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Foreword

In 1996, the Office of Ground Water and Drinking
Water of the U. S. Environmental Protection Agency
was interested in developing some simple guidance that
could be used by regulators, small water systems, and
their engineers to aid in initially determining what
treatment approaches for lead and copper control would
have the best chance of success. The original document
was prepared for Peter Lassovszky, U. S. Environmen-
tal Protection Agency Office of Ground Water and
Drinking Water in January of 1997. The manual was
developedunder USEPA Contract 68-C4-0007 by Black
& Veatch under subcontract to The Cadmus Group.
The primary author of the manual was Jonathan Clem-
ent (Black & Veatch), with assistance from Michael
Schock (U. S. Environmental Protection Agency, Na-
tional Risk Management Research Laboratory, Water
Supply and Water Resources Division) and Wendy
Marshall (U. S. Environmental Protection Agency,
Region 10).

Inthe four years since the completion of the manual,
many water systems have successfully employed corro-
sion control treatment to achieve compliance with the
Lead and Copper Rule. However, the information inthe
manual is still timely and relevant, because some sys-
tems still have difficulty in sufficiently reducing lead
and copper corrosion, and other systems may need to
change water treatment approaches because of other
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regulatory issues or changes in water sources. Thus,
corrosion control for lead and copper will need to be
revisited in the context of these changes.

Rather than exactly reproducing the manual as
originally printed, it was decided to take advantage of
the considerable experience in New England and else-
where throughout the past four years to refine (or even
sometimes correct) the recommendations for treatment
selection. Thus, this version of the manual has been
slightly revised and edited by a collaboration of many
members of the New England Water Works Associa-
tion Committee on Corrosion and Its Effects on Water
Quality, to help provide readers with the best general
screening-level guidance current knowledge permits.

Introduction

The objective of this manual is to assist water
systems with selecting effective treatment strategies for
controlling lead and copper in drinking water. The
selection of a treatment strategy for lowering lead and
copper levelsindrinking water from corrosion of plumb-
ing materials depends on numerous site-specific factors
that cannot be addressed in this manual; Therefore, to
address these site-specific factors, water systems should
seek out the advice of water treatment professionals
when selecting a treatment strategy.

Why should we monitor for lead and copper?

The National Primary Drinking Water Regulations
for Lead and Copper (also called the Lead and Copper
Rule or LCR) became effective in 1991. The LCR
requires all community and non-transient non-commu-
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nity water systems to monitor for lead and copper at a
specified number of taps within homes and/or buildings
served by that water system. It also establishes treat-
ment technique requirements including corrosion con-
trol treatment, source water treatment, lead service line
replacement, and lead public education. These require-
ments may be triggered if more than ten percent of tap
water samples collected during any monitoring period
exceed the lead action level (AL) and/or the copper
action level. The action level for lead is 0.015 mg/L.
The copper action level is 1.3 mg/L. Lead and copper
are being regulated because of the possible negative
health effects associated with drinking water contain-
ing these two contaminants. Health effects associated
with exposure to lead in infants and young children
include lower birth weight and a slowing down of
normal physical and mental development which may
result in lower IQ levels, damaged hearing, reduced
attention span and poor classroom performance. Im-
pacts to adults may include kidney damage, slight
increases in blood pressure, damage to the reproductive
system and high levels of nitrate may magnify these
adverse health effects.

While drinking water with high levels of copper
should not cause long-term health effects like lead, high
copper levels in drinking water can cause very uncom-
fortable gastrointestinal effects such as nausea and
diarrhea, and can magnify adverse effects of nitrate
ingestion, especially in children.

Why do we need to sample tap water?

High levels of lead and copper are rarely found in
the water that a water system provides to its customers.
The main sources of lead and copper in drinking water
usually are plumbing materials made from copper; lead
service lines and lead solder, commonly used before
1990 to join lengths of copper pipe together; and faucets
containing brass or bronze internal parts, which usually
contains lead impurities. Under the 1996 Amendments
to the Safe Drinking Water Act, “lead free” brass can
contain as much as 8% lead by weight, which is enough
to contribute significant amounts to lead to tap water
samples. Ifthe water provided by your water system is
highly or even moderately corrosive, some of the lead
and/or copper in the plumbing materials may be re-
leased into the drinking water in houses or buildings
served by your water system,

A sampling program that measures lead and copper

levels at the tap helps to determine if a water system is
providing corrosive water. Those water systems found
to be providing corrosive water are required to install
corrosion control treatment to lower the corrosivity of
the water, which should then result in lower lead and
copper levels at the users’ taps.

What do we do next?

The Federal Lead and Copper Rule requires all
water systems that have exceeded the lead action level,
the copper action level, or both action levels to recom-
mend a corrosion control treatment method that will
minimize lead levels at users’ taps and reduce copper
levels to below the 1.3 mg/l AL. In addition, water
systems may be required to perform corrosion control
studies to evaluate the most effective corrosion control
treatment method. The objective of this guidance manual
is to assist small water systems with selecting the
appropriate treatment strategy.

Background on Corrosion Control for Lead and
Copper

Lead and copper entering drinking water from
household plumbing materials such as pipes, lead sol-
der and faucets containing brass or bronze, can be
controlled by changing water quality characteristics.
The water quality factors that have the greatest affect on
lead and copper corrosion are pH, dissolved inorganic
carbonate (DIC), orthophosphate concentration, alka-
linity and buffer intensity. There are many other factors
that affect the corrosion of lead and copper, but they
cannot be easily altered by a water system and have a
lesser effect on corrosion. Alkalinity, which is interre-
lated with pH and DIC, is often measured by water
systems. Buffer intensity, which is also interrelated
with pH and DIC, is an additional parameter that is very
important in maintaining optimal corrosion control and
water quality out in the distribution system.

pH

The pH of a water is a measure of acidity. pH values
can range from 0 to 14, and the lower the value the
more acidic the water. Most drinking waters range
from 6 to 10. One common corrosion control treat-
ment strategy is to raise the pH of the source water.
This can be done through chemical or non-chemical
means. Any increase in pH within the pH range of 5
- 10 should result in a decrease in lead and copper
levels. At the higher pHs, there is less tendency for
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lead and copper to dissolve and entér drinking
water. The pH of water can vary significantly as
water moves through the distribution system. Al-
though the pH measured at the pump station or
treatment facility may appear to be stable, as it
passes through the distribution system it may in-
crease or decrease significantly. This will depend on
the size of the distribution system, flow rate, age and
type of plumbing material. It is important to main-
tain the target pH throughout the distribution sys-
tem, so thatlead and copper levels can be minimized
at the tap. '

Dissolved Inorganic Carbonate (DIC)

The level of DIC affects levels of lead and copper
and affects the stability of the pH. The amount of
DIC relates to the buffering of the water. The buff-
ering of a water is its ability to resist a change in pH.
If a water has minimal DIC, then the pH may
fluctuate significantly. Because of the high sensitiv-
ity of copper and lead to pH, the improved pH
control of a minor (3-6 mg C/L) DIC increase to
increase buffering offsets potential increases in cop-
per or lead levels. Therefore, balancing the amount
of DIC for lead, copper and buffering is important
part of corrosion control.

Ata constant pH, as the DIC increases copper levels
should increase. The effect of DIC is not as strong as
the effect of pH until high (> 30 mg/L) levels of DIC
are reached, when pH adjustment stops being an
effective treatment approach. Increases in DIC of 3-
6 mg C/L will typically have minimal impact on
copper levels, particularly with respect to the regu-
latory Action Level. In contrast, for control of lead,
as the DIC increases the lead concentration de-
creases or remains essentially unchanged within the
pHrange of about 7.0to 8.0. Athigher pHs there will
be very little impact of DIC on lead levels or there

may be a very slight increase in lead levels with
increasing DIC.

Orthophosphate

In the proper pH range, orthophosphate (PO,) added
as a corrosion control treatment chemical can com-
bine with lead and copper in plumbing materials to
formseveral different compounds. These compounds
do not have a strong tendency to dissolve. As a
result, lead and copper levels in the water will
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remain low. The key to ensuring that orthophos-
phate will reduce lead and copper levels is to main-
tain the proper pH and orthophosphate residual.
Residual orthophosphate is the free amount of or-
thophosphate measured in the distribution system. It
is very important for most water systems to maintain
a residual of at least 1 mg PO,/L. In many cases,
water systems maintain a residual that is too low,
thus making the orthophosphate treatment ineffec-
tive. When using orthophosphate for lead and cop-
per control, the pH should be maintained within the
range of 7.2-7.8. If the pH is too low, even high
dosages will not work. At high pH, poor corrosion-
protecting film stability has often been observed.
Much higher concentrations are often needed to
resolve copper problems than lead problems. Treat-
ment chemicals containing zinc will help protect
cement and cement mortar lined pipes. When cop-
per or zinc concentrations in wastewater discharge
or sludge are of concern, then pH/DIC adjustment to
control copper corrosion is usually preferable, (when
feasible).

Alkalinity

Alkalinity is the capacity ofwater to neutralize acid.
It is the sum of carbonate, bicarbonate and hydrox-
ide anions. Alkalinity is typically reported as “mg/
L as calcium carbonate (CaCO,).” Low alkalinity
water will not neutralize acids well, while high
alkalinity water does neutralize acid well. Alkalin-
ity is interrelated to the parameters pH and DIC for
drinking water. Waters with high alkalinities also
tend to have high buffering capacities, or in other
words, a strong ability to resist changes in pH
brought about by chemical dosing or water quality
changes in the distribution system.

Buffer Intensity

Buffer intensity is a measure of the resistance of a
water to changes in pH, either up or down. Bicar-
bonate and carbonate ions are the most important
buffering species in almost all drinking waters. At
high pH (over 9) silicate ions also supply buffering.
Phosphate contributions are normally insignificant
as long as DIC is approximately 5 mg/L as C or
greater. Buffering is normally greatest at approxi-
mately pH 6.3, decreases towards a minimum at a

' pH of between about pH 8 and 8.5, and then again
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gets increasingly higher as pH goes above 9. Thus,
treated waters in this very low buffer intensity pH
range (8-8.5) tend to have highly variable pH in the
distribution network. This is aggravated in waters
that have very low amounts of DIC (less than about
10 mg C/L). Waters with low buffer intensity are
prone to pH decreases from such sources as uncov-
ered storage or nitrification, and pH increases from
contact with cement pipe surfaces. Maintaining
sufficient buffering is very important when using
orthophosphate addition or pH adjustment, because
copper and lead control require particular pH ranges
to be effective. Even if the pH of the water leaving
the treatment plant is correct, pH changes in the
distribution system may nullify the intended corro-
sion control treatment.

Directions for Making Treatment Determinations

Selecting a viable treatment option for controlling

lead and copper is a five-step process:

1. Examine the lead and copper data. Because
small water systems collect so few samples, itis
important to ensure that an action level
exceedance is due to corrosive water, rather
than some other cause. Water with pHs greater

than 8 and with alkalinities between 30 and 100

mg CaCO,/L would generally not be consid-
ered corrosive. Water with an alkalinity greater
than 100 mg CaCO,/L is frequently highly
corrosive toward copper. If the water quality
data appears to reflect conditions stated above,
the water system should provide treatment rec-
ommendations to the primacy agent. However,
the possibility of resampling or materials re-
placement should also be discussed with the
primacy agent.

2. Collect accurate and sufficient background
chemistry information to characterize the
water and anticipate future regulatory re-
quirements. Although itinitially appears to be
expensive to collect many water samples and
analyze a broad range of water quality constitu-
ents, doing so can save tens or hundreds of
thousands of dollars of added expenses later in
revising treatment plants or adding new pro-
cesses that were not anticipated. Having very
accurate pH, carbon dioxide and alkalinity/DIC
data is absolutely necessary to know the feasi-

bility of such simple treatments as aeration or
limestone contactors, and also the cost associ-
ated with chemical additions and chemical de-
livery systems. Having good calcium, magne-
sium, sulfate and other water quality data may
help in defining constraints to pH adjustment,
phosphate dosing, use of packed tower aera-
tors, membranes or other processes, because of
scale buildup issues. Knowing whether or not
arsenic or radon are present in the source water
will dictate corrosion control treatments which
are compatible with the removal processes, and
this can be planned and done at once. For
example, radon can readily be removed by
aeration, which can also be used for substantial
pH adjustment for corrosion control, so chemi-
cal feeds may not be necessary. However, a
complication to both might be iron or manga-
nese, so a combination of a removal process or
filtration following oxidation (aeration/disin-
fection) mightbe cost-effective and would elimi-
nate the need for sequestration. Similarly,
some arsenic removal processes may coincide
with iron removal and simplify the corrosion
control chemistry treatment. For surface water
or blended surface/ground water systems,
knowledge of the potential for disinfection by-
product formation or microbial concerns could
change the corrosion control approach. There
are many other possible interactions, and the
water system should try to anticipate as many
future regulatory water quality requirements
and treatment selection influences as possible.

. Use one of the three attached sets of treat-

ment recommendation flow charts to select
treatment options (see Section 1). The treat-
ment recommendation flow charts suggest ap-
propriate water quality modifications based on
the limited amount of water quality information
available to the water system. Treatment strat-
egies not suggested by the flow charts for a
particular set of water quality characteristics
should be avoided.

. Once the treatment option(s) are selected

from the treatment recommendation flow
charts, use the “Water Treatment Check-
list” (see Section 2) to determine if there are
other restricting factors. If all of the condi-
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tions are not met for a particular treatment, then
that strategy should be discarded.

5. If there is more than one viable treatment
option remaining, examine each option with
regard to secondary impacts and the oper-
ability of the system (see Section 3).

In some cases, several different treatment options
willbe available to a particular water supply. Asaresult,
some water systems will be able to select the most
appropriate treatment option based on system configu-
ration, economics, simplicity, reliability, operations,
and other site-specific factors. Consideration also may
be need to be given to impacts of drinking water
treatment chemicals on wastewater discharge limits, or
concentrations of metals in sludge. These aspects are
beyond the scope of this document, but should be
thoroughly addressed by all water systems as appropri-
ate.

Section 1 - Flow Chart Treatment Determinations

There are four sets of flow charts which can be used
to determine treatment approaches. To start, select the
set which corresponds to your system as follows:

(1) Exceeded lead and copper action level - set A;

(2) Exceeded lead action level - set B;

(3) Exceeded copper action level - set C;

(4) Exceeded either of the action levels and have
elevated source water iron and manganese
levels - set D.

The selection of a corrosion control treatment
option will be dependent on the pH, alkalinity, DIC, and
other water quality data such as calcium, iron and
manganese levels in the source water and possibly also
changes in the water distribution system. Invalid water
quality data can result in the misapplication of a treat-
ment strategy. Note that as treatments are applied,
particularly pH adjustment, your position and choices
may moveto another chart. Before using the flow charts
you must read the following information and calculate
the DIC as described below.
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pH Measurements - pH is the most critical variable for
determining treatment options. Many factors affect pH
measurements. The following are some of the most
significant.

The pH instrumentation and calibration. Many pH
measuring devices do not allow for appropriate calibra-
tion. Calibration of the pH probe should be performed
with 3 standards at pH = 4, pH =7, and pH= 10,
Calibration should also be performed prior to each set
of analyses.

Aeration of the sample. Loss or introduction of
carbon dioxide can greatly affect the pH of the sample,
almost immediately. The pH should be measured on-
site (in the field) with extreme care being taken not to
shake the sample, stir rapidly, or expose the water to the
atmosphere if it can be avoided. The use of small flasks
and rubber stoppers bored out and fit around electrodes
have been found to be very useful for minimizing the
substantial errors that can result in the measured pH
from only a few minutes of contact of typical New
England ground waters or pH adjusted waters with the
air. (See: “Laboratory Techniques for Measurement of
pH for Corrosion Control Studies and Water not in
Equilibrium with the Atmosphere.” Jour. AWWA,
72:5:304, 1980)

Water Quality Variations. pH may vary depending
upon the time of day, the season, or in response to
precipitation. For well supplies the pH may vary de-
pending on how long the pump has been running. It is
critical to examine when the samples were collected and
over what time period. Ifthe water source varies season-
ally as a function of precipitation or temperature it
would be important to have data over the period of the
entire seasonal cycle.

DIC Calculation - Dissolved inorganic carbonate af-
fects levels of lead and copper levels and plays an
important role in stabilizing pH. The DIC is calculated
by using Table 1, which was developed with good
approximations for New England conditions. Deter-
mine the DIC by reading corresponding pH and alkalin-
ity values measured by the water system.
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EXCEEDED LEAD AND COPPER ACTION LEVELS
Sheet 1A

Is the
pPH<7.27?

<>

1

Go to
Sheet #2 A

What is the DIC ?

< S mgC/L,

5-12mgC/L

> 12 mg C/L.

—

Raise pH in 0.5
unit
increments™ &
raise DIC to

5-12 mg /L.

SODA ASH

or
POTASH

or
SODIUM

BICARBONATE AND

CAUSTIC

or

ILIMESTONE
CONTACIOR

|

Raise pH in
0.5 unit
increments™*
SODA ASH
or
POTASH
or

CAUSTIC

*See Section 4 describing pH adjustment

Orthophosphate addition with pH/alkalinity adjustment is a viable
treatment too. See Sheet 2A.

'

Raise pH in
0.5 unit
increments™*

AERATION

or

CAUSTIC
or
SODA ASII

or

POTASH
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EXCEEDED LEAD ACTION LEVEL
Sheet 1B

Is the Go to
pH <727 Shect#2B

‘What is the DIC °?

=5SmgC/L| 5-12mgC/L | > 12mg C/L

Raise pH in 0.5
. unit Raise pH in Raise pH in
Increments™ & 0.5 unit 0.5 unit
raise DIC to increments™* increments™
5-10mg C/L.
SODA ASII SODA ASH AERATION
or or
or
POTASH POTASH CAUSTIC
or or
SODIUM CAUSTIC SODA ASII
BICARBONATE or
AND
CAUSTIC POTASH
or
LIMESTONE
CONTACIOR

*See Section 4 describing pH adjustment

Orthophosphate addition with pH/alkalinity adjustment is a viable
treatment too. See Sheet 2A.
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EXCEEDED COPPER ACTION LEVEL

Sheet 1C
Is the ‘| Goto
PH<7.27? Sheet #2C
‘What is the DIC °?
<SmgC/L 5-12mgC/L |> 12mgC/L+
Raise pH in 0.5 Raise pH in Raise pH in
) unit 0.5 unit 0.5 unit-
increments* & increments™ increments™
raise DIC to
5-10mg C/LL SODA ASH AERATION
or POTASH CAUSTIC
POTASII or or
or CAUSTIC SODA ASH
SODIUM or
BICARBONATE
or POTASII
LIMESTONE
CONTACTOR

*See Section 4 describing pH adjustment
1+Orthophosphate is necessary for new copper if pH > and DIC > 25 mg/L. as C.

See Sheet 2C.
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Sheet 1D

For Systems with Iron and Manganese

=> 0.05 mg/L.
Iron > 0.30 mg/L

'

‘What is the pH ?

<7.2 272

Go to
» Sheet #2D

‘What is the DIC ?

<SmgC/L 5-12mgC/L| > 12mgC/L

. o

Increase the
Increase the Increase | pHto 7.2-7.6
pPHto=> 7.5 the pH to
and >7.5 CAUSTIC
raise the DIC and add
to 5-10 mg SODIUM BLENDED
C/L SILICATE PHOSPHATE
and
SODIUM CAUSTIC
SILICATE
and
SODIUM
BICARBONATE
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EXCEEDED LEAD AND COPPER ACTION LEVELS

Sheet 2A
I the ' Go to
pH72 -
7.82 Sheet #3A
What is the DIC ?
<S5mgC/L | 5-25mgC/L |>25mgC/L
(;sg Exlgtm Raise pH in ADD
- 0.5 unit LA
increments* i uz:‘ - ORTHOPHOSPHATE
&z raise DIC
to 5-10 mg SODA ASII
C/L. o r‘
POTASH
SODA ASH or
CAUSTIC
or
')
POTASH R
ADD
or ORTHOPHOSPIIATE
SODIUM
BICARBONATE
AND CAUSTIC
or
LIMESTONE
CONTACTOR

*See Section 4 describing pH adjustment
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EXCEEDED LEAD ACTION LEVEL

Sheet 2B
Is the
pH 7.2 - Go to
7.8°? Sheet #3B
‘What is the DIC ?

<5mgC/L | 5-25mgC/L >25mg C/L

]

*See Section 4 describing pH adjustment
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0. 5 pI_.Itin Raise pH in ADD
InCrorments™ . 0.5 unit ORTHOPIIOSPIIATE
& raise DIC mcrements™ (initial2 0.5

C/L o
SODA ASIT Pcvcr;:sn
CAUSTIC
or
POTASII OR
ADD
or ORTHOPHOSPHATE

SODIUM
BICARBONATE
AND CAUSTIC

or
LIMESTONE
CONTACTOR
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EXCEEDED COPPER ACTION LEVEL
Sheet 2C

bl 73 - @S2
7.8°

What is the DIC ?

<5S5mgC/L | 5-25 mg C/L >25S mg C/L.

]

Rig'ﬁ; pPHin Raise pH in ADD
. O-ounit 0.5 unit ORTHOPHOSPHATE
zmmelgtlsc imcrements*
aisc
to 5-10 mg SODA ASH
SODA ASH °r
or POTASII
POTASH or
CAUSTIC
or
SODIUM
BICARBONATE
AND CAUSTIC
or
LIMESTONE
CONTACTOR

*See Section 4 describing pH adjustment
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Sheet D

For systems with Iron and Manganese

Manganese > 0.05 mg/L.
Iron > 0.30 mg/L.

l

‘What is the pH ?

<72|72-7.8%

Go to
Sheet j@¢——
#2D

‘What is the DIC ?

<SmgC/L | 5-20mgC/L. |=>=20mg C/L

N —

Increase the Raise
DICto 5 - PHin BLENDED
10 mg C/L . 0.5 unit PHOSPHATE
SODIUM increments*
BICARBONATR and add (initial
SODIUM Orthophosphate
AND ADD SILICATE >0.5 ﬁg/c}fpas P)
SODIUM or
SILICATE
NO PH
or ADJUSTMENT
AND
BLENDED BLENDED
PHOSPHATE | PHOSPHATE

*See Section 4 describing pH adjustment
T For pHs > 7.8, use silicate and maintain DIC > 5 mg C/L
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EXCEEDED LEAD AND COPPER ACTION LEVELS
Sheet 3A

*See Section 4 describing pH adjustment
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Is the )
Is7.8<pH<9.57 DIC <5mg
C/L.?
Existing
treatment
may be
optimal
Yes
What is the DIC ?
<SmgC/L| =5 mgC/L Increase DIC to
5-10mg C/LL
SODA ASH
| or
Raise pH in Raise pH in POTASH
0.5 unit 0.5 unit
increments* increments™ or
& raise
DIC to 5-10 CAUSTIC SODIUM
mg C/L BICARBONATE
SODA ASH
or
POTASH
or
SODIUM
BICARBONATE
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EXCEEDED LEAD ACTION LEVEL

Sheet 3B
Is the Is the
PH<95? DIC <S5 mg
C/L?
Existing
treatment
may be
optimal
k Yes
What is the DIC ?
S Increase DIC to
<SmgC/L| 25 mg C/L. 5-10
r_l SODA ASH
or
Raise pH in Raise pH in POTASH
0.5 unit 0.5 unit
increments™ increments™ or
& raise
DIC to 5-10 CAUSTIC SODIUM
mg C/L. BICARBONATE
SODA ASH
or
POTASH
or
SODIUM
BICARBONATE;

*See Section 4 describing pH adjustment
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EXCEEDED COPPER ACTION LEVELS

Sheet 3C
Is the
PH>7.8°?
‘What is the DIC ?
<S5SmgC/L 25 mg C/L*
Raise pH in
0.5 unit Raise pH in
increments+ 0.5 unit
and increments+
Raise DIC to
5-10mg C/L CAUSTIC
SODA ASH
or
POTASH
or
CAUSTIC WITH
SODIUM
BICARBONATE

tSee Section 4 describing pH adjustment
*If DIC > 25 mg C/L, add orthophosphate, do not adjust pH
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Section 2 - Water Treatment Checklist

After identifying possible appropriate treatment
strategies using the flow charts in Section 1, the follow-
ing Water Treatment Checklist should be consulted for
information on corrosion control treatment chemicals.
The criteria listed under a specific treatment method
must be met in order for that treatment to be selected.

ORTHOPHOSPHATE

pH in the range of 7.2-7.8

DIC>5mg C/L .

‘When substantial cement-lined or asbestos-cement pipe
is present, formulations containing zinc are beneficial.

CAUSTIC SODA or POTASSIUM HYDROXIDE
(""caustic')

DIC>5mg C/L
SODIUM BICARBONATE (baking soda)
DIC <5 mg C/L

SODIUM CARBONATE (soda ash) or POTASH
(potassium carbonate)

3mg C/L <DIC <25 mg C/L

BLENDED ORTHOPHOSPHATE/
POLYPHOSPHATE (blended phosphate)

Iron or manganese over secondary limits™ or creat-
ing water quality problems (red or black water)

Calcium precipitation is a problem

pH 7.2-7.8

DIC>5mgC/L

*Federal secondary containment levels for iron and
manganese are as follows:

iron = 0.30 mg/L

manganese = 0.05 mg/L

Section 3 - Selection Considerations.

For some water systems more than one corrosion
control treatment option may be chemically viable. The
purpose of this section is to provide general information
regarding the operation, and secondary impacts associ-
ated with each treatment option which may further
influence which final treatment option should be cho-
sen for your water system.
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pH Adjustment Systems - Caustic (sodium or potas-
sium hydroxide), soda ash, limestone contactors (cal.
cite filters) and aeration (air stripping) are the principal
methods for increasing the pH.

Caustic (Hydroxide) - Caustic, aliquid chemical, is
very hazardous if not handled carefully. It can cause
severe burns and damage the eyes. Caustic feed systems
at a minimum should include an eye washing system,
full shower, eye goggles, protective gloves, boots,
aprons, easy-to-handle barrels and chemical contain-
ment areas. For very small systems such as schools,
trailer parks etc. another option such as soda ash should
be used if possible. While caustic traditionally means
“sodium hydroxide” solution, potassium hydroxide can
always be substituted for sodium hydroxide if a water
system prefers, and dosages adjusted accordingly.

Soda Ash/Potash - Soda ash, or sodium carbonate,
is a dry compound which is relatively safe to handle
compared to caustic. Soda ash will not cause skin
irritation. When soda ash is added to a water it also
increases the DIC slightly. Because soda ash is safe to
handle, it is strongly suggested as the pH adjustment
chemical for schools, condominiums, or any facility
where technical resources are limited. It dissolves more
easily than lime. Potassium carbonate (potash) can be
used in lieu of soda ash, since it dissolves more readily
than soda ash.

Aeration Systems - Aeration systems can increase
the pH without adding chemicals to the water. The
exception is that some aeration systems may require
intermittent or continuous chlorine disinfection to con-
trol bacterial growth. There are a wide variety of pH
adjustment systems including diffused bubble systems,
packed or tray tower, and venturi systems. Any aeration
system selected for pH adjustment should be capable of
removing at least 80- 90% of the carbon dioxide. Larger
amounts of pH adjustment will require the use of
designs that produce higher percentages of carbon

- dioxide removal. One of the disadvantages associated

with aeration is that repumping of the water is required.
Some water systems can configure their well, plant and
storage locations to maximize the use of gravity in the
hydraulics of their distribution networks.

Limestone Contactors - A limestone contactor is
usually an enclosed filter containing crushed high-



CLEMENT, SCHOCK, SPENCER, OLSON, DWYER, COOK & MARSHALL

purity limestone. As the water passes through the lime-
stone the limestone dissolves, raising the pH, calcium,
DIC and alkalinity of the water. Since the system does
not require any pumps it is very simple and requires
very little maintenance. Occasionally the limestone
must be replaced. The limestone is not a hazardous
material. When selecting a limestone contactor from a
supplier it is important to ensure that it is adequately
sized to produce sufficiently high pHs for the range of
flow rates and temperatures encountered during plant
operation.

Secondary Water Quality Impacts - When the pH
of a water supply is increased, several unwanted side
effects may occur. Water systems with a low pH (~7)
and elevated levels of iron and manganese may notice
asignificant increase in black and red water complaints
when the pH is increased. Water systems with this
condition should consider using either a silicate or
blended phosphate.

Water systems using surface water are subject to a
series of regulations under a broad heading of the
Surface Water Treatment Rule (SWTR). These systems
must meet certain disinfection criteria. This includes
maintaining an adequate contact time with chlorine ata
specific pH and temperature, by meeting certain “CT”
criteria, and other disinfection credits through filtra-
tion. A corrosion control strategy that causes an in-
crease in pH may affect your ability to maintain ad-
equate chlorine contact. Increases in finished water pH
for surface water supplies should be performed after the
chlorine contact chamber.

Disinfection by-product (DBP) formation also var-
ies with pH. There is a tendency for trihalomethanes
(THME) to increase with prolonged exposure to higher
PH’s, whereas haloacetic acids (HAAs) tend to form or
persist less at elevated pHs. Depending on the points of
chlorination and the DBP precursor material concentra-
tion remaining after initial treatment, corrosion control
strategies may be limited by concerns of violating new
regulatory levels for DBPs in the distribution system
that will become effective in 2004.

The increases in pH, orthophosphate, or silicate
concentration necessary for lead and copper control
may sometimes result in scaling in distribution system
valves, in hot water heaters, or in some industrial
chemical processes.

DIC Adjustment Systems - The adjustment systems
for DIC include aeration and soda ash/potash (de-
scribed above), and sodium bicarbonate (baking soda).

Sodium Bicarbonate - Sedium bicarbonate is a dry
chemical that substantially increases the DIC, while
providing a very minimal increase in pH. This chemical
is typically applied to waters with very minimal DIC (<
5 mg C/L). Because it is a dry chemical, it must be
dissolved in a tank of water for feeding. It is very safe
to handle and will not increase the pH above 8.3.

Phosphate Adjustment - The addition of orthophos-
phate to a water supply can be achieved by adding any
one of several different formulations. These include
zinc orthophosphate, potassium or sodium orthophos-
phate, and phosphoric acid. Various chemical suppliers
can furnish orthophosphate chemicals in liquid or dry
chemical forms. The goal is to ensure that an adequate
dosage of orthophosphate is maintained throughout the
distribution system. Phosphoric acid is not recom-
mended for small systems because it is difficult to
handle. Orthophosphate may also be added by dosing
poly/orthophosphate blends. The ratio of orthophos-
phate to polyphosphate is very important to assure
sufficient orthophosphate residual to control the lead or
copper release. Too much polyphosphate will cause
instability of protective scales. Some polyphosphate
components in blends are more detrimental to copper or
lead levels than others, but due to the proprietary nature
of the products these effects are difficult or impossible
to predict before use.

The addition of orthophosphate or blended phos-
phates may cause the temporary release of particles
(turbidity) from the inside surfaces of pipes. Over time,
the conditions will stabilize and turbidity and color
levels should return to existing levels.

Orthophosphate compounds that contain zinc may
promote problems with receiving wastewater treatment
plants. Many wastewater systems have limitations on
how much zinc can be discharged to a receiving water
body or remain in the sludge. Also because orthophos-
phate is a nutrient, some wastewater treatment plants
will be limited in the amount of orthophosphate they
can discharge to the receiving stream. It is important to
check with the wastewater treatment plant to ensure that
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zinc or orthophosphate are not a problem. If zinc is a
problem, a non-zinc based orthophosphate should be
used. However, many water systems may find zinc a
very important additive to reduce the pH increases
caused by contact with cement and cement-lined pipes.

Section 4 - Optimizing Treatment

Once the best treatment strategy has been identi-
fied using the Flow Charts in Section 1, Water Treat-
ment Checklist in Section 2 and the Selection Consid-
erations in Section 3, the appropriate operating pH must
be determined. In addition, if orthophosphate is added,
an appropriate distribution system orthophosphate con-
centration must be maintained. No matter what the
intended corrosion control strategy is, a comprehensive
flushing program should be started at least several
months before initiation of treatment changes to re-
move sediment and loose scale material that could be
easily resuspended or destabilized by the new treat-
ment. Disinfection and microbial quality should be
carefully monitored during the flushing period. It is
also important to continue the frequent and comprehen-
sive flushing while the new treatment program is stabi-
lizing. The flushing will also aid in assuring delivery of
the corrosion inhibitor or water of proper pH and DIC
levels to the surface of the pipes, which will help
promote more rapid and more stable protective film
development on the pipes.

pH Adjustments - When using treatment chemicals
including caustic (sodium or potassium hydroxide) or
soda ash/potash (sodium or potassium carbonate), ad-
justments of pH should be made in 0.5 unit increments.
The pH should never be increased beyond 10. At a
minimum, for systems with a pH of less than 7.0, the pH
should be increased to at least 7.0. For other pH
increasing systems, either aeration or limestone
contactors, the final pH will be established by the
specifics of the water chemistry and design of the
contactor or aerator.

Increasing the pH of a water that contains calcium
may promote the precipitation of calcium carbonate. In
some circumstances, precipitation of calcium carbon-
ate can clog hot water heaters and produce cloudy
water. To limit the problems associated with calcium
precipitation, the pH at which calcium is likely to
precipitate can be estimated by use of Figure 1. The pH
of calcium precipitation is estimated by finding the
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point on the figure that corresponds to the DIC and
calcium level. The calcium must be expressed as cal-
cium (Ca) and not calcium carbonate (CaCO,). Note
that maintaining the pH below the level estimated on the
chart should minimize, not eliminate, the potential for
precipitating calcium carbonate. In many cases, it will
be possible to exceed the estimated pH levels without
having a calcium precipitation problem because the
precipitation of calcium is affected by many factors,
such as temperature and other dissolved metals.

Systems with unlined cast-iron pipe or large
amounts of galvanized pipe need to consider the im-
pacts of pH adjustment on iron corrosion. Although, the
water quality impacts that impact iron corrosion are
poorly understood, it appears that lower buffer intensity
may accelerate iron corrosion. Water’s minimal buffer-
ing intensity occurs approximately in the pH range of
8.0 - 8.5. Water systems that move their pH into this
range may experience iron corrosion and red water.

Lead and copper levels should be monitored at
representative homes or buildings four to six months
after the pH has been adjusted. The state should then be
consulted to determine if another pH increase is needed.
A decision to increase the pH should not be made before
this time because it usually takes at least four to six
months for lead and copper levels to stabilize after a pH
adjustment.

Orthophosphate Addition - The addition of ortho-
phosphate should be performed by incremental in-
creases in the dosage. Orthophosphate should only be
added for lead problems when the pH is in the range of
7.2-7.8. A slightly lower pH may sometimes work for
copper problems. Initially a system selecting ortho-
phosphate should add enough of the orthophosphate
based chemical to establish at least a 1 mg PO,/L
residual in the system. A close approximation is that 1
mg/L of orthophosphate expressed as P corresponds to
3 mg/L expressed as PO,. Systems with high DIC and
considerable new copper piping may need to start with
3mgPO,/L (1 mg/L asP). To establish this residual, the
amount of orthophosphate added will need to be higher
than what is measured in the system since some of the
orthophosphate will be depleted. After establishing a
residual of 1 mg PO,/L for 6 months, samples from
selected homes and buildings should be analyzed for
lead and copper. The results should be discussed with
the State to determine if increasing the dosage is neces-
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sary to satisfy the “orthophosphate demand” of the
distribution system. The dosage should be increased in
1 mg PO,/L increments, with lead and copper monitor-
ing following after 6 months with the same dosage. The
increases should continue until the desired metalslevels
are achieved. Even when lead and copper levels are
substantially reduced, dosages should not be lowered
until the orthophosphate residual throughout the distri-
bution system is constant and is nearly equal to the
concentration leaving the treatment plant.

Section 5 — Example Treatment Determinations

Water System 1
Population Served = 2000
Supply - single well
System failed both lead and copper action level

pH Data: 6.7, 6.9, 6.4, 6.4, 6.7
Alkalinity 56, 45, 44, 57 and 50 mg CaCO,/L
Calcium: 18, and 18, 19, 20 mg Ca/L

Step 1: Determine the DIC in mg C/L

The median (mid-value pH) is 6.7 and the average
alkalinity is 50.

Go'to table 1 and determine the DIC. (Because
there are no DIC values for a pH 6.7) determine the DIC
ata pH of 6.6 and a pH of 6.8 for an alkalinity value of
50, and determine the DIC at pH 6.7 by averaging the
values at pH 6.6 and 6.8.

For a pH of 6.6 and alkalinity of 50 the DIC is 19
For a pH of 6.8 and alkalinity of 50 the DIC is 17.
ForapH of 6.7, the DIC would be approximately 18.

Step 2. Determine the maximum pH to minimize
calcium precipitation

Using Figure 1 with an average calcium concentra-
tion of 19 mg/L and a DIC of 18, the maximum pH is
about 8.3.

Step 3. Use flow charts

The sheets for systems that exceeded both the lead
and copper (set A) action levels are used. The first sheet
is used since the pH is less than 7.2. The DIC is greater
than 12 mg C/L, therefore the viable treatment options
are: aeration, caustic, or soda ash/potash.

Step 4. Use the Water Treatment checklist
Check the requirements for each of the viable
treatment options. Because all the criteria listed under

the three treatment options have been met, any of the
three treatment options may be selected.

Water System 2
Population Served = 100
Supply - single well
System failed copper action level

pH Data: 6.9, 7.4, 7.1, 7.0, 7.0
Alkalinity 16, 18 and 20 mg CaCO3/L
Calcium: 7, 8 and 9 mg Ca/L

Step 1: Determine the DIC in mg C/L

The median (mid-value pH) is 7.0 and the average
alkalinity is 18.

Go to table 1 and determine the DIC.

For a pH of 7.0 and alkalinity of 20 (closest value
to 18) the DIC is 6 mg C/L.

Step 2. Determine the maximum pH to minimize
calcium precipitation

Using Figure 1 with a calcium concentration of 8
mg/L and a DIC of 6 the maximum pH is about 9.3.

Step 3. Use flow charts

The sheets for systems that exceeded the copper
actionlevel (set C) are to beused. The first sheet is used
since the pH is less than 7.2. The DIC is between 5 - 10
mg C/L, therefore the viable treatment options are:
caustic, soda ash, or limestone contactor.

Step 4. Use the Water Treatment checklist

Check the requirements for each of the viable
treatment options. Because all the criteria listed under
the three treatment options have been met, any of the
three treatment options may be selected.

Water System 3
Population Served = 2900
Supply - surface water and groundwater
System failed both lead and copper action level

GROUNDWATER DATA SURFACE WATER DATA
20 % of supply 80% of Supply-140,000 GPD
pH Data: 7.6 7.4 7.1 7.6 7.6 pH data: 6.8, 6.6, 6.8, 7.0
Alkalinity 50,54,56 and 60 mg CaCO,/L Alkalinity 6,7,7,8mg/L
Calcium: 29, 30, 28, 32 mg Ca/L Calcium: 2,2, 2,2 mg Ca/lL

Multiple Source System
Several factors must be examined when determin-
ing treatment for a water system with multiple sources.
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1. Amount of Water. The surface water in this case
is where most of the water is derived. It is of greater
importance on that basis.

2. Corrosiveness: The primary factors here are the
pH and alkalinity. The groundwater, having higher pH
values, is less corrosive.

Based on these factors, the approach should be to
determine a treatment recommendation for the surface
water supply.

Step 1: Determine the DIC in mg C/L

The median (mid-value pH) is 6.8 and the average
alkalinity is 7.

Go to table 1 and determine the DIC. .

ForapH of 6.8 and alkalinity of 5 (closest value to 7)
the DIC is 2 mg C/L.

Step 2. Determine the maximum pH to minimize
calcium precipitation

Using Figure 1 with a calcium concentration of 2
mg/L and a DIC of 2, the

maximum pH is about >9.75.

Step 3. Use flow charts

The sheets for systems that exceeded both the lead
and copper action level (Set A) are to be used. The first
sheet is used since the pH is less than 7.2. The DIC is <
5 mg C/L, therefore the viable treatment options are:
soda ash, sodium bicarbonate or limestone contactor.

Step 4. Use the Water Treatment checklist

Check the requirements for each of the viable
treatment option. A limestone contactor cannot be used
because the system’s flow rate is >50,000 gallons per
day. Soda ash cannot be used because system DIC does
not fall within the required range of 4 - 24 mg C/L.
Because the criterion listed under sodium bicarbonate is
met, sodium bicarbonate should be used to optimize
corrosion control treatment.

Section 6 - Some Additional Sources of Information

AWWA (American Water Works Association),
1999. Water Quality and Treatment. R.D. Letterman
(ed.). McGraw-Hill, New York, NY. ’

AWWARF (American Water Works Association
Research Foundation), 1990. Lead Control Strategies.
AWWA Research Foundation and AWWA, Denver, CO.
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AWWARF (American Water Works Association
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Research Foundation, Denver, CO.

AWWARF-TZW, 1996 (Second ed.). Internal Cor-
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Foundation/DVGW Forschungsstelle-TZW, Denver, CO.

Dodrll, D.M. & Edwards, M., 1995. Corrosion
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