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Introduction
WHAT’S IN A DECIMAL POINT?
What’s the difference between $100.00 and $0.01? Nine
thousand, nine hundred, and ninety nine cents. What’s the
difference between 1 hour of continuing education credit,
1 CEU, and WQA’s 0.1 CPD (Continuing Professional
Development)? Zero!
Like many professional accreditation programs, WQA’s
Professional Certification Program requires continuing
education credit to demonstrate to customers and regulators that our certified personnel make the effort to keep
their knowledge of water treatment sharp. And, like many
programs in the water arena, WQA’s program requires 30
hours of continuing education for Certified Water Specialists over three years (20 hours for Certified Installers and
Certified Sales Representatives).
So let’s do the math:
• 30 hours of continuing education credit in CEUs is 30.
• 30 hours of continuing education credit in WQA’s CPDs
is 3.0
1

SHORT CUTS
Devoting 30 hours to attending seminars is quite the time
commitment on top of a full work schedule, in both time
and money, and WQA understands that. This is why we
offer alternatives to the seminars, many of which take far
less time to complete than the number of credit hours they
offer. Take, for example, WQA’s Quick Courses. To get 5
hours of credit, all you need to do is read ten pages of text
and take a 30 to 40 question quiz. You can even do it
online. No travel, and certainly much less than a 5-hour
time commitment.
Want an even better deal? How about the annual WQA
Educational Kit? Four articles, four 10-question quizzes,
available in print and online, a new one every year, worth
10 hours of seat time (10 CEUs, 1.0 CPD), and it’s FREE!
Now what are you waiting for? Turn the page, and get your
year’s worth of credit!
Sincerely,

• No matter how you add it up, it’s still 30 hours of your
dedication to maintaining high professional standards.
Tanya Lubner, PhD
Director of Education & Professional Certification
Water Quality Association

Additional educational resources can be found, organized by topic, at wqa.org/education and are available in the WQA Store at
wqa.org/store or by calling 630 505 0160.
Each year, WQA Aquatech USA offers over 30 consecutive hours of education on a wide variety of water treatment topics.
See wqa-aquatech.com for the upcoming 2013 sessions. Recordings and speaker slides from past meetings are available
through the WQA Store (wqa.org/store, 630 505 0160).
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SECTION I

Methods and Devices for the Prevention of
Backflow and Back Siphonage
Excerpted from the USEPA Cross-Connection Control Manual.h

wide choice of devices exists
that can be used to prevent
back siphonage and backpressure from adding contaminated
fluids or gases into a potable water
supply system. Generally, the selection of the proper device to use is
based upon the degree of hazard
posed by the cross-connection. Additional considerations are based upon
piping size, location, and the potential need to periodically test the
devices to insure proper operation.
There are six basic types of devices
that can be used to correct crossconnections: air gaps, barometric
loops, vacuum breakers—both
atmospheric and pressure-type,
double-check with intermediate
atmospheric vent, double-check
valve assemblies, and reduced pressure principle devices. In general, all
manufacturers of these devices, with
the exception of the barometric loop,
produce them to one or more of
three basic standards, thus insuring
the public that dependable devices
are being utilized and marketed. The
major standards in the industry are:
American Society of Sanitary Engineers (ASSE), American Water Works
Association (AWWA), and the University of California Foundation for
Cross-Connection Control and
Hydraulic Research.

A

AIR GAP
Air gaps are nonmechanical backflow
preventers that are very effective
devices to be used where either back
siphonage or backpressure conditions may exist. Their use is as old as
piping and plumbing itself, but only
relatively recently have standards
been issued that standardize their
design. In general, the air gap must
be twice the supply pipe diameter but
never less than one inch. See Figure
12.

FIGURE 12
Air gap

Diameter
“D”
“2D”

(3) At an air gap, we expose the
water to the surrounding air with its
inherent bacteria, dust particles, and
other airborne pollutants or contaminants. In addition, the aspiration
effect of the flowing water can drag
down surrounding pollutants into the
reservoir or holding tank.
(4) Free chlorine can come out of
treated water as a result of the air
gap and the resulting splash and
churning effect as the water enters
the holding tanks. This reduces the
ability of the water to withstand
bacteria contamination during longterm storage.

An air gap, although an extremely
effective backflow preventer when
used to prevent back siphonage and
backpressure conditions, does interrupt the piping flow with corresponding loss of pressure for subsequent
use. Consequently, air gaps are
primarily used at end of the line service where reservoirs or storage tanks
are desired. When contemplating the
use of an air gap, some other considerations are:
(1) In a continuous piping system,
each air gap requires the added
expense of reservoirs and secondary
pumping systems.
(2) The air gap may be easily
defeated in the event that the “2D”
requirement was purposely or inadvertently compromised. Excessive
splash may be encountered in the
event that higher than anticipated
pressures or flows occur. The splash
may be a cosmetic or true potential
hazard—the simple solution being to
reduce the “2D” dimension by thrusting the supply pipe into the receiving
funnel. By so doing, the air gap is
defeated.

(5) For the above reasons, air gaps
must be inspected as frequently as
mechanical backflow preventers.
They are not exempt from an indepth cross-connection control
program requiring periodic inspection of all backflow devices. Air gaps
may be fabricated from commercially
available plumbing components or
purchased as separate units and
integrated into plumbing and piping
systems. An example of the use of an
air gap is shown in Figure 13.
FIGURE 13
Air gap in a piping system

Supply piping

Tank or reservoir
BAROMETRIC LOOP
The barometric loop consists of a
continuous section of supply piping
that abruptly rises to a height of
approximately 35 feet and then
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Methods and Devices for the Prevention of Backflow and Back Siphonage
continued from page 2
returns back down to the originating
level. It is a loop in the piping system
that effectively protects against back
siphonage. It may not be used to
protect against backpressure. Its
operation, in the protection against
back siphonage, is based upon the
principle that a water column, at sea
level pressure, will not rise above
33.9 feet. In general, barometric
loops are locally fabricated, and are
35 feet high.
FIGURE 14
Barometric loop

downstream piping to atmospheric
pressure, thus preventing back
siphonage. Figure 15 shows a typical
atmospheric breaker. In general,
these devices are available in ½-inch
through 3-inch size and must be
installed vertically, must not have
shutoffs downstream, and must be
installed at least 6-inches higher than
the final outlet. They cannot be tested
once they are installed in the plumbing system but are, for the most part,
dependable, trouble-free devices for
back siphonage protection.

FIGURE 16
Atmospheric vacuum breaker
typical installation

Not less than 6 "

FIGURE 15
Atmospheric vacuum breaker

3

Seal

35 '

FIGURE 17
Atmospheric vacuum breaker in
plumbing supply system

Flow condition

ATMOSPHERIC VACUUM
BREAKER
These devices are among the
simplest and least expensive
mechanical types of backflow
preventers and, when installed properly, can provide excellent protection
against back siphonage. They must
not be utilized to protect against
backpressure conditions. Construction consists usually of a polyethylene float which is free to travel on a
shaft and seal in the uppermost position against atmosphere with an elastomeric disc. Water flow lifts the float,
which then causes the disc to seal.
Water pressure keeps the float in the
upward sealed position. Termination
of the water supply will cause the
disc to drop down venting the unit to
atmosphere and, thereby, opening

Nonflow condition

Figure 16 shows the generally
accepted installation requirements—
note that no shutoff valve is downstream of the device that would,
otherwise, keep the atmospheric
vacuum breaker under constant
pressure.
Figure 17 shows a typical installation
of an atmospheric vacuum breaker in
a plumbing supply system.

HOSE BIBB VACUUM BREAKERS
These small devices are a specialized application of the atmospheric
vacuum breaker. They are generally
attached to sill cocks and, in turn, are
connected to hose supplied outlets
such as garden hoses, slop sink
hoses, spray outlets, etc. They
consist of a spring loaded check
valve that seals against an atmos-
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Methods and Devices for the Prevention of Backflow and Back Siphonage
continued from page 3
pheric outlet when water supply pressure is turned on. Typical construction is shown in Figure 18.
When the water supply is turned off,
the device vents to atmosphere, thus
protecting against back siphonage
conditions. They should not be used
as backpressure devices. Manual
drain options are available, together
with tamper-proof versions. A typical
installation is shown in Figure 19.
FIGURE 18
Hose bibb vacuum breaker

PRESSURE VACUUM BREAKERS
This device is an outgrowth of the atmospheric vacuum breaker and evolved
in response to a need to have an atmospheric vacuum breaker that could be
utilized under constant pressure and that could be tested in line. A spring on
top of the disc and float assembly, two added gate valves, test cocks, and
an additional first check, provided the answer to achieve this device. See
Figure 20.
These units are available in the general configurations as shown in Figure 20
in sizes ½-inch through 10-inch and have broad usage in the agriculture and
irrigation market. Typical agricultural and industrial applications are shown in
Figure 21.
Again, these devices may be used under constant pressure but do not protect
against backpressure conditions. As a result, installation must be at least 6 to
12-inches higher than the existing outlet.
A spill resistant pressure vacuum breaker (SVB) is available that is a modification to the standard pressure vacuum breaker, but specifically designed to
minimize water spillage. Installation and hydraulic requirements are similar to
the standard pressure vacuum breaker, and the devices are recommended for
internal use.
FIGURE 20
Pressure vacuum breaker
Spring

Test cock
First check valve

FIGURE 19
Typical installation of hose bibb
vacuum breaker

Gate Valve
Test cock

Gate Valve
¾ inch thru 2 inches

Hose bibb vacuum breaker

2½ inches thru 10 inches
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Methods and Devices for the Prevention of Backflow and Back Siphonage
continued from page 4
FIGURE 21
Typical agricultural and industrial application of pressure vacuum breaker

FIGURE 23
Typical residential use of double-check valve with
atmospheric vent
Automatic feed valve

Supply

12" minimum above
the highest outlet
Hose bibb

Drain

Boiler
Return

Air gap

At least 6 "

Process tanks
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DOUBLE-CHECK WITH INTERMEDIATE
ATMOSPHERIC VENT
The need to provide a compact device in ½-inch and ¾inch pipe sizes that protect against moderate hazards, is
capable of being used under constant pressure, and
protects against backpressure, resulted in this unique
backflow preventer. Construction is basically a doublecheck valve having an atmospheric vent located between
the two checks (See Figure 22).
Line pressure keeps the vent closed, but zero supply pressure or back siphonage will open the inner chamber to
atmosphere. With this device, extra protection is obtained
through the atmospheric vent capability. Figure 23 shows
a typical use of the device on a residential boiler supply
line.
FIGURE 22
Double-check valve with atmospheric vent
1st check

2nd check

Vent

DOUBLE-CHECK VALVE
A double-check valve is essentially two single check
valves coupled within one body and furnished with test
cocks and two tightly closing gate valves (See Figure 24).
The test capability feature gives this device a big advantage over the use of two independent check valves in that
it can be readily tested to determine if either or both check
valves are inoperative or fouled by debris. Each check is
spring-loaded closed and requires approximately a pound
of pressure to open.
This spring loading provides the ability to “bite” through
small debris and still seal—a protection feature not prevalent in unloaded swing check valves. Figure 24 shows a
cross section of double-check valves complete with test
cocks. Double checks are commonly used to protect
against low to medium hazard installations such as food
processing steam kettles and apartment projects. They
may be used under continuous pressure and protect
against both back siphonage and backpressure conditions.
FIGURE 24
Double-check valve
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continued from page 5
RESIDENTIAL DUAL CHECK
The need to furnish reliable and inexpensive back
siphonage and backpressure protection for individual residences resulted in the debut of the residential dual check.
Protection of the main potable supply from household
hazards such as home photograph chemicals, toxic insect
and garden sprays, termite control pesticides used by
exterminators, etc., reinforced a true need for such a
device. Figure 26 shows a cutaway of the device.
FIGURE 26
Residential dual check

REDUCED PRESSURE PRINCIPLE
BACKFLOW PREVENTER
Maximum protection is achieved against back siphonage
and backpressure conditions utilizing reduced pressure
principle backflow preventers. These devices are essentially modified double-check valves with an atmospheric
vent capability placed between the two checks and
designed such that this “zone” between the two checks is
always kept at least two pounds less than the supply pressure. With this design criteria, the reduced pressure principle backflow preventer can provide protection against
back siphonage and backpressure when both the first and
second checks become fouled. They can be used under
constant pressure and at high hazard installations. They
are furnished with test cocks and gate valves to enable
testing and are available in sizes ¾-inch through 10 inch.
Figure 29A shows typical devices representative of ¾-inch
through 2-inch size and Figure 29B shows typical devices
representative of 2½-inch through 10-inch sizes.
FIGURE 29A
Reduced pressure zone backflow preventer
(¾-inch thru 2-inches)

It is sized for ½-, ¾-, and 1-inch service lines and is
installed immediately downstream of the water meter. The
use of plastic check modules and elimination of test cocks
and gate valves keeps the cost reasonable while providing
good, dependable protection. Typical installations are
shown in Figures 27 and 28.

100 psi

FIGURE 28
Copper horn

FIGURE 27
Residential installation

Supply 60 psi

Water meter

Residential
dual check

1¼" meter thread female inlet with
1" NPT thread female union outlet

Water meter

50 psi

Out 47 psi

95 psi

94 psi
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Methods and Devices for the Prevention of Backflow and Back Siphonage
continued from page 6
FIGURE 29B
Reduced pressure zone backflow preventer
(2½-inches thru 10-inches)

Reduced pressure zone
2nd check valve
1st check valve

100 psi

7

94 psi

93 psi

Relief valve (3rd check valve/rotated 90˚ for clarity)

The principles of operation of a reduced pressure principle backflow preventer are as follows:
Flow from the left enters the central chamber against the
pressure exerted by the loaded check valve 1. The supply
pressure is reduced, thereupon, by a predetermined
amount. The pressure in the central chamber is maintained lower than the incoming supply pressure through
the operation of the relief valve 3, which discharges to the
atmosphere whenever the central chamber pressure
approaches within a few pounds of the inlet pressure.
Check valve 2 is lightly loaded to open with a pressure
drop of 1 psi in the direction of flow and is independent of
the pressure required to open the relief valve. In the event
that the pressure increases downstream from the device,
tending to reverse the direction of flow, check valve 2
closes, preventing backflow. Because all valves may leak
as a result of wear or obstruction, the protection provided
by the check valves is not considered sufficient. If some
obstruction prevents check valve 2 from closing tightly, the
leakage back into the central chamber would increase the
pressure in this zone, the relief valve would open, and flow
would be discharged to the atmosphere.

When the supply pressure drops to the minimum differential required to operate the relief valve, the pressure in the
central chamber should be atmospheric. If the inlet pressure should become less than atmospheric pressure,
relief valve 3 should remain fully open to the atmosphere
to discharge any water which may be caused to backflow
as a result of backpressure and leakage of check valve 2.
Malfunctioning of one or both of the check valves or relief
valve should always be indicated by a discharge of water
from the relief port. Under no circumstances should plugging of the relief port be permitted because the device
depends upon an open port for safe operation. The pressure loss through the device may be expected to average
between 10 and 20 psi within the normal range of operation, depending upon the size and flow rate of the device.
Reduced pressure principle backflow preventers are
commonly installed on high hazard installations such as
plating plants, where they would protect against primarily
back siphonage potential, car washes where they would
protect against backpressure conditions, and funeral
parlors, hospital autopsy rooms, etc. The reduced pressure principle backflow preventer forms the backbone of
cross-connection control programs. Since it is utilized to
protect against high hazard installations, and since high
hazard installations are the first consideration in protecting
public health and safety, these devices are installed in
large quantities over a broad range of plumbing and water
works installations. Figures 31 and 32 show typical installations of these devices on high hazard installations.
FIGURE 30
Reduced pressure zone backflow preventer —
principle of operation

1

2

3
Direction
of flow
Reversed direction
of flow
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Methods and Devices for the Prevention of Backflow and Back Siphonage
continued from page 7
FIGURE 31
Plating plant installation

FIGURE 32
Car wash installation

Reduced pressure principle
backflow preventer

Main

Meter

Reduced pressure principle backflow preventer

ain
er m
Wat

QUIZ 1: “Methods and Devices for the Prevention of Backflow and Back Siphonage” (0.25 CPD)
1. Which of the following backflow prevention methods may be
used in high hazard situations?
a. Air gap
b. Atmospheric vacuum breaker
c. Barometric loop
d. Reduced pressure principle
2. Which of the following devices may NOT be used for backpressure prevention?
a. Air gap
b. Barometric loop
c. Double-check valve
d. Reduced pressure principle backflow preventer
3. In the absence of superseding instructions, what is the
proper size of an air gap?
a. Equal to the drain diameter, but not less than ½ inch
b. Equal to the supply pipe diameter, but not less than 2
inches
c. Twice the supply pipe diameter, but not less than 1 inch
d. Twice the drain diameter, but not less than ½ inch
4. While an air gap may appear to be the least expensive backflow prevention method, what consequence of interrupting
flow can increase the cost of the distribution system if the
flow is needed for use downstream of the air gap?
a. A backpressure prevention device is still needed.
b. A repressurization system is needed.
c. Occasional excessive splashing can deteriorate walls
and floors.
d. Water may be lost to evaporation.
5. Which of the following is a result of using an air gap?
a. Better protection from bacterial contamination
b. Conservation of distribution line pressure
c. Escape of the disinfectant residual in treated water
d. Less frequent inspections than for mechanical devices

6. Why is the height of a barometric loop at sea level 35 feet?
a. It compensates for the maximum possible residential
line pressure.
b. It compensates for the maximum rise in a water column.
c. That is the maximum size that can be supported with
pipe hangers.
d. That is the standard size available on the market.
7. What is an advantage of the pressure vacuum breaker over
an atmospheric vacuum breaker?
a. It’s more dependable for back siphonage protection.
b. It can be installed at less than 6” higher than the final
outlet.
c. It can protect against backpressure conditions.
d. It can be tested in line.
8. What advantage does spring loading provide the doublecheck valve?
a. Can be tested in line
b. Lower pressure drop
c. May be used under continuous pressure
d. Seals despite presence of debris
9. What is the purpose of the residential dual-check valve?
a. Protect the home’s water supply from outside hose bibs
b. Protect the main public supply from contaminants in the
home
c. Protect the availability of supply for firefighting
d. Protect the home’s water supply from contaminants in
the public supply
10. What feature of the reduced pressure principle backflow
preventer adds an additional level of protection not found in
the residential dual-check valve?
a. Atmospheric vent
b. Fouling prevention
c. Gate valves
d. Test cocks

8
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Loose Media Filtration (Tank-Type)
Excerpted from Water Processing: Residential, Commercial, Light Industrial, 3rd Ed.

he functioning of a good loose-media pressure filter
system depends upon several critical factors. First and
foremost is proper water analysis to determine the
objectionable constituents that must be reduced or removed.
Second, the hydraulic parameters of available water pressure
and flow rate available in US gallons, or in liters per minute
(L/min.), must be learned. On well pump systems, the
sustained flow rate is very important as it will be a guide in
the sizing selection relative to backwashing. On city water
supplies, available flow rate is not usually a concern unless
low pressure (under 25 psi) is apparent.

T

A quick way to verify the available flow rate on a pump
system at a private well source is to open one (cold) faucet
fully, wait until the pump kicks in, and then, with the pump still
running, time the number of seconds it takes to fill a 5 US
gallon pail or 19 liter container.

9

Table 1-1 provides some reference measurements for this
important determination.
The basic question is, will the flow rate be high enough to
properly backwash the size filter required for the home or
business need? One of the most common reasons for filter
failure is inadequate flow rate for backwashing, which results
in the filter media becoming clogged and the occurrence of
channeling. As a rule of thumb, filter backwash rates are
always greater than the rated service (filtering) flow rate. In
order to match the service flow rate with available flow rate
from a pump, it may be necessary to install two or more
smaller diameter filter units, operating parallel but backwashing sequentially.
Most domestic pumping systems on private wells are only
capable of 5 to 7 US gpm flow, limiting tank sizes to 9- to 10inch diameters. The data in Table 1-2 illustrates the required
backwash rates for five different granular filtering media
employed in 10-inch diameter filter units and also the normal
service flow rates. Backwash rates for multilayered media
filters should be governed by that flow rate necessary to
expand the topmost layer of the bed.
Table 1-1
Flow Rate Measurements in US Gallons and Liters
Time to Fill a 5 US Gallon
(or 19 liter) Container

Equivalent Flow Rates
US Gal./Min.
Liter/Minute

120 seconds

2.5

9.5

60 seconds

5.0

19.0

45 seconds

7.5

28.4

30 seconds

10.0

37.8

Source: Wes Max, Ltd.

Filter bed surface area in a round filter tank can be calculated
by multiplying the constant π (pi) (3.1416) by the diameter of
the tank in feet squared (diameter feet x diameter feet) and
dividing by 4.
Table 1-2
Typical Filter Service Flow Rates vs. Required Backwashing Flow Rates for 10-lnch (25 cm) Diameter Tanks
[area 0.49 ft2] to Achieve 10-20% Bed Expansion

Medium

Minimum
Backwash Rate
US gpm
L/min.

Service Flow Rate
US gpm
L/min.

Sand filter

7.5

28.4

3.0

11.4

Anthracite filter

5.2

19.7

3.0

11.4

Calcite filter

5.3

20.0

2.4

9.0

Activated carbon
filter

5.0

19.0

3.0

11.4

Pumicite filter

4.5

17.0

3.0

11.4

TANK-TYPE FILTERS
Most tank-type filters are designed with the “downflow”
service pattern: i.e., water in at the top, passes downward
through the medium bed, is collected at the bottom, and then
directed upward (Figure 1-4) via a riser tube for service. This
flow pattern, also called cocurrent, is used in many home
water softeners as well. The rate at which a domestic granular media filter can process water is governed by:
• Filter bedface (cross-sectional surface) area “A”
• Bed depth “B”
• Particle sizing of granular medium
Manufacturers rate tank-type sediment filters for service flow
based on US gallons per square foot of bed “A” surface areain other words, the horizontal plane of the bed to the vertical
flow of water. As illustrated, the topmost few inches of the
medium bed, known as the filtration zone, actually does the
bulk of the filtering task. The medium, itself, must be coarse
enough to allow some penetration beyond this zone to
prevent rapid loss of head1
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continued from page 9
Figure 1-4 illustrates the physical arrangement of filter
segments.
When a filter aid, such as alum, is necessary to enhance
filtration ability, the precipitated alum, along with the very fine
particulates that are removed, form a sludgelike layer on top
of the medium bed. This is sometimes referred to as filter
cake (“C”). This sludgelike material creates a thin, very fine
layer above the medium, which can then “screen out”
organic or other very finely divided undissolved particles from
the stream of turbid water. This sludgelike layer is, however,
removed during normal backwashing, and until a new layer
builds up, the product water may not be up to quality standards.
In iron removal filters of this design, a similar sludge layer
condition can be created from precipitated oxidized iron.
While the iron cake layer is present, excellent iron-free water
can be produced.
BED (BACKWASH) EXPANSION
The bed expansion zone “D” is critical to good filter design as
well as to operation, as it provides the means of separating
the filtered-out particulate from the medium during the backwash function. The bed expansion zone is incorporated in the
engineering design of tank-type filters not only to permit the
media (or ion exchanger) to fluidize so entrapped particulates
can be removed during backwashing, but also to retain the
medium in the vessel itself.

Inadequate backwashing of tank-type filters can lead to the
creation within the bed of “mud balls,” which occur from the
agglomeration of filter medium particles and entrapped sediment. Filter overrun is the chief cause, and the longer the
filter operates beyond the regular backwash point, the more
the additional pressure exerted on the bed can compact the
mud balls. Extended backwashing may not be enough to
break up these mud balls, in which case, they can continue
to grow2. The most common causes of tank-type filter failure
of all types (either reactive or inert media) are:
• Inadequate backwash flow rate (pump capacity)
• Too long an interval between backwashing
• Backwashing for too short a time-less than 10 minutes
The degree to which expansion can occur is directly related
to the density of the medium itself, the medium particle
sizing, and the temperature of the backwashing water. Figure
1-5 illustrates that the colder the backwash water, the greater
the expansion of the media bed (at the same US gpm flow)as water is more viscous (dense) at lower temperatures.
Percent bed expansion to be calculated with the formula %
Bed Expansion = 7 (gpm/ft
˚C+18 ) [4 - 2.75 (specific gravity of the
media)]
2

Figure 1-5
Example of Water Temperature on
Percent of Bed Expansion

Figure 1-4
Illustration of Service (Filtering) Operation
of a Tank-Type Downflow System

With the particular medium shown in Figure 1-5, a 30 percent
greater linear expansion takes place at 40°F (4°C) versus
80°F (27°C) water temperature using the same backwashing
flow of 4.0 US gpm. The heavier (more dense) the medium,
such as sand or calcite, the more limited the percent of bed
expansion when compared to, say, granular activated carbon
or an ion exchange resin at the same given backwash flow
rate. As a general rule, the lighter or lower the density factor,

10
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Loose Media Filtration (Tank-Type)
continued from page 10
the greater the percent of bed expansion that will be
required. Table 1-3 provides a better understanding of the
density factor of many common filter media when these
products are inside a tank, fully wetted.
It is incorrect to look at the specification sheets on various
media and use the “bulk density per cubic foot” to determine
how much backwash flow will be needed. The fully wetted
product with its specific gravity density relative to the density
of water (Table 1-3) is what dictates the backwash flow
required for each medium for full-bed cleansing and reclassification in each operating cycle.
Again, a strong, steady flow rate is necessary to achieve
adequate bed expansion and the cleansing of the filter
medium bed itself during each backwash/rinse cycle. Figure
1-6 illustrates the function of the expansion zone “D” and its
relationship to the medium bed per se.

The best backwash and the fullest utilization of a filtering bed
can be achieved by using a gravel or other coarse medium
subfill under bedding “E” for any of the aforementioned granular filter bed media. The general packing tendency of the
irregularly shaped filter media granules thwarts good distribution of the backwash water. The larger void spaces of gravel
allow for better lateral distribution, getting more water across
the bottom face of the filter media bed more evenly. This, in
tum, enables the system to exert the uniform upward thrust
for full bed expansion and the elimination of entrapped dirt
and particulate.
Figure 1-6
Backwash Expansion of a Tank-Type Medium Filter

Table 1-3
Comparative Densities of Common Filter Media Products
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Average Bulk Absolute Density
Shipping Weight
in Column
Density (lbs. per
(Wetted)
cu. ft.)
Operation

Product

Effective Size
(mm)

Garnet

0.4-0.6

160

3.8

Sand

0.3-0.9

110

2.7

Calicite

0.4-0.6

95

2.6

Manganese
Greensand

0.3-0.045

85

2.5

Anthracite

0.7-1.6

56

1.4

Activated
Carbon

0.7-0.9

28

1.25

Cation Resin
(Na+)

0.4-0.6

52

1.21

Anion Resin
Type I (CI )

0.39-0.47

44

1.10

Water

–

–

1.00

-

Source: Wes Max, Ltd.

DUPLEX FILTERING
As mentioned earlier, the lack of sufficient water flow to properly backflush filter beds is a critical concern. The most
common practice to overcome an inadequate backwashing
flow rate is to install two smaller identical units (Figure 1-7)
operating in a parallel flow pattern. This arrangement is also
called a duplex installation3. Just about any water processing
equipment, such as softeners, filters, or reverse osmosis
systems, can be plumbed in the parallel flow pattern.
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Such duplex installations are either two exact models or
systems that provide two filter tanks sharing one common
master control valve (Figure 1-8). Each of the twin tanks
would backwash and rinse down independently, usually at
different intervals, quite often sequentially. By using time
clock controls or demand-metered equipment, each tank can
be cycled in this manner. An advantage of any duplex system
is an available continuous flow of filtered (tank A) product
water, while the second tank (B) is being recycled.

Figure 1-8
Typical Duplex Twin-Filter System

By the same token, each tank in a duplex filtering system can
be backwashed and rinsed down with filtered product water;
thus, no added sediment from the raw water gets into the
medium bed. Also, using filtered water for recycling shortens
the rinse down with little or no bleedoff occurring. Shorter
backwash and rinse down time leads to water conservation.
However, if oxidized iron is being filtered out, longer times
may be necessary for backwashing (15 to 20 minutes) and
rinsing (at least 10 minutes).
Figure 1-7
Typical Duplex Filter System

FILTER BED HEIGHT
Recognizing that the first few inches of bed do the major
filtration task, many large commercial filter manufacturers
began designing filter units with short-bed, squat tanks for
sediment filters. This allowed them to stack several in the
same floor space using parallel piping schemes. For years,
swimming pool filter manufacturers have used 15- to 18-inch
sand or anthracite filter medium beds, saving on material and
space.
Most of the tank sizes in residential water treatment equipment are based on water softener design needs. Thus, it has
been customary for domestic manufacturers to adapt the
same size tank for filters and softeners, achieving uniformity
in tank inventories. Also, installations in the home that match
water softener and filter tanks are more attractive. (From the
practical side, residential tank-type filters represent only 5 to
10 percent of the combined water softener and filter production in the United States.)
Residential loose-media sediment filters could be much
shorter (15- to 18-inch beds) and still do the filtration task
well. Many well water supplies, however, have multiple water
contaminants to be corrected, so the deep bed of the chemically reactive loose media system generally is better able to
address these needs.
References:
¹ Betz, Water Handbook, 8th ed., 1980.
2 E. Kreusch, personal communication, December 1989.
3 J. Hunt, “Residential Filters”, WC&P, June 1992.
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QUIZ 2: “Loose Media Filtration” (0.25 CPD)
1. What is the result of insufficient available flow rate for filter
backwashing?
a. The filter media bed may crack from clogging of the
media.
b. An excessive concentration of contaminants will be
present in the waste stream.
c. Downstream plumbing fixtures will experience excessive water pressure.
d. Excessive pressure buildup in the filter bed will lead to
potential backflow.
2. What is a quick and accurate way to determine flow rate
from a private well?
a. Ask the homeowner.
b. Time how quickly the toilet tank fills up after the well
pump turns on.
c. Check the setting on the well pump and divide by five.
d. Time how quickly a five gallon bucket fills up after the
well pump turns on.

13

3. How should the backwash rate for multimedia filters be
determined?
a. It should be equal to the backwash rate requirement of
the bottommost layer.
b. The filter manufacturer should provide it.
c. It should be equal to the backwash rate of the topmost
layer.
d. It should be equal to the backwash rate of the densest
layer.
4. Which of the following parameters does NOT affect the rate
at which a tank-type granular media filter can process
water?
a. Total tank volume
b. Filter bed depth
c. Particle size of the filtration medium
d. Cross-sectional surface area of the filter bed
5. Why is a freshly backwashed filter not necessarily able to
produce water that’s up to quality standards?
a. Backwashing can crack the filter.
b. Backwashing removes the filter cake.
c. Backwashing can incorrectly compact the bed.
d. Backwashing can trap small particles in the media bed.

6. What is the effect of an insufficient bed expansion zone?
a. Formation of agglomerates of filter media particles and
sediment
b. Reduced backwash times
c. Requires longer intervals between backwashing
d. Poor removal of entrapped particulates from the media
bed
7. Which of the following media requires the greatest percent
of bed expansion?
a. Anthracite
b. Calcite
c. Garnet
d. Cation Resin
8. What is the typical way to overcome insufficient backwash
flow rate?
a. Use less dense filtration media.
b. Use a booster pump for backwash flow.
c. Use multiple smaller filter tanks in parallel.
d. Use shallower filter bed depth.
9. In duplex filter systems, how does using filtered water for
backwashing help conserve water overall?
a. Faster flow rates can be used to produce greater bed
expansion.
b. Higher backwash pressure can be used.
c. Media bed depth can be reduced.
d. Backwash and rinse down times can be reduced.
10. If the first few inches of the media bed handle the majority
of the filtration, why do residential systems use the same
size tanks as residential softeners rather than the shorter,
wider tanks like commercial systems do?
a. Matched softener and filter tanks are more attractive.
b. The lower residential flow rates require a deeper bed.
c. The lower residential distribution system pressures
require a deeper bed.
d. Too large a footprint would result with the shorter,
wider tanks, as they cannot be stacked.
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Arizona and Arsenic: POU Treatment as a
Compliance Strategy for Small Public
Water Systems
Jeff Stuck
The state of Arizona has been a test case of sorts on using POU technologies as a compliance strategy for small systems. This
article is based on a presentation given at the 2005 WQA national meeting by Jeff Stuck, Safe Drinking Water Section Manager at
the Arizona Department of Environmental Quality (ADEQ), that describes the planning and addressing of concerns related to
instituting and monitoring the use of POU devices for arsenic compliance.
The article is based on the transcription of the audio from the original presentation and has been edited for clarity.
omplying with the Maximum Contaminant Level (MCL)
regulation for arsenic is a large problem in Arizona.
The impact that this contaminant has on the number
of water systems in Arizona, both large and small, has made
it a very significant issue and one that has caused the Arizona
Department of Environmental Quality (ADEQ) to move
forward and wade into the point-of-use compliance strategy
waters.

C

First, a look into the background of the
arsenic problem we’re facing in Arizona.
The state regulates approximately 1,700 public water
systems. Of those, 1,000 are either community water systems
or nontransient/noncommunity water systems. These are the
systems to which the new arsenic regulation applies, which is
an MCL of 10 ppb. Of those thousand, 330 water systems
have one or more entry points to the distribution system that
has arsenic above 10 ppb or thereabouts. These systems are
either going to have to remove the source from service, they
are going to have to find a way to blend a high source with a
low source, or they are going to have to install some type of
treatment.
In Arizona, we’re in a perpetual drought, so removing a
source from service is a difficulty, as is blending from multiple
sources. It’s particularly a problem for the smaller water
systems, where even if there are two sources, they are typically on the opposite ends of the distribution system. The
result is that when we start talking about transmission lines,
controls, and storage to effect a blend of the water, we start
looking at costs that make that option financially less viable.
There is this fact, too. Of those 330 systems, 280 serve
10,000 or fewer people, and 150 of them serve fewer than
3,300 people. Arsenic, in other words, is not only a big problem in Arizona, generally, but a very big problem for small
water utilities in particular. These are the utilities that are least
poised to deal with compliance issues – and in particular
causative compliance. The noncompliance rate has caused
us to get into an in-depth analysis of what we were facing
with this regulation.
The impact in our state was unprecedented. Because of the
unique nature of this issue – so deeply affecting small utilities
– we worked to develop the Arizona Arsenic Master Plan. It
can be found at azdeq.gov

The Master Plan has been leading to a comprehensive evaluation of every water system that we have in our state that has
a problem with arsenic, or in fact, has arsenic at 1 ppb or
above. We wanted to even take a look at the areas that were
potentially going to have a problem with arsenic.
In effect, we looked at each water system, each entry point
for each water system, and each source specifically. From
there, we evaluated various technologies to determine which
were feasible for those particular water systems, based on
their water quality and the configuration of their system. Next,
we ranked these in terms of cost, so that we can guide
systems and arm them with information to lead them to using
the most cost-feasible approach to their arsenic problems.
We also included what we would consider a “general facility
layout” and criterion in this document. The purpose was to
help the water systems when they are working with their
consulting engineers in determining what is the best
approach for them.
Since we also survey water rates across the state, we could
clearly see that central treatment is not affordable.
In Arizona, the highest actual rate case that we have seen for
raising rates to install arsenic treatment was $80/month, and
we expect rate increases higher than that to deal with this
problem. It must be acknowledged that $80 per month is a
significant amount for consumers.
Giving money away to water systems to solve their problems
is a very difficult proposition for Arizona. As we grant money,
we reduce the coverage we have for the bonds that are
already out, and the bond rating consequently goes down.
In other words, the cost of money goes up for people borrowing money from us.
We also have to face the fact that the systems and the
customers simply won’t accept the cost. Again, $80 per
month rate increase for water is something that’s just not
acceptable. Think about what typically is paid for bottled
water, which might be something on the order of $30 per
month. Essentially, we would be asking consumers and
taxpayers to lay out more than twice the cost of bottled
water to solve this single issue.
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But there are solutions available.
Let’s get out of the dismal part and get into the good news.
The solution that many of us believe in Arizona will work for
our small water systems is point-of-use (POU).
We recognize that point-of-use is going to mean a difficult
compliance strategy for water systems to implement. We
further recognize that our program won’t look like the EPA’s
early guidance that came out related to point-of-use
programs. But, we also should understand that POU gives us
the best opportunity to extend the public health protections
envisioned by the safe drinking water act much further than
centralized treatment will.
One of the lessons we have learned as we have explored
point-of-use as a compliance strategy is that consumers want
to have the opportunity to make a choice and have a little bit
of control over their own outcome. This means, we need to
make point-of-use an available compliance option for them.
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We next confronted the question of how to move forward.
How do we get as much information related to point-of-use to
help bring this solution about?
We were very fortunate to strike up a partnership with Watts
Quality Water (formerly Watts Premier, Inc.), a local point-ofuse manufacturer in Arizona. Watts Premier has been tremendously helpful and eager to get involved in this approach and
to make sure that point-of-use generally – not simply their
company – becomes a viable option and a choice for people
to make.
We put together two pilot studies with Watts Quality Water
(formerly Watts Premier, Inc.) to answer some questions. Our
goal was to find some of the options and to understand the
obstacles to employing point-of-use treatment.
We, of course, understood that 100 percent participation
would be impossible. But, we wanted to find out how we
could encourage customers to participate, what to do when
they are not willing to participate, and how we could allow
water systems to go forward even though some customers
may not want to participate. We wanted, also, to look at the
monitoring and the frequency of testing that is required for
this type of application.
It is critical to keep in mind that there could be a water
system with 150, or even more, connections that all have a
point-of-use device. It is impractical to attempt to sample all
of those units once every three years to determine whether
they are producing water with arsenic below 10 ppb. So, we
asked ourselves whether there is an alternative approach that
could provide a level of comfort.

Naturally, we also wanted to look at installation issues. A
myriad of questions immediately emerged. What is one going
to do if a customer already has a unit in their house and
doesn’t want others to come in and install the one that is
proposed? How do we deal with liability issues related to
installation? What if the technician went in and didn’t hook up
a hose right and flooded somebody’s kitchen – how is that
going to reflect insurance rates as a water utility? Finally,
how do we determine the compliance statistics of the water
utility, particularly the ones that don’t have everybody participating at the very beginning?
We feel we have found some solutions.
Let’s look at the question of customer participation first. We
need meaningful participation rates, of course. To encourage
involvement, we will begin by requiring any of our water
systems in Arizona that want to use a point-of-use compliance strategy to complete an application that will identify all
their service connections. This will include any agreements
that they have been able to secure with their customers that
stipulate that they are willing to participate in this program.
The next question is what we do when we have one or more
customers that refuse to participate in the program. How are
we going to look at these water systems? Further, can we
allow a water system to have 80% or 85% of the customers
participate, for example?
The goal, of course, is full participation. But, we all know this
is not possible. There are inevitable instances where not
everybody is in compliance all the time. In this case, we
simply need to move toward 100% compliance as much as
possible. The United States Environmental Protection Agency
(USEPA) faces this problem quite often.
At this point, we are looking at an approach that would
require systems to enter into an enforceable order that will
stipulate that they will pursue the ability to compel customers
not participating to do so. This can probably be done through
a variety of options: an ordinance, obtaining a tariff to make
installation a condition of service, or establishing a restricted
covenant on the title of the property so that the next time that
property is sold the property owner must allow the water
company to install the point-of-use device as a condition of
service.
There is another approach, too. In a state like Arizona, where
we have a large number of homeowner associations, these
associations have the ability to make installation of the pointof-use device a condition of service, as well.
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Lastly, there is the question of what activities are going to be
required of water systems while they are pursuing this authority to make the installation a condition of service.
It is, naturally, very important that everybody pay any rate
increase that results from a compliance strategy. We believe
that this is within the legal boundaries of rate setting laws and
regulations in Arizona. We are going to require monthly notification to the customers who are not participating, warning
them of the health risks that they are exposing themselves to
by failing to let appropriate devices be installed. We are also
going to require the water systems to conduct periodic
customer satisfaction surveys.
One of the most interesting replies to the customer surveys in
the pilot study was consumers saying that their perceived
benefit wasn’t the treatment of arsenic, but that they don’t
have to go to the grocery store anymore and buy bottled
water, and they don’t have to have bottled water delivered;
they have the same quality right at the kitchen sink. This
could be a very powerful motivator for consumers with a
visceral lack of interest in participating in the POU program.
Let’s look next at monitoring of the units. We have tried to
come up with a model which we think is a measured and
reasoned approach to monitoring these units, based on the
standardized monitoring framework that the USEPA uses in
putting together their chemical regulatory monitoring requirements. The result is that we are going to require the water
systems to monitor each unit within a 9-year compliance
cycle.
They will be monitoring 1/3 of the units at three-month intervals and will allow the systems to have the option of using
particular test strips that we’ve identified as reliable for a
portion of those. Comparing the price of the test strips and
wet lab testing may seem like a negligible difference. But, we
start getting into issues of transportation of samples versus
getting a result right on the spot within 10 minutes, and so we
want to leave that option open to the water systems.
The water systems are also going to need to take over and
assume maintenance of pre-existing units, and they are also
going to have to make sure the systems meet all the
NSF/ANSI standard requirements for a unit to be used as a
point-of-use device in meeting the USEPA and the Safe Drinking Water Act requirements.

We are also working on a process to stage the way systems
are installed, so that installers don’t have to run around and
replace components of the units on a regular maintenance
schedule all at once. Rather, they can do portions of their
system at one time and not be overwhelmed with the work.
Of course, we do have to look at the question of water
systems that don’t have 100 percent participation. Our plan is
that we will consider them to be in compliance provided
they’ve entered into an enforceable agreement and are meeting all the milestones that are established in that enforceable
agreement. Much like any other water system that is out of
compliance and that a state enters into a compliance order
with, there is a schedule for the system to return to compliance. This is no different.
Water systems that don’t have 100 percent participation and
have not entered into an enforceable agreement, will be
considered out of compliance – just like anyone would be for
any other regulation. One of the questions we are left with
when looking at the compliance status of water systems is
this: How long can a water system be operating with less
than 100 percent participation and still be considered in
compliance by the regulatory agency? Fundamentally, this
comes down to establishing a reasonable schedule set up by
the state, considering the obstacles that a particular water
utility is facing.
Ultimately what we will do in Arizona –and what can be
expected of many other states that are choosing point-of-use
for compliance – if a water system has less than 100 percent
participation and does not make its way to full participation
eventually, or shows its ability to get there eventually, it will
then be ordered to go to a central treatment. Regulatory
agencies have an obligation to carry out the Safe Drinking
Water Act and the protections that it is supposed to deliver to
the customers.
How is the POU for compliance approach being received in
Arizona? Are the water systems accepting the approach?
It appears that they are accepting that the ability to succeed
is placed in their hands and that they are given choices to
make. They also recognize the value of point-of-use, particularly when compared to the cost of central treatment.
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States are capable of taking a reasonable and measured
approach to the flexibility that is provided right now with pointof-use. Naturally, some do not follow this approach, and
certainly the USEPA needs to step in and set basic standards
that they expect states to follow implementing this program.
But overall, this is a tremendous opportunity for us to see how
we can take a creative approach to compliance and perhaps
better the opportunity for people to comply with the regulation.

Will this approach work in Arizona? No one knows for sure.*
But, the state is going to try it. We need to give water systems
an opportunity.
The Arizona DEQ will be reporting on their experience in using
POU devices as a compliance strategy at the 2012 Workshop
on Small Drinking Water Systems: Compliance Strategies to be
held September 11-13, 2012.

*

QUIZ 3: “Arizona and Arsenic” (0.25 CPD)
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1. Blending multiple sources to dilute the contaminant concentration is a common practice for bringing water systems into compliance. Why is this not a viable method for small systems in
Arizona?
a. Blending wastes too much water.
b. A second source is not always available.
c. Secondary sources have even higher contaminant levels.
d. Blending will negatively impact the taste of the water.
2. What factor most influenced the decision to try POU treatment as
a compliance strategy in Arizona?
a. The lower cost of POU treatment
b. The greater ability of POU treatment to reduce arsenic
c. The strong pressure from the community to use POU
d. The USEPA directive to use POU treatment
3. What concern did the ADEQ express in this article about the
installation process for POU treatment?
a. The raw water wouldn’t get tested every time.
b. The effect of flooding from an improper installation on the
utility’s insurance rates.
c. The effect on the consumer’s health due to potential cross
connections formed during installation
d. The effect on the water pressure at downstream plumbing
fixtures from improperly sized equipment
4. What is the customer participation goal for a system to be in
compliance?
a. 50%
b. 75%
c. 85%
d. 100%
5. What option was being considered for a system to be in compliance even if the participation goal wasn’t met?
a. The system must agree to enter into an enforceable agreement to compel nonparticipating customers to do so.
b. The system must force the property owner to sell the property.
c. The system must agree to use local police to enforce
customer participation.
d. The system must make the customer sign a waiver
discharging the utility of the responsibility to provide
potable water.

6. What was a surprising result of the customer satisfaction survey
after the POU equipment was installed?
a. How many customers would have preferred bottled water
delivery in place of the POU equipment.
b. How many customers felt better protected after the installation of the POU treatment.
c. How many customers reported better tasting water after the
POU equipment.
d. How pleased customers were at having bottled-water quality from the water at the tap.
7. What portion of the POU units will the water utility be required to
monitor over a 9-year cycle?
a. All of them
b. Half of them
c. A representative sample
d. One third of them
8. Who will be responsible for the maintenance of any pre-existing
POU units customers had in their homes?
a. The homeowner
b. The plumber performing the installation
c. The local water treatment dealer
d. The water utility
9. What was proposed for the installation process to avoid having
to perform future maintenance on all POU units simultaneously
in the future?
a. Have standing contracts with a large number of plumbing
companies for the installations.
b. Train the homeowners how to perform the maintenance.
c. Install for only a portion of the customers at a time.
d. Install greater capacity units in a portion of the homes for
longer windows between maintenance events.
10. What must a system that fails to meet the participation and
action requirements for POU treatment do to be in compliance?
a. Institute central treatment.
b. Apply for exemptions.
c. Turn off the water to nonparticipants.
d. Seek legal action against nonparticipants
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Excerpted from WQA’s Corrosion QuickCourse™
CORROSION
The metals used in plumbing systems are rarely found in
nature in forms that are directly useful, by humans. Instead,
they exist as ores, stable mineral compounds with chemical
and physical properties quite different from those of the pure
metals. To make these minerals useful, they must be
processed using the electrochemical methods to reduce the
ores to elemental metals.
This reduction of ores is necessary because elemental plumbing metals are not inherently stable. With time and exposure to
the natural environment, the elemental metals are converted to
the more stable mineral compounds. This action - corrosion changes the chemical and physical properties of the metals,
frequently destroys the usefulness of a metallic article or structure, and is a completely natural process.
Thus, corrosion has been defined as the natural reversion of a
metal to an ore.
CORROSION CHEMISTRY
Although the corrosion chemistry of each metal differs in
details, the general principles apply to most of the commonly
used metals. Thus, the reactions of iron in the following examples illustrate these basic principles.
Water is widely recognized as a solvent for virtually all materials. When water and iron are in contact, a few molecules of
iron go into solution with a reaction which leaves a few electrons behind in the mass of metal. If no other factors are
involved, however, this reaction would stop, for the charge of
electrons developed in the metal would inhibit further reaction.
The loss of metal into the water can be discharged.
Free hydrogen ions found in all water, to at least some extent,
provide a means of removing the excess electrons from the
mass of metal. The electrons and the hydrogen ions react to
first form atomic hydrogen, and then molecular hydrogen gas.
As the hydrogen forms, it too tends to inhibit further corrosion
by forming a very thin gaseous film at the surface of the metal.
This “polarizing” film can be effective in reducing water to
metal contact and, thus, in reducing corrosion. Yet, it is clear
that anything which breaks down this barrier film tends to
increase the rate of corrosion.

Dissolved oxygen in the water will react with the hydrogen,
converting it to water, and destroying the film. High water
velocities tend to sweep the film away, exposing fresh metal to
the water. Similarly, solid particles in the water can brush the
hydrogen film from the metal.
Other corrosion accelerating forces include high concentration
of free hydrogen ions (acid water) which speed the release of
the electrons, and high water temperatures that increase virtually all chemical reaction rates. Thus, a variety of natural and
environmental factors can have significant effects on the corrosion rate of iron, even when no other metals or special conditions are involved.
ELECTROLYTIC CELLS
It is rare that a plumbing system contains nothing but simple,
pure iron. Electrolytic cells of various types are common in
most systems.
The galvanic cell, set up when dissimilar metals are in contact
with each other and with conductive water, generates electricity. The flow of electrons created by such a cell accelerates the
corrosion of iron in contact with copper or brass, for example,
by stimulating the flow of electrons away from the iron.
Clearly, it is difficult to eliminate all dissimilar metals in a plumbing system. Yet, even if this were possible, minor impurities in
the iron could create galvanic cells. Such impurities are present in all commercial grades of plumbing materials, for they are
difficult to remove at reasonable costs.
Differential aeration cells, created when the dissolved oxygen
concentration varies between adjacent areas on iron, have
similar reactions and effects. Such conditions can develop
under scale or rust, at rivets, joints or crevices, or under
deposits of organic matter such as slimes or iron bacteria.
Thus, a partially coated surface may actually accelerate this
type of corrosion.
In some circumstances, even temperature or stress variations
between adjacent sections of a common metal can create electrolytic cells. Stray electric currents, sometimes caused by
breakdowns of electrical systems grounded to plumbing, can
cause major corrosion where the current leaves the pipe and a
special form of electrolytic cell is created.
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CORROSION ACCELERATORS
As indicated above, at least some corrosion will occur whenever a metal is exposed to water, and a number of factors will
accelerate corrosion. These include:

Sections of the southeastern states, where much of the underground structure is organic matter, have waters, which are low
in minerals and oxygen, but high in carbonic acid derived from
decaying organic matter. The corrosive nature of these low
hardness waters is well established.

1. Low pH – Acid waters clearly accelerate corrosion by
providing a plentiful supply of hydrogen ions. Although
even absolutely pure water contains some free hydrogen ions, free carbon dioxide in the water can multiply
the hydrogen ion concentration many times. When
carbon dioxide dissolves in water, it reacts with the
water to form carbonic acid, a so-called weak acid, but
an effective source of acidity. Even more acidity is
sometimes encountered in acid mine waters, or in those
contaminated with industrial wastes.

At the other end of the range are many waters found in the
Southwest, where extremely high hardness and mineral
concentrations are common. Although usually alkaline in
nature, these waters have high electrical conductivities, and in
arid regions, may have high dissolved oxygen concentrations.
Thus, these highly mineralized waters are known to be
extremely corrosive, but for different reasons than the naturally
soft, acid waters.

2. Dissolved oxygen – This gas works to destroy the
protective hydrogen film and to oxidize dissolved iron to
an insoluble form. Deposits of rust in a plumbing
system can form differential aeration cells and accelerate corrosion.
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3. High mineral concentrations – The electrical conductivity of water increases with its dissolved mineral
concentration. Thus, highly mineralized waters readily
conduct the electrical currents of electrolytic cells and
accelerate this type of corrosion.
4. Water temperatures – High water temperatures not
only accelerate the chemical reaction of corrosion, but
also may reverse normally protective systems. For
example, zinc galvanizing protects iron or steel at
normal temperatures by “plating” a protective deposit
over exposed iron at a pit or break in the zinc coating.
However, at temperatures above 160° F., the iron will
attempt to deposit on the zinc, thus creating a deep pit
or hole where the iron is exposed.
5. Other physical factors, including high flow velocities;
solid particles in the water, and deposits on metal
surfaces may cause or accelerate corrosion.
CORROSION IN HARD AND SOFT WATER
From the above, it is clear why many natural waters have
strong corrosive activities. In sections of New England and the
far Northwest, much of the underground strata is granite which
has very low solubility, does not neutralize natural carbon dioxide concentration, and has little on dissolved oxygen. Thus,
groundwaters in these areas are corrosive because of the acidity due to carbon dioxide and the dissolved oxygen present.

The lowest rates of corrosion are usually found with well waters
of moderate mineral concentrations in limestone regions. Such
waters have little dissolved oxygen, and the natural carbon
dioxide has been largely neutralized by the alkalinity dissolved
from the underground minerals. The conductivity is relatively
low, so galvanic corrosion is not serious under usual circumstances. This water is found in wells over most of the Midwest.
Surface water supplies frequently follow the trends of water
quality of groundwaters in a region, but usually have lower
mineral concentrations because of the dilution effects of rain
and snow. However, surface waters are almost always saturated with dissolved oxygen from the air, and this element often
produces serious corrosion.
Thus, it is evident that all water is corrosive to the metals in
plumbing systems to at least some degree, and that both naturally soft and naturally very hard waters can produce high
corrosion rates.
CORROSION IN SOFTENED WATER
The removal of hardness with an ion exchange water softener
does not affect the factors which cause or accelerate corrosion. Softening does not change the pH or carbon dioxide
concentration, the dissolved oxygen concentration, or the total
chemical concentration of minerals. A softener may reduce the
amounts of solid particles in the water, but obviously cannot
change other physical factors such as temperature, flow rates
through pipes, or volumes of water used. Thus, ion exchange
softening neither causes nor controls corrosion.
Unfortunately, certain methods of calculating the probable
corrosive potential of natural waters have been misapplied to
softened waters, with misleading results. The Langelier Index,
and some of its modifications, may be used to indicate whether
or not particular water will precipitate calcium carbonate scale
at a given temperature. This information certainly is useful to
those responsible for operating many systems.
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Further, when applied to natural waters, these methods of
calculation may indicate that when such an excess of carbon
dioxide over alkalinity exists in the water, the precipitation of
calcium carbonate would be impossible. Such excesses of
carbon dioxide clearly make waters strongly corrosive, as
demonstrated by the low pH waters found in New England and
the Northwest.
These methods, however, should not be applied to water softened by ion exchange since there is no real chemical similarity
with the naturally soft acid water. The removal of calcium by a
softener obviously prevents scale formation. Yet, as indicated
above, it does not change either the carbon dioxide content of
the water or the natural alkalinity which tends to neutralize the
carbon dioxide. Thus, softening will not make a water more
acid or affect the other corrosion accelerating factors.
Some persons argue that the precipitation of calcium carbonate scale will protect the metals from corrosion. While some
scales are capable of such protection, other scales are porous
or soft, and thus, nonprotective. Further, it is rare that scale
formation is uniform, for the heaviest scale usually forms at
points of heat transfer and at low points in a system. In a water
heater, for example, most scale forms at the bottom where heat
is applied, while the top of the heater tank may show little or no
scale. Thus, even in hard, scale-forming waters, thousands of
water heaters fail every year due to corrosion. Examinations of
these heaters usually show that corrosion has occurred under
or through the scale or in locations where protective scale has
not formed. Thus, it is clear that corrosion protection is not
assured simply because a water will precipitate calcium
carbonate, as indicated by various calculations or test methods. Further, none of these methods take into account the
effects of dissolved oxygen, water flow velocities, the presence
or absence of solid particles, the volume of water through the
system, or other environmental factors which affect the rate of
corrosion.
As stated by Schneider and Stumm of Harvard University; ¹
“It is a commonly accepted belief that the corrosive behavior of
a natural water is influenced predominantly by pH and calcium
carbonate saturation (frequently expressed by the Langelier
Saturation Index). The results of extensive studies involving
both field and laboratory investigations indicate that this
concept presents an oversimplified picture of the problem. As
corrosion in natural waters depends on so many interdependent variables, no simple equation or index is capable of
describing adequately the corrosive potential of a water, and
no generally applicable recipe for appropriate corrective treatment can be given.”

CORROSION CONTROL PROCEDURES
When corrosion does occur in a water supply, several corrective treatments are useful in reducing the corrosion rate.
Clearly, the best method is to prevent water to metal contact,
and a number of coating and plating procedures are used for
this purpose. Yet, these methods are not always possible or
economically feasible, and a number of chemical treatments
have been developed to condition the water to reduce the
corrosion rates to reasonable levels.
In industrial systems or where the water will not be used for
human consumption, oxygen scavengers are frequently used
to reduce this corrosive gas in the water. High concentrations
of “passivating” chemicals are common in reticulating systems
because of the inhibiting effects. Yet, neither of these
approaches are applied to water used in households because
of the possible toxic effects of the chemicals, and because
some make the water unsuitable for general household use
producing heavy stains or discolorations.
Thus, corrosion control methods for municipal and household
water systems are currently limited to two approaches; neutralization of acidity with alkaline materials, and the feeding of
small amounts of chemicals, which tend to line the water
system with protective films.
Calcite (calcium carbonate) and magnesia (magnesium oxide)
filters have long been used to neutralize household acid
waters. As water flows through beds of these minerals, the
acidity dissolves enough of the filter media to produce essentially neutral water. Other installations use chemical solution
feeders to introduce solutions of soda ash (sodium carbonate)
or caustic soda (sodium hydroxide) to the water in proportion
to the acidity, producing a neutral or slightly alkaline water.
Some municipal systems use lime (calcium hydroxide) to
increase alkalinity and pH. Several types of polyphosphates
and silicates may be fed into water systems for corrosion
control. In some cases, slowly soluble forms are fed with “pot”type feeders, while in others solutions are fed with chemical
solution pumps. Both the silicates and polyphosphates tend to
form thin films on the interior surfaces of the plumbing, thus
reducing the water to metal contact. Feeds should be essentially continuous, however, to form and maintain the protective
films.
References:
¹ Schneider, Carl R. and Stumm, Werner: “Evaluation of
Corrosion in Distribution Systems.” Journal AWWA May 1964,
pp. 621-631.
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QUIZ 4: “Corrosion and Soft Water Quiz” (0.25 CPD)
1. Corrosion has been defined in this paper as
a. Rusting of iron when in contact with water and air
b. Use of electrochemical methods to treat basic metals
c. The natural reversion of a metal to an ore
d. The formation of a very thin gaseous film at the
surface of the metal
2. The hydrogen gaseous film, which forms on the surface of
the metal, can actually reduce further corrosion because
a. The film uses up all the hydrogen
b. The film uses up all the electrons
c. The film prevents further water-to-metal contact
d. The film uses up all the dissolved oxygen
3. Exposure of the metal to hot water will
a. Decrease the amount of corrosion likely to occur
b. Increase the amount of corrosion like to occur
c. Thicken the barrier film on the metal
d. Prevent the metal from going into solution with the
water
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4. A common method used to try to prevent corrosion
resulting from a galvanic cell situation is to
a. Treat the pH of the water
b. Use a dielectric transition fitting between copper and
steel pipe
c. Use the proper solvent cement on water pipe
d. Reduce the water temperature
5. A high mineral concentration (high TDS) in water may
increase corrosion because
a. It increases hardness
b. It increases oxygen levels
c. It increases the ability of the water to conduct electricity
d. It increases free hydrogen ion levels
6. Because the number of free hydrogen ions in a water will
affect how much corrosion occurs, what measurement can
be used to determine the number of free hydrogen ions in
the water?
a. pH
b. Conductivity (TDS)
c. BOD (Biological Oxygen Demand)
d. TSS (Total Suspended Solids)

7. Hot water can increase corrosivity because
a. The heat strips away the protective film
b. Heated water has more free hydrogen
c. Hot water speeds up most chemical reactions
d. It can deposit calcium carbonate scale
8. Surface water (lakes, rivers) generally
a. Have smaller amounts of minerals than groundwater
b. Have less dissolved oxygen than groundwater
c. Are rarely corrosive
d. Have a high pH
9. The buildup of hard water (calcium carbonate) scale
a. Is a reliable way to protect pipes from corrosion
b. Is a reliable way to protect water heaters from corrosion
c. Can often be predicted by Langelier Index calculations
d. Is a reliable method of pH modification
10. In theory, a way to prevent any kind of corrosion would be
a. To reduce the oxygen content of the water
b. To prevent the corrosive water from coming into
contact with metal
c. Use only galvanized pipe
d. Remove the carbon dioxide from the water
11. For drinking water, a common method used to reduce
corrosion is
a. Neutralize acid by use of alkaline (limestone) filters
b. Use oxygen scavengers to reduce oxygen content in
the water
c. Feed hydrogen into the water to increase the protective film
d. Use an ion exchange water softener to reduce mineral
content
12. Polyphosphates and silicates may be fed into water to
reduce corrosion by
a. Reducing the oxygen content of the water
b. Neutralizing the acidity of the water
c. Decreasing the electrical conductivity of the water
d. Forming a special protective coating on the inside
of pipes
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Instructions
Please use the answer sheet below to record the correct answers. When you have completed the quizzes you’d like
graded, detach the answer sheet from the booklet and mail to the address below or fax. The answers must be 70%
correct to earn credit. These quizzes may also be taken online at http://training.wqa.org/2012edkitqz/index.htm
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Answer Form
FIRST NAME

LAST NAME

COMPANY NAME

COMPANY ADDRESS
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Please use blue or black ink.
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When you have completed the quiz, detach the answer sheet from the booklet and mail it to:
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