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SCREENING OF ALTERNATIVES

Chapter 3.0 —
Screening of Corrosion

Control Alternatives

Many small and medium-size PWSs
will be required to evaluate, select and
implement optimal corrosion control
treatment to meet lead and copper action
levels (ALs). Additionally, most large
PWSs will be required to perfarm corrosion
control studies which includes desk-top
evaluations of alternative treatment
approaches. States will likewise be re-
quired to review the findings and recom-
mendations of corrosion control investiga-
tions, and, in some cases, designate
treatment for LCR compliance. To assist
each in these endeavors, this Chapter
provides:

* a discussion of the basic principles of
corrosion and the available corrosion
control treatment approaches;
the steps necessary to develop treat-
ment recommendations for sms]l and
medium systems axceodusg an AL or
large systems required to perform desk-
top evaluations;

a checklist for small and medium-size
PWSs and States to use in evaluating
the selected treatment; and

several case studies iilustrating the
procedure and rationale used to per-
form desk-top evaluations.
References are also provided for those

seeking more detailed and rigorous
presentations on this subject.
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3.1 Principles of
Corrosion and Corrosion
Control

Corrosion causes the deterioration of
crystalline structures that form the pipe
materials, and can occur by one of three
principle mechanisms: “abrasion, metabolic
activity, and dissolution. Abrasion is the
physical removal of plpe material due to
irregularities in the pipe surface which
may dislodge under high fluid velocities.
Metabolic activity refers to the utilization
of pipe materials as a nutrient supply by
microorganisms. The dissolution of pipe
materials occurs when favorable water
chemistry and physical conditions combine,
generating the following possible corrosion
scenarios:

. » Uniform Corrosion - when the watzr

freely dissolves metals from the pipe
surface;

Concentration Cell Corrosion - when
anodic and cathodic points are estab-
lished along the pipe surface, causing
the sacrifice of metals at the anode
(dissolved metal species) and the re-
precipitation of less soluble metal
compounds at the cathode.

Galvanic Corrosion - when two dissimi-
lar metals are in contact with each
other, accelerating the dissolution of
the material with the greater tendency
to corrode.
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Carrosion of drinking water distribution
systems can result from any of the above
mechanisms or combinations of the various
types of corrosion activity as illustrated
in Figure 3-1. Alteration of water quality
characteristics via treatment can exten-
sively reduce some forms of corrosion
activity, but may have a less significant
affect on others (AWWARF/DVGH, 1985).

Corrosion control treatment is princi-
pally intended to inhibit dissolution. The
objective is to alter the water quality such
that the chemical reactions between the
water supply and the pipe materials favor
the formation of a protective layer on the
interior of the pipe walls. Corrosiorr control
treatment attempts to reduce the contact
between the pipe and the water by creat-
ing a film that is: (1) present throughout
the distribution and home plumbing
systems; (2) relatively impermeable; (3)
resistant to abrupt changes in velocity
and/or flow direction; and (4) less soluble
than the pipe material (Neff, 1991).

Coincidental reductions of other
corrosion activity may be accomplished
shen dissolution o! Jund yre cormer are
minimized. Abrasion of piping materials
is typically accelerated when corrosion
byproducts, such as tubercles, are present
in the distribution system. Abrasion
activity normally diminishes when tuber-
cles are redur=d or if the tuher-les con be
coated with a less permeable substance.
This effect has been noted by several full-
scale systems which have reported fewer
customer complaints about red or black
water events after corrosion control
treatment was implemented.

Most researchers agree that implement-
ing corrosion control will alter the finished
water chemistry which subsequently may
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influence microbial growths within the
distribution system. Recent studies have
shown that biofilms are strongly associated
with corrosion byproducts within distribu-
tion systems (Allen, et al., 1980; Herson,
et al., 1991; AWWARF, 1990a). This
association makes the biofilms more
resistant to disinfection, and therefore,
more persistent when active corrosion
takes place in distribution system piping.
While biofilm formation may be promoted
by corrosion, it remains difficult to accu-
rately quantify the effects of microbial
activity on corrosion rates in distribution
systems and the effect of treatment on
such activity. '
Some PWSs have also experienced
increases in distribution system microbial
growth when corrosion control treatment
was implemented due to the addition of
nutrients (phosphorus, inorganic carbon,
silica) to the finished water. In particular,
this may become a problem within distri-
bution systems where chloramines are
used for final disinfection and a phospho-
rus-based inhibitor is applied for corrosion
control. As chloramines are reduced during
oxidation, ammonia (a putential nitrogen
source) is released into the water. Thus
the presence of two major nutrients,
nitrogen and phosphorus, could increase
microbial growth. This is especially likely
in the extremes of the distribution system
where localized areas with inadequate
disinfectant may occur (Hoehn, 1991).
Algal growth may also occur in uncov-
ered distribution system reservoirs. The
primary nutrients necessary for algae to
proliferate are nitrogen and phosphorus.
Phosphorus tends to be the controlling
nutrient as some algal species are able to
obtain nitrogen from the atmosphere for
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Figure 3-1. Forms of Corrosion Activity Encountered in
Potable Water Distribution Systems
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their metabolic processes. Thus, the use
of a phosphate-based inhibitor may
promote unwanted algal growth in some
systems. In the early 1980s a state agency,
the Metropolitan District Commission
(MDC), was responsible for supplying
water to the Boston metropolitan area.
One reason that MDC chose to discontinue
feeding a zinc orthophosphate inhibitor
for corrosion control was the possibility
that the phosphate was responsible for
increased algal growth in the distribution
system reservoirs (Karalekas, et al., 1983).

3.2 Corrosion Control
Treatment Alternatives

As illustrated in Table 3-1, available
corrosion control technologies can be
characterized by two general approaches
to inhibiting lead and copper dissolution:
(1) forming a precipitate in the potable
supply which deposits onto the pipe wall
to create a protective coating; or (2)
causing the pipe material and the potable
supply to interact in such a way that metal
compounds are formed on the pipe =:rface,
creating a film of less soiubie ‘material.
The difference in these two approaches
is the mechanism by which the protective
film is formed. In the former method,
insoluble compounds are formed by
adjusting the water chemistry to cause the
precipitation of the compound onto the
pipe wall. The success of this method is
dependent on: (a) the ability to form
precipitates in the water column, and (b)
the characteristics of the deposit on pipe
walls, including its permeability, adher-
ence strength, and uniformity. In the latter
approach, the mechanism is the passiva-
tion of the pipe material itself through
the formation of less soluble metal com-
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pounds (carbonates or phosphates) which
adhere to the pipe wall. In the case of non-
metallic pipe materials, such as asbestos-
cement (AC) pipe, passivation and precipi-
tation mechanisms are also operative. The
calcium present in the AC pipe acts as the
metallic component, being available to
react with the carbonate or phosphate
species under passivating conditions.
Various chemical treatment practices are
available to promote precipitation and/or
passivation in PWSs. The most effective
corrosion control treatment may actually
rely on some combination of these two
mechanisms (AWWARF/DVGM, 1985;
AWWAREF, 1991; Kirmeyer and Logsdon,
1983; AWWARF, 1990b).
In general, the available corrosion
control treatment technologies are:
¢ Alkalinity and pH Adjustment,
which refers to the modification of pH
and/or alkalinity (as a surrogate for
dissolved inorganic carbonate) to induce
the formation of less soluble compounds
with the targeted pipe materials. This
method utilizes passivation as the
mechanism for corrosior: control.
Calcium Hardness Adjusument,
which refers to the adjustment of the
calcium-carbonate system equilibrium
such that a tendency for calcium
carbonate precipitation results. This
method of corrosion control depends
upon precipitation as the means. of
protecting piping systems. The term
"calcium hardness adjustment”, in
many cases, may be a misnomer since
calcium addition or reduction may not
be required. Instead, modifying the pH
and/or alkalinity through treatment
may be the mechanism for achieving
a tendency for calcium carbonate
precipitation.



SCREENING OF ALTERNATIVES

Table 3-1. Conceptual Framework for Corrosion

Control Approaches
Control - s
mechanism | = : Passivation Precipitation
Treatment pH/Alkalinity Corrosion Calcium
Approach |= Adjustment Inhibitor Adjustment
Key Water pH, Alkalinity, pH, Alkalinity, Calcium, pH,
Quality - TDS, Metals, Hardness, Alkalinity, TDS,
Parameters Temperature Temperature Temperature
Lime Lime
Ropropriais Soda Ash O opTaage Soda Ash
prop Sodium Bicarbonate - Sodium Bicarbonate
Chemical Feed | —p Causti Polyphosphate Caustic Soda
Systems . Soda Ortho-Polyphosphate c >
Carbon Dioxide , : Carbon Dioxide
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* Corrosion Inhibitors, which refers
to the application of specially formulat-
ed chemicals characterized by their
ability to form metal complexes and
thereby reduce corrosion. This method
employs passivation of the metal
surface as the means of corrosion
control. The common corrosion inhibi-
tors generally available include ortho-
phosphate, polyphosphates, poly-ortho-
phosphate blends, and silicates.
Each of these treatment techniques is

discussed more extensively in the following
sections.

3.2.1 Alkalinity and pH
Adjustment.

The solubility of metals is dependent
on the specie in which that metal is found.
Elemental lead and copper will form
complexes with such chemical groups as
the hydroxyl (OH), carbonate (CO,),
bicarbonate (HCO,), orthophosphate (PO,),
and silicate (Si0,). The pH/alkalinity
adjustment method relies upon the
formacion of less soluble metal speci~s
consisting of hydroxyl-carbonate com-
pounds.

~ Figures 3-2 and 3-3 present an example
of the family of solubility contour diagrams
for lead and copper, respectively, which
are derived for various temperature aind
ionic strength conditions. These particular
contour diagrams are based on the theoret-
ical solubility of various metal hydroxy-
carbonate species for a water with moder-
ately low total dissolved solids (200 mg/L
TDS = 0.005 Ionic strength) and tempera-
ture of 25 °C. To read the chart, the x-axis
is the dissolved inorganic carbonate (DIC)
content, and the y-axis is the pH of the
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treated water. A chart to convert total
alkalinity to DIC is provided in Table A-2
of Appendix A. For a particular pH and
DIC, the theoretical lead solubility, for
example at point A in Figure 3-2, would
be 10%7 = 0.20 mg/L lead. By increasing
the pH alone to pH = 9 (point B) the lead
solubility would decrease to 10°%® = 0.16
mg/L. If the DIC content were reduced as
well (moving from point B to point C on
Figure 3-2), the theoretical lead solubility
is further reduced to 10°% = 0.13 mg/L.

As Figure 3-2 illustrates, the minimum
lead solubility occurs at relatively high pH
conditions (pH 9.8) and low alkalinity (30-
50 mg/L as CaCOy for DIC). Similar pH
solubility for copper as shown in Figure
3-3. However, copper solubility appears
to be more strongly related to pH than
alkalinity.

These types of figures may be used to
assess the potential value of applying a
pH/alkalinity adjustment treatment
technique for particular supplies. Alterna-
tive water quality goals - consisting of
modified pH and alkalinity conditions -
may be evaluated by determining the
estimated reduction in theoretical lead and
copper solubility. The approach which
should be considered a candidate is able
to: (1) maximize the relative reduction
in lead and copper soiubility with respect
to the existing treatment, and (2) meet all
other treatment objectives at the least cost.

The chemical feed systems which may
be installed to modify pH and alkalinity
conditions in the finished water are
summarized in Table 3-2. Many of the
chemicals shown in Table 3-2 will both
increase the pH and the alkalinity of the
finished water. In some cases,
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Contour Interval = 0.05 units

. mg CaCO3/L INORGANIC CO,

MMMmWMdMH
expressed as a log,, ) in mg/L. The lead concentration for example,
at point A is calculated as 10 “’= 020 mg/L.

Seurex: Scheck, M.R. 196S. EPA 600925007

Figure 3-2. Contour Diagram of Lead (II) Solubility in the
System Lead (II)-Water-Carbonate at 25°C and an Ionic
Strength of 0.005 mol/L
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Contour Interval = 0.10 units

PH

7 et T er 1 1 e sod ATTTRETERISTRIRTARTUSTRT=0C. .00 )
S S0 Qo 180 200 20 300 330 ooo' 450 00

mg CoCO3/L INORGANIC COjy

Note: Contour lines represent theoretical concentrations of soluble copper
expressed as a log,, (Cu-Conc) in mg/L. The copper concenmation for example,
at point A is calculated as 10 ™= 0.0004 mg/L :

Source: Scheck, VLR, 1988, EPA 600/9-35-007

Figure 3-3. Contour Diagram of Copper (II) Solubility in the
System Copper (II)-Water-Carbonate at 25°C and an Ionic
Strength of 0.005 mol/L
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Table 3-2. Summary of Chemicals Typically Used in pH/Alkalinity
and Calcium Adjustment Corrosion Control Treatment

Caustic Soda, NaOH

Use

b

carboiiate species

Raise pH. Convert 93% purity liquid bulk. 1.55 mg/L. CaCO, pH control is difficult
excess CO, to alkalinity Colder climates, bulk alkalinity per mg/L when applied to poorly
species storage at <50% purity to | as NaOH buffered water
prevent freezing
Lime, Ca(OH), Raise pH. Increases 95-98% purity as 1.21 mg/L. CaCO, pH control is difficult
alkalirity and calcium Ca(OH),. 74% Active alkalinity per mg/L when applied to poorly
conte: ingredient as CaO. Dry | as Ca(OH), buffered water. Slurry
storage with slurry feed feed can cause excess
turbidity. O&M intensive
!
Sodium Bicarbonate, | Increeses alkalinity with | 98% purity. Dry storage | 0.60 mg/L CaCO, Good alkalinity
NaHCO, little iricrease in pH with solution feed alkalinity per mg/L adjustment choice, but i
i as NaHCO, very expensive !
Soda Ash, Na,CO, Incresses alkalinity with  95% purity. Dry storage | 0.90 mg/L CaCO, _ More pH increase
moderate increase in with solution feed alkalinity per mg/L caused as compared to
pH as Na,HCO, NaHCO,, but less costly
Carbon Dioxide, CO, | Lowers pH. Converts  Pressurized gas storage. None Can be used to
excess hydroxyis to Fed either through enhance NaOH or lime
bicarbonate and eduction or directly feed systems
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combinations of the available chemical feed
systems are more appropriate to ensure
that pH and alkalinity goals may be met
simultaneously This is especially impor-
tant in poorly buffered systems where pH
adjustment alone through the use of either
caustic soda or lime, for example, could
cause unacceptably elevated pH levels or
erratic pH levels in the treated water and
within the distribution system. In these
cases, the use of sodium bicarbonate or
carbon dioxide may be used in conjunction
with the lime or caustic soda system to
provide additional buffering capacity.

Apart from those chemical applications
shown in Table 3-2, other treatment
processes may affect the pH/alkalinity of
the finished water; namely, aeration, alum
coagulation, chlorination and fluoridation.
These additional sources of pH and
alkalinity impacts must be incorporated
into the comprehensive treatment design
in order to successfully achieve the
recommended finished water quality goals
for pH and alkalinity.

The operation of a full-scale facility
using the pri/alk2%nily mwuwScation
approach should consider several factors
in the design of the corrosion control
program:

* the location of each chemical feed for
optimal utilization, including coagu-
lants, oxidants (such as chlorine),
fluoride, and pH/alkalinity modification
chemicals.

* monitoring locations for process control,
whether manual or automatic;

* sequencing the control of chemical feed
rates in order to reach all of the water
quality goals while minimizing chemi-
cal usage; and,

¢ the available contact time and mixing
conditions necessary to achieve a stable
finished water prior to entry to the
distribution system.

When determining the location of
chemical feed points, the pH adjustment
resulting from chemical additions must
be considered. This is especially relevant
for waters .that are weakly buffered.
Chlorine addition in the gaseous form, for
example, will tend to lower the pH while
adding chlorine in the hypochlorite form
will tend to raise the pH. Likewise, both
sodium silicofluoride and hydrofluosilicic
acid which are commonly used in fluorida-
tion are acidic and will tend to lower the
pH. Adjustment of the finished water pH
for corrosion control cannot be permitted
to interfere with the objectives of other
water treatment operations. Disinfection
with free chlorine, for example, is more
effective at lower pH values because the
hypochlorous acid formed by the addition
of chlorine converts rapidly to the hypo-
chlorite ion above pH 7. Hypochlorite ion
has long been known to be less effectxve
as a bioaade than hypoch.orous wcid. “or
instance, under the SWTR, higher CT
values are required at higher pH levels
to accomplish equivalent microbial inacti-
vation.

3.2.2 Caicium Adjusimeni.
The formation of a calcium carbonate
precipitate may be used to coat the interiar
walls of pipes and thereby reduce the
corrosion of the pipe surface. The success
of this treatment depends on delivering
a finished water slightly supersaturated
with calcium and carbonate (at a specified
pH condition) such that calcium carbonate
precipitation occurs. The availability of
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the supersaturated conditions throughout
the distribution system and the reliability
of existing techniques to predict the
potential formation of calcium carbonate
precipitates are key factors to providing
corrosion control protection. Success also
depends on the ability to control the
formation of scale buildup to insure that
hydraulic capacity is not unduly sacrificed
in the course of providing corrosion
protection.

The calcium-carbonate equilibrium is
a dynamic system which will change
continuously from the point of entry to the
final service connection throughout the
distribution system. Achieving a continu-
ous coating of calcium carbonate precipi-
tate is difficult without causing excessive
precipitation in some portions of the
system. This can result in significant
reductions to the supply capacity of the
distribution system, especially in the
vicinity of the treatment plant, and require
those lines to be cleaned in order to
reestablish the necessary hydraulic
conditions.

Tue complications associated w'ih
calcium adjustment are increased by the
difficulties in precisely determining the
degree of calcium carbonate precipitation
in the treated water. Several indices have
been proposed to describe the calcium-
cavhnnate equilibrium, and the tendency
of water to form precipitates. PWSs should
exercise caution, however, when using
traditional indices to predict performance
for lead and copper control. Such indices
may not be adequate to predict the
performance of the calcium adjustment
approach, although they may be useful to
initially estimate the water quality
oconditions necessary to precipitate calcium
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carbonate. The Calcium Carbonate Precipi-
tation Potential (CCPP) index may be the
most useful for this purpose. A more
detailed description of the CCPP and its
method of calculation is provided in
Appendix A.

To understand and effectively utilize
any of the indices discussed in Appendix
A, ar to derive calcium carbonate satura-
tion conditions without the use of indices,
it is necessary to review the calcium-
carbonate equilibrium system. Figure 3-4
presents the solubility diagram for calcium
carbonate as a function of pH under "closed
system" conditions, i.e., no exchange of
carbonate species (CO,) is permitted
between the water and air systems. Open
systems could involve the dissolving and
de-gassing of carbon dioxide, which would
affect calcium carbonate solubility. As the
pH increases, the solubility of calcium
carbonate decreases such that more
calcium carbonate will precipitate rather
than stay in solution. However, these
reactions are not instantaneous, and
therefore, sufficient time must be provided
within th.2 targeied pH range for precizita-
tion to occur. For example, lime softening
plants which have excess calcium carbon-
ate present after softening often re-carbon-
ate the clarified water (reduce the pH)
prior to filtration. This increases the
solubility of calcium and prevents the filter
media from becoming coated with calcium
carbonate precipitates which otherwise
would continue to form under the elevated
pH conditions.

The water treatment goals for this
approach should include the pH, carbonate
content (alkalinity) and calcium concentra-
tions necessary to achieve caldum carbon-
ate precipitation. The chemical feed
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Figure 3-4. Solubility Diagram for Calcium Carbonate in a
Closed System at 25°C
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systems which may be used to implement
calcium adjustment treatment are
summarized in Table 3-2. Many of these
chemicals are applicable in the pH/alka-
linity adjustment approach, but the
finished water quality goals would differ.

3.2.3 Corrosion Inhibitors.

Two predominant forms of corrosion
inhibitors are available for potable water
treatment: phosphate and silicate-based
compounds. Somewhat different chemical
mechanisms of corrosion control and water
quality criteria are associated with the
effective use of phosphate and silicate-
based inhibitors. However, both utilize
passivation as the method of providing
corrosion protection.

A plethora of corrosion inhibitor
formulations are commercially available
to PWSs, and caution must be used in the
review and consideration of the alternative
products. As a direct additive to drinking
water supplies, corrosion inhibitors are
subject in most states to the American
National Stands-d= Instituta (ANSI)/-
National Sanitation Foundation (NSF)
Health Effects Standard 60 for direct
additives. Products must be certified or
approved by the primacy agent prior to
being used in treating potable supplies.
PWSs should contact their State agency
to determine: (1) whether the State has
adopted the ANSI/NSF Standard 60 for
direct additives, and (2) a list of the
certifying agencies or certified products
for corrosion control treatment.

3.2.3.1 Phosphate inhibitors. Lead
forms at least one orthophosphate solid
of low solubility under typical drinking
water conditions, which can serve as the

basis for corrosion control. Solubility
contour diagrams like those presented for
pH/alkalinity adjustment have been
developed for lead when 0.5 mg/L PO, is
added to the finished water, as shown in
Figure 3-5. The minimum theoretical lead
solubility is reduced by approximately
0.5-logs with the addition of the orthophos-
phate, and the corresponding pH is much
lower than that associated with the
carbonate system alone.

Copper solubility does not appear to
be markedly reduced by the inclusion of
orthophosphate in solution until extremely
high dosages are applied. The results of
several corrosion studies using orthophos-
phate have found conflicting results with
respect to their contribution to copper
control (AWWAREF, 1990b; Moser et al.,
1992). Until additional insight can be
garnered through additional research,
testing should be performed to evaluate
copper control by orthophosphate.

The pH range across which orthophos-
phate appears to be most effective for lead
is 7.1 to 7.8 (AWWARF;“1990b; Lee et al.,
1989; Lechner, 1991). A: pH values much
above 7.8, metal phosphate precipitates
can form, causing scale buildup and
hydraulic capacity losses. Waters with low
hardness (calcdium < 16 mg/l. and a calcdum
to magnesium ratio of 0.7) are well-suited
to the use or orthophospnate inhibitors.

The critical parameters to operating
an orthophosphate corrosion control
treatment program are: (1) maintaining
a stable pH in the inhibitor’s effective
range throughout the distribution system;
(2) determining the inhibitor composition
best-suited for the specific water quality
objectives and conditions; and (3) applying
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Contour Interval = 5 units

200 250 300 3%0

Mm@ CaCl L INORGAMIC OO,

Note: Contour lines represent theoretical cancentrations of soluble lead
expressed as 100 * m,mmmmmummramb.
at poine A is calculated as 107" = 0.20 mg/L.

Searce: Schock, MLR. 1985 EPA 600/9-85-007

Figure 3-5. Contour Diagram of Lead (II) Solubility in the
Presence of 0.5 mg/L PO, at 25°C and an Ionic Strength
of 0.005 mol/L.
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the appropriate dosage to accommodate
background orthophosphate demand as
well as the corrosion control protection
sought. Phosphate-based inhibitors are
acidic solutions, and the pH effect of their
addition to the finished water must be
-considered in determining the suitability
of their application.

Since phosphates are effective over a
constrained pH range, maintaining that
range throughout the distribution system
is an important component of implement-
ing a successaful corrosion control program.
For systems which are well buffered, and
whose pH is within the targeted range,
this may not be a critical issue. However,
for those PWSs with poorly buffered
supplies (low alkalinity levels), pH fluctua-
tions within the distribution system can
be significant. For example, with a finished
water alkalinity of less than 20 mg/L as
CaCO; and pH of 7.5, a PWS found
distribution system pH values ranging
from 6.5 to 9.0, depending on whether the
water had passed through unlined ductile
iron pipe, hnedcastxronpxpe,crasbestos-
cement pipe. Such fluciunti’ 3% ficiribu-
tion system pH would adversely impact

the performance of the corrosion inhibitor.
Systems with poorly buffered water may
have to install treatment to stabilize pH
in addition to installing carrosion inhibitor
systems for reducing lead and copper
levels.

Thus, the use of inhibitors for corrosion
control within the distribution system is
analogous to maintaining a chlorine
residual within the system as a safeguard
against secondary contamination. Similar
to the chlorine residual, the orthophos-
phate concentration must be sustained to
be effective as a corrosion inhibitor

throughout the distribution system.
However, unlike the chlorine residual
which will inhibit biological functions at
trace concentrations, the inhibitor must
be carried above same minimum concentra-
tion to be useful. Because the composition
of inhibitors vary and in some cases it is
proprietary information, this minimum
concentration should be determined in
conjunction with the supplier.
Phosphate inhibitors are manufactured
in a variety of compositions, including
sodium orthophosphate, zinc orthophos-
phate, polyphosphates, and poly-ortho-
phosphate blends. Each of these groups
of compounds may have differing formula-
tions as to the percentage of effective PO,
present. The selection of a specific inhibitor
may require a preliminary evaluation of
the following: (a) effectiveness in control-
ling lead and/or copper, (b) effects of
depressing the final pH of the treated
water, and (c) impacts on wastewater
treatment facilities required to meet
effluent standards for phosphorus.
Polypbosphates revert (hydrolyze) with
time resuling.in . an. jicreass-in che
orthophosphate ion. This reversion is
affected by, among other parameters, pH,
and available metal ions such as calcium
and zinc. Because chemical suppliers
provide proprietary inhibitors with formu-
lations largely unknown to the user, it
becomes essential that polyphosphate
additives be tested under actual distribu-
tion system conditions. Testing for both
orthophosphate and polyphosphate (see
the hydrolyzable plus orthophosphate
pathway in Figure 4-2, Lead and Copper
Rule Guidance Manual, Volume I) should
be monitored at the point of entry and
throughout the distribution system. These
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data will assist in determining the correct
inhibitor dose and in identifying and
understanding the predominant
mechanism of inhibition. ,
As Holm and Schock point out (Holm
and Schock, 1991a; and Holm and Schock,
1991b), water treatment measures can
sometimes unintentionally increase lead
solubility. Products that contain poly-
phosphates can fall into this category.
Holm and Schock refer to other research
to support their conclusions regarding
polyphosphates (Bailey, 1982; Sheiham
and Jackson, 1981; Neff, et al., 1987; and
Maas, et al., 1991). It is noteworthy that
some researchers disagree with Holm and
Schock, because some of this supporting
research has restrictions which narrow
their application. Nevertheless, EPA
believes that polyphosphates should be
used with caution because: "Applying
chemicals whose effects are not well
understood may be viewed in the extreme
sense as an uncontrolled toxicological
experiment on the general population. We
feel this is the trus =i3zservice to the water
atility industry” (Izoun ana Schock, 1991b).
Polyphosphates are not recommended
for corrosion control purposes in general,
although their application may be benefi-
cial, if not required, for other water
quality, operational, or treatment concerns.
The principle use of such chemicals is to
sequester dissolved metal or cationic
constituents - such as calcium, iron, or
manganese - and reduce their ability to
precipitate either in the distribution
system or within the water treatment
plant. In the case of calcium, polyphos-
phates are used in many softening plants
to minimize the encrustation of filter
media by post-precipitation of calcium

carbonate. For iron and manganese control,
polyphosphates can effectively reduce the
aesthetic discoloration caused by these
compounds. This is often a useful and
necessary benefit of their application,
particularly for groundwater systems
which are heavily mineralized and devoid
of oxygen, ideal conditions for iron and
manganese to solubilize. Seasonally high
levels of iron and manganese can also
occur with surface water supplies when
low dissolved oxygen and reducing condi-
tions in upstream reservoirs increase the
concentration of these minerals.

While polyphosphates have demonstrat-
ed limited direct success toward lead and
copper corrosion control, their use at water
treatment facilities will be necessary in
many instances. Ortho-polyphosphate
blends are being produced which may able
to offer some of the benefits of both uses
to PWSs. These should be considered when
orthophosphate inhibitors are a viable
corrosion control approach, but a poly-
phosphate is also required to meet other
treativent objectives. ~ -

Additionally, the proper application raie
for a specific inhibitor should be deter-
mined through testing. As a preliminary
assessment, the necessary dosage should
include the phosphate-demand exerted by
the water quality constituents present in
the finished water. Beyond the dosage
required for effective lead and/or copper
control, metals present in the supply will
combine with phosphates to differing
degrees, imposing an effective "phosphate-
demand" in the following order of preferen-
tial sequence (shown as: maximum >
minimum; or equivalent < > equiva-
lent) (Lechner, 1991).
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The final dosage required should be
sufficient to accommodate the phosphate-
demand and provide the effective inhibitor
residual necessary to achieve lead and/or
copper corrosion control.

3.2.3.2 Silicate inhibitors. The
mechanism involved in controlling
corrosion is unclear for silicate applica-
tions. Silicates are manufactured by the
fusion of high-quality silica sands to
sodium or potassium salts. Sodium
silicates are generally most common with
sodium carbonate being used as the
bonding salt. Conventional sodium silicates
use silica to Na,CO, molar ratios between
1.5 and 4 to 1.

The must common form of silicate in
water treatment is the 3.22 weight ratio
sodium silicates at 41 “Baume’ solution
with 37-38 percent solids. This has been
used successfully for corrosion control
treatment when targeting reductions in
iron corrosion. For lower pH waters, a
more alkaline silicate product may be
aPpropriabe, such as the weight ratio 2.00
Si,0:Na,0 with 50.5 “Baume’ solution to
reduce acidity and increase the overall
buffering capacity of the water.

The method of controlling corrosion
attributed to silicates appears to be a
combination of adsorption and formation
of less soluble metal-silicate compounds.

. Highest Demand
Manganese >iron >Copper >Aluminum >Zinc/Lead
li. Moderate Demand
Calcium< >Magnesium< >Barium< >Radium
lil. Lowest Demand
Sodium< >Potassium '
e e———

Silicates are considered anodic inhibitors,
combining with the free metal released
at the anode site of corrosion activity and
forming an insoluble metal-silicate
compound. These corrosion products
crystallize to form a protective barrier on
the face of pipe walls. However, micro-
soopic and X-ray examinations have shown
two layers of film on iron pipes conveying
water treated with silicates. The majority
of the silicate appears in the uppermost
layer adjacent to the water. This film is
an amorphous silicate film adhered to the
underlying silicate-metal surface. A
slightly corroded surface may be necessary
to form the protective silicate film.
Simultanaously, the application of silicates
in a distribution system with extensive
corrosion byproduct buildup may result
in their release, causing red and turbid
water problems.

Like the use of phosphate inhibitors,
silicates can combine with other constitu-
ents in the delivered water besides the
materials targeted for protection. There-
fore, sufficient dosages must be applied
to compensate for the consumption of
silicate by other metals or cations. Specifi-
cally, calcium and magnesium will readily
react with silica over a large pH range.
Also, silicates are frequently used by small
water systems supplied by groundwater
for iron control. Silicates can sequester
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soluble iron and manganese present in the
source water to reduce red and black water
events. Attention to the water quality
conditions prior to their application is
necessary depending on the intended use
and performance of the silicate. The
additional sodium contributed by sodium
silicate formulations should also be
considered by PWSs.

3.3 Evaluating
Alternative Corrosion
Control Approaches

The label "corrosion control” has
historically been applied to a variety of
water treatment techniques which are
frequently used to meet differing water
quality objectives. Until quite recently,
corrosion control practices by PWSs were
typically designed to improve aesthetics,
protect marginal hydraulic capacity, and/or
reduce long-term pipeline maintenance.
Although these objectives remain worth-
whi»le, they have little to do with LCR
compliance. which essentially has rede-
fined corrosion control primarily on the
basis of public health impacts. The princi-
pal objective of the LCR is to minimize the
concentration of lead and copper in
drinking water without -compromising
other health-related water quality goals.
This has created some confusion within
certain water supply utilities where long-
standing corrosion control procedures are
now being found "ineffective” with respect
to the new objectives.

A wide variety of proprietary chemicals
have evolved to control pipeline and valve
deterioration, eliminate "dirty water"
complaints, reduce laundry staining, etc.
Some of these "corrosion inhibitor" chemi-

cals can also help reduce lead and copper
levels in drinking water, although many
will not and some could even increase lead
concentrations. Comparisons of corrosion
inhibitors is often controversial because
of the proprietary nature of the specific
chemical formulations and varying water
chemistries. This issue is further compli-
cated by a lack of understanding by many
users about the differences between
chemical products (e.g., ortho and poly-
phosphates) and their relationship to the
formation of metallic precipitates and
protective films in potable water systems.

Beyond compliance with the LCR and
other drinking water standards, additional
benefits and detractions from the installa-
tion of corrosion control treatment may
also be considered when alternative
treatment approaches are reviewed and
assessed. Some examples of the secondary
issues which may be important to PWSs
include:

* Improve the aesthetic quality of the
potable supply (reducing customer
complaints). _

* Provide cost savings on the operation
and maintenance of the distribution
system.

* Extend the sludge disposal options
available to wastewater treatment
plants (POTWSs) by reducing the overall
metal content of the domestic
wastewater.

* Extend the usable life of customer
water systems, especially hot water
heaters or industrial applications.

* Minimize any unnecessary public

~ exposure to corrosion byproducts, such
as heavy metals or asbestos fibers.

» Reduce or, at least, not foster microbial
growth in the distribution system.
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* Disturb existing coatings in distribution
system piping.

* Develop compatible treatment ap-
proaches for multiple sources of supply
to a distribution system.

* Improve or maintain the hydraulic
capacity of a distribution system.
PWSs must exercise caution in select-

ing technology which is consistent with
conflicting water quality objectives. While
it is not possible to devise a universal
approach for selecting the best corrosion
control scheme, the information provided
below is designed to identify interactions
between LCR treatment goals and those
associated with other SDWA regulations.
The use of chemical treatment to reduce
lead and copper in drinking water will be
dependent upon many site-specific chemi-
cal and physical interrelationships and
may require side-by-side demonstration
testing to assess performance.

Those small and medium-size PWSs
exceeding an AL during initial monitoring
must submit recommendations for optimal
trectment to the State. Large PWSs
required to perform corrosion control
studies will also have to submit either
recommendations for optimal treatment
or the alternative treatment approaches
to be evaluated further as a result of the
desk-top evaluation. To assist in the
development of these recommendations,
the following sections provide a step-by-
step procedure to be used to evaluate
alternative treatment approaches and a
basis for the selection of optimal
treatment.

3.3.1 Steps to Corrosion
Control Assessments.

In order to provide a treatment recom-
mendation to the State, those small and
medium-size PWSs required to install
optimal corrosion control treatment should
assess the three general approaches
discussed above by a desk-top evaluation.
The logic diagram shown in Figure 3-6
presents the process involved in performing
desk-top evaluations for selecting optimal
treatment. This procedure allows systems
to eliminate initially any treatment
approaches which are infeasible and to
then determine the water quality
conditions defining optimal corrosion
control treatment for the feasible
alternatives. Among the resultant alterna-
tives, optimal treatment is to be selected
on the basis of the following criteria:

* the results of lead and copper tap
sampling;

* corrosion control performance based
on either the reductions in metal
solubility or the likelihood of forming
a protective scale;

* the feasibility of implementing the
treatment alternative on the basis of
the constraints identified;

* the reliability of the alternative in
terms of operational consistency and
cortinuous corrosion control protection;
and,

* the estimated costs associated with
implementing the alternative treat-
ments.

The first step is to describe the existing
conditions of the PWS in terms of its water
quality parameters. As part of this first
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Figure 3-6. Logic Diagram for Evaluating Alternative
Corrosion Control Approaches
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step, PWSs can estimate the theoretical
lead and copper solubility as well as the
potential for calcium carbonate
precipitation based on the existing water
quality conditions. Changes in water
quality conditions for alternative treat-
ments can be compared to the existing
conditions to determine their relative
perforgxance and potential to reduce
corrosion.

Each PWS operates under certain
constraints, such as specific water quality
goals, existing coatings in distribution

system piping, multiple sources of supply

of varying water quality, and wastewater
permit limits on metals or nutrient levels
which may be improved or compromised
by corrosion control treatment. Any

constraint which could impact the feasibili-

ty of implementing an alternative treat-
ment should be identified and documented.
This information will be important to the
selection of those treatment options which
are viable alternatives for the PWS to
consider further.

Based on the water chemistry | of the

supply and sile-sperific ¢_asw uinis, the.

PWS may eliminate corrosion control
treatment approaches which would be
infeasible to implement successfully. The
remaining options, deemed to be feasible,
should be evaluated on the basis of each
P\rVS;. corrosion controi ireatment priori-
ties to properly judge the performance of
the alternative approaches. For example,
a system which experiences lead levels in
first-draw tap samples greater than the
AI:. for lead should set lead control as its
primary goal. A second system which finds
low lead levels, but has elevated copper
levels in first-draw tap samples should set
copper as the primary objective of
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corrosion control treatment. However, in
the latter case, optimal treatment should
not worsen lead corrosion behavior and
therefore, the control of lead may be
considered as a constraint acting on the
decision-making process for selection of
optimal treatment.

Each of the three corrosion control
treatment approaches that are viable
options should be evaluated to determine
the water quality characteristics which
describes optimal treatment within each
option. For the passivation methods,
alternative treatments are evaluated by
comparing their relative reduction in the
solubility of each targeted metal (lead
and/or copper). The calcium carbonate
precipitation method is evaluated by the
ability of alternative treatments to produce
sufficient potential for scale-forming
conditions to exist in the distribution
system. The "rule of thumb" guidelines
presented in Appendix A may be used to
rank the alternatives evaluated within this
treatment approach.

’lhe final selection of ophmal treatment

! rest, on, the juer fistors Jiscussed
above. performance, feasiblht.y, rehabxhty,
and costs. Direct comparison of corrosion
control performance for alternative
treatment approaches may be not possible.
Professional judgement and related
experiences will be necessary (o provide
a basis for ranking alternatives on the
basis of performance.

The following sections provide more
detailed descriptions of the various steps
involved in performing a desk-top evalua-
tion of alternative treatments and the
development of final recommendations for
optimal treatment.
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3.3.2 Documenting Historical
Evidence.

The first step of the desk-top evaluation
is to identify and document any existing
information pertinent to the evaluation
of corrosion control for the system. Four
categories of data should be compiled: (a)
water quality data; (b) evidence of corro-
sion activity; (c) available results of
carrosion studies performed by other PWSs
as reported in the literature that meet
LCR conditions, i.e. similar water chemis-
try, distribution system, etc.; and (d)
results from prior corrosion studies or
testing performed by the PWS. The most
pertinent information is the results of any
prior corrosion control testing performed
by the system. Beyond the direct testing
results, a comprehensive review of the
other sources of information should be con-
ducted by the PWS.

3.3.2.1 Water quality data. Current
and historical water quality data should
be compiled and analyzed. The key
parameters of “iiiterest ‘include pH,
‘alkalinity, hard.icos, total dissvived solids
or conductivity, temperature, dissolved
oxygen, and metals (eg., aluminum,
manganese, iron, lead, and copper). These
basic water quality parameters only
represent those most commonly required.
Site-specific requirements shouid be
considered in the selection of water quality
parameters for review. The data collected
should pertain to raw and finished water
conditions, as well as the water quality
within the distribution system, if available.
Additionally, the results of the initial
monitoring program should be considered
when available.

Understanding the treatment processes
at a PWS facility and their respective
impacts on water chemistry is an impor-
tant aspect of interpreting the water
quality data and evaluating the appropri-
ateness of alternative corrosion control
treatment techniques. Figure 3-7 illus-
trates the relationship between water
quality and alternative corrosion control
treatment approaches. Three major regions
are shown on the basis of pH (low, moder-
ate, and high) with alternative treatment
approaches which may be viable on the
basis of water quality shown for each block
by its respective alkalinity and calcium
levels (low, moderate, or high). To demon-
strate the use of Figure 3-7, consider a
PWS with a pH 7.8, alkalinity of 40 mg
(CaCOy/L, and calcium content of 60 mg
CaCOy/L. The moderate pH (7.5-9.0) chart
is used with treatment alternatives
corresponding to the block for low alkalini-
ty (<50 mg CaCOyL), and moderate
calcium (50-100 mg CaCOyL). On the basis
of water quality alone, this PWS should
concider all four treat™ent altematwes
as viable.

In many cases, site-specific water
quality conditions will reduce the feasibili-
ty of an alternative treatment approach.
For example, it would be reasonable to
eliminate the calcium carbonate precipita-
tion option as a viable treatment approach
for those PWSs exhibiting low pH, alkalini-
ty, and hardness in the treated water due
to the excessive chemical modifications
which would be required to achieve
sufficient calcium carbonate precipitation
in the distribution system.
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Figure 3-7. Suggested Corrosion Control .Ap.proaches
Based on Water Quality Characteristics
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Conversely, a PWS exhibiting high pH
conditions with moderate to high alkalinity
and calcium contents might concentrate
their efforts on calcium carbonate
precipitation for the following reasons:
* While high pH conditions may be
optimal for lead control, these water
quality conditions are very aggressive
towards iron corrosion and would most
likely cause severe degradation in
distribution system water quality
should calcium carbonate precipitation
not be pursued; and
* High dosages of corrosion inhibitors
may be necessary to maintain an
effective residual throughout the
distribution system due to the presence
of calcium. Also, some inhibitors can
cause existing corrosion byproducts to
be released in the distribution system
causing water quality degradation.
Figure 3-7 is intended to provide
general guidelines on water quality
conditions versus alternative treatment
approaches; it is not intended to serve as
the sole basis for selection or elimination
of the available aiternatives. Further,
caution must be raised any time a corro-
sion control approach requires a severe
modification in the existing water quality
entering the distribution system. Disrup-
tions and upset of existing corrosion
byproducts will impact the overall
effectiveness of any corrosion control treat-
ment approach.

3.8.2.2 Corrosion activity. Existing
records indicative of corrosion activity
within the distribution and home plumbing
systems should be identified and analyzed
to inform the PWS of the nature and
extent of corrosion activity anticipated

within the service area. Evidence of
corrosion activity may be obtained by:
(1) reviewing customer complaint records
for dirty water or metallic taste and odor
events, (2) performing an informal survey
of area plumbers regarding the frequency
and nature of plumbing repairs (especially,
for example, hot water heater replace-
ments), (3) reviewing records citing the
inspection of distribution system mains
and service line when being replaced or
repaired, (4) installing and evaluating
corrosion coupons placed within the
distribution system, and (5) water quality
monitoring for metals or other corrosion
byproducts within the distribution system
or home plumbing environments.

While the information listed above may,
in some instances, be incidental in nature -
i.e., causative relationships may not be
easily developed between the observed
effects of corrosion activity and the water
quality within the distribution system,
PWSs may gain a more complete sense
of the corrosion concerns facing their
system. 4

Example: After reviewing several
years of data, a PWS observed that
complaints from customers about red water
was the predominant source of
dissatisfaction with the water supply and
that the number of complaints was
increasing in recent years. The utility
manager interviewed City plumbing
inspectors, local plumbers, and the PWS’s
maintenance department about corrosion
activity to learn more about the potential
problems. As a result of these inquiries,
it was discovered that (a) the average life
of household water heaters in the PWS’s
service area is one half of that expected
normally; (b) copper plumbing in
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residences often experienced pitting
corrosion resulting in pin-hole failures of
piping; and (c) the highest repair and
replacement rate for distribution system
mains and service lines was in the older
parts of the service area where unlined
cast iron mains and galvanized service
lines were still in-place. Based on these
findings, the utility manager initiated a
monitoring program to determine the
presence of corrosion byproducts and water
quality conditions in the distribution
system and at employees homes. The
incidental information indicated that
copper and iron corrosion were concerns
for the PWS, both in terms of material
failure and water quality. The monitoring
program confirmed these concerns, finding
PH and alkalinity shifts within the cast
iron distribution system and elevated
copper levels in home tap samples. While
the information gathered by the utility
manager did not determine the specific
cause of the distribution and home
plumbing system corrosion, it did further
the PWS’s understanding of the potential
corrosion problems in its service area. It
also served as a basis for designing a
water quality monitoring program to the
corrosion activity experienced in the
distribution and home plumbing systems
after installation of treatment.

Several factors should be considered
in evaluating the usefulness of this
information; namely: (1) the frequency
of data collection; (2) the number of
coupons, if used, and their locations within
the distribution system; (3) the analytical
qlethods and their respective detection
limits; (4) the consistency of the data
temporally and spatially; and (5) the
reliability of the incidence reports.

Included in this pool of information should
be the results of the initial monitoring
program required by the Lead and Copper
Rule, if available.

This information may be used to
prioritize the corrosion control program
elements for the PWS in terms of the key
materials for protection and assess the
general effectiveness of the existing
treatment approach.

3.3.2.3 Review of the literature.
A search and review of the available
literature should be performed to ascertain:
(1) the findings of similar systems when
performing corrosion control testing; and
(2) the theoretical basis for alternative
corrosion control approaches to be
considered by the PWS - thereby, elimi-
nating those approaches which appear to
be infeasible.

Several corrosion control studies have
been performed and the results published
by several water suppliers in the United
States. Each study has site-specific goals
and objectives relevant to the testing
protocols as weil as water treatment and
quality conditions. However, the experienc-
es of these systems provide a useful
resource to other PWSs investigating
corrosion control in terms of: (1) study
design and execution; (2) data handling
and interpretation; and (3) recommended
treatment given the goals and constraints
acting on the system. A summary of the
available literature on corrosion control
studies is provided in Appendix B. Note
that great care must be taken in evaluat-
ing studies reported in the literature so
that test protocol, water chemistry,
treatment processes, and so forth are
matched as closely as possible.
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3.3.2.4 Prior experience and
studies. Corrosion control treatment is
not a new concern for water suppliers, and
many have performed studies in the past
to assist in the design and implementation
of corrosion control treatment. These past
experiences and studies should be revisited
by PWSs to incorporate their findings and
results in the present evaluation of
corrosion control for lead and copper.
Small systems could use the optimum
corrosion control treatment processes
which were recommended to the State by
the larger PWSs. In some cases, the prior
testing targeted lead and copper control,
and these findings would be directly
applicable to the corrosion control study
objectives for the Lead and Copper Rule.
Additional testing may not be necessary,
therefore, to formulate recommendations
for optimal corrosion control treatment (if
not already considered to be in place).

Example: The Town of Redfield, a
small PWS ing a groundwater well,
found lead levels above the action level
during initial monitoring. In order to
prepace recommerndations for optin sl
treatment, the PWS operator began
collecting information regarding the
condition of distribution system materials
and the experiences of nearby towns and
communities. From previous pipe replace-
menc activiiies, the PWS operator nad
noticed a thin, buff-colored deposit on the
walls of distribution system piping. The
groundwater source is well buffered with
an average pH 7.4, alkalinity of 160 mg
CaCOy/L, and calcium hardness of 110 mg
CaCOy/L. The CCPP calculated for the
system is -2.4 mg CaCOy/L.

Redfield needed to determine whether
they were successfully coating the pipes

of the distribution and home plumbing
systems with calcium carbonate deposits.
Plumbing materials from service lines,
distribution mains, and three homes in
the service area were extracting during
repair in order to chemically analyze the
constituents present in the scale. This
analysis confirms that the scale was
predominantly calcium carbonate. How-
ever, observation of the same showed that
it was not uniformly coating the pipe
materials, especially the home plumbing
piping.

The PWS considered the alternative
treatment approaches for corrosion control
and eliminated pH/alkalinity ad)ustment
(carbonate passivation) due to the excessive
alkalinity and calcium levels per Figure
3-7 presented in the LCR Guidance
Manual. The remaining alternatives were
calcium hardness adjustment and corrosion
inhibitors.

A nearby township having wells located
in the same aquifer as Redfield had
previously installed orthophosphate
inhibitor feed facilities for corrosion
wntrol. Ader oruiophosphate addition, the
treated water hédd a final pH of 7.35 and
PO, concentration of 5 mg PO,/L to account

for the phosphate demand exerted by the

calcium present in the well water and to
produce an effective residual throughout
the distribution system. Their experience
was not altogether positive, having a
significant number of turbid and dirty
water complaints occurring after the
addition of the arthophosphate. Additional-
ly, within three months of beginning the
phosphate treatment, it appeared that the
hydraulic capacity of the distribution
mains in the vicinity of the well heads was
being significantly reduced. They gave up
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the use of the corrosion inhibitor in order
to restore the aesthetic quality of the
delivered water supply.

After learning of these experiences, the
Town of Redfield decided to eliminate the
use of orthophosphate from their alterna-
tive corrosion control treatment approach-
es. Redfield focused their evaluation on
the calcium carbonate precipitation
technique for the following reasons:

* The CCPP condition for the finished
water supply could be readily improved
to produce a more reliable calcium
carbonate deposit on the pipe walls.
This deposit can further be controlled
once treatment is in-place by dissolu-
tion and precipitation conditions in the
treated water to ensure that the
hydraulic capacity of the system is not
compromised.

* Little documentation exists to confirm
the corrosion control performance of
silicate inhibitors with respect to lead
and copper corrosion control for
supplies with high calcium contents.

* Difficulties niny arise in controlling
silicate-baseu ucposits to mairrain the
hydraulic capacity of the distribution
system since they are not able to be
redissolved.

Based on a CCPP goal of 8.5 mg
CaCO,/1.. Redfield determined that a pH

of 7.9 was needed for its finished well
water supply.

3.3.3 Identifying Constraints.

:I'he Rule provides two conditions by
vyh{ch constraints may be considered in
limiting the availability of alternative

corrosion control treatments. Namely,
options which have been shown either:
(1) to adversely impact other water
treatment processes and cause a violation
of a National Primary Drinking Water
Regulation; or (2) to otherwise be
ineffective for the PWS.

EPA recommends that all constraints
acting on PWSs be identified and consid-
ered in the selection of treatment ap-
proaches either for additional testing or
as the recommended treatment process.
Worksheets are provided in Table 3-3 for
each of the three treatment alternatives
(pH/alkalinity adjustment, calcium adjust-
ment, and corrosion inhibitors) to assist
PWSs in evaluating the constraints acting
on their systems. Constraints have been
extracted from an overview of corrosion
control literature (Swayze, 1983; AWWAR-
F, 1990c; Benjamin, 1990; AWWARF/-
DVGW, 1985; AWWA, 1986; AWWA, 1989).

PWSs should evaluate the impact of
alternative corrosion control treatment
options on regulatory compliance with
existing federal and state drinking water
standards in addition .- ._.ose regulations
anticipated to be finalized within the time
frame for corrosion control installation by
small and medium PWSs. Table 3-4
presents the schedule for regulatory
actions during the next decade in conjunc-
tion witn tne compiiance iimeiine ior
medium-size and small system implemen-
tation steps for the Lead and Copper Rule.
The key regulatory actions which should
be fully evaluated by small and medium
PWSs for selecting optimal corrosion
control treatment are discussed at more
length below.
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Table 3-3a. Constraints Worksheet for pH/Alkalinity
or Calcium Adjustment Treatment Alternatives

Adjusting pH/Alkalinity and/or calcium for corrosion control
typically consists of increasing their levels to generate
favorable conditions for lead and copper passivation or

calcium carbonate precipitatioﬁr_r. J
A. National Primary Drinking Water Regulations Constraints
Rule Constraint
Surface Water Reduces inactivation effectiveness of free chlorine if pH adjusted

Treatment Rule

before disinfection.*
Potential for interference with dissolved ozone measurements.

May increase turbidity from post-filtration precipitation of lime,
aluminum, iron, or manganese.

Groundwater Reduces inactivation effectiveness of free chlorine if pH adjusted
Disinfection before disinfection.*
Potential for interference with dissolved ozone measurements.
Disinfection Higher THM concentrations from chlorination if pH adjusted
Byproducts before disinfection.*
Reduced effectiveness of some coagulants for precursor removal if
pH adjusted before coagulation.*
Coliform Rule Potential for higher total plate counts, confluent growth, or
presence of total coliforms when chlorination is practiced.
Radionuclides In-plant adjustments may affect removal of radioactive particles if
precipitation techniques are used for coagulation or softening.

Removal of radionuclides during softening may be linked to the
degree of softening. Modifying softening practices to achieve
corrosion control could interfere with removals.

— ——
—

—=
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Table 3-3;. Constraints Worksheet for pH/Alkalinity
or Calcium Adjustment Treatment Alternatives (continued)

Functional Constraints

P

Increased potential for post-filter precipitation may give undesirable levels of
aluminum, iron, or manganese.

Process optimization is essential. Additional contrels, chemical feed equipment, and
operator attention may be required.

Multiple entry points will require pH/Alkalinity adjustment at each entry location.
Differing water qualities from multiple sources will require adjusting chemical doses
to match the source.

The use of sodium-based chemicals for alkalinity or pH adjustments should be
evaluated with regard to the total sodium levels acceptable in the finished water. I

Users with specific water quality needs, such as health care facilities, should be
advised of any changes in treatment.

Excessive calcium carbonate precipitation may produce "white water" problems in
portions of the distribution system.

It may be difficult to produce an acceptable coating of calcium carbonate on interior
piping for large distribution systems. High CCPP levels may eventually lead to
reduced hydraulic capacities in transmission lines near the treatment facility while
low CZ. P valu>s may not provide au & 0. usion prutection in the extremities of
the distribution system. :

Unless operating restraints dictate otherwise, the optimum location for pH adjustment
is after disinfection and near the entrance to the distribution system. If quicklime is
used to adjust pH, for example, it needs to be added prior to filtration so inert
material does not accumulate in the clearwell or enter the distribution system.
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Ta.ble 3-3b. Constraints Worksheet for
~ Inhibitor Treatment Alternatives

Corrosion inhibitors can cause passivation of lead and copper by the.
interaction of the inhibitor and metal components of the piping system.

A. National Primary Drinking Water Regulations Constraints

Rule Constraint
{ Surface Water The application of phosph.ate-based inhibitors to systems with
Treatment Rule existing corrosion byproducts can result in the depletion of
disinfectant residuals within the distribution system. Additionally,
under certain conditions phosphate-based inhibitors may stimulate
biofilms in the distribution system. |
Groundwater Same as above.
Disinfection
Disinfection No apparent effects.
LByptodncts
| Coliform Rule If corrosion byproducts are released after the application of
inhibitors, coliforms may be detected more frequently and
confluent growth is more likely.
Radionuclides No apparent effects.

B. Functional Constraints

Pctential post ﬁltranon nrec:puanon of alummum

Consumer complaints regarding red water, dmy witer, color, and sediment may
result from the action of the inhibitor on existing corrosion byproducts within the
distribution system.

Multiple entry points will require multiple chemical feed systems.

The use of sodium-based inhibitors shouia oe ¢vaivated wilh regard to the total
sodium levels acceptable in the finished water.

The use of zinc orthophosphate may present problems for wastewater facilities with
zinc or phosphorus limits in their NPDES permits.

Users with specific water quality needs, such as health care facilities, should be
advised of any treatment changes.

NOTE: If pH adjustment is necessary to produce an effective pH range for the inhibitor,
then the constraints in Table 3-3a would also need to be evaluated.
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Table 3-4. Schadule of Drinking Water Regulatory Activity: 1990-2000

“Regulstor Acton
Phase | VOCs :- ’
Phase Il SOCs & I0Cs 05/89 01/91 & 07/91 07/92 & 01/93 "
Il Phase V SOCs & I0Cs 07/90 07/92 01/94
Iirsenic 11/92 01/95 07/96
Surface Water Treatment Rule v 11/87 06/89 01/91
Total Coliform Rule - 11/87 06/89 01/91
Radionuclides Rule 07/91 04/93 10/94
Groundwater Disinfection Rule 06/93 06/95 01/97
Disinfectants/Disinfection By-Products 06/93 06/95 01/97
Lead and Copper Rule 0g/88 06/91 07/91 & 12/92
e
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SCREENING OF ALTERNATIVES

Surface and Groundwater Treatment
Rules (SWTR/GWTR) where PWSs will
be required to meet disinfection performance
criteria. Disinfection efficiency is pH depen-
dent for free chlorine where less effective
disinfection results under higher pH
conditions.

Total Coliform Rule (TCR) which requires
all PWSs to meet minimum occurrence
standards for the presence of total and fecal
coliforms in distribution system samples.
Some PWSs have noted increases in microbi-
ological growth within the distribution
system with the installation of corrosion
control treatment. However, in most cases,
no adverse impact or reductions in heterotro-
phic plate count bacteria have been found
after implementing corrosion control
treatment.

Disinfectants/Disinfection Byproducts Rule
(D/DBPR), currently under development,
will be finalized within the same time frame
as PWSs are installing corrosion control
treatment as a result of the Lead and Copper
Rule. Adjusting pH conditions can affect
the 'evel ¢l c~t2in 725 mest notably, total
trihalomethanes (TTHMs) and total halo-
acetic acids (THAAs). These two contami-
nant groups are likely to be included in the
future DBPR, and they exhibit opposite
relationships to pH adjustment; TTHM
formation increases with increasing pH,
while THAA formation increases with
decreasing pH. An additional consideration
is the point of pH adjustment within treat-
ment plants since lower pH conditions favor
increased removal of DBP precursors during
coagulation by alum. Compliance with the
DBPR could be compromised by increasing
the pH of coagulation as part of the corro-
sion control treatment approach as it may

reduce the efficiency of conventional
treatment in removing precursor material.

Additional constraints should be considered
by PWSs beyond those required by the Rule.
As presented in Table 3-3b, a selected number
of such limiting conditions for alternative
corrosion control approaches include:

* Compatibility of a treatment approach with
multiple sources of supply.

* Compatibility of a treatment approach for
consecutive systems.

* Reliability features for the particular treat-
ment approach, including: (1) process
control; (2) operational redundancy require-
ments; and (3) chemical supply integrity and
availability.

* Adverse impacts on the service community,
including: (1) commercial users’ water
quality criteria; (2) health-care facility water
quality criteria; and (3) wastewater opera-
tions - permit requirements for discharges
and solids handling programs.

The particular conditions which define the
constraints for each system will be site-specific,
and chquld be thoroughly investigated as part
o e desk-top evaluation aspect of the corrosion
study. Small and medium systems exceeding
the ALs but not required to perform testing
should consider each of these items when
selecting the optimal treatment for recommenda-
tion to the State. For those large PWSs required
to perform only a desk-top evaluation, rigorous
documentation of any constraints must be
presented to support the recommended treatment
approach for the system. For any PWS perform-
ing corrosion testing, the availability of informa-
tion regarding system constraints will assist in
limiting the optional treatment approaches which
must be evaluated through the testing program.

Example: After exceeding the lead AL
during initial monitoring, the City of Dannyport
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SCREENING OF ALTERNATIVES

began investigating alternative corrosion control
treatment measures to provide the State with
recommendations for optimal treatment. The
City determined through its desk-top evaluation
that raising the pH of the treated water was a
viable treatment approach. Two alternative pH
levels were identified for further consideration.
As a medium-size surface water facility,
concemns were raised regarding compliance with
the SWTR and the ultimate feasibility of
implementing pH adjustment.

The existing treatment provided by Danny-
port is conventional coagulation/ flocculation
with rapid sand filtration. Under the SWTR, at
least 0.5-logs of inactivation of Gjardia and
2.0-logs of virus inactivation were required.

The SWTR applied CT values - the product
of the disinfectant concentration at the end of
a disinfection segment and the effective contact
time available within the disinfection segment,
to determine the inactivation achieved during
treatment. The SWIR Gudance Manual
(USEPA, 1989) defined the CT,, as the CT
value required to achieve the desired level of
inactivation. The CT,, was defined as the CT
value actually achie =4 through treatment for
~ach disinfection :.o.acni wiiic « waer
treatment facility. Compliance with the disinfec-
tion requirements is achieved when the sum of
the CT,:CT, ratios for all disinfection seg-
m;nts in a facility is greater than or equal to
1.0.

'or ihe Giardia requirements, the existing
plant’s performance was determined to be
adequate to meet the CT required with the sum
of the CT,,:CT,, ratios equal to 1.2. Virus
inactivation performance was satisfactory and
would not be affected by pH changes. However,
Giardia inactivation performance is a function
of pH. At the higher pH levels under consider-
ation for corrosion control, the sum of the
CT,.:CT,, ratios would be 0.90 and 0.83,

respectively. Neither case would provide
adequate disinfection performance.

An additional concern is continued compli-
ance with the Total Trihalomethane (TTHM)
standard. Currently, an average of 60 ug/L
TTHM is found in the distribution system with
seasonal peaks of nearly 100 ug/L. TTHM. As
such, increasing the pH of the finished water
supply could only increase the probability of
Dannyport exceeding the future TTHM standard,
expected to be finalized concurrently with the
City’s initiation of corrosion control treatment.

Given the above regulatory concerns, the
Gity of Dannyport determined that pH adjustment
would not be a feasible option.

3.3.4 Evaluating Source
Water Contributions.

When a small or medium PWS exceeds an
AL during initial monitoring, lead and copper
samples must be collected and analyzed at each
point of entry (POE) to the distribution system
within six months of exceeding the AL. It is

recommended that this monitoring be completed
as soon as possible after the AL is exceeded
in order-to provide informa*- ~cga:duxg souice
water lead and copper contributions to the desk-
top evaluation effo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>