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Chapter 1

Introduction

1.1 Goals

Train operators to provide safe water at a reasonable cost

1.2 Water operator certi cation

1.2.1 Explanation of the Grade C category
1.2.2 How to become certi ed; recerti cation

1.2.3 Part 5-4 classi cation of water system operators.

1.3 SDWA, CFR, Sanitary Code

The Safe Drinking Water Act (SDWA) was passed by the Senate in midd¥ 3,
by the House on November 19, 1974 and signed into law on December 16
1974 by President Ford.

1.3.1 Need for the regulations

The Congress had been debating national drinking water standis for sev-
eral years. The need for national requirements became evitlevhen it was
found that out of 446 water systems studied only 60 met existing deral

11



12 CHAPTER 1. INTRODUCTION

standards for bacteria content and testing frequency. Moreey, the exist-
ing standards applied only to contaminants which could caus@amunicable
diseases and not to chemical toxins. Concurrently, organic checals were
discovered in New Orleans' drinking water. In 1975 a follow up sty found
organic contamination in 80 cities' water.

Water supplies not in compliance with standards

Uneven supervision by states

1.3.2 Goals of the regulations

The SDWA directed EPA to set up national primary drinking water regula-
tions applicable to public water systems throughout the coumy.

Safe water

The primary regulations concern matters directly a ectingthe health of the
consumer.

Pleasing water

In addition, secondary regulations dealing with the aestheti qualities of
drinking water (color, taste, odor, etc.) were created as gielines.

1.3.3 Scope of the regulations
Federal

The Safe Drinking Water Act was enacted in 1974 and amended ir986.
The National Primary Drinking Water Standards in 40CFR141 wlich imple-
ment the primary standards are revised more often. 40CFR142wers the
delegation to the states of enforcement authority.

State

In New York state, Part 5 of the sanitary code (LONYCRR) directly aplies
to all water supplies (as de ned) and all operators. Have it hand Use it.
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Important note: For the most part, this manual avoids direct quotation of
the sanitary (or any other) code. The codes change. Use the curte@ersion.
Use the code which applies to your jurisdiction. Do not use this maal as a
substitute for or summary of the relevant codes. Get your copy ohé code
now.

Responsibilities of State Part 5 of the New York State Sanitary Code
was enacted by New York in order to provide a legal frameworkrfthe state
to enforce the provisions of the SDWA. In some cases Part 5 is moréersgent
than the SDWA. As the SDWA, or the regulations promulgated unde6EDWA
by the US EPA, is modi ed and expanded, Part 5 is updated by New Yy,
so that the state may continue to comply with and enforce the prasions of
the SDWA.

Responsibilities of operators

Operator in Responsible Charge NYSDOH form 4204

The system owner must designate a certied operator in responsible
charge who is certi ed at the appropriate grade level. The agrator in re-
sponsible charge is the person (or persons) that makes decisionsulthe
daily operations of the system that will directly impact the quality and/or
qguantity of the drinking water.

If the operator in responsible charge changes then the system @wvmust
notify the Department in writing, within one month of the change, including
the new operator's name.

All personnel that make process control decisions and/or decia®about
the integrity of the system must be certi ed to the appropriate gade level
and must be under the direction of the operator in responsible alge?

Lhttp://www.health.state.ny.us/environmental/water/drinking/operat  e/opcertfs.htm
checked March 2008



14 CHAPTER 1. INTRODUCTION

5-1 Public Water Supplies
5-2 Wells
5-3 repealed
5-4 Water Operators
5-5 Special Improvement Districts
5-6 Bottled Water
5-1.1 De nitions
55A Laboratories

State Regulation Overview

Part5-1 Overview Part 5-1 contains or references most of the infor-
mation necessary for running a water system in New York. Part 5-1 gplit
up into functional sections. Much of the Safe Drinking Water Acimplemen-
tation in the Federal code has been rearranged into these secits. Because
of the complexity of the rules, the code sections reference ethsections, but
not always explicitly. The table of contents of Part 5-1 cledy shows the
sections.

Sections Highlights
De nitions: Public Water Supply, Service Connection, Commuity PWS,
Non Community PWS, Non Transient Non Community
5-1.22 Approvals
Professionally engineered
Plans approved by state
Additional standards

Part 5-1 incorporates the Ten States standards (Recommend8&thndards
for Water Works) in 5-1.22 and as its Appendix A. Ten States in tum ref-
erences NSF, AWWA, ANSI, and other standards. Appendices B and D
discuss well construction standards. Appendix C detail proper wet testing
procedures. Appendix C references EPA and other standards.
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Table 1.1: 5-1.52 tables 1-7 Maximum Contaminant Levels

Levels
Units
Violations

Inorganics
Nitrates
Organics

Turbidity

Coliforms

Radiological

15
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Chapter 2

Mathematics for Water
Operators

A knowledge of addition, subtraction, multiplication, division, and basic al-
gebra is necessary. The algebra consists of rearranging fornsuta solving
for unknowns.

2.1 Units

Describe what parameter the numerical value represents (Ibsget, inches,
etc.). Give dimensions to values. Include units on all numeat values.
Include units in calculations and intermediate values. Unitsan be multiplied
(ft x ft = sq. ft or ft 2) and divided. Dividing a unit by itself yields 1 (the
unit cancels itself - 4 sq. ft / 2 ft = 2 feet). Check units in answelto ensure
that the calculation has been done properly.

2.1.1 Common
Metric/English

Metric units are often composed of a pre x which determines komany and
a root which explains what is being measured.

17



18 CHAPTER 2. MATHEMATICS FOR WATER OPERATORS
Table 2.1. Metric Pre xes and Roots
Pre x | abbreviation | meaning Root | abbreviation | meaning
Mega | M million gram | g mass
Kilo K thousand litre L or | volume
milli m 1/1000 volt \ electrical potential
micro or u or mc | one millionth | meters| m length

2.1.2 Typical units used in water systems

Temperature
Table 2.2: Common Temperatures
Scale Freezing| Boiling | Groundwater | Surface water
Celsius 0 100 10 0-24
Fahrenheit | 32 212 50 32-75
= 1:8C+32 (2.1)
F 32
= 2.2
1:8 (2:2)

In equations, temperature is usually represented by "T'. Do natonfuse this
with time, which is usually represented by t'.

Length

Linear distance; one dimension.
unit symbol | example
inches| " 1" diameter pipe
feet ' 60" high tank

Area

Two dimensions which may have various names such as length, thicheight,
depth, and base.
Area units are usually linear units, \squared" and called \squaréunits, e.g.,
square inches and sq. ft. Sometimes area has its \own" unit, e.@cres.
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Circle

Figure 2.1: Circle parts

In equations, area is usually represented by "A'.

Rectangular area is calculated by multiplying the length bythe width.

Rectangular area= length width (2.3)

Triangular area = ;(base)(height) (2.4)

Circles The radius, r, is the length from the center of a circle to the egk of
the circle. The diameter, d, is the length across the circle thugh the center.
The diameter is thus twice the radius. The circumference is élength of
the circle perimeter. The circumference is related to the ameter by the
trancendental number named with the Greek letter pi.

Lengthcircumference = d (2-5)
= 2r (2.6)

(pi or ) is a constant equal to about 3.14. Pi is often found in circle
formulas.
The area of a circle is equal tor 2. Substituting d/2 for r, A = de Substi-
tuting 3.14 for , A = 0:785.

Acirce = r? (2.7)
- £ 2.8)
= 0:785 (2.9)
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Volume

Volumes are measured in three dimensions of length. Often thaits will be
\cubic" such as cubic feet {t 3) or cubic inches (cu. in.,in3%). Other volume
units just describe a certain space: gallons, liters.

Volume = length x width x height. Since Area = length x width, volumes
can also be expressed as area x height. This is very useful for sisaihat do
not have a rectangular cross section, such as cylinders.

Volume shape names

Table 2.3: Shapes in water supply

Name Shape Example

cuboid, box | box, cube rectangular tanks, buildings
cylinder circular cross section pipe, can, bucket, tank, well
sphere ball some water towers

In equations, Volume is usually represented by "V'. Do not confughis
with velocity which is usually represented as 'v'.

Velocity

Velocity is the measure of distance over time. Technically, \ecity also has
direction, unlike speed, which is just how fast you are going.

The speed of the water moving through a pipe is important becae it
a ects settling, clogging, scaling, erosion, corrosion, mix@ friction, energy
loss, and the forces on the pipe and joints.

In equations, velocity is usually represented as 'v'. Do not cfuse this
with Volume, which is usually represented by "V'.

Table 2.4: Velocity Units

Unit Abbr.
Miles per hour | mph
inches per day | in/day
feet per second fps
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Flow

Flow is the measure of volume over time.

Gallons per minute | gpm
Gallons per day GPD
cubic feet per second cfs

In equations, ow is usually represented by "Q' for quantity.

Weight/Mass

Mass is the measure of matter. Weight is a measure of how much fesc
a ect matter. Primarily, this means the force of gravity. When the gravity

at the surface of the earth attracts a gallon of water, it pullswith 8.34

pounds. As long as you are near the surface of the earth, weightdamass
are interchangeble (at least as far as the Grade C operator isncerned).

Weight can be measured in pounds, ounces, grams, kilograms, torts, e

Pressure

Pressure is force (or weight) divided by area. Some pressure snie ect
pressure's relation to force and area: pounds per square inchthér pressure
units are based on commonly found pressures: atmosphere or barillibarr.
Still other pressure units are based on columns of uids: inche$ mercury,
feet of water. The pressure in any uid is directly proportion&to the depth
of the uid and the density (or weight) of the uid.

In equations, pressure is usually represented by "P'.

Concentration

The strength of a solution is often referred to as its concenttian. More con-
centrated solutions have more \stu " dissolved in them. \Weake!' solutions
have less \stu " dissolved.

Concentration is normally expressed as the mass (or weight) dig dis-
solved substance divided by the volume of the total solution. Fexample, 3
milligrams per liter of chlorine (in water). Concentratiors are also expressed
as \per cents", meaning what percent of the total solution is th dissolved
\stu ". E.g. 5% chlorine (which is therefore 95 percent wate). Percents are
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Table 2.5: Conversion factors
12 inches = 1 foot

7.48 gallons = 1 cubic foot
1440 minutes = 1 day
1000000 gallons = 1 million gallons
1 gallon of water = 8.34 pounds
1 vertical foot of water = .433 pounds/square inch

usually expressed as a weight to weight ratio rather than weigli volume,
as in the rst example. As implied by the word, percent (per centmeans
per 100 or divided by 100. Percentage is simply the number ofidreths, as
pennies are to dollars.

In equations, concentration is often represented by "C'.

2.1.3 Conversion
Similar units

Units which measure the same property can be readily convertexbin one
to another. Inches and feet both measure distance. There are ib2hes in a
foot. To obtain feet from inches, divide by 12.

A convenient way to remember whether to divide or multiply igo set up
the conversion as a fraction with one unit on the top and an equiguantity
on the bottom: 12 inches/foot. Because 12 inches = one foot, thisction's
value is one. You may then multiply this fraction by feet to oltain inches
since any quantity multiplied by one will yield the same quanty: 3 feet x
(12 inches/foot) = 36 inches.

It is also useful to remember which unit is bigger. Since feetaibigger
(longer) than inches, you will always expect that a pipe will ave more inches
than feet. A 6 foot pipe is 72 inches. Knowing what answer to expemakes
picking the right conversion factor easier.

For units with pre xes (like milligrams) you can substitute the pre x
meaning for the pre x. 5 milligrams becomes 5 (1/1000) gramer 5/1000
grams or .005 grams.
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Physical constants

Physical substances have many properties. Often there are congteelations
between these properties. A given volume of water usually has ged weight.
This (normally) constant relation allows us to express a quaity of water in
weight or in volume and to convert from one method of expressioo another.

Example What is the net weight of a 5 gallon carboy of water?

|
8:34 pounds

gallon =41:7 Ibs

(5 gallons)
2.2 Signi cant gures

The result of a calculation can be no more precise than the leastegise in-
put. Round o answers as necessatry.

6.2 feet x 5.1 feet = 31.62 & which should be rounded to 32 f& since the
lengths have only 2 signi cant gures.

11.078 | 5 signi cant gures
21,000 | 2 signi cant gures. The zeros just take up space
0.00325| 3 signi cant gures
87.62 | 4 signi cant gures.

Example What is the net weight of a 5 gallon carboy of water?
The volume of the carboy is 5 gallons, which has one signi cangure.

|
8:34 pounds

galion =40 Ibs:

(5 gallons)

The answer, 40 Ibs., has one signi cant gure.
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2.3 Other
2.3.1 Algebra

Identities

X*1=X, X*0=0, X+0=X, X/X=1
Use the above identities to simplify equations.

Equations

You may multiply or divide both sides of an equation by the samean-zero
value. Know how to \solve for X" by rearranging equations. X' is fien
replaced by other standard letters as appropriate. See Tygitunits used in
water systems, above.

Substitution

You may always substitute the left side of the equation for the ght side of
the equation (because that's what EQUAL means).

2.3.2 Statistics
Averages

arithmetic mean The arithmetic mean is what most people call the aver-
age. It is found by adding the values and dividing the result byhe number
of values added.

If you pumped 400 gallons one day, 500 gallons the next, and03§allons on
the day after that, then the average gallons per day pumped is

Qi+ Q2+ Qs 400gallons + 500 gallons + 390 gallons
— = (2.10)
n 3 days

430 gallons per day (2.11)

geometric mean  Some phenomena do not obey a linear relationship. For
example, bacterial growth is often exponential. Each timehie bacteria repro-
duce, they double. So after each time period, there's twices anany bacteria.
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If you are growing several batches of bacteria in order to couhow many
you have in your water, and you let one batch sit a bit too long,hat batch
will double in number and make your average appear higher that should.
The geometric mean is used to nd a truer average for bacterigirowth and
for other phenomena which follow exponential or geometriairiictions. It is
found by multiplying the values and taking the nth root of theresult, where
n is the number of values multiplied. You can also take the antigarithm of
the arithmetic mean of the logarithms of the values.

q
"Q1 Q2 1:Qn (2.12)

In Qq+n Qn2+ i n Qn (213)

GeometricMean

You can use base 10 logs if you like; the base doesn't matter.

If you got results of 30 colonies, 50 colonies, and 100 coloniesTf your
standard plate count tests, the arithmetic mean would be 60 cai®es. The
geometric mean would be

R 30 50 100 = about49 colonies:

The units were left out on the left hand side for clarity, don'tdo that at home.

Note to calculator users: Multiplying large numbers togetheran over ow
your calculator. Most regular calculators have a limit of abat 99,999,999 or
1C°. Most scienti ¢ calculators have a limit of about 18°. Most computer
software has a limit of 16%.

Rounding

Percentiles

2.3.3 Precision

Precision is the exactness of a number. Accuracy is the \rightags" of the
answer. 49783 is more precise than 50000. 50000 is more aceuifathe
actual value is 51225. A quartz watch may be very precise in itlisplay of
the time, but is only as accurate as the time it was set with. Beareful
calibrating instruments.
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Calculators often are capable of displaying 8 digits. Calcukd results
may contain many digits, for example 12.56398 feet. Not all ohé digits in
an answer will be meaningful. 0.00098 feet is thinner than mokgair. The
result of a calculation can be no more accurate than the numbseoriginally
entered in. Such numbers come from the real world; from pressugauges,
from tape measures, from scales. Just as you can not measure the tvidt
a hair with a tape measure, any calculated result must match thergcision
of the device that generated the original numbers. See signant gures,
above.

2.4 Problem solving

2.4.1 Balance units

Make sure that the units on one side of an equation equal those ohet
other side. Know which units can be converted into which other Look at
the di erent units in the question and in the answer for clues aso how to
proceed. For example if you are given gallons and minutes, amdked to
gure out gallons per minute, you may want to be dividing the gllons by
the minutes.

2.4.2 Operating on units

Only add like units. Never add two numbers with di erent units. Always
convert one number to the units of the other. When multiplyirg or dividing,
always multiply or divide the units. Look for ways to simplify the units.
Cancel units which appear on both the top and bottom of a fra@bn.

2.4.3 Look for language clues

Many common verbs and prepositions correspond to mathematicapera-
tions. Also look at units to give clues as to types of informatian

Key words

Multiply words: at, by. 12 apples AT $.35 each. 4 BY 4
Divide words: per, in, of. miles PER hour; 4 out OF 5 dentists
Add words: and, plus
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Subtract words: di erence, from, minus, more, less

Distance words: length, width, depth, height, far
Circumference words: girth, around

Area words: circular, round, square, rectangular, cross section
Volume words: tank, gallons

Time words: how long, duration, when

Mass/weight words: heavy, amount

Concentration words: strength

2.4.4 Find a system you are comfortable with

There are always several ways to solve a problem. Notice the terequations
for the area of a circle (above). Find a formula, or approaclihat makes sense
to you and don't worry about the others. Don't be upset if your sysem is

di erent from mine or your neighbors'.

2.5 Graphs

Graphs are useful for showing the relationships between parat®es (vari-
ables, sets of numbers, things). Often a graph will convey infoation
(trends, correspondences) that a list of numbers will not. Graghcan be
very useful when explaining technical details to the publicrdo management.

The axes of a graph represent the variable being shown. They shbbe
labeled with descriptions and units. The vertical axis might sbw gallons
pumped, the horizontal might show months.

Graphs should be simple. Do not try to convey too much with one gph.
The origin of the data from the graph and the author of the grap should be
included somewhere on the graph.
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Water use in Snowville

120000
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80000
60000
40000
20000
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=
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Figure 2.2: Graph example
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Hydraulics

A knowledge of how water behaves, both in nature (in the groundnd in
streams and lakes) and in plumbing (pipes, pumps, lters, etc.) isery
useful when installing modi cations or troubleshooting prot#ms in water
systems.

3.1 Weight

Water weighs 8.34 pounds per gallon.

3.2 Volume

Water is incompressible. The volume of water does not change evhthe
pressure changes.

3.3 Pressure

Pressure is a force acting across an area. The weight of watergzes against
the water's container.

Pressure is directly related to depth. The pressure in the watert &
certain depth is related to the weight of the water above it. Aone foot cube
of water weighs 62.4 pounds (8.34 pounds/gallon * 7.48 galkft®). That
cube sits on a one foot square base or on 144 square inches. The pressur

29



30 CHAPTER 3. HYDRAULICS

the bottom is therefore equal to 62.4 pounds/144 square inches 0.433 psi
(pounds per square inch).

0.433 psi corresponds to the pressure at the bottom of 1 foot of wat In
the water industry it is common to move water up or down. The prgsures
required to create this movement and the pressures created bgights of
water are often referred to by the height of the water. This i&known as the
head and is commonly measured in feet.Pumps are often rated tbyw much
water (volume per time, gallons per minute) they can pump up a&ertain
distance (head or feet).

For a 300 foot deep well at a home, the well pump should produce 5
gallons per minute against 300 feet of head. Such a pump couldnpp water
even when the water level in the well was near the bottom. In pctice,
the pump also must pump against the pressure in the hydropneumatfalso
known as the pressure) tank.

Water pressure (as in all uids) acts in all directions.

Pressure against an area produces force. How much force does the e
cap of a 12 inch water main restrain if the pressure in the water nmais 65
psi? The area of the cap isr 2. The radius (r) is 6 inches. The area is 113
square inches. The force is P*A or 65 psi * 113 square inches. Thectis
over 7 thousand pounds.

The atmosphere resting on one square inch of land (or anythingse)
at sea level weighs 14.7 pounds. The atmospheric pressure is tfaree 14.7
psi. Most gauges read zero at atmospheric pressure even thoughdhbsolute
pressure is 14.7 psi. You may see units like psia and psig (pounds pguare
inch absolute and psi gauge) used to clarify what is being measdre

A total vacuum is O psi. A pump which can draw a total vacuum can
pull water up 34 feet at sea level. The pump is not really pulligp anything.
The atmospheric pressure on the rest of the water is pushing it up.

3.4 Flow

Water ows from areas of high pressure to areas of low pressure.

3.4.1 In Pipes
Relationship between ow, area, and velocity

Q=Av or Flow = Area times Velocity.
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Area

AVAAEN
j k j Vetocity

Figure 3.1: Q=Av

Continuity

This is related to conservation of mass. All the water that ows ina pipe
is owing at the same speed. If water at some point were owing fast, it
would have to compress against the water in front of it and it wdd leave a
vacuum between it and the water behind it. It can't do this beause water
is incompressible.

Similarly, if a pipe is full, then for any water that ows in to the pipe, an
equal amount must ow out of the pipe. This also applies to joirg and tees.
The volume of water entering a tee is equal to the volume leag the other
two legs.

Friction

As water ows, it rubs against the walls of the pipe (or whatevertiis owing
in) containing it. This friction causes a drop in pressure, sinceontinuity
prevents a drop in velocity. Pressure drops due to friction oplhappen when
the water is moving.

In Iters the water rubs against the walls of the Iter and the media of the
Iter. Filters usually have very high pressure drops. Reductiorin pressure
is also known as head loss.

Because of friction loss, the pressure in a system will be di erent ilie
water is moving or still (pump on or o, valve open or closed). Tk terms
dynamic head and static head are used to refer to the head undérese two
conditions.

Some pipe materials are more slippery than others. Less friatibetween
the owing water and the pipe wall means less head loss. Older @gip often
have more friction due to the roughness of calcium deposits oelatis or
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Figure 3.2: Air Break Preventing Siphonage

pitting on the spipe wall. Friction losses can be calculated. Téhpopular
Hazen-Williams equation employs the \C factor".

v = 1:318Rp*s”>*

v=velocity in feet per second
C=\C factor"

Rnh=hydraulic radius
S=slope of energy gradient

From the equation, higher C factors increase velocity (and #grefore ow).
Higher C factors represent slipperier or smoother pipe.

Pipe C factor

Cast Iron | 100

Steel 120

PVC 150
Siphons

Because the inlet pressure is higher than the outlet pressure, watwill ow.
Remember that pressure is independent of path - pressure is detémed
solely by depth. The pressure in the part of the siphon above thevie of the
upper reservoir will be less than the atmospheric pressure.
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Figure 3.3: Water Horsepower

Siphons must be primed.

Anti-siphon valves work by opening the low pressure zone of the bign
to the air. Water can be pushed through the siphon but won't ow ly itself
nor can water be \pulled" through.

3.4.2 Power

Flowing water is powerful. Literally. Water powered the mils of the indus-
trial revolution and continues to generate electricity toady. Mostly, we use
power to move water rather than moving water to generate poweThe power
contained in owing water is equal to the ow times the head (pessure).

How much power does it take to pump 5 gallons per minute up 100et@
This is a typical condition in a drilled well. 5 gpm * 100 ft = 500 gpm ft.
To convert gpm ft to horsepower, divide by 3960. To convert heepower to
watts multiply by 700. For fun, check to see if 1 horsepower = 55b ft per
second.

(Flowgpm)(Headkeet )
3960

Horsepower=
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Figure 3.4: Horsepower, old style



Chapter 4

sSources

4.1 Where is water

4.1.1 Oceans

97.2% of all water. Too salty for human consumption.

4.1.2 Atmosphere

Expensive to extract.

4.1.3 Polar Ice caps

2.14%. Expensive to transport.

4.1.4 Lakes, Streams, Rivers

.009%. Easy to get (if you are close)

4.1.5 Underground

.61% Generally available.

35
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4.2 Hydrologic Cycle

Describes how water moves from one place to another.

Evaporation  Vaporization of water from the ocean, streams, kas,
ground. May include transpiration from plants. Lig-
uid water becomes a gas (and enters the atmosphere).

Precipitation Rain, snow. Atmospheric water becomes liquidro
solid and hits the earth's surface.

Runo Precipitation which ows along the surface rather
than soaking in.

In Itration Precipitation which seeps into the ground.

Water is constantly moving from one of the above places to arfwér. Among
these movements are Rain, Evaporation, Transpiration, Rung Flow, etc.

Movement of water is important to move water to your well or rservoir.

In addition to moving water from place to place, the hydrolog cycle also
puri es water. Evaporation distills the water. Subsurface av can lter the
water.

4.3 Surface water

4.3.1 Types
Streams, lakes, swamps, rivers

Surface supplies are preferred for large users (cities) becaafethe large
volume of available water and the ease of access to the water. &insystems
rarely use surface water.

Surface water quantity is a ected by factors which in uencethe various
parts of the hydrologic cycle. Amount of rainfall, amount of m Itration,
runo and ex ltration of groundwater to streams, and evaporaton are im-
portant. For smaller supplies, local development which alters ltration
(more impermeable areas such as road and roofs) or redirectsrstwater
can have big in uences on water quantity and quality.
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Reservoirs

The water quality of reservoirs is quite variable. Even thoug a stream may
run through a reservoir, that ow is rarely su cient to keep the reservoir well
mixed. Cold water is very slightly denser than warm water. Thesfore, cold
water sinks to the bottom of the reservoir. In the warm seasons, tlseirface of
the water is exposed to sunlight and warm air which warm the uppedayers.
The lower layers are in contact with the ground, which is coet (10 degrees
C, in most places). Thus the upper and lower layers do not mix. T layering
of water is called strati cation. In the winter, the upper layers are cooled by
the air until they are colder than the lower water. Then the reervoir \turns
over" as the upper layers sink. Reservoir turnover can greatly ect water
quality if the two layers have di erent qualities. Often, the lower layer will
not have much oxygen but will contain dead algae which has surifom the
upper sun lit layers.

Why is strati cation important?

Preventing mixing among layers allows the water quality ofhie layers
to dier. Lower layers are not exposed to the atmosphere so get raxygen.
Oxygen changes the properties of many chemicals. Compare hygen sul de
with sulfate, or iron with rust.

Reservoir (and lake) terms: Strati cation, turn over, thermccline, hy-
polimnion, hyperlimnion.

4.3.2 Intakes
Structures

Intake structures should have inlets at various levels to alo use of top,
middle, or lower layers of water.

Galleries

Dams

4.3.3 Quality and Contamination

Also see section 4.6 on Protection on page 46 for ideas on keepingre®
water clean.
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Figure 4.1: Uncon ned Aquifer

Natural

Surface water quality is dependent upon the characteristicd the watershed
which collects it. Surface water quality changes much moreiigkly and varies
more widely than ground water. Surface water is prone to coamination
from actions taken in the watershed and from accidents. Surfaovater is
more likely to have algae, which can cause taste and odor promie Algae
or other vegetation can cause color problems.

Unnatural

Surface water sources can be quickly a ected by accidents suaf chemical
spills and transportation accidents.

4.4  Groundwater (Aquifers, Wells)

4.4.1 De nition

The water-saturated subsurface geologic formations which amew or may be
developed to supply water in usable quantities to public or ingidual wells.
Any geologic formation containing water, especially one thaupplies water
for wells, springs, etc.
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4.4.2 Structure of Aquifers
How water is stored

Gravel Water can be stored in the spaces between the grains of soil. The
more uniform the particle size, the more space is available fovater. If
di erent particle sizes are present, the smaller particles can between the
larger ones, taking up space that water could have been stored ifThe
volume of space in a volume of soil is thporosity . Soils with uniform
particle size have greater porosity than soils with many partle sizes.

The larger the soil particles, the larger the spaces between theare.
Water can move faster through larger spaces because there is lesstact
with the channel walls and therefore less friction.

Rock If the rock were truly solid, no water could be stored and no wa-
ter would ow through the rock. Such geological deposits fornbarriers or
boundary layers for aquifers. Most rock is not solid.

Fractured  Cracks in the rock allow a limited amount of ow and stor-
age. More or bigger cracks allow more water storage and moveine

Solution channels  Water soluble rocks such as limestones and other
calcium carbonate rocks are dissolved as water ows through along them.
Large channels capable of holding and transporting large quiities of water
can be formed in these types of rocks. If the solution channelsdoene too
big, the area may be known for sinkholes and may be referred te karst.

Where the water enters an aquifer

Recharge area Water seeping into the ground joins an aquifer. The
area of the ground surface on which water seeps into a particulaquifer
is that aquifer's recharge area. Any water (or contaminationlanding on the
recharge area will enter the aquifer (and later be pumped iotwater systems
which get their water from that aquifer). Water may take yeas or millennia
from the time that it falls as rain to the time it is pumped out of the aquifer.

Types of aquifers
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Figure 4.2: Con ned Aquifer

Conned  Ground water which is overlain by impermeable deposits. Often
this water will be under pressure. See gure 4.2

Uncon ned (water table) Ground water not con ned. The upper sur-
face of this type of aquifer is the water table.

Quality and Contamination

Because ground water travels for long periods of time througtock and
soil, its quality varies little and slowly. Groundwater is usudly well Itered
but may be very hard because it has dissolved minerals from thecks and
soil. Ground water is also susceptible to contamination, howeayehe area of
recharge is much harder to delineate.

4.4.3 Removal of water
Springs

Can be surface or ground water depending on development. Bestdliminate
surface water with properly constructed enclosures.

Wells

AWWA speci cation A100-90
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Dug Dug wells are shallow (20-30 feet) with little penetration ofhe water
table. Their output is usually variable because of water tableuctuations.

Water quality may also be variable. Contamination may be causeby surface
water seepage. The well curbing should extend above the grousuiface at
least one foot. There should be a watertight cover, penetratezhly by the
water withdrawal pipe and or vent, to prevent contamination

Driven
Drilled  Drilling methods to produce thehole:

Rotary  Rotary bit grinds rock. Water or air drilling uid cools bit a nd
carries spoil back to surface. The drilling uid is often calld \mud".
Most common well drilling method. Quick. Capable of great deps. Rotary
bit tends to force rock dust into water seams.

Percussion Heavy bit is dropped onto rock. Bit is exchanged for bucket
which draws up rock fragments.

Slow. Only capable of moderate depths ( 200"). Tends to suckushed
rock out of seams.

Parts Besides the hole itself a drilled well has the following:

The casing has several jobs. In soft or loose soils and rocks the casing
prevents the sides of the drill hole from collapsing into the Wle The casing
also helps keep contamination out of the well by sealing o theop portion
of the well from surface water and upper aquifers. This functiois done in
combination with the grout.

Grout is used to Il the space between the casing and the drill hole.
Grout prevents surface water from gaining access, prevents nmg of di erent
aquifers along the outside of the casing. Grout also supports tleasing.

A suitable material for grouting should not shrink upon drying (and thus
defeat the purpose by leaving a gap between the grout and theckoor the
casing). Better materials expand to Il any cracks or voids. Betonite clay,
neat cement and concrete are used for grouting.
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Figure 4.3: Gravel Pack for Well

Grout should be placed from the bottom up in one continuous opation.
A tremmie pipe is used to ensure that grout does not get stuck micwy and
leave a void below.

The screen prevents loose sandy deposits from collapsing into the bore
hole. Screens can be made by winding steel or by cutting slotsdasing.

The screen slots must be sized to allow enough water into the weltkout
creating excessive water velocity at the slots. Changing the eelity changes
the pressure in the water (see Bernoulli) altering the chemic&lalance and
depositing minerals in the screen.

Screens may be cleaned chemically by use of acids (usually ratici or
acetic). Acetic is less likely to also dissolve the screen. Mecheali means
such as water jets are also available.

In very ne grained formations, the screen may be gravel packdd pre-
vent nes from entering the well. The sand is trapped in the gneel surround-
ing the well screen. See gure 4.3.

The cap should provide a sanitary seal to prevent any contaminants from
entering the well. Insist on an air tight seal (except for the veh).

The pitless unit allows the water pipe to the well to pass through the
side of the casing while at the same time allowing the pipe in theelt (and
perhap a submersible pump) to be removed. Most use a form of 'quick
disconnect'.

With the exception of a few artesian wells, @ump is required to lift the
water from the ground to the point of use.



4.4, GROUNDWATER (AQUIFERS, WELLS) 43

If the drop pipe supports a submersible pump, brackets called torque
arrestors will often be installed along the drop pipe to transmitorque from
the pump to the casing, rather than allowing the drop pipe to asorb the
torque.

Vents should be free from ooding. Generally a U tube with a screen is
installed. The screen prevents insects or animals from gettingto the well.

Development
AWWA Speci cation A100-90
Washing

Disinfecting  All water supply components should be disinfected prior
to being placed in service. Wells are no exception. See Disutien.

Low Yield Wells Additional development may be performed on low
yield wells to attempt to increase the yield by increasing therdcturing of
the rock into which the well is drilled or clear the fracturesto allow more
water to ow:

Surging is used to remove soft clogging material from the well, such as,
iron bacteria and soft rock. A cable tool well drilling rig with a packer on
the cable will be used to surge the well.The packer is continusly rasied
and lowered creating a surging action in the well. At the end athe pro-
cess the well is bailed to remove any debris from the bottom. €hcost is
approximately $1800 (2002).

The Aquafreed process injectes carbon dioxide into the aquifer resulting
in the formation of carbonic acid, a mild acid. The acid will issolve some
minerals from the aquifer and well screen and may increase wgkld. The
cost is approximately $1800 (2002).

Hydrofracturing  (also hydrofrac, hydrofrack, and hydrofract) can be
used to increase the yield of the well, the efectiveness of thi®pess depends
on the characteristics of the aquifer. The process uses high ggare (3000
psi) water injection to dislodge soft rock from fractures. In thesingle packer
method a packer is placed at approximately 100 feet and thetee bore hole
below the packer is pressurized. The packer is then lowered ¥éet and the
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Figure 4.4: Drawdown Diagram

process is repeated. This continues for the remainder of there hole. The
cost is approximately $2500 (2002). In the double packer mettl two packers
about 60 feet apart are used and the high pressure water applieétveen
the packers. The entire well will be hydrofractured using 60 @ intervals.
The cost is approximately $6000 (2002). About 1500 gallons oater may
be injected into the well during the process.

Abandonment  Wells are a conduit connecting di erent aquifers with the
surface of the ground. In addition to allowing the transfer of ater from the
aquifer to the surface (where we use it bene cially), wells caallow transfer
of contamination from the surface (or a contaminated aquif@¢rto a clean
aquifer.

Unused wells should be properly abandoned to prevent the possilyilof
contaminating the groundwater. Proper abandoment procedas vary with
the geology in the area. Appendix H (previously G) of AWWA standed
A100 lists various procedures.

Cone of depression

The area where a pumping well has lowered the groundwater tator lowered
the head in a con ned aquifer.
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Zone of in uence

The area from which a pumping well draws water. If you spilled ater on
the ground it will enter the well if you are in the zone of in uence. If the
groundwater is moving, the cone of depression and the zone olignce will
not coincide.

Drawdown

The di erence between the static water level and the pumpingelvel.

Yield Testing

Sustained well yield Short term well tests are misleading because they
measure stored water. This water may be perched water or the veatthat
was in the cone of depression. A sustained (often 72 hours) yieldtigives
a value closer to the long term well yield.

Step test  Used to determine the most e cient well pumping rate.
monitoring wells
testing considerations

test length

water disposal Discharge water away from the well so that no recir-
culation or recharge occurs.

4.5 Quality of water

Pure water is rarely found in nature. Rainwater is actually ery pure, except
for the sulfate and nitrates the rain absorbs from the combustioproducts of
the industrial revolution. This phenomenon is also refered tas \acid rain".
The quality of the water from your wells or reservoirs is in uaced by the
path the water takes from rain drop to your intake pump. Here a& some of
the contaminants you may nd in your source water:
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45.1 natural
dissolved minerals

Carbonates from limestones
Sulfur from gypsum, pyrite, etc.
Iron, manganese, zinc

4.5.2 unnatural
spills, lls, discharges, non point pollution

Nitrates from fertilizers or sewage

Chlorides from home softeners or road salting

Freons from refridgerants in air conditioners and refridgators, or from in-
dustrial cleaners.

Aromatic hydrocarbons from fuel oils

Chlorinated hydrocarbons from solvents and cleaners

DNAPLs, LNAPLSs, mixers, soil adsorbers

Some organic chemicals are only slightly soluble in water. Thendissolved
part may be heavier than water and sink to the bottom of the aqder. It
may be lighter and oat. It may prefer to stick to the soil, and therefore
move more slowly than the groundwater.

POCs, SOCs, UOCs

4.5.3 microbiological

Viruses, bacteria, and protozoans can be found in water. Theyeadescribed
in section 5.2.1 on Disease Agents on page 49.

4.6 Protection

In accordance with the maxim \An ounce of prevention ..." proécting the
well and the aquifer from becoming polluted is often more e @nt than
removing the pollutants at the treatment plant.
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4.6.1 Well head

The following methods can be used to estimate the zone of in uea of a
well.

Fixed radius

Calculated radius

Groundwater ow modeled

Hydrologically tested
4.6.2 Water shed

4.6.3 Prevention
Good housekeeping

Be careful using chemicals onsite.

Ownership

Owning all the land in the watershed gives you control over th@ractices
that take place there. Ownership of the entire watershed is imnactical, but
ownership of critical areas is advisable.

Easement

Easements convey speci c abilities to restrict actions in the atershed. Ease-
ments are easier to obtain than ownership.

Rules and regulations

In most cases, the water for a well or reservoir comes from far awayway
beyond the area practical for ownership or private easements. aybeyond
the political boundaries of the local municipality served bythe water sys-
tem. The New York State Public Health Law has a provision to allowocal
water supplies to gain state protection for their watersheds bycorporating
regulations into the New York State Code of Rules and Regulatns. In this
manner, a water supply can gain control over areas that are irtteer towns
or counties.
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Inspection
4.7 Approval requirements for sources

4.7.1 WSA from DEC
4.7.2 DCHD well permit
4.7.3 State approval of engineering 5-1.22

The source water quality must meet the requirements of Part 5, lwich are
currently contained in the tables in section 5-1.52. The sougovater quantity
requirements are contained in the design manuals. Briey, theater sources
must be able to supply the maximum day demand, which is the amotof
water used on the day when the most water is used. The maximum day
demand often occurs in the summer on a holiday. Usually, the maxum
day demand is about twice the average day demand. The sourcesish
be able to produce the average daily demand without utiliziopp the largest
source. Therefore at least two sources are required. If one wisllbroken,
dry, contaminated, or being maintained, the system will still k2 able to run.
The design standards limit well use to 16 hours per day.

4.8 Part5
4.8.1 Source protection 5-1.12
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Biology

5.1 Importance of Water

5.1.1 Drinking
5.1.2 Washing
5.1.3 Cleaning

5.2 Diseases

5.2.1 Agents

Most waterborne diseases have similar symptoms, regardless of tregtio-
ular agent or vector of transmission. We divide them by their biogical
distinctions because of their di erent removal consideratios

Bacteria

Bacterial diseases were among the rst to be discovered and, thubge most
is known about bacteria, including types, symptoms, treatmest and how
they work. Bacteria are one celled \animals" which can live ahreproduce,
sometimes in humans. Some bacteria directly cause infectiothers produce
byproducts which are toxic. Many bacterial diseases can be #ted with
antibiotics.

49
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Table 5.1: Common Waterborne Diseases

Vector Disease
Bacteria
Vibrio cholera Cholera

Shigella sonnei
Salmonella typhi
Salmonella paratyphi
Salmonella enteritidis
Legionella pneumophila
Yersinia enterocolitica
Campylobacter jejuni
Viruses

Bacterial Dysentery
Typhoid Fever
Paratyphoid Fever
Gastroenteritis
Legionnaire's disease

Numerous forms isolated from human feces Infectious Hepatitis

Parasitic Protozoans

Amoeba histolytica(Entamoeba)
Giardia Lamblia
Cryptosporidium Parvum
Cyclospora

Myocarditis (heart disease)
Poliomyelitis (suspected)
Viral Gastroenteritis

Viral Diarrhea

Amoebic Dysentery
Giardiasis
Cryptosporidiosis
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Viruses

These are the smallest biological agents. They require a host ongam in
order to reproduce. They do not eat or move by themselves. Fordke
reasons they are di cult to test for. Most viral diseases can not béreated
medically. Some of their symptoms (such as dehydration) can eated.

Protozoans

Protozoans are larger and more sophisticated than bacteria.o®e form a
cyst (or oocyst) with a hard protective coat. The protective cat makes them
di cult to kill with chlorine. Giardia cysts range from 6-10 m icrometers.
Cryptosporidium cysts are 2-6 micrometers. Cryptosporidium ipresent in
roughly 75% of surface waters tested in the United States. Cyclas@ is
twice as big as cryptosporidium.

5.2.2 Cycle

Although there has been a sharp decline in the incidence of wdterne dis-
eases in the United States in the last century, there has been adéng o of
the decrease and even an increase in outbreaks since the 1950's.

The major cause of outbreaks in public water supplies is throbhigcon-
tamination of the distribution system, but contamination of the source or a
breakdown in disinfection, though responsible for fewer outbaks, results in
a far greater number of illnesses.

Cycles are popular in nature. Just as water evaporates frometsea to the
air, rains into the rivers, which ow back to the sea, so too do diseses cycle.
A typical waterborne disease cycle may start with a contaminatedrinking
water source. Customers drink the water and become infectetheir waste
(feces) then recontaminate the well.

One goal of the water operator is to break this cycle. Everyrk in
the cycle is an opportunity. Protecting the well and distribdion system
from sewage and other contaminants; disinfecting the water toliminate
pathogens, and preventing users from drinking contaminatedater are pos-
sible strategies.
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5.2.3 Transmission modes

The portal of entry is the route by which a pathogen obtains amess to the
body. The skin protects us from all manner of hazards, in adddin to keeping
our insides in. Some organisms attack the skin itself (worms, mostuborne
diseases), most exploit holes in the skin (the mouth, ears, nose, gyer
wounds).

Airborne

Legionnaire's disease spends part of its life cycle in water, buas in air
conditioner cooling towers. The disease is spread when mists oé tivater
are inhaled.

Waterborne

Ingestion  Water operators are primarily interested in this pathway. Tte
stomach and intestines are the usual targets.

Contact Schistosomiasis

5.2.4 Symptoms

Common symptoms of microbiologically caused disease includeardhea,
fever, anorexia, aches, pains, nausea, cramps, vomiting, andatte The
symptoms of waterbourne diseases are shared by diseases with matero
transmission modes. Compare with the cold and u symptoms in Tablb.2.

5.3 Indicators

5.3.1 Epidemiological

Your customers becoming sick may be an indicator of a problemtivithe wa-
ter supply. This is a poor indicator, since major damage will hee been done
before you receive noti cation. Doctors are required to regrt to the Health
Department a wide range of communicable diseases, includingmiiasis. The
health department will attempt to isolate a common cause (pedps a food,
restaurant, pool, or the water) so that the problem can be addssed.
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Table 5.2: Flu and Cold Symptoms

Symptom Cold Flu
Fever None or low grade| Often high
Chills Rare Common
Headache Rare Common
Body aches None or slight Often severe
Fatigue Mild Can be extreme
Cough Mild/moderate Dry, hacking
Runny/stuy nose | Common Sometimes
Sore throat Common Sometimes
Sneezing Common Rare

5.3.2 Direct

Di cult

Expensive

5.3.3 Indirect

Good indicator attributes

Are present when contaminant is
Easy to test for
Plentiful

Behave similarly to actual contaminant

5.3.4 Microbiological Testing
Standard Plate Counts

Also known as heterotrophic plate count. The test counts bacter of many
types, but does not identify any particular species. Usually expssed in
colonies per milliliter.
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Coliform Testing

Three di erent tests are available for coliform bacteria. Allof them grow the
bacteria on special media (nutrients). Results are usually in mnies per 100
milliliters.

Most Probable Number The Most Probable Number test (MPN) uses
several test tubes with di ering dilutions of sample water. It yelds an es-
timate of the number of bacteria in the sample (the most probabl number
of bacteria). MPN is more di cult for laboratories to perform, but is less
susceptible to interference from turbidity.

Membrane Filter Test The Membrane Filter Test (MFT) catches the
bacteria in the sample on a lter (the pores of which are smallethan a
bacterium but larger than water). The bacteria are then couted. Naturally,
turbid water will clog the Iter, making the test unusable.

Presence/Absence  The Presence/Absence test (P/A) uses one tube and
just tells if coliform bacteria are present. It does not tell how many were
found. This is the easiest test.

E. Coli

In most cases, your lab should automatically check fd. coli if any coliform
is found.
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5.4 Chemical diseases

5.4.1 Symptoms
Cancer
Death

Brain Damage

5.4.2 Agents
Trihalomethanes

Trihalomethanes (THMs) are formed when organic matter in the ater reacts
with chlorine disinfectants. THMs can cause cancer.

Metals

Lead is the worst of many metals that cause health problems. Meny,
cadmium, and arsenic also have long histories as poisons.

Nitrate

From septic systems (the breakdown of ammonia in sewage) or fégers.
Nitrate interferes with breathing of infants and small childen.

Organics

5.4.3 Testing

When the contaminant is known, direct testing is available ath practical.
Because there is a limited number of metals direct testing carelpractical.
Like the biological agents, organic chemicals are innumeiab Certain classes
can be tested for, but indirect or indicator type tests may be reessary.
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Total Dissolved Solids

Total Organic Carbon

Total Organic Halides

Total Trihalomethane Potential
EPA series tests

These series test for a number of similar chemicals. Often, orgamontam-
ination is composed of a mixture of speci c chemicals or the caminant
breaks down into several di erent chemicals. Maybe one or mo them
will be detected by the series. The series for testing drinking we are num-
bered in the 500's. Do not use 600's (surface or sewage) or 8006l (or
solid waste) numbered EPA series. These series do not correspond he t
groups in the sanitary code.

Taste and Odor

The human body has very sensitive chemical analyzers (the noselanouth).
Humans are better at detecting types of molecules rather thaidentifying
speci ¢ ones. Human sensitivity varies from person to person and frohour
to hour.
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Disinfection

Disinfection is the process by which water and water systems areade free
from pathogens. Sterilization is the destruction of all bacta, virus, etc (all
living things).

6.1 Code requirements 5-1.30
6.2 Chlorine

6.2.1 Safety
Elemental

Gas
heavier than air
forms acids upon contact with moisture

Oxidizer  Chlorine can act as an oxidizer, one of the three necessary
components for re. If fuel and spark are also present with chlore, re will
result, even without oxygen. Starving such a re of oxygen wilhot help.

Respirators

57
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Monitors

Liquid
Cold or compressed

Tank repair Kkits Standard kits are available for common problems
with standard size tanks. Always be familiar with use of safety equment
prior to needing it. You will not have time to read the directons while your
tank is leaking.

Separate room
Ventilated
Designed to Standards
Special entry procedures

Aqueous

Sodium Hypochlorite
Bleach
Gloves, boots, aprons, goggles, respirators

Solid

Calcium Hypochlorite
70% available chlorine
Powder

Tablets
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Keep dry

Keep from oils/organics

6.2.2 Chemistry
Formula

Chemical Symbols
Water H,0
Hydrogen ion (or proton) H*
Hydroxyl ion OH"
Chlorine ClI,
Hypochlorite ion OCI
Sodium HypochloriteNaOCI
Calcium Hypochlorite Ca(OCl),
Hypochlorous AcidHOCI
Hydrochloric Acid HCI
Chloride ion CI-
Ammonia NH;

Ammonium NH ,*

Decomposition

Hypochlorites are unstable and decay. Make sure solutions aregh. Test
older solutions. Half life may be as short as 60 days. Avoid heat andrsu
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Reaction Mechanics Review

Equilibrium Reactions favor some distribution of chemicals. While some
reactions go only toward one side, others are reversible. Somactions favor
one side strongly, others are more even. There are usually cdmatis where
the forward and reverse reactions are balanced.

Le Chatelier's Principle If some stress is brought to bear on a system
in equilibrium, a change occurs, such that the equilibrium isidplaced in
a direction which tends to undo the e ect of the stress. In other ards, a
reaction will compensate increases in concentration of conggnts on one
side of the equation by forming more of the constituents on thetloer side.

Kinetics (rates) The speed at which a reaction proceeds. This is inde-
pendent on the equilibrium point (or constant) of the equatio. A reaction
which is very favorable may or may not proceed quickly. The spd of reac-
tions is important in designing treatment processes. The reaoti of chlorine
and hydrogen sul de is quick, so a detention tank may not be nesgary. The
reaction of chlorine and bacteria is slower (and dependent damperature,
pH, and the type of bacteria) so a detention tank is necessary togride time
for the bacteria to be killed prior to entering the distribution system.

pH and water  Water is composed of two hydrogen atoms bonded to one
oxygen atom. When water splits up (dissociates) two ions are proded, the
positively charged hydrogen ion and the negatively chargedydiroxyl ion.
The hydrogen ion is what pH measures. In pure water enough of theter
dissociates to produce hydrogen ions in an amount which meassiféon the
pH scale. Although pH is a measure of the concentration of hydreg ions, its
units are not typical concentration units, like mg/l. A mathematical formula
is applied to the concentration to yield a scale which rangesom 0 to 14.
On this scale 7 is neutral; lower numbers represent acids; higheaumbers
represent bases. Bases are also called alkalis or caustics.

Acids are chemicals which produce hydrogen ions {iH A solution which is
acid has more hydrogen ions than a basic solution. Remember thhe pH
will be lower.
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Aqueous Reactions
Dissociation

H,Of H*+ OH"

Water dissociates to the hydrogen ion and the hydroxyl ion. Thequilibrium
point of this reaction is to have 10 quadrillion times more war than ions.
Notice that equal numbers of H and OH ions are produced in this reaction.
The H* ion, or hydrogen ion (also called a proton) is the chemical msared
by pH.

HCIJ H* + CI

Hydrochloric acid dissociates into the hydrogen ion and a chide ion. This
reaction strongly favors the right side. This is why hydrochloc acid is a
strong acid.

HOCI Y H* + OCI’

Hypochlorous acid dissociates into a hydrogen ion and hypochite ion. The
balance point of this equation is determined by the pH (the awentration of
hydrogen ions.)

Acid Formation
Cl,+ H,OY HCI + HOCI

Chlorine gas mixed with water forms hydrochloric acid and hyochlorous
acid. The hydrochloric then dissociates (see above) lowerirtgetpH. Hypochlor-
ous acid (and the hypochlorite ion) are known as free chloen free residual
or free chlorine residual.

NaOCIl¥ Na* + OCI’

Sodium hypochlorite added to water forms the sodium ion and ¢éhhypochlo-
rite ion.

OCl'+ H,0} HOCI + OH"

The hypochlorite ion from the previous equation can take a pton (hydrogen
ion) from water to form hypochlorous acid and the hydroxyl ia. In an acid
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environment the hypochlorite ion consumes a free hydrogemioThis raises
pH since hydroxyls are created or hydrogen ions are used up.

Ca(OCl), +2H,0} Ca(OH),+2HOCI

Calcium scale CaC0O;
Premix and decant Calcium Hypochlorite

pH dependence HOCI is a much better disinfectant than OCIi therefore
chlorine works much better at low pHs. Also, more trihalometharge are
formed at high pHs.

Temperature dependence Chlorine is more e ective at higher (warmer)
temperatures, however, it also breaks down faster so should be st low
temperatures. Light also hastens the destruction of chlorine.

Chloramines  Chlorine can combine with ammonia or organic nitrogen to
form chloramines. This is known as combined chlorine or conmeid residual.
Chloramines are more stable than free chlorine.
Combined chlorine retains some disinfection potential but isot as e ec-
tive as hypochlorous acid. Organic chloramines do not haveyadisinfection
potential.

MonochloramineNH »,Cl
Dichloramine NHCI ,
Trichloramine NCl3

HOCI + NH3J NH,CI+ H,0
HOCI + NH,CI ¥ NHCI,+ H,0

HOCI + NHCI,J NCIl3+ H,0

Chloramines produce fewer THMs but may Cause Taste and Odor prob
lems.
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Demand
Chlorine Demand = Chlorine added Chlorine remaining

Chlorine reacts with bacteria (to kill them) and with many other chem-
icals or contaminants in the water. You must use enough chloenso that
some is left over (the residual) even after the chlorine has @ad with im-
purities. Because chloramines are less e ective disinfectiomgents always
measure free chlorine residual.

Chlorine also breaks down of its own accord (see temperaturgp@adence,
above). The time that the water takes to reach the end of the diribution
system will thus exert a sort of chlorine demand. Long distributin systems
or poor quality water may require intermediate chlorinatos to be installed
in the distribution system.

Ammonia: 5.91

Iron: .63

Manganese: 1.29
Hydrogen Sul de: 8.34
Total Organic Carbon: 1

Nitrite: ?

Breakpoint  Breakpoint chlorination is used to remove ammonia from the
water. Most water sources should not have ammonia present. Thischnique
is primarily applicable to sewage treatment.

2NH3+3HOCIJ N,+3HCI +3H,0
Breakpoint molar ratio is 1.5 hypochlorous acid to 1 ammoniaRatio is

7.6 mg hypochlorous acid to 1 mg ammonia. From the equation aie, we
can see that the process is dependent on the pH of the water.

Residual vs. applied Chlorine
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Demand vs. applied Chlorine

6.2.3 Stoichiometry

Dilution

CV =CV

If you dilute a volume of solution, the product of the concenation and
volume of the undiluted solution will equal the product of theconcentration
and volume of the diluted solution.

Be sure to clearly designate the two solutions you are equatingOne
might be in the crock, the other in the commercial strength bdate. One
might be in a tank. One might be in a pipe. Use subscripts to help you

Chottle Voottle = Crank Viank

One way to look at dilution is to think separately about the chbrine and
the water. A volume of liquid with a concentration of chlorire has a xed
amount of chlorine equal to the volume times the concentrain: CV=mass.
Adding more water will not change the mass of chlorine. Thus weag use
the known mass and the new volume to gure out the new concentian:

mass

=C
Vnew new
Rearranging
C1V1 = C2V2 (61)
V2:V1 = C]_:CQ (62)
reveals the dilution factor: c
1
G

To obtain a solution one tenth the strength of the original solubn you
would dilute by a factor of ten. For example, to obtain 1% solubn from
15% solution you would dilute by a factor of 15 or one gallon ob% in each
15 gallons of total solution (to Il a 50 gallon crock you woulduse 3 gallons
of 15% solution and 42 gallons of pure water.)
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Feed rate calculation

The feed rate calculation is just a dilution equation with time factored in.
Therefore, instead of volume, we use ow (which is volume/time

Again, keep track of each side of the equation. Instead of usingetisub-
scripts 1 and ,, use letters or words to describe each place. E.Gerock Verock =
Chipe Viipe -

R=(D=C) Q

Be careful to match up units.

Non Aqueous forms of chlorine

Use the CV=mass form of the dilution equation for solid (calcium hgochlo-
rites) or pure chlorine (either gas or liquid). Use CV=CV when thechlorine
is already dissolved in water (bleach, aqueous hypochloritelsiions).

Ibs= mg=l 834 MGD (6.3)

Example To chlorinate a 20,000 gallon tank to 50 ppm requires how
much chlorine?

(0:02 million gal )(50 ppm)(8:34 g)asi) = 8:34 Ibs of chlorine

Notice that the conversion factor 8.34 Ibs per gallon is used tmwvert
from volume to weight. Notice that the parts per million cancks with the
million in the million gallons. Remember that ppm and mg/l areequal (for
dilute solutions).

Same problem, conversion factors split up:

(20,000ga)(50 MO )KL )22 (0

|
: .78 —) = 8:341bs of chlori
1000mg’ 1000g)% 2 [ps) 3178 ) = 8 :34Ibs of chlorine

For calcium hypochlorite remember that only 70% of the weigdhs from
hypochlorite, the other 30% is calcium. In the above exampl&.42 Ibs of
calcium hypochlorite would be necessary (since 70% of 1.42 Ibslipound).
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6.2.4 Disinfection review
Concentration and Contact Time

Chemical reactions take time. Concentrations, temperatugsg other con-
stituents may a ect the inherent rate of reaction. For disinfetion, we are
talking about the speed at which hypochlorite will inactivae (insert your
favorite pathogen) by oxidation.

Part 5-1.52 table 14

Mixing  For injection into pipes feed to the center of the pipe. Waterow
in the center of the pipe is faster and more turbulent. Water ov at the wall
of the pipe is slower and less turbulent. Use several (10) pipe diatars for
turbulent mixing. Inline mixers can be used to ensure proper ming when
space is limited.

Contact tanks  Provide time for the reaction to complete.
Volume/Flow=Time For calculating the contact time.
Plug ow If achieved, maximizes contact time.

Baes Prevent short circuiting.

Hydropneumatic When \ oating" on the system, these tanks have
no contact time. If plumbed with separate inlet and outlet, c&kulate contact
time based on minimum volume.

6.2.5 Chlorinators
Gas

Liquid

Parts and Setup
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Figure 6.1: Chlorinator and Crock

Covered crock  Dilution equation
cv=CVv
chemical mixing
estimating service time
T=VIQ

Weighted intake

Positive displacement pump These pumps are designed to pump
the same quantity regardless of the pressure against which theymp. Since
the ow rate is known, the quantity pumped can be determined. Positive
displacement pumps are also called metering pumps or chemitegd pumps.
Antisiphon valve

The chlorinator insures that hypochlorite solution is pumpednto the
water when the the chlorinator is on. The antisiphon valve inses that no
hypochlorite solution is sucked into the water when the chlamator is o .
Why is the antisiphon valve important?
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N

Chemical inj¢etidont dceateenhpipme

]

Injection With simple tee

Figure 6.2: Injector ttings
Adjustments
stroke
frequency

Maintenance  The antisiphon valve may sometimes be used to help prime
the chlorinator, to ush the chlorinator, or as a pressure relievalve. These
more complicated antisiphon valves are called four functiovalves.

Always make sure that the chlorinator is actually primed and igpumping
chlorine solution.

Always have spare parts or a spare chlorinator available.

Cleaning is usually done by acid wash. Some have found aceti@awine-
gar) e ective. Hydrochloric acid (muriatic) is stronger and nore dangerous
to use.

Lubrication Be sure to use only food grade oils where there is the
possibility that oil will enter the water system.

Spare parts
Control
linked to pump circuit

linked to ow sensor
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6.3 Disinfection of Plumbing

6.3.1 AWWA Standard
Pipes (C651)

Tablet method not acceptable in New York
Continuous
Feed 25 mg/l solution
Must maintain 10 mg/l residual after 24 hours
Operate all valves
Use pressure rated feed equipment
Slug
100 mg/l for 3 hours
Test for bacteria
Estimating ow for chlorine dose setting

Tanks (C652)

Water Plants (C653)
Recalcitrant Slime
boost chlorine

shock Possibly several times.
Warn customers before using large doses.

ush

69
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remove the food and energy source of the slime Bacteria require
food (a carbon source) and energy (light, oxygen, other cherai sources)
to grow and reproduce. Consider using GAC or other treatment toemove
total organic carbon from your source water.

Wells

AWWA C654. Also see Rural Water Supply and 5D.

6.4 Ultraviolet (UV)

6.4.1 Theory
Mutations in DNA

Ultraviolet radiation is used to \sunburn" the bacteria to death. The strength
of the radiation and the length of time of exposure are factolia uencing the
e ectiveness of the treatment. Any material, dissolved or suspeed, that
blocks ultraviolet light will interfere with the treatment. Ultraviolet works
best on clean, clear water.

6.4.2 Con guration
Quartz tubes

Quartz blocks less ultraviolet energy than ordinary glass.
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Water jacket
Sensors

Power supply

6.4.3 Arrangement
Series

Parallel

6.4.4 Maintenance

6.5 Ozone

71

Ozone orO; is a colorless gas formed from three oxygen atoms. The molecule
is unstable and a powerful oxidizer.

6.5.1 Safety

The same characteristics that make ozone (and all disinfecta)ttoxic to
microorganisms also make ozone toxic to humans.

Table 6.1: Ozone Exposure

E ect

Concentration (ppm by volume)

Detectable odor

0.01 to 0.05

Coughing and irritation in 8 min

1.0

Coughing and irritation in 1 min

4.0

Fatal in < 1 min

10,000

OSHA 8 hour limit

0.10

OSHA 15 minute limit

0.30

6.5.2 Chemistry

Oz + contaminant ¥ O, + oxidized material

1K. L. Rakness, L. D. DeMers, B. D. Blank, Op ow, V22#7 July 1996
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6.5.3 Operation
Generation
Measurement

Ozone does not produce a residual. A chlorination system is naatly used
to provide a distribution system residual.

Byproducts

Aldehydes, bromate Partially oxidized organic matter (lowemolecular weight
compounds, more polar compounds, aldehydes, ketoacids, ke®nehich are
more biodegradeable. More food means more problems with n@gth in the

distribution system. Ozone should be followed by Itration.
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Other Treatment

7.1 By process

7.1.1 GAC

Granular Activated Carbon is produced by heating wood (or otér carbon
containing material) in the absence of air (oxygen), much l&how charcoal
is made. GAC is cooked longer, so that all the hydrogen and oxgg is
driven from the wood. Any other organic materials are also brek down.
The cooking process causes the carbon to develop millions ofytcracks and
crevices.

See also the GAC primer for additional operation, design, and sgling
information.

Theory

Principle  Contaminant particles enter the crevices and stick.

Applicability

Activated carbon works well on medium sized contaminants likerganic
molecules which are about the same size as the cracks in the @arb

Reaction Chemistry/Mechanics Granular Activated Carbon actually
has three removal mechanisms:

73
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Table 7.1: Treatments
Treatment
Contaminant lon Exchange Air Greensand Chlorine GAC RO Filtration ~ Chemical uv
Strip- See page 80 See page 73 (mem- addition
ping brane)
Common Cation Anion
names
Radium 10 percent v. good
Anion resin
added.
Regenerate
with  KCI
preferred.
Radon BAT good maybe
(can't
dis-
pose?)

Fe rust fair V.Good follow bad should with pre polyphosphates
with set- pre-treat oxida- and/or oxi-
tling/ Itration tion dants

Mn black BAT too slow bad should with pre polyphosphates

stains/ ecks pre treat oxida- and/or oxi-
tion dants

Other maybe yes

metals

Pathogens bacteria, BAT, maybe for pro- chlorine fair

viruses turbidity not tozoans
inter- viruses and
feres cysts
Hardness Calcium, BAT good polyphosphates
Magnesium
Nitrate fertilizer, fair good
sewage
Chloride salt only
choice

Color KMnO 4 may good maybe oxidants

may OXi- oxidize
dize colors color
Odor maybe KMnO 4 may Ooxi- maybe maybe oxidants
may oxi- dize odor
dize odors
Organic gasoline, smaller, makes BAT check
solvents, lighter, problem contam-
pesticides more worse inant to
volatile mem-
POCs brane
compati-
bility.

Turbidity dirt maybe overkill good

Sul de rotten eggs good good good poor oxidants

Corrosivity dissolved makes alkalinity,

pipes, worse orthophos-
lead and phates,
copper, silicates,
ashestos pH ad-
justers

BAT = Best Available Technology
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Figure 7.1: AC Grain

Some contaminants attach more tightly than others in the cnéces. Float-
ing particles stick. Stuck particles unstick. When a contamiant is released
from one crevice, it ows with the water further into the Ite r, where there
are more open crevices to get caught in. This is the most imparit removal
mechanism and the main reason why GAC is used.

GAC lters also function as depth lters because the carbon coms in
\granules". Although the granules are relatively large, howeer, a pre lter is
still recommended. Not recommended for public water suppliesise cheaper,
more durable materials are available for depth Itration.

Unlike most Iter media, GAC is not inert. The carbon can be oxidzed.
Strong oxidants like hypochlorous acid are completely remed by activated
carbon. Therefore, you cannot disinfect a GAC lIter. You must lave post-
chlorination.! See also Safety, section 8.3 on page 118.

Process control

Chemical tests are the only way to see if breakthrough has ocedr
Use pressure gauges to check for plugging.

Ipoint of use Iters may rely on this property to dechlorinate tap water, but publi ¢
water supplies would not normally use GAC for dechlorination.
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Ay Ay

db

Figure 7.2: Contaminant Removal by GAC

Indicators  Contaminants of the proper size to t into the cracks in the
carbon will not cause head loss. (The granular bed will also act aepth
Iter so larger particles may be trapped in between the graneis and increase
the Iter head.) The best way to gauge when activated carbon regls to be
changed is to nd \break through”, that is, contaminant in the Iter e uent.

Adjustment In order to protect the customers, a minimum of two acti-
vated carbon lIters in series are always used. When break thrgh is detected
after the rst Iter, the second lter is put in the rst position a nd a brand
new (virgin) lter is put in the second position.

If Iters are used in parallel, it is important to check that each unit has
the same head loss, otherwise, one \train” will treat more waterUse ow
control valves (Griswolds) to ensure even ow between paralldters.

Never backwash activated carbon. Itis unlikely that su cient dean water
Is available to remove even a small portion of the contaminatmbdged in the
crevices. Additionally, mixing up the carbon (think bed expasion) will put
highly contaminated granules from the \top" of the lIter near the \bottom"
(is your Iter up ow or down ow?) where they will release contaminant into
the nished water.

Because activated carbon can not be backwashed, it is advisateput a
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pre lter before the carbon to prevent particulates from plyging the activated
carbon (thus creating a very expensive depth lter).

Waste disposal

The carbon or the lIter vessel with the carbon are usually trucke o site to
a disposal or recycling facility.

7.1.2  Air Stripping
Applicability
Theory

Contaminants which dissolve in air, such as gasses or volatile anics, can
be removed by allowing them the opportunity to transfer from he water to
air. Large quantities of air and/or small bubbles provide a leye transfer
surface.

Principle  Air is bubbled through the water to remove dissolved gasses
(other than air).

Since the spent air is vented to the atmosphere, this process veés the
pressure of the water to atmospheric. Booster pumps are necessdtgrathe
air stripper.

Reaction chemistry/mechanics Henry's Law.

Process control

Adjustment  The air to water ratio can be adjusted.

Waste disposal

Discharge of contaminant to the air may be regulated.
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7.1.3 lon Exchange
Applicability

Useful for removing ions. Slightly oxidized inorganics like tg@ium, magne-
sium, iron, manganese, and radium are suitable targets. Highly sble ions
like chloride are not suitable targets.

Theory

lons are attached to a substrate (Zeolite or synthetic beads). Asater is
passed over the beads, the attached ions are displaced by alteen&ns in
the water.

Process control

lon exchange media must be regenerated after all the exchanges have been
exchanged. Since the units are generally designed to excharg\loose" ion
for a \sticky" ion, a high concentration of regenerant must be sed. For
normal home softeners removing hardness, the regenerant is sodlichloride
(salt). During operation, the chloride is replaced by calcion.

The only way to know when the media is exhausted is to check foort-
taminant breakthrough. Rather than conduct continual testng, ion exchange
units are normally regenerated after a xed time period or »d quantity of
treated water. Often, an automatic control will regeneratehe unit based on
a clock or totalizing ow meter.

Adjustment  The regenerating cycle must be adjusted to ensure that break-
through does not occur and that excess chemical is not used. Bys rates
may have to be adjusted.

Waste disposal

Make sure that this is away from any water sources. Chloride is hattracted
to soil particles so will not be removed.
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7.1.4 Reverse Osmosis
Applicability

Reverse osmosis is e ective in removing most contaminants, indiag ions,
organics, and bacteria. It is, however, expensive and complied. RO is not
e ective in removing small uncharged molecules. Certain coaminants may
deteriorate the RO membrane. Removal e ciency varies.

Membranes are optimized for speci ¢ contaminants and wateoaditions.
Not all contaminants are removed by all membranes.

Theory

Principle  Osmosis, based on di usion, is the tendency for water on the
clean side of a semi permeable membrane to migrate across the iineme to
the contaminated side. By pressurizing the contaminated sidehé process
is \reversed". In practice contaminated water ows along oneside of the
membrane. Some of the water lters through the membrane thusicreasing
the concentration of contaminant on the in uent side, the conentrated ow,
called reject or brine, must be disposed of. So, reverse osmosigspii uent
water into a pure stream and a concentrated stream.

reaction chemistry/mechanics

Process control

Indicators

Assessing Membrane Integrity Most important for low pressure ap-
plications.

If a membrane is being used to remove biological agents thenldwm or
tears in the membrane or gaskets will destroy the e ectivenes$ the mem-
brane. Holes or tears will also degrade removal e ciency of oén compounds.

Direct monitoring
Air pressure hold testing
sonic testing
Bubble point testing
Indirect testing
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Particle counting
turbidity

Adjustment  The in uent pressure, the ow rate, and the ratio of clean
water produced to reject water produced can be varied in ordéo obtain
di erent e uent qualities or removal percentages.

Troubleshooting

Waste disposal

7.1.5 Green sand
Applicability

Greensand is used to remove oxidizable ions, particularly iroand man-
ganese.

Theory

Principle  Green sand lters use permanganate to oxidize the contaminast
to insoluble ( Iterable) forms or to inert forms. The permangaate is bound
to the Iter media (special sand). The permanganate gives the etia a
greenish appearance.

Reaction chemistry/mechanics

Process control

Indicators  For batch systems, consider ORP?

For continuous feed systems, the pinkness in the output water irghtes over
feeding of potassium permanganate. ORP can be used and can cohthe
permanganate feed.

Adjustment  The feed rate ofKMnO 4 can be adjusted.
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Waste disposal

7.1.6 Chemical addition
Applicability

Disinfection See above.

Corrosion control Zinc or phosphates can be used to coat pipes to inhibit
the water's dissolving of the pipe material.

Phosphates, caustic soda, bicarbonates may be used to adjust pH lkaénity

to reduce the corrosivity of the water.

Fluoridation Various uoride containing chemicals are injected into the
water to raise the uoride level. See below.

I[ron/Manganese removal See Green Sand or lon Exchange.

Any oxidizer may convert dissolved Fe or Mn to insoluble forms. The I-
ter. Weaker oxidezers may require contact times which are dolong to be
practical.

Theory

Principle A chemical is mixed with the water. Provision must be made
to ensure adequate mixing and contact time so that the chemicalill be
e ective.

Usually, the chemical reacts with contaminants in the water tanactivate,
destroy, or otherwise prevent the contaminants from doing har.

Some chemicals are intended to form a coating on the plumbisgstem.

Reaction chemistry/mechanics

Process control

Set metering pump rate (stroke and frequency). Metering pummay be
controlled automatically based upon feedback from sensors.
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Set up Order and relative location of injection points is very impaant

when more than one chemical is added.

Chemical feeders are normally set to inject chemical into thew water line
from the well. The feeder is put on the same electrical circuas the well
pump. Since the well usually delivers a constant ow, a xed chmical dose
can be added.

Warning: if the well pump fails mechanically or in any other mnanner
where the control panel does not \know" (or will not shut down he chemical
feeder), the chemical feeder will be pumping but the well wihot. A very
high dose of chemical will be delivered when the well pump ispa&red (or,
perhaps, reset). Consider ow switch interlocks on chemical fégoumps.

Indicators  Test kits or meters can determine residual of injected chemica
Be careful that injection pumps do not lose their prime.

Adjustment

Waste disposal

Adding chemicals to the water generally doesn't create waste #te water
treatment facility, but may cause problems for the end users tfie water. A

common problem arises when zinc compounds are used for cornogiontrol.

The extra zinc in the water can raise the level of zinc in the slug produced
by downstream sewer treatment plants, increasing sludge disposakts.

7.2 By contaminant

7.2.1 Iron and Manganese
Importance

Health eects  There are few adverse health e ects from iron or man-
ganese. Very high levels of manganese may cause health problernite
amount of iron present in water is too little to provide nutritional value.

Aesthetic and practical operational e ects
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Staining  Iron stains xtures and laundry reddish brown. Manganese
produces black stains. Bleach \ xes" these stains. Fabric life iseduced.

Fouling  Rust or manganese precipitate deposits in boilers, mains, valves,
and other tanks. The deposits can prevent proper valve closuneduce pipe
and tank volume, and otherwise prevent proper operation of agpment.

Chemistry  Iron and manganese exert a chlorine demand, i.e. they will
be oxidized by chlorine. This uses up chlorine which might oétwise be
disinfecting. Iron can be an energy source for bacteria. The salled \iron
bacteria" are colorful, produce tastes, odors, sheens, and slimasd are very
di cult to kill.

Forms

Metal Solid metal should not be found in the water. Water pipes are
often made of iron (cast, ductile, galvanized, or other alldy The water may
dissolve some of the iron from the pipe.

Soluble ions Fe** and Mn?* are soluble. Iron has two oxidation states,
+2 and +3. Manganese has many.

Insoluble precipitates In general, the higher oxidation states are less
soluble.

Identifying problems

Complaints

Visually  Are there stains? Is the water brown? Are there black ecks?
How does the water look when you ush a hydrant?

Quick test  Add a few drops of chlorine to oxidize dissolved Fe/Mn. Watch
for rust or black ecks of Manganese to form and settle to bottomLook for
brown color.
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Chemical testing Be careful when sampling to use properly preserved
bottles to prevent Fe/Mn from precipitating out on walls of container.

Be careful when sampling to note particles. Particles of irorrmmanganese
that get into the sample will greatly increase the result. Clayslso contain
substantial amounts of Fe/Mn. As with all sampling, your Fe/Mn sanple
should be representative of the water you wish to test. Do you warb be
testing the particulate matter?

You can lter the water prior to testing to determine whether the iron/manganese
is soluble or insoluble

Colorimetric Need Spectrophotometer, Iter, or Nessler tubes to com-
pare color of reacted sample.

Atomic Absorption (AA) Large expensive delicate laboratory ma-
chine.
Produces most accurate results.

Eliminating

Source changes

New source Survey other wells in area. Upper aquifers may be better
if they are aerated enough to precipitate out iron

Select aquifer  Block o iron/manganese rich vein of water. Call your
well driller.

Sequestering  Avoid this method.

Prevents oxidation (and precipitation) of Fe/Mn. Does not emove Fe/Mn.
Requires addition of chemicals (Pyrophosphate, metaphosgkatripolyphos-
phate). These can be nutrients and promote bacterial growthCheck phos-
phate limits at the local sewer plant. Break down to orthophodpate. Bench
test to approximate amount. Observe color. Should stay clearrfd days.

Add phosphate before or with chlorine. Best right below well pum

lon exchange
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Softening  Must keep oxygen out of resin (or Fe/Mn will plate out on
resin beads. Use sul tes during backwash. Pump to waste when starting
feed pumps.
removes about 60-80%
requires little attention
record lIter volumes

Oxidation
Aeration  Slow unless pH> 6.5

Chlorination E ective for iron. Not e ective for manganese. Use
Ozone, Chlorine Dioxide, or Permanganate.

Permanganate
Filtering

Greensand Remember that Greensand is both an oxidation and a |-
tering process. Other oxide coated Iter media may be substitutefor real
Greensand.

7.2.2 Microbiological

See Disinfection, above.

7.2.3  Turbidity

Turbidity is caused by materials in suspension that interfere \h the passage
of light. Turbid water appears cloudy. Turbidity itself doesnot necessary
cause disease, but can create real problems

Problems caused by turbidity

Consumers seek other sources Rather than drink turbid water, con-
sumers may choose untested or unsafe supplies. Your reputationasrnished
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Interferes with treatment Particulates shield microorganisms from dis-
infection
Particulates clog lIters

Interferes with testing Clogs the membrane used in certain coliform
tests.
Changes apparent color in chlorine and other color changests.

Exerts a chlorine demand

Removal of turbidity

See surface water treatment, page 91.

7.2.4 Organic chemicals
Use Granular Activated Carbon

Put air stripper in front of GAC when treating heavily contaminated waters.
GAC is marginally e ective on MTBE. Total removal is possible,but Iter
runs are very short. In other words, time to breakthrough is shor

Air strip

Best Available Treatment for MTBE. Most small systems use GAC anyway
since initial cost of GAC is lower.

7.2.5 Hydrogen sul de
Problems caused by hydrogen sul de
Removal

Oxidation
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7.2.6 Nitrates
Use RO
Anion Exchange

Anion exchangers replace nitrate with chloride. Be carefuhat your chloride
limits are not exceeded since other anions (carbonate) willsa be exchanged.
Triethyl-amine and tributyl-amine are nitrate selective.

7.2.7 Hardness
Problems caused by Hardness

Hardness does not directly cause health problems. Hardness reduseap
lathering. Hardness deposits calcium or lime equipment in cattt with the
water. These deposits are dicult to clean, clog pipes, jam vaks, and
interfere with or damage water heaters.

If the water is too soft, it may dissolve plumbing, causing leaksna/or
contamination in the nished water.

Ideal harness is 70-100 mg/l a€aCQOs.

Softening

lon exchange Blend water after ion exchange type softeners, since these
remove all hardness.

RO Special softening membranes don't remove viruses.

7.3 By problem

7.3.1 Colored water
Causes

Organic

Inorganic  lron/Manganese? Sand/silt/clay?
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Removal

GAC

Oxidation

Filtration

7.3.2 Cloudiness
Air

Cloudiness clears gradually, starting at bottom.

Dissolved air is coming out of solution due to temperature or pssure
changes when water leaves faucet.

More likely during cold weather because gasses are more solubleold
water.

Not a health concern. Some appliances may not function propeiif air
becomes trapped in their plumbing.

White gel

Normally settles to the bottom of a glass.

Aluminum oxide from the reaction of some waters with the sacriial
aluminum anode in some (older) water heaters. Should be presaémthe hot
water only. Replace water heater or anode.

Silt/clay

Very ne silts and clays can be suspended in water giving the wata cloudy
appearance.

Treatment  Consider well redevelopment, redrilling, or recasing. As a last
resort, consider Itration.
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7.3.3 Odors
Musty, earthy

2-methylisoborneol (MIB) and trans-1,10-dimethyl-trans-9decalol (geosmin)
produced by blue-green algae and actinomycetes are detddéaby nose at 9
and 4 ppb in water.

Check ecology of surface water source.

MIB can be removed by PAC. Chlorinate afterward. Chlorine oxlizes
absorption sites and causes already absorbed MIB to be releasedofation
followed by bio Itration may be more e ective than PAC, chlorine or potas-
sium permanganate. Ozonation alone partially removes MIB @ngeosmin
but causes other problems.

Chlorine

Check residuals, including combined. Check dosing. Check ravater for
iron, manganese, ammonia and other chlorine demanding cheais.

Kerosene

Kerosene, or possibly MTBE (MTBE can cause odor at concentratienas
low as 5 ppb). Might be caused by chlorine dioxide disinfectameactions.
Lower dosage/increase purity of chlorine dioxide.

Cat Urine

Might be caused by chlorine dioxide disinfectant reactions i new carpet.
Lower dosage/increase purity of chlorine dioxide.

7.3.4 Tastes
Bitter, Astringent

Check iron and manganese
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7.3.5 Patrticles
Turbidity
Flecks

Shiny black ecks are oxidized manganese.

Rust
Sand and Grit

Check well pumping level, well screen, gravel pack, well ydednd pump rate.

7.3.6 Feel
pH

High pH (alkaline) water can feel slimy. Check pH. Check chemicéeeders.

Hardness

Soaps do not lather well in hard water. Soaps are hard to rem®with soft
water.

7.3.7 Bacteria outbreaks

See chlorination.

7.3.8 llinesses

Solve epidemiologically.

7.3.9 Corrosion Control
Background

Water is known as the universal solvent.



7.4. BY SOURCE 91

Pb/Cu rule 5-1.4
Treatment

Operation

7.3.10 Fluoridation
Theory

Fluoride in the water makes teeth harder, which prevents céies. A signif-
icant savings in dental bills results. Most areas have a low natalr uoride
level (O - 0.1 mg/l).

optimum level: 1 mg/I

Too much uoride in the water can cause blackening of the teetand tooth
loss. Problems usually occur at uoride concentrations above@mg/I.

equipment

operation
7.4 By source

7.4.1 Surface water
SWTR / Part 5

The US EPA has promulgated and the NYS Health Department, Bureaufo
Public Water Supply Protection has included into Part 5 of the State San-
itary Code, requirements for ltering of all surface water suplies, unless
those systems are able to meet certain avoidance criteria. Thide is known
as the Surface Water Treatment Rule (SWTR). Due to the nancal burden
this rule would impose on small water systems if conventional #ring meth-
ods were installed alternative Itering methods have been deloped. These
eld tested alternative methods are available to small water sstems for use in
complying with the SWTR. Part 5 of the State Sanitary Code stag¢s that any
addition or deletion of a treatment process must be approved ke State.
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Therefore, those Grade C systems which must Iter will need treatent sys-
tem plans prepared by an engineer, and submitted to the healtttepartment
for approval. This must be done before any changes can be made.

Multiple barriers Should any bacteria or cysts remain after ltration, a
disinfection system will act as a second barrier to distribution stem con-
tamination. Filters can be excellent places for bacteria toolonize, therefore,
disinfection is required after all ltration systems.

CT

Raw water quality

The purpose of Itering surface water is to provide a potable war free from
turbidity, color, and which is biologically safe to drink. Suface waters some-
times contain a parasite known as Giardia Lamblia. The Giardi Lamblia
cysts enter the water from the feces of animals such as beavered dogs, and
even humans who may be infected with the parasite. Drinking wer that
contains the cyst can transmit a waterborne disease to consumers. hén
the cyst enters the body, the disease that develops is know as rdiasis.
Giardiasis is not usually life threatening, but can be incapatating. These
parasites attach themselves to the wall of the small intestine,rgw and re-
produce there. Disease symptoms include diarrhea, atulencabdominal
cramps and loss of appetite.
Items that in uence raw water quality:

Protozoans

Giardia

Cryptosporidium
Particulates
Humic acids / organic carbon

taste, color, odor
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variability
accidents

Filters

Conventional  Large water systems using surface waters normally can re-
move the Giardia cysts with a series of treatment steps called regentional
Itration. In conventional Itration the water and a coagul ant, such as alu-
minum sulfate, are mixed together in a rapid mix chamber. The ater is
then slowed down for occulation, where the coagulant and \at" particles
combine to form larger particles called oc. After occulation, the water's
velocity is decreased further in a clari er or settling basin ware the oc set-
tles out. The water then goes through large ltering systems sticas rapid
or slow sand, diatomaceous earth (DE), or multimedia Iters toremove re-
maining particulate matter, including the giardia cyst. Disnfection is then
performed using chlorine, ozone or U-V to kill any micro-orgasms that
may have penetrated through the Iters. Upon clogging, the lers used in
conventional lItration require complicated backwashing cgles to regenerate
their capacity.

Cartridge/Bag Conventional ltration is complicated, so requires expert
knowledge to operate. The size and number of processes also makerny

expensive. Cartridge or bag type Iters are a simpler and a ordble alterna-
tive for smaller systems. In cartridge lItration, the water is ajplied directly

to the Iter. No chemical addition, coagulation, occulation or settling is

performed. The Iter element is self contained and is repladerather than

backwashed.

Filtering principles

Strainers  Some cartridge lters work on the principle of straining. The
Iter has tiny holes. Particles bigger than the holes can't pas through.
Smaller particles t through the holes and are not trapped. The particles
passing through the Iter show up as turbidity in the ltered water. All bag
Iters are of this type.
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Depth  Some Iters work on the principle of adsorption, or sticking. he
Iter is lled with a media in which particles can become trapped. These
medias include sands and wools. They are sometimes called deptérs,
perhaps because the contaminant accumulates into the medather than at
the surface, as in a strainer type lter.

Activated carbon Activated carbon traps molecules in small crevices
in the carbon. Carbon is useful for removing tastes and odors. @n comes
as a powder or as granules, so will also function as a depth ltealpeit an
expensive one). Do not confuse activated carbon with other dans (coals
or anthracites) used as media for depth Iters. Only activated arbon can
remove the extremely small agents causing taste and odor.

E ciency Filters are rated by the nominal size of the particles they can
remove. Straining type Iters usually remove most particles igger than their
pore size. Depth type lters remove some particles which are sitex than
their rated size and also allow some bigger particles to pass thigh.

The removal e ciency is related to the size of the Iter openirg, usually
listed in microns, and the type of Iter media.

Any lter you purchase should be rated for e ciency. E ciency is the per-
centage of particles of the rated size that the Iter removes. &ne lters are
tested for e ciency by using a silica test dust in water at 4 gpm; otlers by
using Arizona sand in water. In both tests, e ciencies are calcutad using
particle counts, not mass weight. The test is conducted using aesh lIter
that has been operated for 10 minutes. The e ciencies are specito the
particle size tested, and do not include those of other sizes. If dter is
not rated for e ciency it should either be used only as a pre- ler, or not
purchased at all.

Since all cartridge and bag lters are rated in MICRONS, let'stake a
look at what microns are. The dictionary de nes micron as a \nit of length
one millionth of a meter." A better example would be the perid at the
end of this sentence is approximately 400 microns. Now reducastho a 1,
5, 10 micron size, which is normal for these types of lters. Mion size is
also related to ow rate, the smaller the micron size, the slowehe ow rate
through the lter. The smallest pore size available is one micro Smaller
sizes are usually regarded as membrane Itration.
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Construction A cartridge Iter consists of a Iter module which ts into
a (usually) cylindrical housing.

Filter

Cartridge lters are usually made from the following materids: Cellulose,
cellulose/polyester, polypropylene, cotton ber, granularactivated carbon,
powered activated carbon, phosphate crystal and ceramic. Tiacron rating
will vary from 100 down to 1 micron. Granular activated carba lIters do not
have a micron rating. The powdered activated carbon may hawe nominal
rating of 1-5 microns.

Housing

Filter housings are made of stainless steel, or high density plastiThey
are manufactured in single or multiple cartridge models. On tise models
that have a bottom discharge, an automatic air relief valve isequired to vent
air that may become trapped in the lter housing. This air may a&cumulate
from degassing of the raw water.

Multiple units (trains)

Often several cartridge lIters are arranged in a series of ltes set in
descending order of ltration sizes, e.g., 10 micron rst, 5 mi@n and last a
1 micron. The rst lter traps the largest particles; the next | ter has only
to Iter the remaining smaller particles. This allows each lIter to remove the
particles for which it is best suited, resulting in longer lterruns.

All Iters should have good end seals. This is especially criticavith the
nal Iter. If the end seals do not seat tightly against each end dthe lter
canister, \short circuiting" will occur. This phenomenon ocars when the
water ows over the top and bottom of the Iter, and not through it.

Selection When choosing a system for ltration, it is necessary to select
a system that o ers cost e ective bene ts. The following econonds can be
gained by selecting the most e ective and e cient system.
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Feature Bene't

Long Runs Low labor

Disposable Quick changes

Reusable minimize purchases

Low pressure drop, Smaller pumps, lower power costs
Small size cheaper building

Approved or else

System Arrangement

Intake/Pretreatment Some pretreatment is going to be required just
prior to the lItration process. Poor pretreatment can result in extremely
short Iter runs and frequent Iter replacement. This pretreatment can be
one of four types:

1. An in ltration gallery which would be located underwater gproximately
20 feet o shore;

2. A well point driven into the lake bottom, approximately 20feet o shore;
3. A shallow on-shore well, where possible and practical, coule lised;

4. A \simple" slow sand lter, measuring approximately 4 X 8 feet,could
be built using a good exterior or marine grade plywood. The Kr when
complete would have an under drain system, a layer of graded geh and
topped with a layer of sand. Topping this o would be a layer of dads and
biological growth called schmutzdecke which forms on top ofosV sand lter
after it has been in use for a while.

Prime mover  Since lIters require medium to high pressures to operate,
gravity is generally insu cient to move water through the treatment plant.
Pumps must be used. It is critical to the successful treatment schemthat
all the pumps be properly sized. Improperly sized pumps cause soor all of
the following: energy waste, extra pump wear, inability to mimtain system
Ow or pressure, or Iter damage.

Disinfection ~ Should any bacteria or cysts remain after Itration, a
disinfection system will act as a second barrier to distribution stem con-
tamination. Filters can be excellent places for bacteria toolonize, therefore,
disinfection is required after all Itration systems.



7.4. BY SOURCE 97

Operation

Replacement An increased pressure drop across the Iter or an in-
crease in turbidity in the nished water will tell the operator that the Iter
needs replacing. Make sure that your water system has approggagauges
and that they are functioning. The water operator is cautiord to pay partic-
ular attention to their raw water turbidity meter readings, since a turbidity
spike could blanket out and clog a lter. Also, since the source is surface
source, the cartridge Iter performance will be in uenced byalgae. Algae are
microscopic plants, observed as \green scum" growing on rocksdadocks,
etc. Algae can clog the Iter system, thus preventing a ready supp of raw
water from entering the lters. Algae may suddenly \bloom" whenweather
conditions are favorable. A properly operating and maintaied pretreatment
system will reduce loading on the cartridge lIters from high tubidity or algae
in the raw water.

Beware of changing cartridge brands or types. The cartridgeust exactly
t the housing in order to prevent short circuiting or bypassing.

A good ceramic cartridge Iter will cost in the neighborhood ©$40. The
danger here is that if the Iter ever has to be replaced, it is sually replaced
with a cheaper lter. The cheaper lter may result in \short cir cuiting,”
because it will be less e cient and require more frequent reptement.

Reuse Of all the lters named above, the only one which is reusable
is the ceramic Iter. This lter when clogged may be cleaned wh a sti
nylon bristle brush or by blowing the dirt from the openings usig an air
compressor. Cleaning with air will probably do a better job.

Spare parts Spare lter cartridges should always be available.

Disinfection ~ When using cartridge Iters or bags, the chlorination sys-
tem MUST be continuously adjusted. This is because the ow througthe
Iters decreases as the Iter become clogged. The best type difilorinator
would be the \ ow sensing” chlorinator. Flow sensing (or ow pace) chlori-
nators automatically adjust the chlorination rate based on iformation from
the system ow meter.
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Reporting  Surface water supplies are required to Il out and submit
additional forms beyond the standard Operation Report. Plese note that
water supplies using Itration are required to meet strict nished water tur-
bidity requirements. See Part 5.

Future  The ltration system may in the future have to lIter for cryp-
tosporidium. If so, an additional Itration system will be necessgy, since
cryptosporidium is too small to be removed by standard cartridg lters.
Outbreaks of cryptosporidiosis resulting have occurred at sufis us-
ing surface water when the nished water turbidity was in the .92.0 NTU
range. The peak turbidity during the 1993 Milwaukee outbrelawas 1.7 NTU.
AWWA recommends that nished water turbidity be kept below .2 NTU.

Filter waste
media

backwash Make sure that the backwash does not form a cross connec-
tion.

permits
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Operation

8.1 Equipment
8.1.1 Pumps

Positive Displacement

Used when a known quantity of liquid needs to be delivered such asen
adding chemicals. Most positive displacement pumps found in weatplants
are piston or diaphragm pumps, but tubing (also called peristait), vane,
and gear pumps also exist. Diaphragm and tubing pumps have no kea
water is completely isolated from the motor - a considerable aa@ntage when
pumping corrosive solutions or using toxic oils.

Parts  piston or cavity
diaphragms

vanes

gears

tubing

check valves

Hydraulics A cavity is enlarged, sucking uid in. The cavity's volume is
then decreased a known amount, forcing the water out.

What happens if a positive displacement pump is pumping into aased
container (or the valve on the outlet is 0 )?

99
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head vs. ow The ow is mostly independent of the output head.

Centrifugal

Parts impeller
casing (volute)
seals

packing

lantern rings
glands

wear rings
bearings

hydraulics

Theory of Operation The impeller of a centrifugal pump slings the
water out away from the center of the pump. The casing collecand chan-
nels this water toward the outlet. New water is sucked into the enter of
the pump to replace the water which was pushed outward. The Iger the
impeller diameter the more pressure a pump can develop. What py@ens if
a centrifugal pump is pumping into a closed container (or thealve on the
outlet is 0 )?

priming  priming water 5-1.29

head vs. ow Based on the dimensions, motor speeds, and uid char-
acteristics centrifugal pumps have a characteristic pump cue which shows
the head to ow relationship. If the pump is not operating on tre curve,
then something has changed. Perhaps the impeller is worn, daged, or
improperly installed. Perhaps the motor is not powerful enagh to maintain
speed.

E ciency The design of a pump in uences its e ciency. Pumps e ciency
varies over the operating range of the pump. The operating pt of greatest
e ciency is also the point of least stress and wear.

appurtenances
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Gauges Inlet and outlet pressure gauges let tell you the suction head
and pressure head on the pump. The inlet gauge should be a comlioa
gauge in case the inlet pressure is below atmospheric (the pumpdigwing
a vacuum).

Flow meters tell you the ow from the pump.

The above information can be checked against the pump curvedagnose
a variety of pump problems.

valves Allow you to adjust the outlet head and thus the ow.
Check valves help to keep prime.

transfer
jet
turbine

Sometimes called line shaft.

submersible

Submersible pumps use oil-cooled motors. The oil must be foodkde. Cer-
tain old pumps may have PCBs in their oil.

The water owing past the motor takes the heat away from the oil The
water entering the well should be entering below the pump lelvso that the
water will be owing past the motor (submersible pump motors arenounted
beneath the pump because it is easier to route the power wiresspthe pump
than the pump output past the motor).

Submersible pumps that have little clearance between the natand the
well casing may not get adequate motor cooling.

8.1.2 Tanks

types

storage The purpose of storage is to meet peak ow requirements and
provide a buer when sources are unavailable. Storage can alpoovide
chlorine contact time and a convenient location to add extaal water to the
system (e.g. when you truck water in).
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elevated
ground

pressure Pressure tanks store the pressure that the pumps create.

Pressure tanks are used to protect pumps. The system use is quite vari
able, but pumps are most e cient in one small range. The pressureahk
allows the pump to operate in it's best range and allows the pupnto remain
on for a reasonable time. The pressure tank and pump system provide
simple way to regulate the system pressure.

Without the pressure tank, the pumps would pump against system ow
Since this can range from near zero in the night to peak ow, # pumps
are all over their curve. Their output pressure (head) variescaordingly.
Furthermore, during periods of low ow, the pumps quickly deelop the
pressure for which the cut o switch is set. The pumps then cycle oand o
repeatedly.

The pressure tank also protects against water hammer caused by the
cycling of the pumps.

plain

bladder In the bladder type pressure tank, a membrane separates the
air from the water. The membrane prevents the air from dissolng in the
water. Automatic replenishment of air is not necessary. Bladddanks are
limited to smaller tank sizes. The membrane material may impartome taste
to the water.

contact Contact tanks, also known as detention tanks, hold water so chem-
icals can work. Which equation allows you to nd contact timefrom volume
and ow rate?

materials

Tanks have been made from wood, berglass, concrete, steel (stimes with
a glass lining).

pressure ratings
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coatings

A great many coatings have been used on tanks to protect the tarfrom the
corrosive e ect of the water and to protect the water from cordmination
from the tank. Some of those coatings proved to be toxic. Make reuthat
any coating that you select is approved for use in water systems. €k with
the NSF, who approves coatings.

Always follow proper safety procedures when applying coating Many
coatings are amable or toxic before they are cured.

plumbing

valves

gauges

sight glasses

level sensors

vents

over ows

maintenance

8.1.3 Meters
Pressure

Bourdon tube

Manometer

Piezometer
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Flow

Positive Displacement These generally under register when worn. Don't
operate above rated capacity.

Low ow applications

Principle  Like the pumps, the meters divide the ow into known vol-
umes, then count them.

The two main types of positive displacement meter are piston anau-
tating disk. In the piston meter, the water moves a piston to one de, then
the ow is switched to the other side of the piston. Each stroke is &hown
volume. The nutating disk type has a wobbling disk.

Current/Velocity
Turbine  Size to ow
Multijet
Propeller
Pressure Di erential
Measured with electronic or hydraulic sensors
Known area

Orice  high head loss
can plug

Venturi
Pitot

Rotameter
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Magnetic
Doppler

Flow Sensors These provide a yes/no type of output. Either there is ow
or there isn't. The rate of ow is not determined.

The paddle type can stick or the paddle can corrode 0.

A pressure transducer and PLC can check if pulse type pumps (likeem
tering pumps) are working by looking for characteristic chargs in pressure
as the pump operates.

Compound A large and small ow meter piped in parallel and chosen by
automatic valves.

Selection
Head loss

Flow range  5-35% positive displacement
0-100% compound
50-100% turbine

8.1.4 Pipes
Materials

PVC, PE, cast iron, ductile iron, galvanized steel, copper, &l

Joints

Bedding

8.1.5 Valves
Shut o
Ball

Globe
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Gate

Control

Needle
Check
Swing Check
Ball Check
Altitude
Pressure reducing

Pressure relief

8.1.6 Hydrants

Operating nut
Bonnet

Barrel

Nozzles

Trac ange
Breakaway Coupling
Main Valve

dry barrel

weep hole
8.2 System
8.2.1 Hydraulic

Water system types are di erentiated by where or how the pressuiie stored.
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Figure 8.1: Fire Hydrant
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gravity

Elevated water (in a tank) provides pressure. Used mostly in largg/stems.
Water level in tank is controlled by level sensors or an altituel valve (pressure
controlled valve).

hydropneumatic

Most common. Compressed air provides system pressure. The well puanp
the transfer pumps compress air in the hydropneumatic tank ahey Il the
tank with water.

Water level in the tank is controlled by level sensors (probes mats) or
by a pressure switch.

Air is lost to leaks or by dissolving in the water (see milky water mblems
on page 88). Manual or automatic air compressors may be used topide
the make up air. Automatic air compressors are usually controlieby a
pressure switch and run after the hydropneumatic tank has beerled (high
water level sensor has shut o lling pump).

transfer

It is possible to operate without a gravity or hydropneumatic &nk by using
a pump and special valve arrangement. These systems are usuallyduse
emergencies (like replacing the pressure tank). Often, thesessyms have
higher energy (electricity) costs, since the pump runs all thare.

8.2.2 General
Distribution system

Proper pipe sizes, proper valving, ushing, looping (no dead dmmains).

Trench dewatering 5-1.26

Minimum pressure 5-1.27 See the code!
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Blowo s 5-1.28 Install at high and low points. Use where hydrants are
inappropriate. Blowo s at the high points are used to remove rapped air

from the line. At the low points, the pipe may be drained or silt,sand, and

rust may be ushed out.

Testing

Sampling technique

Strainers and aerators  Always remove strainers and aerators to pre-
vent contaminants stuck or growing on the strainer from dislodgg and en-
tering the sample bottle thus producing a sample that is not resentative
of the actual water conditions.

Flushing If a sample of the aquifer water is required, then all the water
in the well and plumbing system must rst be ushed out. Always know
which water you are sampling (from the tank, the pipe, the wellor the
ground) and which water you want to be sampling.

Filling bottles preserved
Bottles containing preservative must not be rinsed. The preseative would
be rinsed out.
Some preservatives are corrosive or toxic.

Some preservatives need to be added after sampling.

volatiles
Bottles for volatile chemicals must have no air bubbles aftedling. The
contaminant would partition into the air bubble and be lost wren the bottle
was opened.

streams
When sampling streams, open bottles beneath the surface to avoahting
debris not representative of the stream water quality. Samplapstream of
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bridges to avoid road salt and oils. Stand downstream of the sanmm lo-
cation so as not to disturb the sediment or contaminate the sampleith
material o your boots.

Sampling Points  Sampling points must be representative of the water
being used. Avoid hydrants, dead ends, and other stagnant waterahis
not being used. Houses on dead end mains should be tested. Avoidydirt
sampling points, if possible. Sinks full of soiled dishes or outsitips next
to the ground are poor sampling points. Consider the use of capssmooth
nose sampling spigots in your pump house.

Avoid extra treatment. Make sure samples are representative die¢ water
you want to test. Don't sample treated (softened, Itered, chloinated, etc.)
water if you want to know the quality of the groundwater.

Quality control Laboratories test known samples and pure water in
order to calibrate their machinery. You can con rm your samghg technique
by taking duplicate samples, trip blanks and eld blanks.

Laboratory equipment is very sensitive. Very small amounts ofagoline
on your hands can contaminate samples. Organic chemicals cagsthrough
gaskets, plastics, or carry through the air. Samples have evendnecontam-
inated by freon from leaky refrigerators in which the samplesere stored.

Duplicate samples should both report the same results. If not, basi
assumptions about the consistency of the sample water may not beauéx
Other problems leading to inconsistent results are poor bottiguality control
or poor laboratory technique.

Trip blanks are lled by the laboratory. If contamination is found in the
trip blank, there is a problem in the storage and transportatia of the sample
or at the laboratory (the laboratory should check their methad blank).

Remember to clearly label all samples.

Field blanks are lled with clean water at the same time as the egu-
lar samples are taken. Contamination in the eld blank suggest sapling
technique error (or transportation and storage problems dumg the return
trip.

Professionalism  Your appearance and action re ect upon the water
supply when you are at a consumer's residence.
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Laboratory data interpretation

Reading Reports  Unit conversions may be necessary between your
laboratory report and Part 5. Watch for results reported \As N" or \As
CaCGs" and make the appropriate conversions.

Lab reports may contain special codes. Have the laboratory pride ex-
planations of these codes. Check for trip blank, method blanky eld blank
codes and corrections.

Chain of Custody

ELAP considerations NYSDOH's Environmental Laboratory Approval
Program regulates laboratories (Part 55) and provides stamads (in addition
to or in concert with Appendix C) for sampling and laboratory testing prac-
tices. These standard practices assure good sample results. For samgpl
laboratories (and water operators) must abide by the followiy

holding times detection limits collection requirements bitle type preser-
vation type

chemical
Some contaminants need to be stabilized immediately after ¢hsample is
taken. Sample bottles may be pre lled with acids or other chmicals. You
may need to add some acid or other chemical at the time of sammiinOb-
serve appropriate precautions when using and mixing chemisal

temperature
Use coolers, ice, etc. to keep samples in the required temperatuange.

Monitoring 5-1.52 tables 8-12 Know what and when to sample.
Resamples for POCs must include entire list (e.g. 502.2), notguthe com-
pound which was found in the original sample. This is because stdPOCs
are part of mixtures with other POCs or break down into many derent
products. Perchloroethene (perc, PCE, dry cleaning uid) beaks down into
TCE; 1,2-cis-DCE; 1,1,1-TCA, etc.
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Noti cations 5-1.52 table 13, 5-1.78
Public Health Hazards 5-1.77

5-1.71 Due care and diligence
Operation Reports and Records 5-1.72

Records, records, records  Anything and everything.

System mapping
Preventative maintenance

Housekeeping
Clean
Paint
Qil

Routine maintenance

Service Interval  When parts are inexpensive, the operator is tempted to
skip maintenance and replace parts when they fail. This metklois only
practical on the very smallest of systems.

Frequent maintenance for an item may indicate a system problenfer-
haps the part is not the correct one for the application.

Valves

Location A part of good record keeping, you should have a map and
description of where each valve is located. Update your recsravhenever
you perform maintenance on the valve. Landmarks (houses, cstbtrees,
etc.) can move.

Turns  Count the turns of the valve handle from completely open to
completely closed. For a ball valve, it should be 1/4! Next timeyou'll know
whether the valve is closed or whether there is a rock in the va seat.
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Direction  Yes, there are left hand threaded valves. Although some
valves have indicators for \open" and \closed", some don't. Eensive and
embrassing mistakes occur when you don't know whether a valveapen or
closed.

Exercise Each valve must be \exercised" regularly. Otherwise, the
valve may not work when you need it. Make this part of your presntative
maintenance program.

Exercising is a great opportunity to update your records. Are yar records
of valve location, turns, and direction correct?

Motors
temperature
current draw
bearings

Pumps
Sound
vibration
seals/packs
wear rings
ow
bearings

Mains
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Flushing Don't wait for the re company. Start near the source and
work outward. Avoid water hammer by opening and closing valveslowly.
Flushing velocity should be 2.5 feet/second. Keep records. Bereful to
maintain minimum system pressure.

Properly route ush water. Avoid scouring customers' property. Awid
creating icy roads in winter.

Notify customers in advance so that any sediment or turbidity stired up
by the ushing won't cause problems or complaints.

Hydrants  The water company shares hydrants with the local re de-
partment. Even if your system doesn't fully support re ow, you should
have a relationship with the re department. New equipment shold con-
form to both your and their needs. Make sure the re company knosvthe
limitations of your system. Hydrants can be color coded with masmum ow
(or bagged) if not operational.

Make sure the re department procedures do not compromise yowater
quality. To the distribution system, a re might look like an unscheduled
ushing operation. Eliminate cross connections when pumpers tankers |l
up from hydrants.

In addition to the local re department, hydrants should conbrm to the
NFPA codes.

Mechanical Cleaning
Loss of Head test

Coupons Keep coupons from tappings, note appearance when repair-
ing.

8.2.3 Emergencies
Reporting
5-1.23
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Emergency plan

5-1.33 This section applies to larger systems (over 3,300 people) and i
cludes speci c requirements for the plan. Small systems are Wwatlvised to

create their own emergency plans in order to minimize distrdons during

an emergency. The operator's memory, although excellentmaally, may not

be clear when stressed by a natural or man made disaster.

A simple plan should include an inventory of all equipment so thaspare
parts can be ordered or emergency equipment can be propemyerfaced to
existing equipment. Provisions for emergency power hook upcgemergency
tank lling should be provided. A list of public o cials, supplie rs, repairmen,
media, and consumers to contact should be made. The plan must bedated
as equipment, names and phone numbers change.

Alternative sources are wonderful when your primary source isnavail-
able. Like emergency plans, emergency sources must be prepavel before
the emergency occures. Even though they may never be used, eyeecy
sources must be tested just like any other source. Failure to maah testing
(and records) for the source will prevent its use until testing gabe completed
and state authorization to utilize the source is obtained.

8.2.4 Cross Connection Control
Background

De nition Any plumbing connection where contaminated water and potabl
water can mix.
Gory examples

Strategies

Containment  Preventing contamination from entering the public wa-
ter system. Does not protect the employees in the facility. B&ow preven-
tion devices are placed at the service connection to the buihd) or property.

Internal Plumbing Control Preventing contamination from entering
the on premises water system. Back ow prevention devices areapkd at all
potential hazard points.
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Back ow/Backsiphonage Back ow occurs when contaminated water is
forced into the potable water system. Backsiphonage occurs withe potable
water system sucks contaminated water in.

Code requirements

5-1.31

Water system responsibility
User Responsibility

Certi cation of Testers

Surveys

Always keep an eye open when performing meter reading, califosampling,
complaint investigation, or other site visits.

Planning

Degree of hazard  Use a cross connection control device appropriate to the
degee of hazard. An air gap or reduced pressure zone device israppate
for protection from toxic contaminants. A testable double chek valve is
appropriate for aesthetically objectional water. Various &cuum breakers
and check valves may be appropriate for internal control.

Dangerous Dangerous or hazardous cross connections are connections
where a poisonous material could enter the potable water systefaxamples
are hospitals, where infectious diseases and/or pharmaceuticanay be in
waste products; sewage treatment plants; factories using or praang toxic
chemicals.

Aesthetically Objectionable Examples are bakeries, where oils, food
colorings, or other food ingredients could enter the potablater system.
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Figure 8.2: Cut out RPZ

Units

Air gap

Reduced Pressure Zone Device (RPZD) Sometimes called a reduced
pressure principle back ow prevention device. Has three inteal valves, any
two of which can fail and the device will still protect the upsteam side.

Double Check Valve (DCV)
Other

Approval

state list
test cocks
plan

location
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Testing
Yearly

Certi ed tester

Documentation

8.3 Safety

Water supply involves the transfer and transformation of largejuantities of
substance. Great energy is needed to e ect the relocation ofwavater from
its natural location to its new use as clean drinking water in dbmes. The
great power of the water and the forces which move and chandecan just
as easily harm the water system operator. Actually, quite a bit me easily.
Respect the water. Respect the materials and equipment in yowater plant.

8.3.1 Basic requirements
Attitude

You need to make the commitment to be safe.

Awareness

You need to know the what to look out for.

8.3.2 OSHA

Occupational Safety and Health Administration. The Departmenof Labor
also regulates safety.

8.3.3 Clothing
eye protection

goggles, face shields, safety glasses
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aprons
coats/suits
gloves

boots
8.3.4 Liquid Chlorine
8.3.5 chemical handling (MSDS)

Must be available to workers
information

active and inert ingredients

types of hazards

symptoms

precautions
personal protective equipment
handling procedures

rst aid

clean up

spills  Absorbants
Besides safety considerations, check the speed and capacity afryabsorbant
on the target chemical.

shouldn't react with chemical
Clays react with strong acids € 2.5 pH) and strong basesX12 pH).
Celluloses should not be used with acids.
Phenolics should not be used with concentrated nitric acid, wtable cyanides
or peroxides.
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compatible with disposal method
Don't land Il biodegradable absorbants (newsprint, rice huls, cord cobs,
peat)(RCRA). Incinerate them.
Don't incinerate or fuel blend clay.
E ciency
Clay absorbs less than half its weight. Polypropylene can ab%o20 times its
weight. Phenolic granules absorb 15 times their weight.
Speed
Phenolics - fast. Clay - slow.
Cost
clay, cellulose - low
polypropylene - high
Interaction with water
Cellulose oats initially, becomes waterlogged and sinks.
Polypropylene come in a hydrophobic form.
other
Clay is abrasive, but o ers traction. Can be driven over.

storage

8.3.6 con ned spaces

Any area not designed for human habitation.
Examples of con ned spaces include manholes, pump pits, tankgjugpment
closets, trenches.

Hazards

Atmosphere

Enough oxygen Normal air is 21% oxygen. The minimum oxygen
concentration for entering a con ned space is 19%. 16@, impairs judgment
and breathing. 14% causes confusion.

Too much oxygen is also dangerous. More oxygen means res buaster
and are easier to start. Excess oxygen may interfere with normateathing
regulation in humans. Do not enter areas with more than 23.5%xggen.
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Explosive mixtures vapors
dusts

Poisonous gases

Mechanical or structural

equipment or processes Con ned spaces may house moving equip-
ment such as cutters, stirrers, chain drives, and valve actuatorlearance
for workers may not exist. Many tanks and other con ned spaces@supplied
by pipes with various liquids. Other spaces may include high itages.

Lock out all equipment and all sources of power or product.

Do not allow con ned spaces to be lled with water or other uids. Pre-
vent high voltages from being turned on while employees ara con ned
spaces. Make sure that pumps, motors, actuators, and other movingugp-
ment can not move while employees are present.

The employee in the space should keep the key to the lock out dexs.
Where many workers are inside, each should have his or her owokout kit.

Hazards may be created during access. The work to be performed in
the con ned space may cause the space to become dangerous. Exaspl
include painting and welding which, among other hazards, magause toxic,
explosive, or oxygen de cient atmospheres.

restricted access Con ned spaces are often arranged such that enter-
ing and exiting, or even just moving about within them, is di cult. It may
not be possible for an injured person to leave. Rescuers may not dde to
remove an injured person.

limited visibility and communication This may restrict the em-
ployee's ability to request help.

entrapment potential Narrow or converging architectures may trap
workers.
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OSHA rules

For municipalities or larger (> 10 employees) companies. Check current reg-
ulations for exact details.

Identify spaces

Permit system

Atmosphere testing and monitoring

Ventilation

Rescue capability

Equipment

Special equipment is available to make con ned space entry saf Much of
the following is mandated by good sense or OSHA regulations. Alsoeck
with your facility's safety plan.

Air testers
Canaries
Oxygen meters

Lower explosive limit (LEL) Know the limitations of your equip-
ment. Almost all LEL meters are calibrated based on methane. Ifour
particular atmosphere contains a di erent ammable gas, yourmeter may
mislead you. Most LEL meters are incapable of distinguishing be&een condi-
tions above and below the explosive limits. Once the LEL has heeeached,
the meter must be returned to a known safe atmosphere. Otherwisgou
will not know whether the meter is reading a low level of expkive gas or a
mixture too rich to burn.
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Organic Vapor Analyzers These also are calibrated based on a known
gas.

By technology  Catalytic
Burn gas on catalytic bead, measure increase in resistance. Posw by sil-
icones. Insensitive in low oxygen environments. Non speci c. lafred
Detect hydrocarbons. Condensing atmospheres, dirt degrade respe. Pa-
per tape
Litmus like. Solid state
Metal oxide (tin oxide) material changes resistance in presemof gas. Cheap.
Sensor may last 10 years. Non specic.
Electrochemical: Sensor lasts 1 to 2 years. Long (hours) warm uprpod.

Blowers
Tripods/slings
Air packs

Motion sensors  Clipped to a worker, these units send an alarm if the
employee is motionless for a preset time.

Protocol

Written plan

Extra personnel

8.3.7 trenches

Many people are buried in trenches after they die. Keep it thavay. Being
buried in a trench is a serious threat to life. The weight of soibn the
chest prevents breathing. Burial victims su ocate. Unconsci@aness occurs
in about 1 minute; death in 4. Victims must be dug out by hand - nedy
impossible to do given the time constraint. The best course of aoti is
prevention.
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Open-trenching has the highest number of OSHA safety violatignof all
heavy construction industries for the period 1999-2000; thadihest number
of safety violations in the utility, communications and powe line construc-
tion industries for this period; and the highest number of vig@ltions of all
U.S. occupations for non-compliance to OSHA safety training dreducation
requirements?

soils

Di erent soils have di erent strengths. Sands and gravels areawally strong
but loose. Clays are weaker. Soils have di erent propertiesedending on
their current moisture content. Wetter soils are usually weake

depth

Trenches over 5 feet deep require shoring.

sides

Stepping or sloping the trench sides will reduce the potentidbr collapse.

loads by edge

trucks, vehicles
spoil, dirt

vibration
wetness condition

The strength of soil depends on the moisture content of the soilofe types
of soil are more sensitive than others. A soil which is strong and lthwhen
dry may be mud when wet. Alternatively, some soils may lose strergias
they dry.

Although you may be working safely in a trench this morning, chages in
the soil moisture can make the same trench deadly in the afternmo

22001 OSHA Industry report, quoted from Del Williams, Water Engineering and Man-
agement, March 2002
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Weather, rain

Sump pump discharge

Water main leaks

warning signals
Often, there will be no warning.

cracks by the edge of the trench running the same direction as the
trench.

bulges or partial collapses

8.3.8 re

Although re and water are opposites (in medieval chemistry, aleast), either
you are safe, or you aren't.

Necessary conditions for re

Three components are necessary to start a re. Here are some exa@spl
which are commonly found at water treatment plants.

Fuel Building materials such as wood and steel
Filter materials such as anthracite and activated carbon
Lubricants and fuels such as oil, grease, gasoline, kerosene] diesel

Oxidizer  The oxygen in the air.
Oxygen trapped in activated carbon
Chlorine

Potassium permanganate KMnO ,)

Ignition  Sparks
Heat
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Preventing res
Fighting res

In general, this should be left to experts (the local re compay), however,
you should already have met with the local re company to expla the special
hazards present at your water facility.

8.3.9 miscellaneous

Use the right tool for the job! Don't hurry.

tripping
equipment

Read the manual.

Use guards. Especially shafts, shaft ends, belts, belt drives, gearsarge
trains, chains and sprockets. Guards also protect machinery froerrant
tools and objects.

electrical
labeling

Label everything. There should be no mystery liquids or mysteryalves at
your plant. Don't leave your safety to chance.

fatigue
8.4 Company
8.4.1 Rates

Regulated by government

The Public Service Commission (Department of Public Serviceggulates the
rates of private companies which sell water.
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Water conservation

Declining-block
Uniform
Flat seasonal

Inverted block

8.4.2 Customer Service/Public Relations
8.5 Examples

8.5.1 Walkerton

The players: E. coli O157:H7,Campylobacter jejunj the operators, the pub-
lic health o cials, the customers.

The eld: The wells were located in a pasture.

The scenario: Heavy rains soaked the manure spread on the eld sur-
rounding the Well 5. Well 6 was hit by lightning. Well 7's chlaination
system was not working. No chlorine residuals were being takentime sys-
tem. Routine sampling of the water system was not being properigone.
People became ill. When queried, the operators said there was problem
at the water system. The operators then disinfected the wells enushed the
system. The operators withheld sampling information. More pgde became
ill, some died. A boil water order was issued by the public healthuthorities.
E. coli was found at the ends of the water system. After repeated deniathe
operators eventually revealed that they knew about problemat the water
system.

The mistakes.
Failure to maintain disinfection
Failure to maintain well head protection
Failure to take representative samples
Failure to properly label samples



128 CHAPTER 8. OPERATION

Failure to report contaminated samples
Failure to take appropriate action when problems were disceved
Failure to ush dead end lines.

The Lesson?



Chapter 9

Laboratory

9.1 Microbiology demos

9.1.1 Terms

Coliform Forming Unit - one or more coliform bacteria which, wen grown
on some media, form one distinct coliform colony.

Media - a nutrient rich gel or liquid which serves as food and spprt for
the bacteria.

9.1.2 Membrane Filter

Is quantitative (gives a number of coliform forming units fom <1 to 200).

Procedure

100 ml of water is aseptically passed through a membrane lter wth is
then placed on a particular media which will \grow" green shee colonies
indicating coliform bacteria are present.

Incubate the endo-agar plate with Iter on it at 35 degrees C + 0.5
degrees C for 24 hours. Observe media plate and count the numiogéigreen
sheen colonies seen. Then, a conrmation test is done by inocimg 3
di erent medias. This is done by swabbing all the colonies andigping the
swab into 3 di erent test tubes. The presence of gas bubbles afte4 hours at
35 degrees C +/- 0.5 degrees C indicates (con rms) presence ofdl coliform.

129
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One test tube containing \MUG" is incubated at 44.5 degrees C ima water
bath for 24 hours. If the \MUG" test tube uoresces under UV light then
E. coli is present.

Interferences

Other (non-coliform) bacteria on the Iter, as well as dirt, iron, organic
matter, etc.

Drawbacks

Can take up to 3 days to conrm presence or absence of coliform the
sample. Interferences give inconclusive results. Retest with athod which
IS not as sensitive to the interfering contaminants.

9.1.3 MPN

Most probable number. Quantitative.

9.1.4 Colisure P/A Method

Is qualitative (presence or absence) and is sensitive enough tetett one
coliform forming unit in a 100 ml sample of water.

Procedure

2.6 grams of prepacked medium is added to 100 ml of drinking tea col-
lected in a pretreated sterilized container. The containesishaken and then
incubated for at least 28 hours at 35 degrees C +/- 0.5 degrees C

After the 28 hours, if the sample is yellow, then it is negative. fie test
is complete.

If the sample is distinctly red or magenta, then the result is Posve for
total coliform.

Place the bottle under UV light. If, under UV, there is uorescene then
E. coli is present.

Interferences

None from turbidity or non-coliform bacteria.
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9.2 pH

9.3 Chlorine residual

Use #1 (free) chlorine DPD tablets on drinking water. Follow tre manufac-
turer's directions from your test Kkit.

DPD has a shelf life. Use fresh tablets. Don't leave tablets in theunk
to freeze or bake.

9.4 Turbidity

9.4.1 What is it?

Turbitidy is a property which causes light to be scattered andadr absorbed
rather than being transmitted through, in this case, a body of ater in a
straight line. It is measured as NTU's on a machine.

9.4.2 What causes it?

Organic matter, suspended matter like clay, dirt, sand, carboffrom lters),
etc.

9.4.3 Why is it important to keep turbitidy low?

Nobody likes "dirty" water. Turbidity interferes with UV disin fection by
blocking the light. Turbidity uses up free chlorine residual.

9.4.4 Turbidimeter

Measures intensity of light scattered at a 90 degree angle to thgath of
incident light. (From 0.02 to 800 NTU range.) Must check e ciercy of
machine on a daily basis using known standards. Calibrate the toidimeter
with standards in the same range as your sample.
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Chapter 10

Conclusion

10.1 Review

certi cation requirements

10.2 Course evaluation

10.3 Exam
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Chapter 11

Appendices

11.1 Other helpful agencies

Upstate Poison Control Center 1-800-222-1222

11.2 State Revolving Loan Fund

Low interest loans for water supply improvements are availablfrom New
York State. Contact the health department to see about eligibty require-
ments and application forms.

11.3 NYSDOH Curriculum

11.3.1 Compliance

This course complies with NYSDOHBWSP Operator Course guideliné®m
NYSDOH 10/23/2007 AtoD checklist as follows:

See the index for cross reference between NYSDOH item numbers an
pages.

11.3.2 Proposed Revisions to Checklist

Many items are duplicated. 28/433? Computer usage and recdekp-
ing/control equipment?
Header items like Item 215 should not be items.
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Table 11.1: NYS

CHAPTER 11. APPENDICES

DOH category list

Water System Management

368-447

Section item numbers status
Introduction 17-21 missing 17
Regulatory Requirements 22-40

Water Sources 41-46 all

Surface Water Source Development 47-54 all

Ground Water Source Development 55-72

Basic System Layout 97-102

Basic Chemistry 103-116

Basic Mathematics 117-125 all

Basic Hydraulics 126-134 missing 134
Water Quality Monitoring 135-187

Laboratory 188-210,213-4

Treatment Processes 215-224,229,232,234-5,237-9,248-250issing 237
Distribution 251-364

SubHeader item numbers like Items
What is the requirement for 237?

147,158,174 should not benits.

Item 37 lacks relevance and should be deleted or saved for spamet

Item 40 isn't actually in Part 5 yet.

Item 30 subitems will need amending since Part 5 is being amenide
Item 30 subitems missing Ground Water Rule
Item 151 Hardness isn't in Tables as the subhead (147) would suggest

Iltem 159 should also list 5-1.4x since most of its subitems are frofnet lead

and copper rule

ltem 187 Technetium?

ltem 251-255 lack relevance, 5-1.22
ltem 255,257 are the same.

Item 328 consider moving to advanc

requires engineer, nperator.

ed class

Item 330 lacks relevance, specialization dictates servicentacts.
Item 349 lacks relevance, what C system uses weirs?
Item 350 lacks relevance, what C system uses umes?

Item 365 isn't in C but most of its su
Item 396 is overly broad. Computer

bheadings are?
Usage?

Item 402-405 shouldn't be in C, systems 1000 people PHL112% 3300 peo-

ple.
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Item 411 shouldn't be in C, systems 1000 people PHL112% 3300 people.
Item 412 shouldn't be in C, systems 1000 people PHL112% 3300 people.
Item 422 shouldn't be in C, systems< 1000 people PHL112% 3300 people.
Item 429 shouldn't be in C, systems 1000 people PHL112% 3300 people.
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