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Chapter 5.0 -

Full-Scale Operation and 
hnplementation of Optim.al 

-Corrosion Control Treatm.ent 
The purpose of this chapter is to 

provide guidance ·on several aspects « full. 
scale implementation <:L corrosion control 
treatment, including the following steps 
which PWSs and States may encounter: 
• Developing the operating ranges for 

optimal treatment after follow-up 
monitoring has been completed. 

• Diagnosing problems asaociated with 
the startup or full-acale treatment. 

• Identifying the need to modify the 
installed treatment to improve corro
sion control protection. 

• Implementing changes in treatment 
which may improve the overall perfor
mance of corrosion control treatment. 

6.1 Overvie;r..11 of 
Requirements 

6.1.l Installing Optimal 
Treatment. 

The Rule requires that once treatment 
is tnstalled, 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 
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<:L water quality parameter values which 
must be achieved in the potable water 
entering and residing in the distribution 
syat.em 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) det.ermining whether the recommended 
treatment.a JrOVided by PWSs are accept
able, er whether additional action on their 
part is required; (2) establishing operating 
ccnditions which adequately define optimal 
treatment for each PWS; and (3) determin
ing compliance for each PWS on the basis 
cL continual achievement <:L the site-specific 
operating conditions. 

PWSs, on the other hand, will .be facing 
challenges regarding the identification and 
execution of optimizing corrosion control 
treatment. Many fact<rs act en distribution 
and home plumbing systems beyond 
treated water quality to cause corrosion 
activity increases and decreases. It will 
be difficult for many PWSs to properly 
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 
period follows State designation « optimal 
corrosion control treatment. Systems 



OPERATION AND IMPLEMENTATION 

should conduct additional sampling and 
monitoring during this period in order to 
optimize their operations prior to conduct
ing the required follow-up monitoring. 
Information needs to be gathered 
regarding changes in the active chemical 
forms used f<r corroeion control regardleeas 
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 concentrations of both orthophosphate 
and polyphosphate within the distribution 
system. Important water quality 
parameters should be measured at the 
entry points to the distribution system and 
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 copper ALs. 
However, optimized treatment may exist 
even though the ALs are exceeded. Fur
ther, corrosion control treatment programs 
mu.st !>e ooc.'tlinated with the requiremE:,Jt 
that all other drinking water standards 
be met. As noted previously, variations 
in pH, calcium, and alkalinity that may 
have positive impacts on compliance with 
the lead and copper ALs may be detrimen
tal '-:i :r.C-Bting 0t.h.er criteria. 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 
operational, optimization. should be viewed 
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as a dynamic, rather than static process, 
where ongoing efforts are made to mini
mize lead and copper concentrations over 
time. In addition, future follow-up monitor
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) essential and permanent component 
cl an owrall water treatment program 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
timal by the dates present.ed in Table 5-1. 
Large 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 treatment to 
the State within ~ix months of exceeding 
an AL. The State may then take one of 
the following actions: 
• Approve the recommended treatment 

approach. 
• Disappuve <r modify the rerommended 

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 
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Table 5-1. Key Compliance Dates for Large, Medium, and Small Systems 

, ........ . Com pl• Compl.t• Cotnplete 
T•p 

.. Tap Conoalon lnatallltlon 
Sptem S1mpllng ' Sampling Control of OptJm1I 

System O.lgnttton po,-,ulatlon Program Progl'lm Study F•cllltlea 
I •..::-

Large >~,Q) 01/92 01/93 07/94 01/97 
·-

Medium > 3,30:J & s 50,000 07~ 01193- 07/'i5 01/98 . 
Medium > 3,30) & s 50,000 07~ 01193- NIA 07/96 
(State Oealgnat• Treatment) . 

4 

Small s 3,X,. 07/93 01/94* 07/98 01/99 

Small s 3,300 07/93 01/94* , NIA 01/98 
(State Designates Treatment) 

* The deadlines for thos a sma!J and medium-size PNSs that meet the Ala in the first six-month round of initial monitoring 
and fall In the seconc, six-month monit~ng period would be detayed by six months. 

;J , 
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study by the State, then 18 months are 
provided for performing the study and an 
additional 30 months until treatment must 
be installed and on line. 

5.2 Full-Scale Operation 
of Treatment Al.ternatives 

The development <L reasonable 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 completion <L 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 
setting 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 
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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 
pq>er results are being achieved. Cumula
tive feed rates for chemicals should 
initially be recorded at least once per hour 
and never should be recorded less than 
once each· shift. Metering equipment 
should be checked for initial accuracy and 
occasionally thereafter. Some new equip
ment has a tendency to "drift" at first and 
it may t.ake a few weeks c:L operation bef<re 
the feed rate is consistent. Routine process 
control and monitoring the product in the 
treated water are essential elements of 
any startup program. 

Unfortunately many chemicals can be 
expressed in different units and this can 
lead to confusion for the unsuspecting 
operator. The 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 result.a c:L a corrosion control study may 
have determined that a certain inhibitor 
should be fed at a dose rate of approxi
mately 0.2 mg/L as phosphorus, P, while 
the supplier identifies his product in terms 
ex phosphate, PO,. Calcium is sometimes 
expressed as calcium (Ca), or as lime 
(CaO), or as .nycirat.ed l.i.me iCa(OH)J, oc as 
calcium carbonate [CaCOJ. The following 
information may help to avoid confusion. 

• 1 mg/L Ca = 1.40 mg/L Ca as CaO 
= 1.86 ~ Ca as Ca(O~ 
= 2.50 mglL Ca as CaC03 

• 1 mg/LP = 3.1 mg/LP as PO, 

Although the startup of chemical feed 
systems for pH, alkalinity, 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 
concerns. It is not unusual for inhibitors 
to loosen existing corrosion byproducts 
when introduced into a distribution system 
for the first time. These corrosion mat.eri
als can then be transported to the user's 
tap and water quality complaints regard
ing red water, dirty water, sediment, col<r, 
or tast.e and odor may result. Initial doses 
may be substantially higher than the 
recommended maintenance dose (three to 
ten times) in order to acclimate the 
distribution system to the inhibitor. 
Alternatively, 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 ex the corrosion control 
program. Additionally, a flushing program 
during thii:t time a.r 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 formulations, it 
can be difficult to chemically monitor the 
residual of the inhibitor in the system. 
Therefore, physical inspections along with 
maintaining customer comment logs are 
recommended. It is important to work 
closely with a reputable supplier to 
minimize customer complaints while 
installing full-scale corrosion control 
treatment. 
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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 
cxrroaion inhibitors within the distribution 
system. 

5.2.2.1 Historic operating ranges. 
Technically,- pH is an exponential function 
of the hydrogen ion concentration and 
calculating the mean hydrogen ion concen
tration is the appropriate procedure for 
determining average pH levels. Practically, 
~' the finished water pH is ncrmaJ.ly 
stable ellOllgh to allow the arithmetic mean 
to be used without introducing significant 
error into operating guidelines. Table 5-2 
presents a statistical summary ex pH and 
alkalinity data taken from a variety of 
wet.er treatment plants &a'Q8S the country. 
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 finding 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 ±0.2 units at several sites to 
±1.0 units at another. For alkalinity. the 
variance from the mean was about %10 
mv/L CaC03 f<r alkalinities below 50 mglL 
CaCO~ ±20 mg/L CaC03 for alkalinities 
between 50 to 100 mg/L CaC03; and 
±30 mg/L CaC03 for alkalinities over 
100 mg/L CaC03• 

The type cL chemical used to acijust 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 
lOWa~rTreatmentPJanu 

1~3 ~=··- = 
Plant A 8.6 8.2-9.0 ±0.4 36 26-46 *10 
(Texas) 

Plant B 
(Texas) 

Plant C 
(Illinois) 

Plant 0 
. (North 
Carolina) 

Plant E 
(North 

Carolina) 

Plant F 
(Minnesota) 

Plant G 
. {(l4'Pf'gia) 

Plant H 
(North 

Carolina) 

Plant I 
(Missouri) 

Plant J . 
{Colorado) 

8.4 

9.0 

a.o. 

7.2 

7.1 

7.1 
.. .. .. .. . 

7.6 

7.8 

7.5 

8.0-8.8 ±0.4 

8.6-9.4 ~.4 

7.4-8.6 ±0.6 

6.8-7.6 · ±0.4 

6.9-7.3 ±0.2 

1.J s.1~,.1 .. ·· . -·· ·. • . "1 ', 
:1;1 .0 

. ~,. 

7.4-7.8 %0.2 

7.6-8.0 %0.2 

6.9-8.1 ±0.6 

5-6 

29 19-39 ±10 

58 

29 23-35 

25 19-31 

74 56-92 *18 

.WA ' ... :·NIA NIA ,; • .. ... -~ . . 
.•·.· . ., . 

~t· .;~:-: ,•.· . ....... ~ " .. 

31 23-39 ±8 

132 102-162 

37 29-45 . 
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frequency distribution for Plant D, where 
moderate amounts of hydrated lime, 10 to 
40 mglL as Ca(OH)i, are added to neutral
ize the acidity rL the raw wat.er. As shown, 
the finished_ pH can vary substantially. 
In this example, 90 percent of the average 
daily pH values were within 0.6 units of 
the mean. In contrast, Figure 5-lB shows 
the pH frequency distribution for Plant 
H treating the same type of water using 
sodium hydroxide. At this location, 90 
percent c:L the values were 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 alkaUnity and buffering capacity, 
the use of sodium hydroxide can result in 
the same or wider pH variations than for 
lime. It is also of interest that for both 
plants · noted in this example, a phosphate 
corrosion inhibitor is used and the pH 
variations are not a major concern with 
respect to corrosion control. For those 
systelllSy one of the parameters that must 
be mortit1)tP.ti is the active chemical age,.·i: 
within the inhibitor, i.e., orthophosphate 
or silica. It is not appropriate, f<r example, 
to monitor zinc levels when using a zinc 
orthophosphate inhibitor and presume the 
orthophosphate concentrations correspond 
direetly . 

Figures 5-2A and 5-28 show the 
finished phosphate content of the water 
prior to entry into the distribution system. 
These data indicate that the daily residual 
may vary from 0.2 to 0.5 mg-P/L from the 
long-tenn average. The distribution system 
residual will, of course, experience even 
greater variations. Because some of the 
active chemical ingredient in an inhibitor 

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 parameters based on several 
years of operating data, if possible, in 
determining the minimum or range to be 
established for the water quality parame
ters. Variations in water quality oonditions 
entering the distribution system will ~ect 
the effectiveness of corrosion control 
treatment. Calcium carbonate can be 
somewhat resistant to interruptions in 
effective treatment once the deposits have 
hardened. HC>We\'er, the protection provid
ed by carbonate passivation and inhibit.er 
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 parameters 
apply). ··. 
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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" corrosion 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 
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throughout the distribution system-twice 
every six months-be reported to the 
States to demonstrate compliance 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 accommodate 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. 

For example, assume that a PWS using 
carbonate passivation as optimal <Xrl'0-6ion 
control treatment initially set water 
quality goals for its finished water as 
follows: 

pH = 7.8 • 8.0 
Alkalinity =- «> -m nvL ~ 
Total Hardness = ~ 30 mg/L CaC03 

During the year of follow-up monitor-
ing, the PWS monitaed the finished Wilt.Er 
for each of these ;:.r.11.i:-tt.moters f !'nr times 
d day. The resuaa of this monitoring 
resulted in the following range of values 
for each water quality parameter: 

pH = 7.65 - 8.21 
Alkalinity :a :JI ;. .., nvL ~ 
'r0tal H2.r&s:s5 -= ~ - ffi ::gL Q{X)3 

In this case, the State set as operating 
aiteria for the PWS a minimum pH value 
of 7.6; minimum alkalinity of 35 mglL 
CaC03; and a minimum hardness of 
30 mg/L CaC03• 

For a PWS which practices softening 
and tries to establish a calcium carbonate 
precipitation, setting Wat.er quality aiteria 
by the pH, alkalinity, ~d calcium levels 
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independently may be irrelevant to the 
successful formation of calcium carbonate 
deposits. States should set minimum water 
quality parameters such that the PWS can 
achieve finished 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 
calculated CCPP value for each monitoring 
event during the reporting period. 

For example, a lime softening system 
experiences large variability in raw water 
calcium hardness and alkalinity 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 process. After 
reviewing the historical treated water 
quality, the PWS found that the range for 
final calcium hardness and alkalinity eadi 
was 80 - 160 mg CaCOJL. The PWS 
determined that the CCPP target value 
was 12 mg CaCOJL for optimal corrosion 
~ ~miem..·BasPd I· • .., these observa-
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 information 
as follows: 
Minimum Alkalinity and 

Calcium Hardness = 80 mg CaCOJL 
Minimum pH = 7 .8 units 
Average CCPP Value = 12 mg CaOOJL 

When inhibitors are applied as the 
method of corrosion control treatment, 
minimum finished water inhibitor levels 
should be included in the q>er&ting aitaia 
set by the State. In addition, the finished 
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Table 5-3. Operating Guidelines for Final pH to 
Meet a CCPP Level of 12 mg/L 

];1:!::;~0=1n~ater -· ' .. ,, /.\ 'fteated.Waier ~ctum·Hardriea,.rpgCaCOJI.: ······ .. . : <:· 
····· jngCaCOJL ······· ....... .. \:::]::t ao ·<<:? : =t::::t:ttfI:r;r,·~ ::'tr:~~11}]:f\ ;::r::rftt:'{;J!l) :: •:::•, .:. 

80 9.2 

100 9.0 

120 8.9 

140 8.7 

160 8.5 

water pH is ml.en important to the perfor
mance oftbe specific corrosion inhibitor, 
and thus an operating criteria for pH is 
also required. The results « the follow-up 
monitoring should be evaluated to deter
mine the minimum inhibitor dosage 
needed to provide an effective residual 
inhibitor level throughout the distribution 
system. States should recognize that the 
introduction of inhibitors into distribution 
systems can cause initial disturbances in 
the ~istin~ corrosion byproducts an,~ 
thereby reduce the 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) in 
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 the points of 

9.1 9.0 

8.9 8.7 

8.6 8.3 

8.3 8.0 

8.0 7.8 

entry to the distribution system to the 
locations where water quality parameters 
monitoring occurs (or the dose minus the 
residual concentration). Since water 
systems may either over-dose or under
dose initially, the minimum dosage 
required by the State should be equivalent 
to the average inhibitor demand found 
during follow-up monitoring plus the 
concentration of an effective inhibitor 
residual. Fer example, if a PWS faun~ that 
tl.1t1 ava'Sgb ~toephate demand withL?t 
its distribution system during follow-up 
sampling was 0.5 mg POJL, the St.ate may 
require a minimum dosage cl 0.8 mg POJL 
to produce an residual orthophosphate 
residual of 0.3 mg PO JL throughout the 
d.,str1butlon system. 

6.2.3 Diagnostic Sampling. 
The LCR has specific monitoring 

requirements for initial monitaing, 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 
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-samples and water quality parameters at 
points of entry and within the distribution 
system. Additional sampling, however, 
should be considered by the PWSs.. Termed 
diagnostic sampling, the purpose of 
additional sampling and monit<ring would 
be to assist in defining problems so 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 ALs during 
the follow-up monitoring period. These 
additional dat.B: do not 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. Fer example, perhaps 
a certain sampling location gives abnor
mally high lead values during the initial 
monitoring period. The initial first-draw 
tap sample was a one-liter sample as 
required by the Rule and was collected at 
the kitchen sink. Additional sequential 100 
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 these would tend to indicate 
a problem with the immediate water 
fixture which the homeowner . could be 
encouraged to replace. 

Additional 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 
concentrations are penetrating throughout 
the distribution system, fer example. Using 

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. 

5.2.4 Operational Notes on 
Various Treatments. 

Achievement of operating goals is 
dependent on the raw water quality 
variability, process control capabilities, 
chemical feed systems employed, and the 
equipment used at each PWS. This section 
discusses aspects of operating a corrosion 
control treatment program successfully 
and the various problems which may be 
encountered based on the chemical feed 
syst.em used fer each treatment approach. 

G.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 form a protective coating on 
t.ne mterior pipe walls. In essence, the 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 unon •vater chemistry, it 
may be necessary to adjust the calcium, 
carbonate, or hydrogen ion content of the 
water to form a calcium carbonate film. 
Calcium supplementation is usually 
achieved by adding hydrated <r 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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plished by adding any of these chemicals 
in addition to other bases or acids such 
aa caustic soda, hydrochloric acid, or 
sulfuric acid. It is difficult to establish a 
uniform thickness of calcium carbonate 
on interior pipe walls throughout the 
distribution system. If excessive precipita
tion occurs in some p<rtions of 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 compressed 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 collect
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 
contained within the material. As a result, 
slaking operations are generally used in 
larger facilities or lime SQftening plants 
which use IIQ"e lime where the investment 
and ope.:ation of such equipment can he 
justified. 

For smaller plants or those requiring 
low to moderate dosages, hydrated lime 
is normally used and continuous or semi
continuous solution tanks are more 
appropriate and economical for large 
operations. Removal of impurities is still 
important with hydrat.ed lime, particularly 
when it is fed downstream of filters or in 

situations where no filters are used. 
Depending upon site-specific design factcn. 
the solutions can be fed to the water by 
gravity, using weirs or rotodip feeders, or 
chemical feed pumps. 

Lime and soda aab 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
lems, bins must be kept dry and pnwisims 
should be made for acid cleaning of the . 
feed systems. Because of this concern, the 
reliability of dry chemical feed equipment 
is less than -that for liquid systems. 
Redundancy c:L eolutim t.anka and chemical 
feed pumps can reduce the likelihood of 
.tensive treatment interruptions, provid
ing further assurances of continuous 
corrosion control operations. 

Where the natural concentrations of 
calcium and inorganic carbonate contents 
are sufficient but the pH is too low for a 
precipitate to form, sodium 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 50°F. 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. 
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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 final pH is 
aqjuated through carbon dioxide or acid 
addition t.o prevent excessive encrustation 
of filters and still provide the long-term 
accumulation of a calcium carbonate film 
within the distribution system pipes. For 
turbidity removal plants using al~um 
<r iron salts, the location of lime, soda 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 summary, the choice regarding, 
which chemical(a) to use and where to 
apply them must integrate water chemis
try, customer acceptance, cost, reliability, 
safety, and operator preference issues. 
Therefore, there is no chemical that is 
right for all locations and representatives 
c:L management, operations, and engineer
ing should be included in the decision
~ns procass. 

5.2~4.2 Carbonate passivation. 
Carbonate passivation is a corrosion 
control technique where the pipe materials 
are incorporated into a metal/hydroxide/ 
carbonatJ? filrn that p !"Otects th 0 ~i~. Th.is 
technique is most suit.able f<r low hardness 
and a~kaUnity waters where the PWS does 
not want to drastically alter the water 
chemistry, and historic customer accep
tance of the water, to the point that 
calcium carbonate precipitation will occur. 

Passivation may be achieved by alkalin
ity and pH modification using such chemi
cals as lime, soda ash, sodium bicarbonate, 

sodium hydroxide, potassium hydroxide, 
and/or carbon dioxide. Consequently, the 
same chemicals and feed systems are used 
for carbonate passivation as for the 
calcium carbonate film technique noted 
above. 

5.2.4.S Inhibitors. A wide variety of 
s~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 phospblte 
components are involved in forming a 
protective film and providing corrosion 
protection. With polyphosphate chemicals, 
direct corrosion protection -appears to be 
minjm.e] except that which may be affirded 
by the formation of orthophosphate 
constituents within the distribution system 
as the polyphosphate reverts t.o arthoph<>Er 
phate. Sodium silicate is another arrosion 
inhibitor for which limited performance 
data is available regarding the reduction 
of lead an~ cop~r corrosion, 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 
· cause aesthetic problems with the water. 
Th.is is especially true if the treated water 
pH is lowered concurrently with the 
addition of the inhibitor. Additionally, 
polyphosphates generally will. exhibit mere 
of a tendency to remove corrosion 
byproducts than orthophosphate formula
tions. Polyphosphates are sometimes used 
t.o chemically remove tuberculation and 
scale. To minimize the potentially negative 
customer reaction to such a situation, low 
dosages may be used initially and then 
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-slowly increased to the desired full 
strength dose. Alternatively, systems may 
initially feed inhibitor doses 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 corrosion inhibitors would foster or 
encourage the growth of bacteria in the 
distribution system. Instead, the findings 
ti a number ti studies indicat.e the positive 
response of distribution system water 
quality to the implementation of effective 
corrosion control programs <LeChevalier 
et al., 1987, 1988a, 1988b, 1990). Miaobio
logical growth within piping systems 
appears U> be n:ue strongly linked U> their 
tendency to grow in conjunction with 
corrosion byproducts, such as tubercles, 
than the suppk i!lent,ltior, 'Jf·::ufrf nt;in 
the form of phosphates or inorganic 
carbonate species CAWWARF, 1990). 
Corrosion control prognuns 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 

or cationic constituen~ch as calcium, 
iron, er manganese and reduce their abil
ity to precipitate either in the distribution 
system or within the water treatment 
plant. In the case of calcium, polyphos
phates are used in many so&ning plants 
to minimize the encrustation of filter 
media by post-precipitation of calcium 
carbcmate. Fer iron and manganese amtrol, 
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 inaease the 
concentration of these minerals. 

While polyphosphates have demon
strated limit.ed direct success t.oward lead 
and copper col'l'08ion control, their use at 
water treatment facili~ will be necam:vy 
in many ii.'!o-tances.,;:!.?W,~::·ttH.>p9l:i·pho(,• 
phate blends are being produced which 
can oifer some of the benefits ex both uses 
w PWSs. These shwld be considered when 
orthophosphate inhibitors are a viable 
COt'l'OSion oontrol approach, but a polyphos
phate is also required fer cth.er treatment 
objectives. 

With respect to chemical feed systems, 
silicate and phosphate compounds are not 
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 
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sized to fully utilize the solubilized silicat.e 
within 24 hOlU'B to ensure effective applica
tion. Since aging times are not needed and 
short disruptions of service can be 
tolerated, ~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 occur in the tanks, prorisions 
should be made to routinely clean them. 
It may also be desirable to p~de 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 
manganese is important. The chlcrine will 
tend to oxidize these metals, causing some 
of them to precipitate before they can be 
sequestered by the polyphosphates. 
Silicates are not ~- "!'ltrient and feed 
sy.~ design anci ~ .. -.1.1i;Eh~l.!..:t! {d4;..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 
concentration is also a consideration when 
sodium silicate is used. 

If the PWS desires the inluoitcr to also 
act as a sequestering agent for iron and 
manganese, diemical addition should occur 
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 wata' downstream C'L chl<rina
tion. 

6.2.6 R,eliability. 
The reliability rL the various treatment 

approaches to continuously provide 
corrosion 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 
passivation 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 
inhibitas can suppcrt longer int.enuptions 
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 
int.erruptions due to maintenance, chemical 
inventory problems, and/or equipment and 
instrumentation failures must be 
minimized regardless of_ ~he treatment 
appl'Odc\ selected. ' · 

While the goal ·for system reliability 
is operational functioning 100 percent of 
the time, realistic perfcrmance may be less 
than this goal. The design cL the full-scale 
system, however, can incorporate redun
dancv ancVor alarm featu"'°es which can 
assist PWSs in maintaining continuous 
operations. 

6.2.6 Instrumentation and 
Control. 

Fer calcium carbonate precipitation and 
carbonate passivation, pH is typically used 
as a real-time instrumentation and control 
parameter. While pH is an indirect 
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measurement m calcium carbonate irecipi
tation or carbonate passivation, it is a 
proven, direct loop control parameter and 
with experience, the ope.rat.en can reliably 
produce finished water with the pH within 
the range that works best for a particular 
system. Although specific ion probes are 
available for calcium, carbonate is most 
commonly measured by a titration process. 
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 concern only the applied dosage. 
Therefore, pacing chemical feed according 
t:o flow and routinely checking for system 
residuals m 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 is desired, : .. 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 hydrated lime and quicklime. 
These chemicals will contain inert material 
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 determines 
that the quicklime they are using contains 
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., lf paamt additional). The purity 
factors are better for hydrated lime which 
may only mntain 1 t:o 5 percent impmities, 
and better still for soda ash which may 
only contain 1 to 2 percent impurities. 

Purity factors are less fL a concern with 
sodium hydroxide and cxrros.ion inhibit<rs. 
'lbere are many proprietary corrosion 
inhibitors, particularly for the phosphate 
group m chemicals. While these chemicals 
may be effective, PWSs may not always 
know the exact amount and type of com
pounds contained in the product. Suppliers 
should submit documentation that their 
products are safe to use in a potable wat.er 
application. In some situations, Food and 
Drug .Administration approvals are approp
·"11 J~ In ~Jier cases, the general ·type of 
chemical will be listed by the Code of 
Federal Regulations as a • ... substance 
generally recognized as safe." 

Each State has a drinking water direct 
additives program which follows either the 
National Sanitation Foundation Health 
Effects Standard 60 or its own standards 
for judging the suitability of direct addi
tives f<r potable use. Any arrosion control 
chemical used at a PWS must oomply 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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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 
carbonate passivation than fer the addition 
c:L a om rosion inhibitor. Regardless, 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 control treatment is required to 
be on line. 

Recognizing that problems may occur 
with the startup of any new treatment 
omnponent, PWSs should collect appropri
ate data and analyze the trends that oa:ur. 
One of the unique iBBUes 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 procedures 
sholUd . . be d8'·~~-?~ ,,~d ~nlk, -_; ·~. to, 
correlate proper control of the treatment 
processes with the desired effects in the 
distribution system. 

lmprt.ant recmus will include custaner 
complaints such as colored 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. 

5.3 Optimization 
Techniques 

Optimization of omrosion control treat
ment encumbers two overall phases: 
(1) diagoosis of the need for ~ilnizat_io~; 
and (2) methods for implementing optmu
zation techniques and addressing the 
poss~ble outcomes from such actions. 

5.3.l Diagnosing the Need for 
Optimization. 

Many PWSs may install optimal 
corrosion control treatment and still 
experience excessive lead, copper, er other 
corrosion byproducts in the delivered 
water. Determining when treatment has 
been optimized-i.e., providing the maxi
mum corrosion protection possible through 
water treatment-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 installation period can 
be an impcrtant ksy in meeting ALB during 

. subsequent. cmipliance,mor:lt(r~;;xri~ 
and data collected during this two-year 
period do not have to be reported to the 
State. PWSs should consider monitoring 
for the appropriat.e water quality parame
ters at the entiy pmnt(s) to the distributim 
systam as well .as within the distribution 
system. Collecting tap samples for lead 
and copper determinations will assist in 
maintaining ant.act with homeawnen who 
assisted during the initial monitoring 
phase as well as providing important 
information regarding improvements to 
water quality resulting from the ccrrosion 
control treatment. 
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Since corrosion control practices to 
minimize lead and copper levels in first
draw tap samples has not been generally 
practiced by the drinking water oommuni
:ty, little information is available demon
strating the performance of treatment 
optimization techniques. Therefore, PWSs 
must approach optimization with caution, 
allowing sufficient time for treatment to 
become effective and stabilize before 
implementing any changes in an att.empt 
to improve system performance. ~ 

Data collection efforts regarding the 
corrosion behavior of the distribution 
system and home plumbing environments 
should be used to develop long-term trends 
in system behavior. Given the variability 
in corrosion activity, observations of 
improvements in corrosion protection 
should be confirmed by at least one year 
ex monitoring data bef<re any changes are 
considered. However, distribution system 
upsets by the installation of corrosion 
control treatment--6uch as the release of 
existing corrosion byproducts when 
inhibitors are first applied-may be 
realh.cd very qufokly after startup of 
treatment. When degradation of water 
quality in the distribution system and at 
consumers' taps occurs, a timely response 
should be made by PWSs to address these 
problems. 

The following ~ should be addressed 
in the priority shown to logically progress 
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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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 
CD'l'08ion control treatme.lat and thereby 
the chemical feed requirements. 
Steps 1 and 2 should be addressed 

initially during the corrosion control study; 
however, changes in other water treatment 
proceesee er the need to improve corrosion 
control performance may cause their 
reevaluation. Steps 3 and 4 focus on the 
ability cL the wrP and distribution system 
to be operated in accordance with the 
arrosion control treatment goals. In many 
cases, optimization for PWSs will consist 
ex addressing these conditions. Maintaining 
amsistent water quality leaving plants and 
within distribution systems can be difficult, 
and optimizing treatment without .such 
control may not be possible. Step 5 relies 
onchangingtheactualgoalsde6ningthat 
treatment for optimization, and should 
cmly be pursued as the last optkn by PWSs 
and must be approved by the State. 

Any change in treatment or plant 
operations can impart adverse effects on 
other water treatment or water quality 
goals. General relationships may be 
described to illustrate the effect of water 
quality changes on treatment and finished 
water quality objectives. Table 5-4 identi
fies the major wat.Er quality characteristics 
of concern and provides a general indica
tion of their influence and effects. 
Decisions related to corrosion control 
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Table 5-4. Relational Behavior of Changing Water Quality 
Conditions for Corrosion Control Treatment and Other 

Wat.er Quallty/l'reatment Objectives 

::: ·:·.·. : :-::.~:>:,,.._ au.Illy_~ :- :=; :;:- · ~-~· :·::;·: ::-'.Jzj:i::~~~:rt~t\/tr{b:~~\~~:ti;;~;%¥~~f~~~i?:t:f ®i~~~~j:~ ::\}~/~:t~i1~;i~t~:~~~~;;~~~~1M~:f~:::~~\:::::'.::t:~i~fZ~ff~~-~~~-. --
Non-Sofllenlng WTPa: • Increase in TTHM 1onn81ion. 

• Deere ... in haloecelic acid formation. 
pH lncruae • After Flltrdon • Increase in lnal turbidity when lime is uaed. 

• Redl iced disinfllctiGn .nc:.cy. 
• POlt..ftllration p1 ecipitdon of manganese. 

Softening 811d Non-Sottmlng • Redl iced dilintection by-product p,8ClnOr removal when Ilium 
WTPa: coegi iialk>n is ~-

• lnawe in TTHM tonnation. 
pH lncnue • a.tore Flltntlon • Oec:rease in haloacetk: acid bmdon. 

Softening WTP9: 

pH DecrNN - Bef0f'9 Flllatlon 

AlkaUnlty lncrNN 

Alkallnlty Decreae 

C.lclum Deere ... (Softening 
WTPa) 

Phoaphllte lncreae 

Slllcate Increase 

• Reduced disintection enc.cy unless at pH le\'9ls above 9.0. 
• Increased soluble MfflfUn IWlls when alum C08gl llatlon is 

practic:ed. 
• Increased removal of rnanganeM. 

• lnct1 •ed encrustalion of 1lllllr media when mccess calcium 

ca1>o1.ae ••Ible. . 
• EJCICIIS9 pr9Cipitllllcn of Cllk:h.m ca1>ol- when available in pipe 

network near WTP. 

• Oec:rease in TTHM tonnalion. . 
• Increase in haloacetic acid tonnation. 
• Reduced encrustation of Iller media. 
• Redl iced soluble •uminum levels when alum is added during 

softening. 

• lna'ease ozone demand for disintlction. 

mn. , 
Increased enaustation of ftlter media when excess calcium 
carbonate available. 
Excess p1ecipitdon of celc:ium carbonatl9 when available in pipe 
network near WTP. 
Increase scavet lgir,g of phosphate inhibitors used for either 
COffOSion con1rol or chelation. 
If after filtration, finished water turbidity increases. 

• Prevent excess precipitation of calcium carbonate in pipe network 
near WTP. 

• Stripping of existing corrosion by-products in the distribution 
system causing aesthetic quality degradation and increasing HPC 
levels initially due to bioftlm dis11Jrbances. 

• May reduce useful life of domestic hot water heaters due to 
•glassification•; silicates precipitate rapidly at higher temperatures. 

5-22 



) 
OPERATION AND IMPLEMENTATION 

-
optimization should not be based solely 
on the limited information presented in 
Table 54. This table is mere appropriately 
used as a screening tool and a vehicle for 
focusing current and future investigative 
:efforts in developing optimization 
approaches. 

·6.3:.2 Methods for Evaluating 
Treatment. 

Identifying the corrosion behavior of 
the distribution system and home plumb
ing envirmment.s after the implementation 
of optimal corrosion control treatment is 
necessary to determine whetherpotential 
improvements may be made by optimizing 
corrosion control treatment. The methods 
discuaaed in this aectioo may aasist PWSs 
in dneloping long-tam trends in cxnosion 
control perfcrmance. Not all data collection 
efforts are necessary, but PWSs should 
consider more than one method for evalu
ating the actual perfonnanm of treatment 
since no single technique can completely 
describe the varietv of corrosion activity 
and its possible r.:oi1ui~i'J . • 

5.3.2.1 Water quality 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\L. !n 
addition, orthophosphate or silica 
monitoring is a1ao mandatory if one of 
these oortUlion inhibitcrs is used. To assist 
in the optimization process, PWSs are 
En<nU'8ged to measure these wat.er 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 

alteration of water quality within 
consumers' plumbing systems. 

Increases in THM formation are 
obeerved with increasing pH and this may 
be a concern for those systems where the 
pH is increaaed as part of the corrosion 
control program. Therefore, additional 
THM testing within the distribution 
system may give insight about whether 
further aqjustmeDts can er should be made 
in the finished water pH. 

Microbiological activity within the 
distribution system should be closely 
monitcred after installing arrosion control 
treatment. Several studies investigating 
the impact of C01T0&ion 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 
resistance of microorganisms to disinfec
tants. The additional nutrients which may 
be added as a result of corrosion control 
treatment has not been shown to increase 
the biological activity of the distribution 
system,, Total coliform monitoring as 
required by the Total Lvmonn Rule and 
regular testing for heterotrophic plate 
count bacteria would assist PWSs in 
understanding the response cL the distribu
tion system to cxrrosion control treatment. 

5.3.2.2 Lead and copper data. All 
PWSs required to install corrosion control 
treatment must· perform routine monitor
ing of first-draw tap samples for lead and 
copper. These data may be used to deter
mine the long-term effectiveness of 
corrosion control treatment and the 
ongoing act.ions 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 syst.em, the 
PWS may find it useful to collect first
draw samples for five or more consecutive 
days at a representative number of sites 
prior to · the start of the follow-up 
monitoring period. The additional tests 
ahould be considered diagnostic monitcring 
(Section 5.2.3) rather than compliance 
sampling. If the lead and copper results 
from a particular tap vary significantly 
from day-to-day, it indicates that the 
ca11"0Sion control program is not achieving 
consistent results in that location. 
Depending upon how widespread the 
inconsistencies are, the PWS should 
investigate whether chemical feed prob
lem.a, 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 ~inch or 
larger pipes ·and in locations that have 
moderate flow velocities (2-6 fps). Coupon 
locations should avoid both stagnant and 
high velocity flow conditions that are not 
representative of the system as a whole. 

When properly plaad within the distri
bution system. coupons provide a direct 
indication of corrosion rates within the 
pipe network. Some of their limitations, 

however, include the fact that it takes a 
long time to obtain accurate values and 
coupons cannot be used to indicate short
term changes in water quality characteris
tics. For example, multiple coupons should 
be used at each site so that ocrrosion rates 
<JVel" varying lengths of exposure time may 
be measured. This also provides informa
tion · regarqing the impact of seasonal 
variations on corrosion activity. In addi
tion, while the coupon insertion and 
removal equipment is moderately priced, 
additional costs may be incurred to 
construct access vaults at the locations 
where coupons should be placed. Finally, 
coupons are typically located within the 
main pipe network and this is not neces
aarUY representative m the home plumbing 
environment which lead and copper 
monitoring reflects. 

In summary, coupons can provide 
meaningful inf<rmation regarding the rate 
at which exposed metal will corrode or 
become encrusted with scale-forming 
deposits within distribution system piping 
networks. As such, PWSs should consider 
their use as part of a comprehensive 
corrosion monitoring program but should 
not rely solely on these measures to assess 
corrosion control performance. 

Pipe inserts are small segments of un
coated metal pipe that are part of the 
distribution system. Inserts can be placed 
in a vault that includes a bypass line so 
the insert can be removed from service and 
inspected for corrosion or deposition. 
Inserts provide the opportunity to see what 
is happening to the pipe wall itself, rather 
than pieces ex metal inserted into the pipe. 
By ooring or cutting sections from the pipe, 
the thickness of the remaining metal or 
deposit can be directly measured. Ultra· 
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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 Corrosion indices. Corrosion 
indicea have been used within the drinking 
water community to &88e88 the likelihood 
of forming calcium carbonate scales on 
pipes, and are derived from calcium 
carbonate "equilibrium relation.ships. 
Limitations of the uaefulneas of these 
indices needs to be recognized. When 
optimal treatment consists of calcium 
carbonate precipitation, indices may 
properly describe the mechanisms of 
corrosion control desired. However, the 
equilibrium relationships upon which most 
indices are based do not hold true when 
any iu.hibito, is present, iI.1.duding poly
phosphates which are typically used to 
prevent metals and/or calcium from 
Jncipitating (in the caae rL man;y sd\ening 
plants, polyphosphates are applied before 
filtration to keep the filters from becoming 
ena-usted hy calcium carbonate). Corrosion 
indices have little merit for thoae PWSs 
awlying carbcmat.e er inhibit.er paaaivation 
as corrosion control treatment, and should 
not be used to describe treatment goals. 
For calcium carbonate precipitation 
tl'eatment, the CCPP index is recommend
ed and Appendix A provides a detailed 
description of its calculation methods. 

5.S.2.5 Corrosion monitors. There 
are several means for making discrete 
observation or measurement of cor1'08ion. 
These include X-ray, ultrasonic, visual, 
and destructive testing. While each of 
these measurement techniques may be 
useful in a particular situation, this aecti<ln 
will focus on electronic monit<ring systems 
which can be used while the distribution 
system is in operation. Some of the 
electronic monitcring devices mea8ll1"8 the 
byp,xlucta rL galvanic cxrroaim and <Xhers 
will detect the loss of metal whether it is 
due to galvanic action, leaching, or some 
other corrosion mechanism. 

5.S.2JS.1 Hydrogen probes. A. 
part of the oxidation/reduction reacti~n 
in acidic solutions, hydrogen atoms wtll 
migrate to cathode sites on the inside 
surface of metal pipes. One type of probe 
allows these hydrogen atoms to penetrate, 
combine, and form hydrogen gas. The gas 
will exert pressure which is proportional 
to the amount of galvanic corrosion that 
is occurring within pipeline. Another type 
1. -f1 .)be -~~ as pal~adium foil to create an 
eledrical output which is directly propor
tional to the hydrogen evolution rate. By 
recording pressure reading or electrical 
output trends, changes in the corrosion 
rate can be detected. 

o.8.2.5.2 Electrical resistance. 
This type of instrument measures the 
electrical resistance of a thin metal probe 
inserted into the pipeline. Compared to 
omventional coupons, electrical reaistance 
probes provide results with a minimal 
amount rx effirt. Qmtinuous reeding& can 
be made and the data analyzed t.o identify 
oon'O&ion trends. For example, an inaea8e 
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in electrical resistance would likely 
indicate an increase in corrosion rates. 

5.3.2.5.S Linear polarization 
resistance. In a galvanic corrosion cell, 
the pipe metal is oxidized, or corroded, at 
the anode and cations in the solution are 
reduced at the cathode. In this process, 
electrons are transferred between anodic 
and cathodic areas on the ccrroding metal. 
When a small voltage potential is applied 
across the electrol.yt.e fluid, the electrical 
resistance is linear and the corrosion 
current flow (corrosion rate) is directly 
pn,portional to the measured current flow. 
In dilute solutions such as drinking water, 
the resistance of the electrolyte can be 
significant compared to the polarization 
resistance oC the anode and cathode sites. 
In these situations, the probe must be of 
the eype that will measure and cxmpensate 
for the resistance of the solution. 

Compared to metal coupon and electri
cal resistance monitoring, linear polariza
tion probes provide a direct reading of the 
corrosion current and rate. This allows· for 

those from an impressed current system, 
can result in overestimates « the cxrrosion 
rate. This technique, however, is used by 
some equipment manufacturers to indicate 
the •pitting index" for a particular pipe
line/electrolyte combination. 

5.3.2.5.5 Application mggestions. 
Electronic corrosion monitoring equipment 
can provide a rapid evaluation « om 1'08ion 
cont.rol treatment alternatives and chemi
cal feed rates. These probes are not 
infallible, however, and the electronic 
measurements need to be correlated 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 
electronic measurements and actual field 
corl"08ion conditions is established, cor
rosion monitors can be a useful tool for 
monitoring plant performance and main
taining the finished water within the 
operating parameters discussed in Section 
5.2.2. 

instantaneous~t..ofthe.~~nges .. 6 .. 4 ,O,,tf,mizing.C-0rrosion 
that~ with the~ and amount of' :,.Contr"'oz·Treatmenf ·-· 
oorromon control chemicals that are added "D- le 
to the wat.er. Linear polarization measure- ~amp s 
ments, however, cannot be made in non- Each PWS will experience unique 
conductive fluids or those 'which coat the circumstances surrounding the optimiza-
electrodes. Therefore, they may not be tion of corrosion control treatment based 
appropriate in those situations where a on site-specific conditions, treatment 
calcium carbonate film is used to coat the objectives, and other considerations 
distribution system. .aft"ecting the performance and operation 

5.3.2.5.4 Electrochemical noise. of the distribution system. The following 
This a monitoring technique which examples illustrate the types of problems 
measures the electrochemical disturbances which PWSs may encounter and approach-
created by corrosion activity. Potential es to solve treatment and operational 
limitations include the fact that other concerns. 
sources of electrical disturbance, such as 
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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 
tnetment plant and the entire distribution 
system be considered as a consolidllted 
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
ment, sampling, and mmutxring costs were 
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 effluent was 
~ c1ed by the state as opthnal arrosir,n 
cont~ol. . While conducting follow-up · 
morutonng to determine their optimal 
corrosion control parameters, the consoli
dated system was found to have met both 
the lead and oopper action levels. However, 
F.ast Bumford Ciounty frund that the water 
in a remote section of Wakuska Township 
was not maintaining a phosphate residual. 
Apparently, the long residence time 
between the treatment plant and the 
remote section of Wakuska caused its 
depletion. 

At a subsequent meeting of East 
Bumford County's member communities, 
an agreement was reached whereby 

Wakuaka Township would pay for a 
chemical feed station to supplement the 
phosphate inhibitor in their distribution 
system. It was located downstream of 
Wakuaka's storage reservoir after the 
Town's roast.er tlowmeter. Waknaka Town
ship agreed to pay all costs asaociated with 
the chemical feed station and East 
BW:Dford County agreed to provide opera
tional and maintenance support. 

During the subeequent round m routine 
monitoring, effective residual phosphate 
concentrations were achieved throughout 
the entire consolidated distribution system. 
'Ibis permitted East Bumford Count.~7 and 
its member communities to comply with 
the Stat.e-apecified operating ranges under 
the Lead and Copper Rule. 

5.4.2 Use of Corrosion 
Monitors in a Large System. 

As a large system with historical 
corrosion problems, Plimpton City had 
been experimenting with oontrol strategies 
fer a number m years. The City found that 
it could reduce the number of red water 
complaints ifthi.lime-eoftenirig pwit was 
operated to achleve a CCPP index of 6 
rnw'L CaC03 in the plant effluent. Even 
with this operation, though, the distribu
tion system still experienced some red 
water, and early initial monitcring results 
showed that the system would nut meet 
the lead action levels. 

Realizing that their attempts at 
cm-rosion control to date wwld not satisfy 
the provisions of the LCR, the City 
supplemented their existing program by 
installing linear polarization resistance 
corrosion control monitors in different 
areas m the distribution system before the 
beginning of the second round of initial 
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-monit.oring fer lead and copper. Figure 5-3 
shows where the monitors were located. 
The control monitors used iron electrodes 
to simulate the material in the actual 
system piping. 

Results from the corrosion monitors 
indicated that the highest corrosion rates 
were found in the southeast section of the 
City. However, those rates were not 
consistently higher, but of?n fell to the 
levels found in other areas m the city. The 
city realized that the southeast comer 

___ cx,ntained a large indusbial sector, causing 
_ _the distribution system to expaience wide 

-- fluctuations in localized demand. This 
-· -rarulted in significantly higher velocities 

passing through the pipes in that area of 
the city. Since watAr quality diaractarist.ic 
remained fairly consistent throughout the · 
entire distribution system, the elevated 
corrosion rates in the southeast zone was 
:ttributed to the intermittently high 
· elocities experienced in that area. This 
effect appeared to be causing disturbances 
to the coating on the pipes by either 
physically stripping the precipitated layer, 
or pteventir.g the -... ater : ·1 the pipe from 
attaining an equilibrium condition under 
which a calcium carbonate film could be 

)__JP&intained. 
To address this con~m, the City 

installed a 5 million gallon storage tank 
to se-r-vke the southeast portion of the 
distribution system. The storage tank 
allowed the industries to 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 
closely with rates in the other areas c:L the 
City. 

While the storage tank was being 
installed, the City began their required 
corrosion control study. Pipe-loop syst.ems 
were set up in the treatment plant's 
existing tilter gallery. The same type of 
linear polarization resistance monitors 
used in the distribution system were also 
used in the study. Corrosion rates were 
moqitored not only in iron electrodes, but 
lead electrodes as well. The series of runs 
which we~ 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 CaCOS. However, lead 
corrosion reached a minimum at 9.5 mglL 
CaC03. · 

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 tbat lead ~rrosion was reduced 
~.!, •• en ,la distribution ~-was receiving 
watEr with a higher CCPP index, and that 
iron corrosion remained 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 prev1ously, they were net q•.11te as 
low as the pipe-loop study indicated they 
could be. 'lbe pi~loop 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. 
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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 copper levels. 
Direct in-line irtjection of caustic soda at 
their two wellheads to achieve a pH of7.8 
was designated as the town's optimal 
corrosion control. Since facilities to house 
chemical feeds already existed for sodium 
hypochlorite, i~talling the caustic soda 
system was able to be completed quickly. 
The Town made arrangements for a 
chemical company to fill the chemical feed 
tanks biweekly with a 50 percent caustic 
soda solution that was directly irtjected 
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 months bef<re they had to mllect 
any lead and cq,pEr tap samples. However, 
the Town began monitoring not only the 
lead and copper. levels, but also water 
quality parameters at selective 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 a large number of sa.mnles 
continued to exceed the action levels. 

By running a series of bench-scale 
tests, the caustic soda was found to be 
working 88 desired. However, very precise 
amounts had to be used in <rder- to achieve 
the 7 .8 pH. Although the amounts of the 
50 percent caustic soda which had to be 
added were not very large, substantial pH 
fluctuations often resulted due to slight 
variations in feeding. By using larger 

amounts of a more dilute caustic solution, 
similar mi.sfeedings were mt found to have 
88 pronounced an effect on pH. 

Bef<re the follow-up monitoring period 
was to begin, Gechlik Mills had already 
installed larger caustic holding tanks, and 
had begun irtjecting a 25 percent caustic 
soda solution. In the subsequent monitor
ing round, pH monitoring was conducted 
along with the lead and oopper monit<ring. 
The pH monitoring was found to be 
unnecessary for Lead and Copper Rule 
compliance, since the lead and copper 
monitoring showed that both action levels 
had been met. Although Gechlik Mills is 
not always required to, they routinely 
monitor their distribution system pH in 
crder to troubleshoot any potential ina-eas
es in corrosion activity. 
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