Well Troubleshooting Flow Chart



Table  11.4 - Troubleshooting Well Pumps



BASIC STUDY QUESTIONS

BASIC SAMPLE TEST QUESTIONS

ADVANCED STUDY QUESTIONS

ADVANCED SAMPLE TEST QUESTIONS
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CHAPTER 12:  SURFACE WATER

Water that is taken from lakes, rivers, or impoundments is
known as surface water. Many large systems make use of
surface supplies because these rivers and lakes offer storage
of large amounts of water. The chemical characteristics of
surface water differ from ground water in several ways and
generally require a greater degree of treatment to meet the
Drinking Water standards. The minimum treatment required
for surface water is filtration and disinfection.

As ground water percolates through the soil, the natural
filtering action removes much of material responsible for
turbidity in surface waters. This filtration and the tremendous
retention time in the aquifer provide for the removal of many
of the bacteria in ground water. The mineral content of the
ground water may be greater than that of surface water.
These minerals are dissolved in the water as it percolates
through the soil.

Some systems that were once considered groundwater are
now defined as “groundwater under the influence of surface
water” by the amended SDWA regulations. These systems
must now treat their water like other surface supplies and
filter and disinfect. Surface or boxed springs are now
considered to be surface water supplies. Infiltration galleries
are also considered surface supplies. These wells are located
so close to a river or stream that the water in the surface
supply percolates directly into the wells because the radius
of influence overlaps the riverbed.

Surface waters will generally have more bacteria and
turbidity present than ground water. Taste and odor
problems are usually greater in surface water due to algae,
bacteria, and fungi that are present in the water. Ground
water may also have taste and odor problems that are usually
caused by hydrogen sulfide gas and minerals like iron.

SURFACE WATER SOURCES

LAKES AND RIVERS
There are certain advantages and disadvantages related to
taking water from rivers or lakes. Lake supplies maintain a
more constant quality of water. The turbidity, temperature,
and pH do not fluctuate as much from day to day as a river
supply. Minerals tend to concentrate in lakes. Iron,
manganese and other dissolved metals are retained in the

in the lake aids in the natural bacteria removed. The detention
time also aids in the natural removal of suspended material
or turbidity by sedimentation.

The quality of the water in lakes is affected by an occurrence
known as “Turnover.” This happens once or twice a year,
generally in the springtime, as the water temperature of the
lake begins to change. The density or “Specific Gravity” of
the water changes as the water temperature changes.
Water is heaviest or most dense at 4 degrees Centigrade or
about 39 degrees Fahrenheit. In a deep lake the water at
the bottom will always be about 4 degrees C because of its
higher Specific Gravity. Stratification occurs as layers of
water at different temperatures form in the lake. In the
spring as ice on the surface melts, it becomes warmer (and
heavier) and begins to sink. As this happens water at the
bottom is forced to the surface. This mixing action stirs up
silt and decaying organic material and as a result can cause
serious taste and odor problems. In the late fall as water at
the surface cools it also gets heavier and sinks to create
the same situation. Changes in water temperature and
density also affect chemical treatment and settling in surface
water treatment plants.

The turbidity, temperature and pH of water taken from rivers
may fluctuate on a daily, or sometimes on an hourly basis.
Rainfall and run-off usually contribute to these changes.
Changes in the quality can also result from waste discharged
from upstream sources. Minerals do not accumulate in rivers
as they do in lakes. Mainly, because any water that is not
used is carried downstream rather than being retained as it
is in a lake. Jar testing should be done when the raw water
quality changes. A jar test will help the operations staff
determine what adjustments must be made in the treatment
process when these changes occur.

INTAKE STRUCTURES
The type and location of the intake structure in the surface
supply will determine the kind of treatment necessary for
production of potable water. Ordinances should be passed
to protect the water around the intake structure. Boating,
swimming, and fishing should be discouraged in the area of
the intake. Floating buoys should be placed as markers
around the intake structure.



In some systems this is accomplished by flushing 
or backwashing the screen with water pressure supplied 
by a backwash water line located within the structure. 
Water is forced through the screen, washing the debris 
away from the structure.

RIVER AND STREAM INTAKES
The most common type of intake in flowing water is a simple
pipe extended into the water. This pipe or intake line feeds
water to low service pumps usually located in a pump house
on the bank. Provisions should be made to prevent floating
material from clogging the intake screen. Intake screens
should be small enough to prevent clogging and large enough
to allow adequate intake flow. The intake line should be
located perpendicular to the flow or at a forty-five degree
angle downstream. Intake lines that are pointed directly
downstream may experience problems during high flows.
A low-pressure area will develop around the intake
restricting the flow of water into the structure. The intake
pipe should be elevated off the bottom to avoid heavy
concentrations of sand, silt and dissolved minerals.

LAKE AND RESERVOIR INTAKES
Intakes in lakes and reservoirs are generally located in 15
feet or more of water to provide multiple intake levels.
These inlets are usually located 4 to 6 feet from the surface
and at 5 to 10 feet intervals depending on the depth of the
water. This will allow the operations staff to select water

from different levels in the lake and minimize treatment
costs by obtaining the best quality raw water. Inlets should
never be located near the bottom of the lake to avoid high
concentrations of dissolved minerals and gases, turbidity,
and tastes and odors. Inlets are controlled by gate valves
and operated from the top of the intake structure. These
gate valves should be operated periodically to keep the valve
in good working order.

SURFACE WATER QUALITY
The type of treatment needed for surface water supplies
depends on the contaminants present. These contaminants
are grouped into five general categories: minerals, turbidity,
bacteria, tastes and odors, and color. Before treatment
processes can be discussed, the contaminants associated
with each of these groups must be identified.

MINERALS
The mineral problems in water are caused by inorganic 
contaminants. These are usually dissolved metals and 
dissolved gases. Some of the more common mineral 
problems include iron and manganese, famous for causing 
“red water” problems and hardness. Carbon dioxide gas 
can cause corrosion problems and hydrogen sulfide gas is 
noted for the “rotten egg” odor that is sometimes found in 
water. All of the inorganic chemicals are listed under the 
SDWA Primary and Secondary standards are also included

in this category.

TURBIDITY

Silt and clay are primarily responsible for the 
turbidity in water. However, any suspended 
material that will not readily settle is considered to 
be turbidity. Some clay particles are so small 
that they will not settle at all. These particles in 
suspension are known as “colloids.” Most 
turbidity particles carry a slight negative 
electrical charge that causes them to repel each 
other. Zeta Potential is the term used to identify 
this electro-chemical repulsion. The treatment 
to remove these particles must neutralize the 
negative charges and bring them together until 
a large enough particle is formed that will 
settle.
BACTERIA
Bacteriological contamination has been covered in
a previous chapter It should be noted at this time



reason turbidity is a primary contaminant in the
SDWA. The possible presence of Giardia or
Cryptosporidium can affect treatment strategies due
to the need for higher free residuals and extended
contact times.

TASTES AND ODORS
The main source of taste and odor problems in surface
supplies is algae (small floating water plants). These
are organic compounds that impart a mossy or fishy
odor. The most common source of taste and odors in
ground water supplies are inorganic chemicals.
Hydrogen sulfide gas (H2S) causes a “rotten egg”
odor. Iron and manganese can also impart a rusty
taste to the water when present. Tastes and odors
are less noticeable when the water temperature is
colder.

COLOR
Organic compounds released into the water by
decaying vegetation cause true color. Unlike 
turbidy, these organic “dyes” are dissolved in the 
water and cannot be removed by filtration. As 
leaves fall into the water, tannic acid is leached out 
giving the water a brownish color. Decaying aquatic 
plants or humus can

 
create a green color in the water. 

Apparent color is caused
 
by small particles of oxidized 

iron or manganese that create
 

red or black water 
problems respectively. This type of

 
“color” is actually 

small red flakes of rust that can be
 

removed by 
filtration.

SOLUBILITY OF SALTS
Most methods of chemical treatment rely on the solubility of 
different salts to remove undesirable minerals from the water. A 
salt is formed when a metal combines with a non-metal. For 
instance, when a metal like sodium combines with a non-
metal like chlorine, sodium chloride, NaCl, or table salt is 
formed. The most common metals and non-metals that 
combine to form soluble salts in drinking water supplies are 
listed in Table 12.1.

Some salts dissolve very readily in water while 
others may not dissolve at all. Those that do 
not dissolve in water are known as insoluble 
salts. For instance, alum (aluminum sulphate) 
will dissolve in water but aluminum hydroxide, 
Al(OH)3, is insoluble in water. Calcium 
bicarbonate, Ca(HC03)2, is very soluble but

Many of the undesirable minerals in water are present in the
form of soluble salts. By adding certain other chemicals and
adjusting the pH of the water, chemical reactions will take
place that will change those soluble salts into insoluble salts.
These insoluble salts can then be removed by either
sedimentation or filtration.

COMMON NAMES FOR WATER TREATMENT CHEMICALS

There are a number of water treatment chemicals that are
better known by their common names than their chemical
names.  See Table 12.2.

pH

Table 12.1 - Chemical Names & Symbols

Table 12.2 - Water Treatment Chemicals



The pH of the water is the measurement of the acidity or 
alkalinity of the water. Water is considered to be acid when 
it has more hydrogen ions (H+) in it than hydroxide ions 
(OH-). Some of the chemicals that add hydrogen ions (H+) 
to the water are hydrochloric acid, HCl, sulfuric acid, 
H2SO4, nitric acid, HNO3, and carbonic acid, H2CO3,

Water is considered to be alkaline when there are more 
hydroxide ions (OH-) present than hydrogen (H+). Sodium 
hydroxide, NaOH, calcium hydroxide, Ca(OH)2, and 
magnesium hydroxide, Mg(OH)2 all add hydroxide ions 
(OH-) to the water. When the number of hydrogen ions 
and hydroxide ions are the same the water has a neutral 
pH. Pure water, H2O or H-OH, has a neutral pH because 
the number of hydrogen ions (H+) and hydroxide ions 
(OH- ) are equal.

The pH of water is measured on a scale that reads from 0 
to 14. The midpoint of the scale is 7. Water with a pH of 7 
is neutral. If the water has a pH less than 7, the water is 
acidic and if the pH is greater than 7 it is alkaline. For 
every whole number that the pH changes the strength of 
the acid or alkaline properties of the water will change by 
a factor of ten times. Water that goes from a pH of 9 to a 
pH of 10 becomes 10 times more alkaline and water at pH 
of 5 is 10 times more acidic than water at a pH of 6.

PHYSICAL/CHEMICAL TREATMENT
The purpose of chemical treatment is to remove any 
undesirable contaminants and produce water that is safe 
and acceptable to consumers. Removing undesirable 
impurities using conventional treatment requires the use 
of various treatment processes including: Pretreatment, 
Coagulation, Flocculation, Sedimentation, and Filtration.

PRETREATMENT refers to treatment of the raw water
before it enters the treatment plant. It usually occurs
at the raw water intake and involves some type of
chemical addition with no physical treatment other

Figure  12.2 - pH Scale

COAGULATION is the chemical reaction that changes
soluble salts into insoluble salts. This is accomplished
by adding certain chemicals, known as coagulants,
to the raw water. Coagulant aids are used to adjust
pH and help in the formation of insoluble salts. These
salts are referred to as floc. The formation of floc is
accomplished by the even and thorough dispersal of
the coagulant in the raw water by “rapid” or “flash”
mixing.  Changes in water quality or water
temperature can have an adverse affect on the
coagulation process.

FLOCCULATION is the process that follows the rapid 
mix. The velocity of the water is reduced and a gentle 
mixing action is created to allow the formation of 
insoluble salts, clay, and other suspended matter into 
floc particles.  The negatively charged colloids are 
attracted to a positively charged coagulant and begin 
colliding to form a large neutral floc particle that will 
settle out during the sedimentation process.  
"Agglomeration" is the process of bringing 
positive and negative charged particles together to 
form a floc that has a neutral charge and is 
large enough to settle.

A flocculation tank will usually incorporate baffles
or mechanically driven paddles
for mixing. It is important to
keep the velocity of the water
slow enough to prevent
“hydraulic shear” This will
prevent the floc particles from
breaking up before they reach
the sedimentation tank. One of
the more common problems

occurring in flocculation basins is formation of pin
floc. Underfeeding or overfeeding the coagulant
chemicals usually causes pin floc. Pin floc can also
be a problem when the raw water has a low turbidity
or cold temperature. The addition of coagulant aids
such as bentonite clay, activated silica, and polymers
can improve the flocculation process.

SEDIMENTATION is the process of slowing the water
velocity to allow the floc to settle out. Clear water is
then drawn off the top of the basin for filtration.
Sedimentation basins are usually the largest tanks in
the treatment process. These basins should have



effluent weir in less time than it would take if the
flow were distributed evenly across the tank.

In circular basins the flow is directed down and in
rectangular basins it is spread evenly across the
influent end of the tank.  As the water flows through
the basin, the floc settles to the bottom forming a
sludge blanket. Sludge is removed by means of a
raking device that pushes the sludge to the center of
circular basins or the end of rectangular basins where
it is pumped out of the tank.  Bulking occurs when
sludge is not removed from the process often enough.
This is a result of decomposition of organics in the
sludge that causes gases to form and sludge to float
to the surface. This decomposition can also create
taste and odor problems.

FILTRATION is the final step in the removal of chemical
impurities in water. Any organic or inorganic particles
that have not been removed during the sedimentation
process must be filtered out in order to meet the
SDWA standards of 1.0 NTU or less in the finished
water. The turbidity of the water in the filter influent
should not exceed 15 NTU’s, and should actually be
less than 5 NTU’s, or filter runs will be reduced
dramatically. When the filter becomes dirty it must
be backwashed. Since the backwash water is treated
potable water, the length of the filter run directly
impacts the cost of the filter operation. The backwash
water must either be returned to the head of the
plant or mixed with the raw water flow or impounded
so that sludge can be separated.

REMOVAL OF COLOR
The dissolved organic compounds that cause true color in 
water can be removed if the pH of the water is lowered to 
between 3.5 and 5.5. Under these acidic conditions the color 
compounds become gelatin-like solids that will settle out in 
the sedimentation tanks. This pH adjustment can be 
accomplished by adding alum or acids. Most of the other 
treatment processes will require a pH of 6.5 to as high as 
11.5. If color is to be removed, the pH must be lowered 
first. If the pH is raised, the color may become set (much 
the same way that hot water will set laundry stains) and 
will be nearly impossible to remove. Older treatment plants 
are usually not equipped to handle this type of treatment. 
However, some up-flow units can be adapted to remove 
color because alum can be added to lower the pH prior to 
raising the pH for other types of treatment.

Other oxidizing agents such as ozone or potassium
permanganate do a better job and do not create the THM
byproducts associated with the use of chlorine.

REMOVAL OF BACTERIA
Pathogenic bacteria tend to die out in surface water supplies.
Sedimentation and filtration can also remove about 90% of
these bacteria. However, those that are not removed during
the treatment must still be destroyed with oxidizing agents.
The possible presence of Giardia in surface waters is the
main reason that filtration is now mandatory for all surface
supplies. Higher chlorine residuals may also be necessary to
meet the new C x T standards for Giardia. Using ozone as a
disinfectant can reduce the difficulties created by the increased
contact time needed to kill Giardia. Chlorination may still be
required to meet secondary contamination considerations.

REMOVAL OF TASTE AND ODORS
Taste and odors in water can come from several sources.
Both organic and inorganic compounds can cause tastes
and odors. The most common source of organic taste and
odors is algae. These algae can be divided into two main
groups that are responsible for most of these problems.
They are classified, according to their color, into green algae
and blue-green algae. Green algae are usually responsible
for grassy or musty odor in water while the blue-green algae
cause rotten fish type of odor.

Algae problems develop during hot, dry weather in the early
summer. Algae blooms will begin in shallow coves as the
water temperature rises. These blooms spread so rapidly
that, in a week or two, enough algae is present to cause
serious taste and odor problems. Some blue-green algae
release poisonous by-products that can result in fish kills in
severe cases. Algae blooms can also result in pH fluctuations
in the impoundment as the CO2 uptake increases during the
daylight hours driving the pH higher. Diatoms are another
group of algae that may be present in surface waters. They
do not cause the offensive odors that the blue-green algae
do, but their shells tend to plug filters.

Tastes and odors can also be caused by inorganic compounds
and dissolved gases. Iron and manganese can cause rusty
tastes. Hydrogen sulphide gas can cause a rotten egg odor.

COPPER SULPHATE TREATMENT
Algae in lakes and reservoirs can be killed with copper
sulfate, CuSO4. It usually requires dosages of about 0.5 to
1 0 /1 t kill t l bl H if th ti



sulfate in dosages higher than 1.0 mg/l. Copper sulfate will
kill many game fish at very low concentrations. Brown trout
will not survive concentrations greater than 0.14 mg/l.
Always contact state health officials before attempting this
type of treatment.

IN-PLANT TREATMENT
There are three methods of removing taste and odors at
the treatment plant. Activated carbon can be used to adsorb
the organic compounds that cause the problem. A dosage
of 15 to 25 mg/1 is usually required to accomplish this.  In
severe cases, dosages may need to be as high as 100 mg/1.
Activated carbon should be added as far upstream as
possible from the point where coagulant chemicals are
added. If it is added at the same time as coagulant chemicals,
it may become tied up in the floc particle before it has time
to adsorb the organic taste and odor compounds. Activated
carbon is very expensive and difficult to feed. It is also
dangerous to handle because it can create an explosion if
dispersed in the air and ignited.

The other method of taste and odor removal is by the addition
of an oxidizing agent such as chlorine. The oxidizing agent
will react with and chemically alter organic compounds so
that they no longer cause taste and odors. The problem
again is the creation of THM’s as a byproduct of the
chlorination process. The use of other oxidizing agents like
chlorine dioxide or ozone should be considered instead of
chlorine.

Tastes and odors caused by inorganic compounds like iron 
or hydrogen sulphide may be removed by aeration. Diffused 
air bubblers or stripping towers are the most common means 
of aeration The dissolved oxygen will oxidize the iron and

in the system. Oxidizing agents can also be used to remove
inorganic tastes and odors.

REMOVAL OF MINERALS
Mineral problems can be grouped into two major categories.
These are problems related to hardness and problems related
to other metals and gasses not associated with hardness such
as iron, manganese, hydrogen sulfide, ammonia, and carbon
dioxide.

HARDNESS
Metals that are dissolved in water cause hardness.  (See Table
12.3)  Calcium (Ca) and Magnesium (Mg) are the two metals
that dissolve the most easily in water. They are considered to
be the main cause of hardness. Other metals also cause
hardness in water but very few are soluble enough to contribute
to hardness problems. The two metals that do not cause
hardness in water are (Na) sodium and (K) potassium. Water
with hardness of 0-60 mg/1 is considered to be soft water.
Moderately hard water is considered to be between 60-120
mg/1, while very hard water has hardness of 150 mg/1 and up.

Hardness causing compounds are broken into two groups: 
carbonate hardness and non-carbonate hardness. Carbonate 
hardness is hardness that can be removed by boiling water. 
Non-carbonate hardness cannot be removed by boiling water. 
Carbonate and non-carbonate hardness are both a result of 
dissolved calcium and magnesium in water. It is the non-metals 
that combine with the calcium and magnesium that will 
determine whether it is carbonate or non-carbonate hardness.

Carbonate hardness is formed when calcium or magnesium
combines with a form of alkalinity (carbonate, bicarbonates, or
hydroxides ) Non carbonate hardness is formed when calcium

Table 12.3 - Hardness Compounds



Non-carbonate or permanent hardness can be removed by the addition of
sodium carbonate or soda ash, Na2 CO3. Lime is usually added to adjust the
pH of the raw water. This lime-soda ash process requires a pH of 10.0-10.5 to
remove calcium compounds and a pH of 11.0 - 11.5 to remove magnesium
compounds. When the proper pH conditions are met, the reaction between the
sodium carbonate and the calcium sulphate results in the formation of sodium
sulfate and calcium carbonate. The reaction is basically the same for calcium
chloride, except sodium chloride is created instead of sodium sulphate.  The
sodium does not cause hardness and the calcium carbonate that is insoluble will
settle out. Magnesium compounds react directly with lime to precipitate as
magnesium hydroxide. This results in the formation of calcium chloride or
sulphate which must then react with soda ash to form calcium carbonate.

SOFTENING CHEMICAL REACTIONS

Carbonate hardness is removed by adding lime, Ca(OH)2, to the water. The
lime softening process requires the addition of enough lime to raise the pH to a
point where the reaction can take place. The pH must be between 9.0 - 10.5 to
remove carbonate hardness. Calcium compounds are removed at a pH of 9.0-
9.5.  Magnesium compounds require a pH of 10.0-10.5.

The reaction between lime and calcium bicarbonate results in the formation of 
calcium carbonate and water. At the proper pH, calcium carbonate has 
a solubility of about 40 mg/l. The rest of the calcium will settle out as a floc.

Magnesium hydroxide is the least soluble of the magnesium compounds. First magnesium bicarbonate reacts
with lime to create magnesium carbonate and calcium carbonate. The calcium carbonate precipitates out and
then the magnesium carbonate reacts with lime to create calcium carbonate and magnesium hydroxide that will
both precipitate out.

Calcium bicarbonate + Calcium hydroxide > Calcium carbonate + Water
        Ca(HCO3)2       +        Ca(OH) 2        >        2 CaCO3    +      2 H2O

   Magnesium Carbonate + Calcium Hydroxide > Calcium Carbonate + Magnesium Hydroxide
 MgCO3  +  Ca(OH)2      >  CaCO3  +  Mg(OH)2

Magnesium Bicarbonate + Calcium Hydroxide  > Calcium carbonate + Magnesium Carbonate + Water
        Mg(HCO3)2          +       Ca(OH)2          >          CaCO3        +            MgCO               + 2H2O

  Calcium sulphate + Soda ash  >  Calcium Carbonate + Sodium Sulphate
 CaSO4        +  Na2 CO3     >          CaCO3  +     Na2SO4

Magnesium Sulphate + Calcium Hydroxide   > Magnesium Hydroxide + Calcium Sulphate
M SO + C (OH) > M (OH) + C SO



RE-CARBONATION

After non-carbonate softening has taken place, the finished
water will likely have pH of 10-11. This is a result of the
lime addition that was needed to drive the softening reaction.
If this water is pumped to distribution at this pH, the excess
lime will cause calcium deposits in pipes and fixtures.
Recarbonation is the process of stabilizing the water by
lowering the pH and precipitating the excess lime as calcium
carbonate. In large systems the amount of lime needed may
make reclamation of the lime from the calcium carbonate
sludge feasible. The sludge is heated in a furnace. The heat
causes calcium carbonate to breakdown and calcium oxide,
CaO, and carbon dioxide gas, CO2, are the result. The
calcium oxide is “slaked” with water to form calcium
hydroxide that is then reused in the softening process. The
carbon dioxide gas is then used to react with the excess
lime to lower the pH and precipitate more calcium
carbonate. Recarbonation also requires additional
coagulation, flocculation and sedimentation since it occurs
after the initial softening process.

OTHER SOFTENING PROCESSES
Systems that do not have the clarification equipment
necessary for this type of treatment may soften water using
the zeolite process. This is called an ion exchange process.
Water is passed through a filter containing zeolite granules.
A reaction takes place that removes calcium and exchanges
it with sodium. The hardness can be lowered to O mg/1
this way, since sodium does not cause hardness. The sodium
that is put in the water may cause problems for people on
the system who have high blood pressure or heart trouble,
especially those on a salt-free diet. When the zeolite bed
becomes saturated with calcium it must be regenerated, by
backwashing it with a saturated brine solution.

Reverse-osmosis (RO) may also be used in cases where 
chemical equipment is not available. RO is a process in 
which water, under pressure, is forced through a semi-
permeable membrane (a distant cousin of the hot dog skin). 
The membrane will allow the water to pass through it but 
will trap the calcium, magnesium, and any other dissolved 
solids. The unit is periodically backwashed to clean the 
membrane. Electrodialysis may be used where water with 
very high concentrations of hardness (500+ mg/l) is found.

Calcium hydroxide + Carbon dioxide > Calcium carbonate + Water
 Ca(OH)2       +          CO2        >  CaCO3         +  H2O

removed from the water. Both RO and electrodialysis are 
very expensive from both an equipment and operation 
standpoint.

IRON AND MANGANESE

Iron and manganese (Fe & Mn) can be found in reservoirs
and lakes that are used for furnishing water to municipal
systems. These minerals are also found in undesirable
concentrations in waters from shallow wells or from wells
drilled into shale or sandstone formations. The presence of
large amounts of Fe and Mn can cause stains on plumbing
fixtures, a rusty appearance and taste in the water (red
water). Iron in excess of 0.3 mg/l will cause red water
problems and manganese in excess of 0.05 mg/l will cause
black water problems.

The least expensive means of controlling Fe and Mn in
surface water supplies is to raise the raw water intake so
that the water is taken from a point nearer the surface of

the supply. This may reduce concentrations
of Fe and Mn in the raw water because the
concentrations of these minerals are
normally higher at greater depths in the
reservoir. The second alternative is to
artificially supply dissolved oxygen by 

means of aeration. This can be accomplished by installing 
a small aeration tower prior to the coagulation process. 
Aeration may also be achieved by forcing air into the water 
with blowers. Either method can provide the dissolved 
oxygen necessary to oxidize the Fe and Mn so it will settle 
out in the sedimentation tanks. Aeration requires longer 
contact time than other forms of oxidation. If it is used in a 
direct filtration process, a holding tank may have to be added 
after aeration to allow time for the reactions to take place. 
The remaining three alternatives require the addition of 
chemicals.

Pre-chlorination, or the addition of chlorine to the water
before it reaches the sedimentation tanks, is an effective
means of removal. In this case the chlorine acts as the
oxidizing agent to precipitate the Fe and Mn. To achieve
satisfactory percentages of removal, enough chlorine must
be added to provide a one part per million residual at the
point of filtration.

Another oxidizing agent that can be added to remove Fe
and Mn is potassium permanganate, KMnO4.  It  should
also be added prior to coagulation Enough potassium



The final method of control is the addition of a sequestering 
agent. Polyphosphates, including sodium 
hexametaphosphate, also known as Calgon, are the most 
common sequestering agent used. This should be done as 
far in advance of the sedimentation process as possible if 
this is used by itself.  If it is used in a conventional treatment 
plant, it should be added after sedimentation and before 
filtration. Polyphosphates should be used in small dosages, 
usually less than 5 mg/l. If excessive amounts are added, it 
will begin to soften rust deposits in the distribution system 
and cause them to break loose. When this happens, serious 
plugging of hydrants or services can occur.  It should be 
noted that polyphosphates do not remove Fe and Mn, but 
they do surround or sequester these ions and keep them in 
solution rather than allowing them to be oxidized and 
precipitate in the distribution system.  Over time the 
polyphosphates will break down and release the Fe and 
Mn. They will then oxidize and create red or black water. 
The proper dosage is just enough to keep the iron or 
manganese tied up for 4 days.

DISSOLVED GASES

Carbon dioxide and hydrogen sulfide are the main causes
of problems related to dissolved gases. Carbon dioxide will
react with water to form carbonic acid and can create
corrosive conditions in the water.

Carbon Dioxide + Water > Carbonic Acid
 CO2           + H2O   >      H2CO3

Carbon dioxide can be removed by aeration down to 
concentrations of 5 mg/1. Hydrogen sulphide can be 
completely removed by aeration. Lime may be added to 
further reduce the CO2 concentration. The lime will react 
with the CO2 and precipitate out as calcium carbonate.

OTHER MINERAL PROBLEMS

The inorganic primary contaminants listed in SDWA must 
also be removed if the MCL is exceeded. The addition of 
lime and alum or one of the iron-based coagulants such 
as ferric chloride or ferrous sulfate can remove most of 
these metals. A high pH is usually required to produce 
insoluble salts from these dissolved metals. Radioactive 
metals can also be removed in this manner. Ion 
exchange processes are also used to remove some non-
metal contaminants. Activated alumina, AlO3, can be used 
for arsenic and fluoride removal in a process that is similar 
to zeolite softening.

CONTROL OF TURBIDITY AND COLOR

The control of turbidity, color, microorganisms, and to some 
extent, taste and odor is commonly accomplished through 
some type of filtration1 system. The Surface Water 
Treatment Rule describes five different types of filtration 
systems; conventional treatment2, direct filtration3, slow sand 
filters, diatomaceous earth filters and alternate filtration 
systems such as cartridge filters.  The basic system used in 
this discussion is the conventional treatment plant, also called 
rapid gravity filtration.

CONVENTIONAL FILTRATION

The conventional treatment plant is composed of four
processes (see Figure 12.3 - Conventional Treatment Plant
Schmatic):

• Coagulation4 - a process where chemicals are added
in order to destabilize small particles held in suspension
• Flocculation5 - a slow mixing process where the
coagulated particles are formed into feather-like

material called floc6

• Sedimentation - is a physical
process that allows the majority of the
floc to settle, removing a large portion
of the material in the water

• Filtration -  the process of straining the remaining
floc from the water.

1 Filtration - The process of passing liquid through a filtering medium (which may consist of granular material such as sand,
magnetite, or diatomaceous earth, finely woven cloth, unglazed porcelain, or specially prepared paper) to remove suspended
colloidal matter.

2 Conventional Treatment - A standard treatment process involving coagulation, flocculation, sedimentation, filtration, and
disinfection.

3 Direct Filtration A gravity or pressure filter system involving coagulation filtration and disinfection

Carbon Dioxide + Calcium Hydroxide > Calcium Carbonate  +  Water
 CO2          +        Ca(OH)2         >          CaCO3          +    H20



These processes are used to remove or reduce organic and
inorganic material that cause turbidity, color and odor and taste.

CONTAMINANTS

Organic Contaminants
The organic component of this material contributes to color,
odor, taste and disease. The organic component includes
microorganisms, (viruses, bacteria, protozoa), algae, and
organic material from plants and animals.

Inorganic Contaminants
The inorganic portion of this material is the primary
contributor to turbidity. The inorganic portion includes silt,
sand and inorganic chemical complexes.

SETTLING

Most organic and inorganic material is 
suspended in the water and not dissolved 
and, therefore, will settle out if given 
enough time. However, the main 
materials that contribute to color and 
turbidity are too small to settle. The 
basic problem comes from material that 
is less than one micron in size, called 
colloidal7 material. The Greek letter “μ”, 
called “mu” is used to identify a micron. 
One micron would be written 1μ.

Colloids
For instance, a particle 0.01 mm in
diameter will settle 1 foot in 33 minutes
but a particle 0.0001 mm in diameter (a
colloid) will only settle 1 foot in 230 days.
This is hardly a reasonable settling time.
Colloids do not settle in a reasonable

length of time due to electrical charges on their surface. At 
one micron in size the influence of the surface charges 
offsets the attraction due to gravity and the particles stay 
suspended.

Table 12.4 - Settling Rates

TYPES OF COLLOIDAL MATERIAL

There are two types of colloidal material hydrophobic8 and
hydrophilic9.

Hydrophobic
Hydrophobic means water-fearing. Hydrophobic colloidal
material is mostly inorganic material that contributes to
turbidity. Hydrophobic colloidal material generally carries a
negative electrical charge.

Figure  12.4 - Hydrophobic Particles

Figure  12.3 - Conventional Water Treatment Plant Diagram



Hydrophilic
Hydrophilic means water-loving. Hydrophilic colloidal
material is mostly composed of organic material which is
the common source of color. Hydrophilic compounds are
surrounded by water molecules and  because of their
polarization, they tend to make these particles negatively
charged.

Opposing Forces
There are two opposing forces that impact the removal of
colloidal material. These are stability factors and instability
factors. Stability factors are those factors
that help to keep colloids dispersed.
Instability factors are those that contribute
to the natural removal of colloids.

COAGULATION - THEORY

THE CHEMICALS

The process of decreasing the stability of
the colloids in water is called coagulation.
Coagulation results from adding salts of
iron or aluminum to the water. Common salts are:

• Alum10 - Aluminum Sulfate Al2(SO4)3 • 18H2O
• Sodium Aluminate - NaAlO2

• Ferric Sulfate - Fe2(SO4)3 • 9H20
• Ferrous Sulfate - FeSO4 • 7H20

Figure  12.5 - Hydrophillic Particles

• Ferric Chloride - FeCl3

• Polymers11

Coagulation
The reaction between one of these salts and water is called
coagulation. The simplest coagulation process to explain
occurs between alum and water. When alum is placed in
water, a chemical reaction occurs that produces positive
charged aluminum ions.

The Reaction
The overall result is the reduction of electrical charges and
the formation of a sticky substance. These two destabilizing
factors are the major contributions that coagulation makes
to the removal of turbidity, color and microorganisms.

Factors that Influence Coagulation
There are a number of factors that influence the coagulation
process. Five of the most important are: pH, turbidity,
temperature, alkalinity and the use of polymers11. The degree
to which these factors influence coagulation is dependent
upon the coagulant used. The following discussion is based
on the use of alum as the coagulant.

Other Considerations
The raw water conditions, optimum pH for coagulation and
other factors must be considered before deciding which
chemical is to be fed and at what levels.

POLYELECTROLYTES OR POLYMERS

Polyelectrolytes, or polymers as they are commonly called,
can be used as an aid to coagulation. In some waters they have
been successfully used as the primary coagulant instead of alum

Figure  12.6 - Alum in Water




