
)

The purpose of this chapter is to
provide guidanm on seY8"a1 ~..,e d: full-
scaIe implementation ci: oorrosion oontrol
treatment, including the following steps
which PWSs and States may enoounter:
. Developing the operating ranges for

optimal treatment after follow-up
monitoring has been completed.

. Diagnosing problems associated with
the startup of full-scale treatment.

. Identifying the need to modify the

installed treatment to improve corro-
sion oontrol protection.

. Implementing changes in treatment
which may improve the overall perfor-
mance of corr~ion control treatment.

6.1 Overvie;'..D of
Requirements
6.1.1 Installing Optimal
Treatment.

The Rule requires that once treatment
is installed, follow-up monitoring must be
performed by PWSs. At the conclusion of
this monitoring effort, States will review
the results and establish operational
conditions which must be met during all
routine monitoring events for all large
PWSs and those small and medium-size
PWSs that exceed an AL in the follow-up
monitoring. The operating conditions will
consist of minimum, maximum, or ranges

of water quality parameter values which
must be aChieved in the potable water
entering and residing in the distribution
system at all times. Additionally, PWSs
will be required to at least report the
chemical dosages applied during the
reporting period.

States will be facing the challenges of:
(1) d«amining wbeth. the l~::~::~JDb~ed
tl'eatments IX'Orided by PWSs are accept-
able, <r wbethrr additional action on Uleir
part is required; (2) establishing ~ting
anditions whicl1 adeqtlate1y dmne optimal
tl'eatment fcr ead1 PWSj and (3) detennin-
ing compliance for each PWS on the basis
ci oontinual achievement of the site-specific
operating conditions.

PWSs, on the <*hao hand, will.be facing
challengM regarding the identification and
execution of optimizing corrosion control
~~t. Many f~ act <Xl distribution
and home plumbing systems beyond
treated water quality to cause corrosion
activity increases and decreases. It will
be difficult for many PWSs to properij'
assess the ability of treatment changes
to optimize or improve the corrosion
control protection afforded due to the
complex nature of corrosion activity and
the variety of materials targeted for
protection.

A two-year installation and startup
pmiod follows State designation of optimal
corrosion control treatment. Systems
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as a dynamic, rather than static process,
where ongoing efforts are made to mini-
mize lead and oopper concentrations over
time. In addition, future follow-up Imniw-
ing, even at reduced frequencies, will
require PWSs to formally review the
effectiveness of their programs on a
periodic basis. As such, corrosion control
is 81) ~ntial and psmanent component
c:f an 0YS'all wata- tl'eatment ~ and
PWSs should audit their programs on a
routine basis.

6.1..2 Schedule. .

Optimal corrosion control treatment,
if required, must be installed and opera-
tional by the dates presented in Table 5-1.
I.,arge systems will have 30 months from
the time the corrosion control study is
complete until the optimal facilities are
on line. This includes a six-month period
for the State to review the study and
approve the optimal corrosion control
approach. Small and medium systems will
be required to submit recommendations
for optimal co~on control treattnent to
the State withi~ $ix months of exCeeding
an AL. The State may then take one of
the following actions:
. Approve the r~mmended treatment

approach.
. Disapprove cr D1(dif}r the ~-mmended

treatment approach.
. Require the installation cL an alternate

treatment approach.
. Require the purveyor to prepare a

study that identifies the optimal
corrosion control approach for that
system.
Should a small or medium PWS be

required to conduct a corrosion control

-
should conduct additional sampling and
monitoring during this period in order to
~timize their ~ations prior to oonduct-
ing the required follow-up monitoring.
Information needs to be gathered
regarding changes in the active chemical
f<rms used fcr oorrosion cona-ol regBrdI~
of whether precipitation or passivation
techniques are employed. For example,
if a polyphosphate inhibitor is added to
the treated water, it is important to know
the ooncentrations of both orthophosphate
and polyphospbate within the distribution
system. Important water quality
parameters should be measured at the
entry points to the distributiCXl system 8I¥i
at various locations within the system
including the extremities. Some of the
locations monitored during the initial
monitoring period should be included.

The primary goal of corrosion control
optimization is to achieve and maintain
compliance with the lead and oopper ALs.
However, optimized treatment may exist
even though the ALs are exceeded. Fur-
thm-, oorrosion oontrol ~ent programs
must ~ ~-dinata:i with Ule requiremE:ilt
that all other drinking water standards
be met. As noted previously, variations
in pH, ca1ci~ and alkalinity that may
have positive impacts on aJInpliance with
the lea:! aJKI ~ ALa may be detrimen-
tal \. ~ T~ting other mtana. These

interrelationships are site-specific and
must be defined in each corrosion study.
Additionally, optimization may include
economic factors so that the most 'cost-
effective means of implementing optimal
corrosion control treatment may be
achieved.

After corrosion control facilities are
~tiona1, optimization,should be vie~
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study by the State, then 18 months are
provided for performing the study and an
IMiditional 00 11K>nths until treatment must
be installed and on line.

The development of reaS>nable operat-
ing criteria by which optimal treatment
may be described is a compliance etep
which PWSs and States will be required
to implement. At the oompletion of follow-
up monitoring, States are expected to
establish the operating ranges or condi-
tions by which PWSs will be judged to be
operating optimal corrosion control
treatment. These conditions establish the
compliance requirements for large PWSs
and those small and medium-size PWSs
that exceed an AL in the follow-up
monitoring. Therefore, it is extremely
important that a balance be achieved
between: ( 1) accurately defining optimal
treatment goals, and, (2) realistically
setti~g conditions which are feasible to
be met by full-scale treatment facilities
AT ALL TIMES.

6.2.1 Startup Operations.
The transition between bench scale or

pipe loop studies and full scale operation
is a major one and some difficulties are
to be anticipated. The purchase, installa-
tion, and trouble-shooting of new equip-
ment are considered to be a normal part
of operating a treatment facility and are
not discussed here. These functions are
extremely necessary, however, and should
be performed accordingly.

Startup procedures will vary from
facility to facility depending upon the

chemicals fed, whether chemicals are dry
or liquid, and the type of metering equip-
ment used. In general, more attention
needs to be given the entire system during
the startup period to ascertain that the
~ rmults are being adUeved. Cumula-
tive feed rates for chemicals should
initially be record~ at least once per hour
and never should be recorded less than
once each shift. Metering equipment
should be checked for initial a«uracy and
occasionally thereafter. Some new equip-
ment has a tendency to "drift" at first and
it may take a few wBs cJ:~ ation Wcre
the feed rate is oonsistent. Ro1tine ~
oontrol and monitoring the pnxluct in the
treated water are essential elements of
any startup program.

Unfortunately many dlemicals can be
expressed in different units and this can
lead to confusion for the unsuspecting
~8t(r. '!be operator needs to detennine
the amount of active ingredient that is to
be fed for corrosion control and then
monitor for that ingredient. For instance,
the results cJ: a .u'rosion am~ study may
have determined that a cert8ili inhibitor
should be fed at a dose rate of approxi-
mately 0.2 mg/L as phosphorus, P, while
the supplie: identifi~ his product in terms
ofphO6phate, PO.. Calcium is sometimes
expressed as calcium (Ca), or as lime
(CaG), or as nycirat.a:i llmc [Ca(OffisJ, oc as
calcium carbonate [CaCO.J. The following
information may help to avoid confusion.

. 1 mg/L Ca = 1.40 mg/L Ca as CaO
= ~ uvL Ca - Cl(°H>t
= 2.50 mg/L Ca as CaCO3

. 1 mg/L P = 3.1 mg/L P as PO.

Although the startup of chemical feed
systems for pH, alkalinity t and calcium
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) adjustment may require more in-plant
attention to regulate dose rates and final
adjusted water quality; the addition of an
inhibitor is likely to cause more customer
conce;rns. It is not unusual for inhibitors
to loosen existing corrosion byproducts
when intz'OOutBi into a distribution system
for the first time. Th~ corrosion materi-
als can then be transported to the user's
tap and water quality complaints regard-
ing red wat8", dirty wat«, ~-.Jm~t, col<r,
<r taste and odor may result. Initial doses
may be substantially higher than the
recommended inaintenance dose (three to
ten times) in order to acclimate the
distribution system to the inhibitor.
AI ternatively, some systems may need to
gradually increase the initial dosages to
the maintenance level to minimize the
adverse effects that may result from
loosening existing corrosion scale or
byproducts in the distribution system.
These doses may be necessary from a few
days to several months in order to accom-
plish the objectives of the 1XII.~.on control
program. Additionally, a flushing program
during thi~ time a,!"' assipt in remoring
corrosion byproducts from dead end
locations within the distribution system
and also in ensuring that the inhibitor
moves throughout the entire system.
Because most inhibitors are proprietary
products with unknown fonnulations, it
can be difficult to chemically monitor the
residual of the inhibitor in the system.
Therefore, physical u18pections along with
maintaining customer comment logs are
recommended. I t is important to work
closely with a reputable supplier to
minimize customer complaints while
installing full-scale corrosion control
treatment.

6.2.2 Operating Ranges.
This section will discuss some of the

factors that impact an operator's ability
to control chemical feed rates and the
concentration of calcium, carbonate, and
~~on inhibitcrs within tJ1e distribution
system.

5.2.2.1 HIstoric operating ranges.
T~cally,' pH is an exponential function
of the hydrogen ion concentration and
calculating the mean hy~n ion con~-
tration is the appropriate procedure for
cW.aomining avwage pH levels. Practically,
hCM'~, the finjshoo W8tao pH is rxrmally
S:.able ~lOUgb to allow the aritl1maic mean
to be used without introducing significant
STor into operating guidelines. Table 5-2
p~ts a statistical summary of pH and
alkalinity data taken from a variety of
wBt« treatment plants aa'(:& the ~ntry.
This table shows the annual average
(mean) values and the operating range in
which 90 percent of the daily values fell.
The table also indicates how far the
90 percent range varied from the mean.

~ key ~nding of this work is that site-
specific water quality considerations
influence the operating ranges that can
be achieved. For example, the 90 percent
operating range for pH varied from the
mean by ::to.2 units at several sites to
:t:1.0 units at another. For alkalinity. the
variance from the mean was about :t:10
mw'L CaCOs fcr AlkAliniti~ below 50 mgIL
CaCO~ ::t20 mg/L CaCOs for alkalinities
between 50 to 100 mg/L CaCO,; and
::t30 mg/L CaCOs for alkalinities over
100 mg/L CaCO,.

The type <i' Cob emi cal used to adjust pH
may also influence daily variations from
the mean. Figure 5-lA shows the pH
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Table 5-2. Operating Ranges for pH and AlkAlinity for
10 Water Treatment Plants

F8cmty
AI1nUat
Aver8ge R8nge variance, AV8Iaa. ,.,,~~~ge, w...~

Plant A
(Texas)

368.6 8.2-9.0 %0.4 26-46 z10

PlantS
(Texas)

8.4 8.0.8.8 zO.4 29 19-39 %10

Plant C
(Illinois)

9.0 8.6-9.4 %0.4 58 30-86 %28

Plant D
(North

Carolina)

8.0 7.4-8.6 zO.6 29 23-35 ~

PlantE
(North

Carolina)

7.2 6.8-7.6 ~.4 25 19-31 %6

Plant F
(Minnesota)

7.1 6.9-7.3 :0.2 74 56-92 ~18

Plant G
(G~rgia)

7.1 6.1.,~ .1 ~1.0 NlA N/A N/A

PlantH
(North

Carolina)

7.6 7.4-7.8 ~.2 31 23-39 ~8

Plant I
(Missouri)

7.8 7.6-8.0 %0.2 132 102-162 %30

PlantJ
(Colorado)

7.5 6.9-8.1 %0.6 37 29-45 ~8
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will be consumed or deposited within the
system, the inhibitor dose will need to be
larger than the minimum level which
should be maintained throughout the
distribution system.

States should consider the average,
minimum and maximum values for such
water quality parameta's based on several
years of operating data, if possible, in
determinirig the minimum or range to be
established for the water quality parame-
ta'S. Variations in water quality OOIKlitions
entering the distribution system will a,ffect
the effectiveness of corrosion control
treatment. Calcium carbonate can be
somewhat resistant to interruptions in
dective Uea~~!lt once the dep<:8its have
hardenEKl HOWeY'S', the protection provid-
ed by carbonate passivation and inhibitor
systems is more vulnerable to disruptions
in treatment or water quality variability
(Elmund, 1992; Lechner, 1991). In these
cases, minimum values rather than
average distribution system conditions are
preferable for pH, alkalinity, orthophos-
phate or silica (whichever par811letersapply). ..

5.2.2.2 Recommended operating
ranges. Based on the above discussion,
site-specific conditions contribute to the
achievable operating ranges for finished
water quality parameters at each facility.
States are required by the Rule to set
operating conditions which best describe
the "optimal" CO1TC8ion control treatment
installed at each facility. Additionally, the
Rule requires that the results from water
Q\lality parameter monitoring at distribu-
tion system points of entry-minimally
required to be performed every two
weeks-and at representative locations

fioequency distribution for Plant D, where
moderate amounts of hydrated lime, 10 to
40 mg/L as ca(om~ are added to neutral-
ize the acidity d" the raw water. As shown,
the finished. pH can vary substantially.
In this example, 90 PB'ceIlt of the average
daily pH values were within 0.6 units of
the mean. In contrast, Figure 5-1B shows
the pH frequency distribution for Plant
H treating the same type of water using
sodium hydroxide. At this location, 90
pm-cent <i the valu~ 'W8'e within 0.2 units
of the mean, a tighter range.

In this comparison, sodium hydroxide
seemed to provide for tighter pH control.
This is not always the case, however. For
instance, if the raw water did not have
sufficient aJkalinity and buffsoing capacity,
the use of scxtium hydroxide can result in
the same or wider pH variations than for
lime. It is also of interest that for both
plantsn~ in this example, a ph~hate
corrosion inhibitor is used and the pH
variations are not a major concern with
respect to corrosion control. For those
systems, one of the parameters that must
be RlorUtorPli is the active chemical 8ge).i:
within the inhibitor, i.e., orthophosphate
or silica. It is not ap~ate, fcr example,
to monitor zinc levels when using a zinc
<rthophosphate inhibitor and presume the
<rthophosphate conoontrations correspond
directly,

Figures 5-2A and 5-28 show the
finished phosphate content of the water
prior to entry into the distribution system.
Th~ data indicate that the daily residual
may vary from 0.2 to 0.5 mg-P/L from the
long-term average. The distribution system
residual will, of course, experience even
greater variations. Because some of the
active chemical ingredient in an inhibitor
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-
throughout the distribution system-twice
every six month&-be reported to the
States to demonstrate oompliance with the
established operating conditions. Real-
world variability likely to be encountered
at water treatment plants should be
considered by States in setting these
parameters. To accommooate this feature
of the Rule and still provide reasonable
operating criteria, States may want to
consider establishing one-sided conditions
such as minimum values, for the water
quality parameters used to describe the
optimal treatment process.

Fcr example, assume that a PWS using
carbor18te passivati on as ~al arro-eion
control treatment initially set water
quality goals for its finished water as
follows:

pH = 7.8.8.0
Alkalini ty = «>. m JI8L (~
Total Hardness = ~ 30 mg/L CaCOs

independently may be irrelevant to the
succes8f1ll formation of calcium carbonate
depc6its. States should set, minimum watB-
quality paramet8:'8 sud1 tJ1at the PWS can
ad1ieve finish~ water pH, aLkalinity, and
calcium levels which produce a targeted
range in calcium carbonate precipitation
potential (CCPP) values. Those systems
shoUld include in their reporting data the
ca1cu1~ CCPP value fcr ~ monitaing
event during the reporting period.

For example, a lime softening system
experien~ large variability in raw water
calcium hardness and a1k!'lL11ity at differ-
ent times of the year. The softened water
quality also reflects this variability .
However, the system can control the
finished water pH leaving the plant
through its recarbonation procesa. After
reviewing the historical treated water
quality, the PWS found that the range foc
final calcium hard~ and alkalinity ead1
was 80 - 160 mg CaCO/L. The PWS
detennined that the CCPP target value
was 12 mg CaCO.,IL for optimal corrosion
~ .treetment..~ ."' ~ ~a-
tions, the PWS calculated the final pH
needed to reach the targeted CCPP level
based on variable calcium and alkalinity
contents as shown below.

The State set the operating guidelines
the system baSEd on the above inforn1ation
as follows:
Minimum Alkalinity and

Calcium Hardness = 80 mg CaOO.JL
Minimum pH = 7.8 units
Average CCPP Value = 12 mgCaOO.JL

When inhibitors are applied as the
method of corrosion control treatment,
minimum finished water inhibitor levels
should be included in the ~ating aitEria
set by the State. In addition, the fmished

During the year of follow-up monitor-
ing, the PWS monit(K'ed the finished water
for each of these ~..rAL1t.7J1nt.ers f!'1tT times
d day. The resu~Gtt of this monitOring
resulted in the following range of values
for each water quality parameter:

pH = 7.65 - 8.21
Alkalinity = 37;'.11) JI8L (¥Da
~""" al H ""~..3~c-,,, - ~ =, "..,. ("'..rV"\c .;. ~~ "';"'--~.:J - ~ - \..Q ;'--6""-' ~3

In this C8$e, the State set as ops-ating
aiteria for the PWS a minimum pH value
of 7.6; minimum alkalinity of 35 mg/L
CaCO3; and a minimum hardness of
30 mg/L CaCO3.

For a PWS which practices softening
and tries to establish a calcium carbonate
p~pitation, setting water quality aiteria
by the pH, alkalinity, ~d calcium levels
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) Table 5-3. Operating Guidelines for Final pH to
Meet a CCPP Level of 12 mg/L

entry to the distribution system to the
locations where water quality parameters
monitoring occurs (or the d~ minus the
residual concentration). Since water
systems may either over-dose or under-
dose initially, the minimum dosage
~ired by the State should be equivalent
to the average inhibitor demand found
during follow-up monitoring plus the
concentration of an effective inhibitor
nBidual. Fcr example, if a PWS fwn~ that
tljti aV8'8gb <Xth~lC»JPhate ~M "WitJ:J..?l
its distribution .sY'stem dUring follow-up
sampling was 0.5 mg ro /L, the State may
require a miniYm1m hage d" 0.8 mg roJL
to produce an residual orthophosphate
residual of 0.3 mg PO JL throughout the
d~strlbut~on system.

6.2.3 Diagnostic Sampling.
The LCR has specific monitoring

reqtnrernents for initial monimng, follow-
up monitoring, and reduced monitoring.
Specified periods in which to monitor as
well as certain sampling and testing
procedures all must be followed for tap

water pH is <Xt.en imp>rtant to tbe perfor-
mance of the specific corrosion inhibitor,
and thus an operating criteria for pH is
also required. The results «tbe follow-up
monitoring should be evaluated to deter-
mine the minimum inhibitor dosage
needed to provide an effective residual
inhibit<r level throughout the distribution
system. States should recognize that the
intrtxluction of inhibitors into distribution
systems can cause initial disturbances in
the ~istir.~ corrosion by products an,~
therEi>y mum tbe aesthetic quality of the"
delivered water to the consumer. There-
fore, many PWSs may begin inhibitor
treatment with elevated or reduced
inhibitor dosages (as compared to that
recommended for optimal treatment) ir-,
order to cause the least distribution
system upset during this initial
conditioning period.

In reviewing the follow-up data for
inhibitor applications, States should
evaluate the inhibitor-demand exerted
throughout the distribution system. The
inhibitor-demand is the depletion of
inhibitor concentration from tbe p>ints of
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diagnostic monitoring to assist in
optimizing corrosion control treatment to
meet the ALs can aid a PWS by reducing
future monitoring, eliminating the need
to replace lead service lines, and allowing
the public education program to be
discontinued.

-
samples and water quality parameters at
points of entry and witJUn the distribution
system. Additional sampling, however,
should be oonsids-ed by the PWSs. Tenntd
diagnostic sampling, the purpose of
additional sampling and UM>nit<ring ~d
be to assist in defining problems 80 that
proper corrective action could be taken.
Gathering additional information early in
the process can be the key to successfully
meeting the lead and copper ALa during
the follow-up monitoring period. These
additional data. do n(i;; need to be reported
as part of the compliance monitoring.

Sampling procedures do not need to
follow the protocol outlined in the LCR,
but instead can be designed to evaluate
a specific situation. Fcr example, perhaps
a certain sampling location gives abnor-
mally high lead values during the initial
monitoring period. The initial flrSt-draw
tap sample was a one-liter sample as
required by the Rule and was collected at
the kitdlen sink. Additional sequentia1100
mL samples collected at the same tap
might show an extremely high lead
concentration in the first 100 mL while
subsequent samples had low lead levels.
Data such as th~ would tend to indicate
a problem with the immediate water
fIXture which the homeowner could be
encouraged to replace.

Addj,tional sampling within the
distribution system will almost surely be
necessary if the water chemistry is
changed or an inhibitor is added. In this
case, diagnostic monitoring will help
stabilize treated water quality by
indicating if chemical feed systems are
properly adjusted or if inhibitor
concentl-ations are penetrating throughout
tlle distribution SYst,(m, fcr example. Using

0.2.4 Operational Notes on
Vanous Treatments.

Achievement of operating goals is
dependent on the raw water quality
variability, process control capabilities,
chemical feed systems employed, and the
equipment u8«l at each PWS. This section
discusses aspects of operating a crrr-vaion
control treatment program successfully
and the various problems which may be
encountered based on the chemical feed
system used fcr each ~~~~nt approach.

5.2.4.1 Calcium carbonate precipI-
tation. With this technique, the
concentration of calcium and carbonate
ions is such that their solubility is
exceeded and calcium carbonate solids
~~tate-to fOml a protective coating on
tile mterior pipe walls. In ~ce, Ule use
of cement-lined metal pipes is an effort
to provide a protective lining even if the
water quality conditions do not favor
calcium carbonate precipitation.

Depending UDon 'vater chemistry, it
may be necessary to adjust the calcium,
carbonate, or hydrogen ion content of the
water to form a calcium carbonate f11m.
Calcium supplementation is usually
achi~ by adding hydratai cr quick lime;
and carbonate adjustment can be accom-
plished by adding soda ash, sodium
bicarbonate, or carbon dioxide. Hydrogen
ion, or pH, adjustment may be accom-
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situations where no filters are used.
~1ding up)n site-~.fic design fl¥:tcn,
the solutions can be fed to the water by
gravity, using weirs or rotcxiip feeders, or
chemical feed pumps.

Lime and soda ash systems require a
high degree of operator attention due to
calcium carbonate plugging of bins, tanks,
pumps, and piping. To reduce the amount
of downtime due to such plugging prob-
lmns, bins must be k9iX; dry and JrOYisi<X1S
should be made for acid cleaning of the
feed systems. ~-8use cX this ooncem, the
reliability of dry chemical feed equipment
is less than .that for liquid systems.
RedlJIKlarx:y ~ eciutim tanks aM ~jf".sl.l

feed pumps can reduce the likelihood of
stensive tzeatment intemJptions, provid-
ing further assurances of oontinuous
oorrosion control operations.

Where the natural concentrations of
calcium and inorganic carbonate contents
are sufficient but the pH is too low for a
precipitate to fonn, scxiium hydroxide can
be used to increase the pH to the point
that calcium carbonate precipitation will
occur. Sodium hydroxide is normally
delivered as a 50 percent solution and
diluted at the time of delivery to 20 to 30
percent. Dilution is helpful in reduCing
crystallization that can occur at tempera-
tures below 5()DF. Indoor storage facilities
are normally used even for the diluted
sodium hydroxide solution. If dilution is
practiced, consideration should be given
to ion exchange softening of the dilution
water to prevent calcium carbonate
plugging of the sodium hydroxide feed
system. Employee safety and spill contain-
ment are important design concerns with
sodium hydroxide systems.

-
plished by adding any of these chemicals
in addition to other bases or acids such
as caustic soda, hydrochloric aci~ or
sulfuric acid. It is difficult to establish a
uniform thickness of calcium carbonate
on interior pipe walls throughout the
distribution system. If ~~ive precipita-
tion occurs in ~e prtions cl the system,
a significant reduction in hydraulic
capacity may be experienced.

For large systems, storage silos_are
provided for solid chemicals, such as lime
(CaO), and the bins are equipped with
vibrators and oompressed air agitators to
reduce clumping and promote the flow of '

chemical into gravimetric or volumetric
feeders. The feeders discharge the dry
chemical into solution tanks where it is
dissolved into water. Lime can have a
significant amount of impurities and
solution tanks have provisions for oollect-
ing and purging inert particles. In some
situations, it is more economical to use
quicklime, and slake it onsite, rather than
purchase hydrated lime directly from the
supplier. To use quicklime requires
additional eqUipment to slake the calcium
oxide and remove impurities that are
oontained within the ~t~ As a rESUlt,
slaking operations are generally used in
larger facilities or lime SQftening plants
whicll use IIQ'e lime whm'e the ulvestlnent
and opel"ation of such equipment can be
justified.

For smaller plants or those requiring
low to moderate dosages, hydrated lime
is normally used and oontinuous or semi-
continuous solution tanks are more
appropriate and economical for large
operations. Removal of impurities is still
important with hydratailime, particularly
when it is fed downstream ofrllters or in
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sodium hydroxide, potassium hydroxide,
and/or carbon dioxide. Consequently, the
same dlemicals and feed systems are use:!
for carbonate passivation as for the
calcium carbonate film technique noted
above.

5.2.4.3 Inhibitors. A wide variety of
spec;ialty chemicals, most of them phos-
phate or silicate based, can be added to
the fInished water to reduce corrosion
within the distribution system. One
phosphate-based inhibitor is zinc ortho-
phosphate. With this chemical, it is
suspected that the zinc and phosp~~te
components are involved in forming a
protective film and providing corrosion
prtt.ection. With p>1yphcsphate chemi~~
direct corrosion protection appears to be
~jnimaJ exC2pt that whim may be affm-de:l
by the formation of orthophosphate
oonstituents within the distribution system
as the polyphosphate reverts to orthophos.-
phate. S<Xfium silicate is another ~u6ion
inhibitor for which limited performance
data is available regarding the reduction
of ]ead an~ copPfr cQrtosioil. activity.

A potential problem with orthophos-
phates is that when they are fIrSt added
to a distribution system, previously
corroded material may be released and
cau. aesthetic problems with the water.
This is especially true if the treated water
pH is lowered concurrently with the
addition of the inhibitor. Additionally,
polyph~ates genaoally will" exhibit mCK'e
of a tendency to remove corrosion
byproducts than orthophosphate formula-
tions. Polyphosphates are sometimes used
to chemically remove tuberculation and
scale. To minimize the poteIlti~y negative
customer reaction to such a situation, low
dosages may be used initially and then

For lime and lime/soda softening
systems, lime and soda ash are added at
various points throughout the treatment
train to remove carbonate and non-
carbonate hardness. The fmal pH is
adjusted through carbon dioxide or acid
addition to prevent _cessive encrustation
of filters and still provide the long-term
accumulation of a calcium carbonate f1lm
within the distribution system pipes. For
turbidity removal plants using al~um
cr iron salts, the kx:ation of lime, sc:da ash,
or bicarbonate feed points should be
carefully considered, balancing the water
quality requirements for coagulation,
filtration, and disinfection performance
with that of corrosion control.

In 811m'1nAry, the choice regarding.
which chemical(s) to use and where to
apply them must integrate water chemis-
try, customer acceptance, oost, reliability,
safety, and operator preference issues.
Therefore, there is no chemical that is
right for all locations and representatives
ofm anagement, ~rations, and enginoor-
ing should be included in the decision-
!'.:lilins procass. '..

5.2~4.2 Carbonate passivation.
Carbonate passivation is a corrosion
control t«lmique whm-e the pipe mat~als
are incorporated into a metaJ/hydroxide/
ca.roonat~ fi1r!", that p~t~..s th? ;Jipe. ~_is
~que is nxa suitable fcr low hard~
and alkalinity waters whm-e the PWS d~
not want to drastically alter the water
chemistry, and historic customer accep-
tance of the water, to the point that
calcium carbonate precipitation will oa:ur.

Pass.vation may be 8d1ievtd by AlkAliT}-
ity and pH modification using such chemi-
cals as lime, scxla ash, scxtium bicarbonate,
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or cationic constituent-such as calcium,
iron, cr ~-= and nKh1t2 thar abil-
ity to p~pitate eitber in tbe 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 fllter
media by post-precipitation of calcium
carbcKwte. Fcr iron ard mangm~ (Dltroi,
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 demon-
strated limited direct success toward lead
and copper co~ion control, their use at
water ~~~ facilities will be ~'Y
in many i;.'!.o-tanCe.3..,N;zw:,~i'...h~P9J:i'phor... ".
phate blends are being produced which
can otfer .,me of tbe benefits of both uses
to PWSs. ThEme shwld be ax18idm1d when
orthophosphate inhibitors are a viable
~ ~ ~on oontl'Ol 8wr~1, but a poiyJil<B-
p11ate is also rsquirz-d for cfJ.'1er treatment
objectives.

With respect to memi~ feed systems,
silicate and phosphate oompounds are n~
inherently dangerous or corrosive, have
a long shelf life, and are highly soluble in
water. These features allow the use of
relatively small batch tanks and feed
pumps. If sodium silicates are being used
after dilution, the day tanks should be

slowly increased to the desired full
strength d~. Altaonatively, systems may
initially feed inhibitor d~ much higher
than the maintenance level to acclimate
the distribution system when concerns
about releasing excess corrosion products
in the delivered water are not significant.
Properly timed public education and
flushing programs can also be used to
minimize the temporary aesthetic
problems that may occur with ortho-
phosphate addition. -

No direct evidence is available indicat.-
ing that the introduction of phosphate-
based oor~ion inhibitors would foster or
encourage the growth of bacteria in the
distribution system. Inst~~ the findings
cL a nu~ cI: studi- iIKii~~ the ~tive
response of distribution system water
quality to the: implementation of effective
corrosion control programs CLeChevalier
et al., 1987, 1988a, 1988b, 1990). Mia'OOio-
logical growth within piping systems
aweers to be Dn'e stJ'OI:agIy 1inktXi to their
tendency to grow in col\iunction with
corrosion byproducts, such as tubercles,

., '"..
than the suppl£. i!le~t.atiD" .." ::~t~.~~' ht:: in
the form of phosphates or inorganic
carbonate species (AWWARF, 1990).
Corrosion control programs which reduce
corrosion scale buildup has appeared to
reduce the occurrence of bacteria in
distribution system water samples.

However, the potential impact of any
treatment method on the microbiological
behavior of the distribution system is an
important consideration. Some testing
methods are available for evaluating this
impact.

Although not to be interpreted as
corrosion control, a primary use of poly-
phosphates is to sequester dissolved metal
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6.2.6 Reliability.
The reliability d" the varioos treatment

approaches to continuously provide
COITOSion control protection is not clearly
understood with regard to the home
plumbing environment. Some limited
evidence has indicated that copper
corrosion can recur when carbonate
passlvation treatment is interrupted for
very brief periods of time (on the order of
a couple of days) (Elmund, 1992). It has
also been reported that phosphate-based
inhibitcrs can supprt longer inta"nlptions
prior to reversion of corrosion activity
(30 or more days) (Lechner, 1991). How-
ever, the Lead and Copper Rule requires
that corrosion control treatment be
operated at all times. The water quality
monitoring is required every two weeks
to demonstrate that treatment is continu-
ously provided. Therefore, treatment
intaTUptions due to maintenance, chemical
inventory prOOlems, and/or equipment and
instrumentation failures must be
minimized regardless of the treatmentapprodc~ selected. ' '..

While the goal for system reliability
is operational functioning 100 percent of
the time, realistic perf~~ may be les
than this goal. The design cJ: the full-scale
system, however, can incorporate redun-
da..T\cy an~Jo!" alarm featu~es which can
assist PWSs in maintaining continuous
operations.

-
sized to fully utilize the ~lubilized silicate
within 24 h~ to ensure mrective applica-
tion. Since aging tim~ are nd; needed and
short disruptions of service can be
tolB"ated, ~e tank systems are feasible.
For more reliable service, multiple batch
tanks with automatic switch-over can be
used. Multiple tanks also facilitate
cleaning and maintenance of the system.

Depending upon which chemical is
selected, the batch tanks may contain a
phosphate-rich solution. Since biological
growths can cx:Cur in the tanks, provisions
should be made to routinely clean them.
It may also be desirable to provide for. .

supplemental chlorination of the water in
the batch tanks to reduce biological
growths. Chlorine addition to polyphos-
phate or ortho-polyphosphate solution
water may not be advisable for those
situations where sequestering of iron and
mangan~ is important. The chlorine will
tend to oxidize th~ metals, causing some
of them to precipitate before they can be
sequestered by the polyphosphates.
Silicates are not i. ~11trient and feed
BY 3tem design anci ~.. _.l11;e1~1.!.-=t! ;: d'i ire-
ments are less than for phosphate-based
inhibitors. In fact, some plants have been
known to mix silicates and fluoride in the
same tank and feed them concurrently
using the same pumps. The sodium
ooncentration is also a consideration when
sodium silicate is used.

If the PWS d5ires the inhl"bit« to also
act as a sequestering agent for iron arid
mangan~ d1emical addition shwld CX%Ur
upstream of the first point where chlorine
is added. If iron and manganese are not
a problem, the inhibitor can be added to
the finished water downstream cX d1l<rina-
tion.

6.2.6 Instrumentation and
Control.

Fcr calcium carbonate precipitation and
carbonate pessivation, pH is typically used
as a real-time instrumentation and oontrol
parameter. While pH is an indirect
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meA-8I.L"ement cLcalciu m carbonate ~pi-
tation or carbonate passivation, it is a
proven, direct loop control parameter and
with experience, the opa-atcn can reliably
}X'od1J~ finished wata- with the pH within
the range that works best for a particular
system. Although specific ion probes are
available for calcium, carbonate is most
oommonly ~ -'!!:«l by a titz'ation ~
While calcium content or pH can be used
for on-line monitoring and chemical feed
control, they may be correlated to such
corrosion monitors as lead and copper
levels in tap sampling programs, or test
results from coupons or pipe inserts from
the distribution system.

For inhibitors, the treatment goals
typically con~ only the applied dosage.
Therefore, pacing chemical feed a~ing
to flow and nxltinely checking for system
residuals cL the inhibit(.- may be sufficient
operational control. Through the corrosion
control study, PWSs may determine the
residual concentration that minimizes
corrosion, cost, and undesirable side
effects. If a higher level of operational
control Ia desired, Iv may be possible to
tie the inhibitor feed pump to a corrosion
activity monitor utilizing electronic
measurement techniques with settings
predetermined for optimal corrosion
control conditions.

6.2.7 Troubleshooting.
The purity of the chemicals used for

corrosion control treatment can vary,
especially for hydr~ lime ard quicklime.
Th~ chemicals will oontain inert matBial
which must be removed through a
de-gritting process, and an allowance for
inert material must be made when
establishing chemical feed rates. For

example, the amount of impurities in
quicklime can vary from 4 to 30 percent,
with a typical value of 10 percent for
municipal grade lime. If a PWS detaoII1i~
that the quicklime they are using oontains
90 percent calcium oxide (i.e. 10 percent
impurities), an additional 11 percent of
the bulk chemical must be added to
achieve the desired lime dose (100/90 =
1.11, Le., 1f :iB'cei1t 8Lkiitional). The purity
factors are better for hydrated lime whidl
may only cm1tain 1 to 5 ~1t impmiti~
and better still for soda ash which may
only contain 1 to 2 percent impurities.

Purity faia'S are l~ c:i a ~ with
scxiium hydraxi~ aM «-.~osion inhibitcrs.
There are many proprietary corrosion
inhibitors, particularly for the phosphate
group ~ chemicals. While these chemicals
may be effective, PWSs may not always
know the exact amount and type of com-
pxmds cxmtainoo in the product. Supplie-s
should submit documentation that their
products are safe to UE in a potable water
application. In some situations, Food and
nrugAdmini st1"at.ion 8pp'OVals are dI'P:~,. ,

-1 ~ J~ In o~er C.ises, the general type of
chemical will be listed by the Code of
Federal Regulations as a substance
generally recognized as safe.-

Each S tate has a drinking water direct
additives program whidl follows eithe: the
National Sanitation Foundation Health
Effects Standard 60 or its own standards
for judging the suitability of direct addi-
tives fcr pctable use. Any «-.-yiBion oontrol
cl1emical used at a PWS must OOnlpiy with
the State's direct additives program
requirements.

Staffing requirements may increase
with the implementation of corrosion
control treatment and additional testing
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Opt.!~j,!.Ation of .xa~osion oontrol treat-
ment encumbers two overall phases:
(1) diagnosis of the need for optimization;
and (2) methods for implenenting optimi-
zation techniques and addressing the
poss~ble outcomes from such actions.

5.3.1 Diagnosing the Need for
Optimization.

Many PWSs may install optimal
corrosion control treatment and still
~paie~ m:cessive lead, ~per, cr <t.her
corrosion byproducts in the delivered
water. Determining when treatment has
been optimized-i.e., providing the maxi-
mum ~T~on protection pc&jble ~Jgh
water treatmentt-is the first step. Addi-
tional sampling and monitoring (see
Diagnostic Monitoring, Section 5.2.3)
should be used to assist in optimizing
corrosion control treatment. Monitoring
during the two-year inst..al1ation psioo can
be an impcKtallt key in meeti:'1g AI.s during
subsequeht.ctJmI>ii~. ~r~t~~:~~
and data collected during this two-year
period do not have to be reported to the
State. PWSs should consider monitoring
for the appropriate water quality parame-
ta-s at the mltZ'y p(int(s) to the distn"btrt.ioo
oiyst.::m as ...vell as within the distribution
system. Collecting tap samples for lead
and copper determinations will assist in

maintaining antKt with hODBJWnS'S who
assisted during the initial monitoring
phase as well as providing important
information regarding improvements to
water quality ~ting from the ~vsion
control treatment.

-
required by the Lead and Copper Rule.
Due to the factors noted above, labor and
maintenance requirements may be higher
for calcium carbonate precipitation and
C8rboI1ate passivation than fcr the ~tion
ci a ~-\1&ion inhibitor. Regardl~ PWSs
that are required to provide optimal
corrosion control treatment need to
schedule and budget for the additional
staff that may be needed. The schedule
presented in Table 5-1 can be used to
coordinate hiring and training require-
ments in advance of the dates when
corrosion oontrol treatment is required to
be on line.

Recognizing that problems may occur
with the startup of any new treatment
axnponent, PWSs should oollect app~ri-
ate data aIKi analyze the b"eIm that <XXm".
One of the unique i88U~ about corrosion
control is that a substantial amount of
time may elapse between the time treat-
ment changes are made and their effects
are detected through the analysi$ of tap
samples or corrosion monitors. For this
reason, detailed recordkeeping prtx:edures
sho~d. be d8"3~q~ ,~d ~~1J(,--;.~ to
correlate proper control of the treatment
processes with the desired effects in the
distribution system.

Imprtant raxrds will iIK:lude ClJSt(mer
oomplaints such as oolored water, stained
fixtures or laundry, taste and odor prob-
lems, and the lack of water pressure.
These records should also include data
regarding the age of the house, type of
interior and exterior plumbing, and the
utilization of onsite point of use (POU)
equipment such as softeners or carbon
filtration systems. The PWS's follow-up
action to the customer complaint should
also be noted in the records.
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optimal utilization of each chemical
additive;

. Step 3 - Reduce water quality
parameter variability at the points of
entry to the distribution system;

. Step 4 - Reduce water quality
parameter variability within the
distribution system;

. Step 5 - Modify the water quality
parameter goals that define optimal
tD:i ~ .u:Ji;rol tzI:-~ am tilB'8Jy
the chemical feed requirements.
Steps 1 and 2 should be addressed

initially during the .-xr--"ri:leiion oontrol study;
h~, manges in oth so wata' treamlent
pr~ cr the n~ to improve oocrosion
oontrol performance may cause their
reevaluation. Steps 3 and 4 focus on the
ability cL the wrP aIKi distribution system
to be operated in accordance with the
arrosion oontrol tTeatment goals. In many
cases, optimization for PWSs will consist
d' addressing th~ CXXlditions. Maintaining
~-'~~~ wata- quality leaving plants aIKi
within disbibution systems can be difficult,
and optimizing treatment without -such
control may not be possible. Step 5 relies
on manging the actual ~ dmining that
treatment for optimization, and should
mly be plr8Ued as the last ~tim by PWSs
and must be approved by the State.

Any change in treatment or plant
operations can impart adverse eiTects on
other water treatment or water quality
goals. General relationships may be
described to illustrate the effect of water
quality changes on treatment and finishoo
water quality objectives. Table 5-4 identi-
ft- the majca- wat8" quality charactaistics
of concern and provides a general indica-
tion of their influence and effects.
Decisions related to corrosion control

Since corrosion control practices to
minimize lead and copper levels in fIrst-
draw tap samples has not been genwally
practiced by the drinking water oommuni-
:ty, little infonnation is available demon-
strating the performance of treatment
~timization techniques. TherS(K'e, PWSs
must approach opt1..miz~tion with caution,
allowing sufficient time for treatment to
become effective and stabilize before
implementing any changes in an attempt
to improve system perfonnance. ~

Data collection efforts regarding the
corrosion behavior of the distribution
system and home plumbing environments
shoold be used to devel~ long-ta"m tzends
in system behavior. Given the variability
in corrosion activity, observations of
improvements in oorrosion protection
should be confirmed by at least one year
cI monitoring data bef<re any dlanges are
considered. However, distribution system
upsets by the installation of corrosion
control treatment-such as the release of
existing corrosion byproducts when
inhibitors are (Irst applied-may be
reali:l.~ very qui.:kly after startup of
treatment. When degradation of water
quality in the distribution system and at
consumers' taps O<x:urs, a timely response
should be made by PWSs to address th~
problems.

The following ~ should be ad~
in the priority shown to logically pi"iJgres8
through optimization of the installed
treatment process:
. Step 1 - Select treatment chemicals

which enable the wrp to meet its
optimal corrosion control treatment
objectives;. Step 2 - Select chemical application

points within the wrp to provide
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Table 5-4. Relational Behavior of Changing Water Quality

Conditions for Corrosion Control Treatment and Other
Water Quality/Freatment Objectives

~Qu8ltyQ18nge
Non-Softenlng WTP8:

pH Incr..88 - After F1Itr8Uon

. Inc,.- ft nHM bm8Iion.

. D8a'ease ft haIo8Cetic acid b'matia\.

. Increase in final Ubidity when lime is used.

. RedLK:ed disinfection efficacy.

. Post -fiIb'ation pr ~'i8II~ of manganese.

SoftMlng and Non-SoftM'ng
WTP8:

pH Increue . Before FllhUon

~~ ciliii18dk"... by1X'odLl:t P'8Ctnor removal when 8Ium
~..!Iation is ~~iceci.
I~ ., TTHM fofmaOOn.
D8a'ease in haIoacetic acjd bmatioo.
~ disi"~-'ti(:,.. efftcacy u,... at pH levels above 9.0.
Increased aJbt8 akmrun I8Y8I8 we,., ~ coaguIa1IOO is
practiced.

Increased r8rnOY8 of mang Ir-=fe8I8d 8na'ustation of.. media when ~ calcium

~.,u.-':' ..~.
E.~ q..-~ of calciun e&:~--- wh81 8V8i8)f. in pipe
network ,.. WTP.

Softening WTP8:

pH Deer . Before FU1r8tlon

D8a'8ae ., TTHM ~.
Increase in h8OK8tic acid fofmation.
Red\.K:ed encNStation of titer media.
Red\.K:ed soluble 8uminum levels when alum is added during
softening.

AlkaUnity ~ Increase 0%01-. d8n~ br cisin*tion.

Alkalinity o.c, At wry low levels, reduced ooagulatia1 ~ance wh.en using
Mm. . -'-

Calcium Incr 1ncreas8d enaustation of filter media when excess calcium
carbc.1at8 avalable.
Excess ~~'iaI~ of C81ctwn carbona8 when avai!ere in pipe
network rear WTP.
Increase scavenging of phospha18 inhibibs used for either
corrosion con~ or cheIati~.
If after fi~. finished water turbidity increases.
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optimization should not be based solely
on the limited information presented in
Table 5-4. This table is mcre appropriately
used as a screening tool and a vehicle for
focusing current and future investigative
:efforts in developing optimization
approaches.

alteration of water quality within
consumers' plumbing systems.

Increases in THM formation are
(j)seryM with u:M:re8sing pH and this may
be a concern for thc.e systems where the
pH is incre!L~ as part of the corrosion
control program. Therefore, additional
THM testing within the distribution
system may give insight about whether
furthao adjustmellts can cr 8In1ld be mlKie
in the finished water pH.

Microbiological activity within the
distribution system should be closely
Imni~ after installing ~-"'i"~on contl'ol
treatment. SeVeral studies investigating
the impact of corrosion control on the
behavior of biofilms have generally
concluded that reductions in corrosion
activity significantly reduces: (1) the
likelihood of biofilm growth; and (2) the
r8istance of microorganisms to disinfec-
tants. The additional nutrients which may
be added as a result of corrosion control
t1'eatment has not been shown to increase
the biological activity of the distribution
system" Total colifom1 monitoring as
required by the Total Gviuorm Rule and
regular testing for heterotrophic plate
count bacteria would assist PWSs in
umB'standing tlle ~ «the disbibu-
tion system to .:x4& ~on <Xmtrol treatment.

6.3~2 Methods for Evaluating
Treatment.

Identifying the corrosion behavior of
the distribution system and home plumb-
ing ~nBlments 8ft« the implen:e1tation
of optimal corrosion control treatment is
necessary to determine whether' potential
impi'OV~ts may be made by optimizing
OOiT""~on oontzol tl'e8~t. The methods
discu888l in this secticm. may assist PWSs
in deYe1~ing 1m1g-t8'm tzoeDds in ~~-,JBion
cxmtrol psf<rmanm. N<*; all data oolldon
efforts are necessary, but PWSs should
oonsider more than one method for evalu-
ating the actual performan~ of treatment
since no single technique can completely
describe the varietY of corrosion activity.
and its possible ";;f.)'IT:f~~.

5.3.2.1 Water quail ty parameters.
After implementing an optimal corrosion
control program, follow-up monitoring is
required for pH, alkalinity, and calcium
for all large PWSs and those small and
medium-size PWSs that axceed an i:~. 1n
addition, orthophosphate or silica
monitoring is also mandatory if one of
th~ ~~on inhibita'S is uSEd To aBst
in the optimization process, PWSs are
mlcx:.Jraged to ~ -!!'e th~ watao quality
parameters in the tap samples collected
from consumers' homes. This would be
useful in tracking both the success of the
corrosion control program and the

5,3.2.2 Lead and copper data. All
PWSs required to ~~ «II.~-\18ion oontrol
U"eatment must perform routine monitor-
ing of first -draw tap samples for lead and
oopper. These data may be used to deter-
mine the long-term effectiveness of
corrosion control treatment and the
ongoing actions required by the Rule, such
as public education or lead service line
replacement programs.
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As a check on the consistency of the

treatment process and the impact of
varying hydraulic conditions and water
blends within the distribution system, the
PWS may fmd it useful to collect first-
draw sampl5 for five or more ~tive
days at a representative number of sites
prior to the start of the follow-up
monitoring period. The additional tests
8iD1ld be oonsids'ed diagnostic mm1itaing
(Section 5.2.3) rather than compliance
sampling. If the lead and copper results
from a particeilar tap vary significantly
from day-to-day, it indicates that the
~~on control program is not 8cl1ieving
consistent results in that location.
Depending upon how widespread the
inconsistencies are, the PWS should
investigate whether chemical feed prob-
lems, variations in raw water source,
hydraulic changes in the distribution
system, or site-specific conditions are
contributing to the daily variation in lead
and copper values. The goal of such addi-
tional testing is to ensure that corrosion
control objectives are consistently met at
all times.

5.3.2.3 Coupons and pipe inserts.
Coupons are available in a variety of.
metals, such as lead, copper, cast iron,
bronze, and mild steel. Mild steel and
copper coupons are most frequently used.
Typically, coupons are placed in 8-inch or
larger pipes -and in locations that have
moderate flow velcx:itiM (2--6 fps). Coupon
locations should avoid botll stagnant and
high velocity flow conditions that are not
representative of the system as a whole.

When propm-ly plaC8l within the distri-
bution system, coupons provide a direct
indication of corrosion rates within the
pipe network. Some of their limitations,
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sonic instruments are also available to
indirectly measure the thickness of the
metal and/or deposit.

Pipe inserts suffer many of the same
limitations as coupons since they must
remain in place for long periods of time,
may be expensive to install and remove,
and are not be representative of home
plumbing conditions. As with coupons,
however, pipe inserts can provide relative
information on the effectiveness of a
corrosion control program. .

5.3.2.4 Con-mlOD indl~ C<XTO8ion
indit8 have been USEd within the drinking
water community to 8.-eS8 the likelihood
of forming calcium carbonate scales on
pipes, and are derived from calcium
carbonate .equilibrium relationships.
Limitations of the usefulness of these
indices needs to be recogruzed. When
optimal treatment consists of calcium
carbonate precipitation, indices may
properly describe the mechanisms of
corrosion control desired. However, the
~ibrium relationships upon whidllI¥:l6t
indices are based do not hold true when
any i11hibitol' is present, iI1~luding pOly-
phosphates which are typically used to
prevent metals and/or calcium from
~pit8ting (in the ~ <i many ~ung
plants, polyphosphates are" applied before
filtl"ation to keep the filta'S ttom beoorning
ena-usttXi by calciwn carbonatej. C<XTt&on
indices have little merit for th~ PWSs
applying carbonate cr inhibitcr paEivation
as OOI~~on oontrol Us~t, and should
not be used to describe treatment goals.
For calcium carbonate precipitation
treatment, the CCPP index is ~.~.IJB1d-
ed and Appendix A provides a detailed
description of its calculation methods.

5.3.2.G Corrosion monitors. There
are several means for making discrete
observation cr m~ent of CCi&~~ion.
These include X-ray, ultrasonic, visual,
and destructive testing. While each of
these M.eA_AUrement techniques may be
u8\1l in a partimlar situaDon, this ~<n
will f~ on el~1ic n¥>nitcxing systems
which can be used while the distribution
system is in operation. Some of the
electzonic monitcring devi~ ~-Lre the
byp'od1~ mgal vanic .x.-I.~ aid <X.ba's
will detect the loss of metal whether it is
due to galvanic action, leaching, or some
other ~ion mechanism.

G.3.2.1.1 Hydrogen probes. As
part of the oxidation/reduction reaction
in acidic solutions, hydrogen atoms will
migrate to cathode sites on the inside
surface of metal pipes. One type of probe
allows th~ hydrogen atoms to penetrate,
oombine, and form hydrogen gas. The gas
will exert pressure which is proportional
to the amount of galvanic corrosion that
is ~rring within pipeline. Anoths" type
l.f,~ .)be ".~-" p81~adium foil to create an
electrical output whidt is directly propor-
tional to the hydrogen evolution rate. By
recording presaure reading or electrical
output trends, changes in the corrosion
rate can be detected.

6.8.2.5.2 Electrica.i resistance.
This type of instrument measures the
electrical ~istan~ of a thin metal probe
inserted into the pipeline. Compared to
cxnventional aJUpons, electrical resistance
probes provide results with a minimal
amount cX" Sf<rt. Continuous ~ingB can
be made and the data analyzed to identify
~ ~ m t1oends. F m' example, an ina'e88e
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in electrical resistance would likely
indicate an increase in corrosion rates.

5.3.2.5.3 Linear polarization
resistance. In a galvanic oo..-yiJ8ion ~ll,
the pipe metal is oxidized, or OOI'rodeci, at
the anode and cations in the solution are
reduced at the cathode. In this process,
electrons are transferred between anodic
and cath<Xfic areas on the aK-nxling met..,a1.
When a small voltage potential is applied
across the electrolyte fluid, the electrical
resistance is linear and the corrosion
current flow (corrosion rate) is directly
~rtional to the ~~1"ed cunent flow.
In dilute 9>lutions sum as drinking water,
the resistance of the electrolyte can be
significant compared to the polarization
resistant» fi: the ancxie and cathode sites.
In these situations, the probe must be of
the type that will ~~~ mn ~~!1S8te
for the resistance of the solution.

Compared to metal coupon and electri-
cal resistan~ monitoring, linear polariza-
tion probes provide a ~ reading of tlle
oom&on current and rate. This allows for
inst8l1t8ll8:R.1S In:+iIam~t.. ofho;. ~~~
that occur with the type and amount of '

(X)r1"()8ion oontrol chemicals tJ1at are added
to the wata-. linear polarization measure-
ments, however, cannot be made in non-
conductive fluids or those 'which coat the
electrodes. Therefore, they may not be
appropriate in those situations where a
calcium carbonate film is used to coat the
distribution system.

5.3.2.5.4 Electrochemical noise.
This a monitoring technique which
~-.eSI-L"es the electnx:hemical disturbanoos
created by corrosion activity. Potential
limitations include the fact that other
sources of electrical disturbance, such as

Each PWS will experience unique
circumstan~ surrounding the optimiza-
tion of corrosion control treatment based
on site-specific conditions, treatment
objectives, and other considerations
affecting the performance and operation
of the distribution system. The following
examples illustrate the types of problems
whicll PWSs may eIXXJUnter and appn:ech-
es to solve treatment and operational
concerns.
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those from an impressed current system,
can nIIUlt in uv~~ cJ: the u.:-~on
rate. This technique, however, is used by
~ ~pment manufactunn to indi~e
the .pitting index. for a particular pipe-
line/electrolyte combination.

~'-~ AppHcation MJgestiorw.
El~'"'trollic oom:l8ion monitoring equipment
can provide a rapid evaluation cJ: arrosion
oonU'oI treatment alternatives and chemi-
cal feed rates. These probes are not
infallible, however, and the electronic
measurements need to be oorrelated with

. the results from other indicators such as

lead and copper data, conventional cou-
pons, pipe inserts, and water quality
indices. Once the relationship between
el~-t;roclic measurements and actual field
oofi"08ion conditions is established, cor-
rosion monitors can be a useful tool for
monitoring plant performance and main-
taining the finished water within the
~ating parameters di8CU~ in Section
5.2.2.

. 604 ,apqmizing C~~o8ion
C'.. ¥,' ".. c .

Control'Treatment-

Examples



Wakuska Township would pay for a
chemical feed station to supplement the
phosphate inhibitor in their distribution
system. I t was located downstream of
Wakuska's storage reservoir after the
Town's ~~ t1~. WAJc;:tJaka Town-
ship agreed to pay all cxS;s ~~t~ with
the chemical feed station and East
Bumford County agreed to provide opera-
tioOal and maintenance support.

nJring the 8I~JSlt nxud cX raltine
monitoring, effective residual phosphate
ooncentzations we-e achieved throughout
the mtire ~~at~ distribution syBtelu.
'Ibis pB'mitted East Bumford CCR1nt~7 and
its member oommunities to comply with
the State-epecified ~ng ranges under'
the Lead and Copper Rule.

6.4.2 Use of Corrosion
Monitors in a Large System.

As a large system with historical
corrosion problems, Plimpton City had
been experimenting with amtrol strategies
fcr a number cL years. The City frond that
it could reduce the number of red water
oomplaints if thj ,limeooSOftenirig plant was

'~operated to achieve a CCPP index of 6
mg/L CaCO3 in the plant emuent. Even
with this operation, though, the distribu-
tion system still experienced some red
water, and early initial monit,(ring results
showed that the system would not meet
the lead action levels.

Realizing that their attempts at
QrroSion control to date woold not satisfy
the provisions of the LCR, the City
supplemented their existing program by
installing linear polarization resistance
corrosion control monitors in different
areas cL tile distribution system Wore the
beginning of the second round of initial

-
5.4.1 Optimal Corrosion
Control in a Consecutive
System.

East Bumford County runs a surface
water filtration plant that delivers water
"to a number of small and medium-size
towns. To more efficiently implement the
rule, the towns petitioned and received
approval to have the county water
tzee~t. plant am the entire distribution
system be considered as a consolidated
large water system.

As part of the consolidation, East
Bumford County agreed to be responsible
for implementing the provisions of the
Lead and Copper Rule. All water treat-
D&1t. @A~Jn& am DDliUring CXBts wa'e
to be paid for by the County with reim-
bursement by the towns on a population-
weighted basis. Additionally, any lead
service line replacements were to be paid
for by the town in which they were being
replaced.

Addition of a phosphate inhibitor to
the water treatment plant effiuent was
~~,~ by the state as opf:ma1 arrosjr.n, ~,.
control. While conducting follow-up:
monitoring to determine their optimal
corrosion control parameters, the consoli-
dated system was found to have met both
the lmd and cxwm- actim levels. However,
East Bumford County frond that the w8tao
in a remote section of Wakuska Township
was I1(t. maintaining a ~hate residual.
Apparently, the long residence time
between the treatment plant an4 the
remote section of Wakuska caused its
depletion.

At a subsequent meeting of East
Bumford County's member communities,
an agreement was reached whereby
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While the storage tank was being
installed, the City began their required
corrosion control study. Pipe-loop systems
were set up in the treatment plant's
existing filter gallery. The same type of
linear polarization resistance monitors
used in the distribution system were also
used in the study. Corrosion rates were
mo~tored not only in iron electrodes, but
lead electr<fdes as well. The series of runs
which were conducted allowed for the
comparison of corrosion rates of waters
with different CCPP indices. As the
treatment plant had discovered years
earlier, iron corrosion was not much
further reduced as the CCPP index rose
above 6.0 mg/L CaCO3. However, lead
\-xI;'I~on re8d1ed a minimum at 9.5 mg/LCaCO3. .

Before the City began full-scale treat-
ment changes to reflect the new CCPP
index, they replaced selected iron elec-
trodes in the distribution system with lead
electrodes. When they then changed the
main plant treatment, they were able to
verify that lead ~rrosion was reduced
".~, ei1'l& disttibution sy~' waS r~ving
wata- with a highm- CCPP iIx1ex, and that
iron .::.:.TO8ion l'emAL'1ed at the same levels
as when the system received water with
the lower CCPP index. Although the lead
corrosion rates were lower than they had
been prevlol.1s1y, they '.vere not q'Jite as
low as the pipe-loop study indicated they
cx.J1d be. The pipe-l~ system is still being
used to determine whether another
parameter might more clearly define
optimal treatment, and periodic modifica-
tions are being made to the pipe-loop in
a continuing attempt to model actual
distribution system conditions.

-
monitoring fcr IMd and mpper. Figure 5-3
shows where the monitors were located.
The conU'oI monitors used iron electrodes
to simulate the material in the actual
system piping.

Results from the corrosion monitors
indicated that the highest ~vsion rates
were found in the southeast section of the
City. However, those rates were not
consistently higher, but o~n fell to the
levels fwnd in ctltm- arMS «the city. The
city realized that the southeast comer

. -~I8i a large iMustzial 8:tcr, causing
~~e distribution system to expsie~ wide

fluctuations in localized demand. This
--resulted in significantly higher velocities

passing through the pipes in that area of
the city. Si1K'8 wata- quality dlaraderistics
remained fairly consistent throughout the
entire distribution system, the elevated
axTOsion rates in the southeast zone was
~ttributed to the intermittently high

, elocities experienced in that area. This

eff~ ap~ared to be causing disturbances
to the coating on the pipes by either
physically sUipping the precipitated layer,
or p,reventir-..g the ..~ater :', the pipe from
attaining an equilibrium condition under
which a calcium carbonate fIlm could be

~maintained.
To address this conC;em, the City

installed a 5 million gallon storage tank
to ~ervice the southeast portion of the
distribution system. The storage tank
all~ the indtJst.ri- 00 satisfy their peak
demands without causing wide velocity
fluctuations in adjoining areas. After the
tank's installation, corrosion rates in the
southeast section corresponded more
cl~ly with rates in the other areas «the
City.
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amwnts of a more dilute caustic s>lution,
si!!1j)Ar miS~~ wa'e In f(Rlnd to have
as pronounced an effect on pH.

~<re the follow-up monitoring period
was to begin, Gechlik Mills had already
installed larger caustic holding tanks, and
had begun il\iecting a 25 percent caustic
soda solution. In the subsequent monitor-
ing round, pH monitoring was conducted
along with the lead and ~per moniuing.
The pH monitoring was found to be
unnecessary for Lead and Copper Rule
compliance, since the lead and copper
monitaing showed that both action levels
had been met. Although Gechlik Mills is
not always required to, they routinely
monitor their distribution system pH in
c.:d8: to tl'alble8h(d; any pt.eIltial U1a-.B-
es in corrosion activity.

5.5

-
6.4.3 Use of &Ira Monitoring.

Corrosion studies in the small town of
Gechlik Mills showed that raising the pH
of their direct groundwater supply from
7.2 to 7.8 caused a dramatic decrease in
distribution system lead and ~ levels.
Direct in-line injection of caustic soda at
their two wellheads to achieve a pH of 7.8
was designated as the town's optimal
corrosion control. Sin~ facilities to house
chemical feeds already existed for sodium
hypochlorite, i.nstalling the caustic soda
system was able to be completed quickly.
The Town made arrangements for a
chemical company to fill Ule chemical feed
tanks biweekly with a 50 percent caustic
soda solution that was directly i~ted
at the wellheads. The Town began using
the new system six months ahead of the
mandated schedule for treatment instal-
lation by the LCR.

The early installation allowed Gechlik
Mills six montJ1s befcre they had to mllect
any l~ and ~ tap sampla HOWev'S',
the Town began monitoring not only the
lead and copper. levels, but also water
quality parameta'8 at E~e distribution
system sites to verify that the treatment
was working correctly. Many sites were
found to experience wide fluctuations in
pH over time. Lead and copper levels also
fluctuated and l\ large number of samules
continued to exceed the action levels.

By running a series of bench-scale
tests, the caustic soda was found to be
working as desired. However, very p~se
amoonts had to be ~ in crder to 8d1ieve
the 7.8 pH. Although the amounts of the
50 percent caustic soda which had to be
added wwe n<*. very large, substantial pH
fluctuations often resulted due to slight
variations in feeding. By using larger
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