
Appendix A 

Corrosion Indices for the 
Precipitation of Protective 
Coatings 

Many corrosion control programs for 
water utilities have targeted the pro­
tection of metal pipes through precipi­
tation of calcium carbonate (CaCO,). 
This process depends on the equilibrium 
reactions involving the calcium ion 
(Ca2•), hydrogen ion (H·), hydroxide-ion 
(OH·), carbontc acid (ffsCO, •), carbon 
dioxide (CO2), bicarbonate ion (HCO,·), 
and carbonate ion (CO,'"). The objective 
of the process is to produce a finished 
water which will evenly precipitate 
calcium carbonate on the pipe walls 
within the distribution system. This 
means that the finished water should be 
supersaturated with respect to calcium 
carbonate to the extent that precip­
itation occurs. 

A multitude of corrosion indices have 
been developed over the years to 
describe the precipitation of calcium 
:-arbonai.e. '!'he recommen<led index is 
the Calcium Carbonate Precipitation 
Potential (CCPP) for use in evaluating 
the water quality goals necessary to 
successfully provide corrosion control 
protection through the · formation of 
calci.um carbonate films. The Langelier 
Saturation Index (LI) may also be used 
by PWSs due to its long history of 
application and the ability of some 
systems to develop reliable relationships 
between LI and corrosion control 
protection. Other corrosion indices are 
not recommended for determining 

water quality goals generating calcium 
carbonate precipitation in distribution 
and home plumbing systems. 

Calcium Carbonate 
Precipitation Potential. 

The term calcium carbonate precipi­
tation potential (CCPP) refers to the 
theoretical quantity cL calcium carbonate 
that can be precipitated from waters 
that are super-saturated. A treated 
water CCPP of 4-10 mg/l (as CaCO,> is 
typically required to promote formation 
of protective calcium carbonate deposits. 
For large systems, higher CCPPs may be 
required to ensure maintenance of 
calcium carbonate deposits throughout 
the distribution system. 

CCPP has also been shown to relate 
directly to reaction kinetics as found by 
Nancollas and Reddy (1976) and pre­
sented by Rossum and Merrill (1983): 

d(Ca2•]1dt = -10-6 KS(CCPP)2 

where K is the rate constant for <:IYS­
tali:.nt! ~th 8D\1 sis the surface'area 
available for precipitation of a given 
particle size. When applying corrosion 
indices as a surrogate measure of cor­
rosion control performance, it is impor­
tant that the application be supported 
by additional informstior!, such as 
distribution system monitoring, in-situ 
coupon testing, bench-scale corrosion 
testing, and inspection of pipe materials 
removed from the distribution system 
during maintenance and repair. 
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Determining the Calcium 
Carbonate Precipitation 
Potential -

CCPP can be determined graphically 
through uae of Caldwell-Lawrence 
diagrams, analytically through equilib· 
rium equations, or by computer analysis. 

CCPP • 50,000 • ([Allt], • [A1kJ..> . 
Theoretical basis for determining the 

amount of CaC01 precipitated or 
dissolved by waters depending on their 
saturation condition as presented by 
Merrill and Sanks (1977a, 1977b, 1978). 

CCPP • 0: C~COs saturated solution. 
CCPP > 0: CaC01 superaaturaed solu-

tion, and the CCPP value denotes the 
milligrams per liter of CaC01 which 
will be precipitated. 

CCPP < 0: CaC01 undersaturated 
solution, and the CCPP value denotes 
the milligrams per. liter of CaC01 

needed to be dissolved into solution 
to bring to saturation. 

Rule of Thumb Goal: 4-10 mg/L CaC03 

CCPP Calculation Procedures: 
A. Deflnltton of Te1"1118 and Values 

of Constants · 

[Alk)i Measured value of alkalinity in 
the finished water, 
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representing the alkalinity of 
solution prior to precipitation of 
calcium carbonate. 

CAlkJ.. Equilibrium alkalinity resulting 
after precipitation of the 
calcium carbonate content 
beyond saturation. Calculation 
of this term requires an itera­
tive solution for the hydrogen 
ion concentration at equilibri­
um. Once this is done, [AlkJ .. 
can ~ calculated as follows: 

[AlkJ .. • t.Jp .. • (Acy1 - s..) • s .. 
where t-. • (2Kt' + [H•J..)J[H·J .. 

P.. = (2[H•J.. + K1 itK-a' 

s .. = m·i... K.'l[H·i.. 
and, 

Kt. = Henry's law constant for CO2 

K. = dissociation constant for water 
K1' = first dissociation constant of 

carbonic acid. 
~· = second dissociation constant of 

carbonic acid 
[Acy]i = Acidity of the finished water. 

= C,. •ca1 + 2•aJ + [H•J -- [OH·] 
a_; , C[ff•11K,: + ·1 + KJ(H•J>·I_ 
ao = u + K.'m·1 + Ka ,.Ks'l[H·n·1 

The equilibrium constants used in 
the above equations are given in Table 
A-1 for various temperature conditions. 



Table A-1. Equilibrium Constants for Carbonate-Water System 

Temp •c :::=J'?f '; P~. ·~· .... -,;;:-~ -»- ;',_$ -~-=pK.: ' .'.. J)JC"' ··-·--- '·::: ,: . ·.ipltz~· .. :· • .. . . .. . t : . :·._._ .. , ..... 

0 8.03 14.93 1.11 6.S19 10.62S 

s 8.0'J 14.73 1.19 6.S17 10.SS1 

10 8.15 14.S3 1.27 6.464 10.490 

IS 8.21 14.3S 1.32 6.419 10.430 

20 8.27 14.17 1.41 6.381 10.377 

2S 8.33 14.00 1.47 . 6.3S2 10.329 

30 8.38 13.83 1.S3 6.327 10.290 
1 Derived from equation, pKsp = · 0.01183*(Temp) + 8.03, Larson and Boswell, 

1942. 

B. Algorithm for Iterative Solution 

The CCPP represents in mg/L as 
CaC03 the saturation state of calcium 
carbonate with respect to existing 
conditions (A.lk) and the equilibrium 
conditions which would exist after the 
water's potential to precipitate or dissolve 
calcium carbonate had occurred (Alk..). 
During this process, the equivalents of 
calcium precipitated (or dissolved) must be 
equal to the equivalents of alkalinity 
precipitated (or dissolved). However, the 
acidity of the water remains constant and 
therefore can be used to determine the 
equilibrium alkalinity conditions as 
described below. 

Acyi = Acy04 = [(Alk; + s;)/tJ~ + s, 

wheres., ~. and ft are defined as follows: 

s. =- [H·J - KJ[H·J 
~ =- (2*Kz' + [H•])J[H+] 
Pi = (2•(H•J + K, 'VICt' 
Since acidity remains conservative 

through the p1ecipitation/dissolution of 
calcium carbonate, the actual acidity of the 
water (AcyJ may be used to define the 

equilibrium alkalinity(~ as shown 
below: 

AJk... =- t./P .. *(Acyi - s..) - S.. 
·The equihl>rium alblinity condition may 

also be related to the inital calcium and 
alkalinity through the following equation: 
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2•cea2•1i - Alt; = 
2*JC..'*r.J(Alk... + s.J - Alt.. 

with r .. = ([H·J .. + 2*Kz')/Kz' 

Substituting Afk.. = f(Acy) into the 
above equation yidds the relationship 
below: 

2-ceaz+i. - Alkt -
(('2*1C11,'*r .. *p..)/(t_. *(Acy, - s..)J -
[l.,q *( A.cy, - c;,Jlp.J + c;!Oli 

If we let TERMO equal the left side of 
the above equation, and TERMI and 
TERM2 equal the first two tams on the 
right side of the above equation, then this 
reduces to: 

TERMO = TERMl - TERM2 + S.. 
To solve for the equilibrium terms, H04 

is assigned a value initially. The above 
equation is tested to determine whether the 



assigned value satisfies the conditions (i.e., 
docs TERMO = TERMl - TERM2 + s°"7). 
If not, then iterate the process by assigning 
a new value for ff... until an adequate degree 
of accuracy is reached. In the following 
examples, this method of solving for CCPP 
was used with a tolerance of 0.001 for the 
above equation. 

Spreadsheet formats are provided to 
assist in the design and development of a 
CCPP calculation tool. 

C. Flndm& the CCPP Value for a Spedfic 
Water Quality Condition 
A PWS performing lime softening has a 

finished water with the following 
characteristics: pH = 8.6; alblinity = 90 
mg/Las CaC~; and calcium hardness = 
100 mg/Las CaC~. The worksheet 
presented on the following page (Exhibit A­
l) calculates the CCPP (6. 6 mg/L as 
CaC~) for this supply using the iterative 
solution discussed above. 

D. Fmding the Water Quality Conditions 
for a Desired CCPP. 
To achieve a desired CCPP, any one 

or more of the three key water quality 
paramcl.l!n may be modified. Exhibits A 
2 and A-3 demonstrate this by modifying 
pH and alkalinity, respectively, to 
achieve a desired CCPP of 8.0 mg/Las 
CaC03 for the same water. described 
above (Part 8). When pH and calcium 
held consta1ii, the required alkalinity is 
101. 8 mg/L as CaC03 for the targeted 
CCPP; with alblinity and calcium 
contents are held constan~ the resultant 
pH of 8.8 is required to achieve the 
desired CCPP. 

Langelier Saturation Index. A 
commonly used measure of a water's 
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ability to deposit calcium carbonate is 
Langelier's Saturation Index (LI). This 
value is detennined by subtracting the 
pH of saturation (known as pff., and 
dependent upon the calcium ion 
concentration, alkalinity, temperature, 
and dissolved solids concentration of the 
water) from the actual pH (pHa). 

A negative LI value indicates under­
saturation and a tendency for the water 
to dissolve calcium carbonate. A positive 
value indicates supersaturation and a 
tendency for the water to deposit calcium 
carbonate. A value of z.cro indicates that 
the water is in chemical balance with 
respect to calcium carbonate. 

While the U is widely used, it has 
several notable shortcomings. Due to its 
qualitative nature, it indicates only the 
tendency or direction of calcium 
carbonate precipitation. It cannot predict 
the actual precipitation potential, or the 
amount of excess calcium carbonate 
available for precipitation. 

For example, it has often been found 
that although a positive LI was 
maintained. severe corrosion had 
occurred in the distribution system, -and 
inspections of pipe and fittings revealed 
no evidence of a coating of calcium 
carbonate. In other situations, however, 
PWSs have had limited corrosion 
problems with slightly ne~rntive Lis. ln 
these instances, the amount of alkalinity 
may have been sufficient for carbonate 
passivation to reduce corrosion activity.· 
In practice, the appropriate U for a 
given system is highly site-specific, and 
is dependent upon treated water 
composition and distribution system size 
and complexity. 



Langelier Index (LI) = pH - PH. 

Developed by W.F. Lancelier 
(1936) 

LI = 0: CaCO, saturation 
LI > 0: CaCO, supersaturation 
LI< 0: CaC01 undersaturation 

Rule of Thumb Goal: +0.8 - + 1.0 

Calculation Procedure 

A. DeftnitionofTerms 

PH. Saturation pH for calcium 
carbonate calculated as follows: 

PH. :s -log10 cH·1 - log10 f .. 
[H•] = (-B +/· 8 2 - 4AC)/2A 

where: 
A = 1 - [Ca2•1~'IK.' 
B = ~'(2 - [Ca •][Alk)IK. ') 
C = K,. ~ '{Caz.)IK.' 

and, 
K.,.' = Dissociation constant for water 
K.' = Solubility product constant for 

calcium carbonate. 
~· = Second dissociation constant 

for carbonic acid. 
r.. = activity coefficient for the 

monova)~!'lt ions. This tern'! is 
normally neg!ocLeci t. 
calculating LI. 

Conversion Between Total 
AJkaUnlty and Dissolv~ lnol"l'anic 
Carbonate. To more easily utilize the 
solubility contol.ll" d..i~--rams presented 
in Chapter 2.0 of this volume, Table A-
2 provides a conversion chart for total 
alkalinity (Talk) and diuolved 
inorganic carbonate (DIC) by water 
temperature and pH. To use Table A-2, 
a PWS with a known Talk (expressed 
as mg CaCOJL), pH, and water 
temperature, find the factors A and B 
corresponding to their conditions. The 

' .... 
equivalent DIC level for that water 
supply can be calculated as follows: 

DIC (mg CaCOJL) = [(TaU,/50,000) + A) • B 

The resulting DIC can be used in 
finding the lead or copper solubility for 
the defined condition per Figures 2-2, 
2-3, and 2-5 in this volume. 
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Exhibit A-1. CCCP Calculation Procedures 

Example 1 - Spreadsheet for Calculating CCPP 

Determine CCPP Given: pH-8.6 
Alk=90 mg/I as caco3 
Cal• 100 mg/I as CaC03 
Temp•20C 

Variable Definition .Comments I neut Ou~ut 
Ca - Calcium. moles/I (1) given 1.0E-03 

AJki - Alkalinity. equiv/I (1) given 1.BE-03 
Hi • Hydrogen Ion. moles/I · (1) given 2.SE-09 

K'sp • Solubility ConS1ant. CaC03 Table2 5.4E-09 
K'w • Dissociation Constant for Watr!K Table 2 6.BE-15 
1<'1 • 1st Carbonic Dissociation Constant Table2 4.2E-07 
1<'2 • 2nd Carbonic Dissociation Constant Table2 4.2E-11 

Req - (Heq - 2-K'2)/K'2 calculat8d 3.0E+02 
Peq - (2*Heq + K'1)/K'1 cala.llated 1.1E+OO 
Teq • (2*K'2 + Heq)/Heq caiaJlatlld 1.0E+OO 
Seq - Heq - K'w/Haq calculated -5.2E-07 

Pl• (2-Hi + K'1)/K'1 calculated 1.0E+OO 
Si • Hi - K'w/H calculated -2.7E-06 
Tl • (2-1<'2 + Hi)/Hi calculated 1.0E+OO 

Acyi =- ((Alki + Si)/Ti)*Pi + Si calculated 1.SE-03 
Alkeq • Teq/Peq*(Acyi-Seq) - Seq, m~3) calculated 83.4 
Term1 • 2-K'sp*Req*P9C¥1'/(Acyi - Seq) calculated 1.9E-03 
Term2 • (Acyi - Seq)*Teq/Peq calculated 1.7E-03 

Heq • Ecp.·1::t.;,"ii.lrn H. rnoles!J (2) ,·•. iterate ., .. 3E-08 
TermO • 2-t..A - Ala calcutat8d 2.0E-04 

Right • Term 1 - Term2 + Seq calcula1Bd 2.0E-04 
CCPP • Alkl - Alkeg, mg/I as CaC03 {3) calculated 8.8 

(1) Convert given information into proper units of moleS/1 and equiv/I. 

(2) Iteration can be accomplished by several procedures. Manual iteration 
requires the user to input various va ues of Heq until rows 20 and 21 
converge. Another option in spreadsheets such as Lotus 123 and Micrsoft 
Excel. allow cells to be ·dependant" on one another. In this case rows 
20 and 21 could be equated and the recalculate key used to iterate. 
Macros could also be written that would iterate using a loop command. 

(3) Covert to mg/I by multiplying by so.coo. 
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Exhibit A-2. CCCP Calculation Procedures 

Example 2 - Spreadsheet for Calculating Alkalinity for Given CCPP 

Determine Alkalinity Given: CCPP•Smg/1 
(Based on information from Example 1) pH=S.6 

CaJ=100 mg/I as CaC03 
Temp•20 C 

Variable Definition Comments Input Output 
Alki =- Alkalinity, equiv/I (1) (2) vary 2.0E-03 
Ca = CaJcium, moles/I {1) given 1.0E-03 
Hi = Hydrogen Jon, moles/I (1) given 2.SE-09 

K'sp = Solubility Constant. CaC03 Table 2 5.4E-09 
K'w • Dissociation Constant far Watl!Jr Table2 6.SE-15 
K'1 "'!' 1st Carbonic Dissociation Constant Table2 4.2E-07 
K'2 • 2nd Carbonic Dissoc.ation Constant Table2 4.2E-11 

Aeq • {Heq - 2*K'2)/K'2 calculated 3.3E~02 
Peq • {2*Heq + K'1)/K'1 calculated 1.1E+OO 
Teq = (2-1<'2 + Heq)/Heq calculated 1:oe+oo 
Seq = Heq - K'w/Heq calculated -4.7E-07 

Pl = (2-Hi + K'1 )/K'1 calculated 1.0E+OO 
Si • Hi - K"w/Hi calculated -2.7E-06 
Ti • (2*K'2 + Hi)/Hi cafculated 1.0E+OO 

Acyi = ((AJki + Si)/Ti)*Pi + Si calculated 2.0E-03 
Term1 • 2*K'sp*Req*Peq/T/(Acyi - Seq) calculated 1.SE-03 
Term2 = (Acyi - Seq)*Teq/Peq calculated 1.9E-03 
AJkeq = Teq/Peq*(Acyi-Seq} - Seq, m~4) calculated 93.7 

Heq = Equilibrium H. moles/I (3) iterate 1.4E-08 
Termo =- 2*Ca - AJki calculated -3.SE-05 

Right =- Term 1 - Term2 + Seq calcui.ted -3.SE-05 
CCPf-- - AIK - AJk., mg/I , .. , cabllated 8.0 

Alki = Alkalinity, mg/1 as CaC03 (4) cafculated 101.8 

(1) Convert given information into proper units of moles/I and equiv/I. 

(2) Entar in v_alues fer aJkalinity (moles/I) and then iterate Heq as in 
Example 1. Continue this process until CCPP converges to the targeted 
;cal -.-aiue {8 rr:g/1 for Example 2). 

(3) Iteration can be accomplished by several procedures. Manual iteration 
requires the user tc input various values of Heq until rows 20 and 21 
converge. Another option in spreadsheets such as Lo11Js 123 and Micrsoft 
Excel, aJlow cells to be •depenc:Janr on one another. In this case rows 
20 and 21 could be equated and the recalculate key used tc iterate. 
Macros could also be written that would iterate using a loop command. 

(4) Covert tc mg/I by multiplying by 50,000. 
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Exhibit A-3. CCCP Calculation Procedures 

Example 3 - Spreadsheet for Calculating pH for Given CCPP 

Determine pH Given: CCPP=8 mg/1 
(Based on information from Example 1) Alk=90 mg/1 as CaC03 

Cal= 100 mg/I as CaC03 
Temps20C 

Variable Definition Comments Input Output 
Hi :m Hydrogen Ion. moles/I (1) (2) vary 1.8E-09 

Ca = Calcium, moles/I (1) given 1.0E-03 
Alki = Alkalinity, equiv/I (1). 'given 1.SE-03 

K'sp =- Solubility Constant CaC03 Table 2 5.4E-09 
K'w = Dissociation Constant for Water Table 2 6.SE-15 
K'1 = 1st Carbonic Dissociation Constant Table 2 4.2E-07 
K'2 ·,. 2nd Carbonic Dissociation ConS1ant Table2 4.2E-11 

Req ,. (Heq - 2*K'2)/K"2 caJculated 2.9E+02 
Peq ... {2*Heq + K'1)/K"1 caJculated 1.1E+OO 
Teq = {2*K'2 + Heq)/Heq caJculated 1.0E+OO 
Seq = Heq - K'w/Heq caJculated -5.3E-07 

Pi= (2*Hi + K'1)/K"1 calculated 1.0E+OO 
Si • Hi - K'w/Hi calculated -3.SE-06 
Ti = (2*K'2 + Hi)/Hi calculated 1.0E+OO 

Acyi = ((Alki + Si)/Ti)*Pi + Si calculated 1.7E-03 
Alkeq = Teq/Peq*(Acyi-Seq) - Seq, m~4) calculated 82.0 
Term1 = 2*K'sp*Req*Peq/T/(Acyi - Seq) calculated 1.SE-03 
Terrn2 = (Acyi - Seq)*Teq/Peq calculated 1.6E-03 

Heq = Equilibrium H, moles/I (3) iterate 1.2E-08 
TerrnO = 2*Ca - Alki calculated 2.0E-04 
Right= Term1 -Term2 + Seq calculated 2.0E-04 

CCPF' en· .~.lki - .A.Jl<eo. rr~..:11 (4) caJculatad 'l.O 
pH • pt«,; - log rU .. · .. calalialed ·a.a 

(1) Convert given information into proper units of moles/I and equiv/I. 

(2) Enter in values for Hi {moles/I) and then iterate Heq as in 
Example 1. Continua this process until CCPP converges to the targeted 
goal value (8 mg/I for Example 3). 

(3) Iteration can be accomplished by several procedures. Manual iteration 
requires the user to input various values of Heq until rows 20 and 21 
converge. Another option in spreadsheets such as Lotus 123 and Micr:Soft 
Excel, allow cells to be ·dependant" on one ano1her. In this case rows 
20 and 21 could be equated and the recalculate key used to iterate. 
Macros could also be written that would iterate using a loop command. 

(4) Covert to mg/1 by multiplying by 50,000. 
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Table A-2 
Total Alkalinity (TALK) to Dissolved Inorganic Carbonate (DIC) Conver8'on Variables 

Determine A & B vta the below table. Then compute DIC as foltows: 
DIC as ppm CaC03 • ((TALK In ppm CaC03/S0,000) + AJ • 8 

I T-0 (deg. C) T-S (deg. C) ; T •10 (deg. C) T•15 (deg, C) T-20 (deg. Cl T-26 (deg. C) 
pH A B A B A 8 A B A 8 A 8 .. 

I 
8.0 9,99E-07 2.40E+05 9.98E-07 2.14E+05 9.97E-07 1.98E+06 9.98E-07 1.81E+06 9.93E-07 1.70E+05 9.90E-07 1.82E+05 
6.1 7.93E-07 2.01E+OS 7.92E-07 1.81E+05 7.91l:-07 1;66E+05 7.89E-07 1.54E+05 7.86E-07 1.45E+05 7 .82E-07 , 1.39E+Ot 

' 6.2 6.29E-07 1.70E+05 6.28E-07 1.54E+05 6.26E-07 1.42E+05 6.24E-07 1.33E+05 6.20E-07 1.26E+05 6.15E-07 1.21E+05 
6.3 4.99i-07 1.46E+05 4.97E-07 1.32E+05 4.95E-07 1.23E+05 4.92E-07 1.16E+05 4.88E-07 1.10E+05 4.81E-07 1.06E+05 
6.4 3.95E-07 1.25E+05 3.93E-07 1.1'5E+05 3.91E-07 1.08E+05 3.87E-07 1.02E+06 3.81E-07 9.78E+04 3.73E-07 9.48E+04 
6.5 3.13E-07 1.10E+05 3.10E-07 1.02E+05 3.07E-07 9.60E+04 3.02E-07 9.15E+04 2.95E-07 8.80E+04 2.86E-07 8.55E+04 
8.8 2,47E-07 9.78E+04 2.44E-07 9.13E+04 2.39&-07 8.85E+04 2,33E-07 8.29E+04 2.24E-07 8.02E+04 2.11E-07 7.82E+04 
6.7 1.94E-07 8.78E+04 1.90E-07 8.28E+04 1.85E-07 7.90E+04 1.nE-07 7.82E+04 1.eee-01 7.40E+04 1.49E-07 7.24E+04 

I 
6.8 1.61E-07 8.00E+04 1.47E-07 7.60E+04 1.40E-07 7.30E+04 1.30E-07 7.08E+04 1~ 18E-07 8.90E+04 9.54E-08 6.78E+04 
6.9 1.17E-07 7.39E+04 1.11E-07 7.07E+04 1.02E-07 8.83E+04 9.04E-08 6.65E+04 7.22E-08 8.51E+04 4.85E-OS 6.41E+04 
7.0 8.83E-08 6.89E+04 8.14E-08 6.64E+04 7.0SE-08 6.46E+04 5.53E-08 8.31E+04 3.24E-o8 8.20E+04 1.53E-21 6.12E+04 
7.1 8.48E-08 6.50E+04 5.60E-08 6.30E+04 4.23E-08 8.15E+04 2.32E-08 8.04E+04 -5.88E-09 5.95E+04 -4.65E-08 5.89E+04 
7.2 4.45E-08 6.19E+04 3.38E-08 6.03E+04 1.63E-08 5.91E+04 -7.70&-09 5.82E+04 -4.41E-o8 5.75E+04 -9.54E-08 5.70E+04 

I 7.3 2.67E-08 5.Q5E+04 1.30E-08 5.82E+04 -8.nE-08 6.73E+04 -3.90E-08 5.65E+04 -8.48E-o, 5.80E+04 -1.49E-07 5.56E+04 
7.4 1.03E-08 5.75E+04 -6.96E-09 5.65E+04 -3.43E-08 5.57E+04 -7.24E-08 5.52E+04 -1.SOE-07 5.47E+04 -2.11E-07 5.44E+04 
7.5 -5.53E-09 5.80E+04 -2.73E-08 5.51 E+04 1-6.17E-08 5.45E+04 -1.10E-07 5.41E+04· -1.82E-07 5.37E+04 -2.SSE-07 5.35E+04 

I 
7.6 -2.17E-08 5.47E+04 -4.90E-08 5.41E+04 1-9.24E-08 5.36E+04 -1.53E-07 5.32E+04 -2.44E-07 5.29E+04 -3.73E-07 5.27E+04 
7.7 -3.89E-08 5.37E+04 -7.34E-08 5.32E+04 -1.28E-07 5.28E+04 -2.04E-07 5.25E+04 -3.19E-07 5.23E+04 -4.81E-07 5.21E+04 

I 7.8 -5.83E-08 5.29E+04 -1.02E-07 5.25E+04 -1.70~-07 5.22E+04 -2.66E-07 5.20E+04 -4.11E-07 5.18E+04 -6.15E-07 5.16E+04 
7.9 -8.07E-08 5.23E+04 -1.35E-07 5.20E+04 -2.22E-07 5.17E+04 -3.42E-07 5.15E+04 -5.24E-07 5.13E+04 -7.82E-07 S.12E+04 
8.0 -1.07E-07 5.18E+04 -1.76E-07 5.15E+04 -2.85E-07 6.13E+04 -i.37E-07 5.11E+04 -6.88E-07 5.10E+04 -9.90E-07 5.09E+04 
8.1 -1.40E-07 5.13E+04 -2.26E-07 5.11E+04 -3.84E-07 5.09E+04 -5.54E-07 5.08E+04 -8.43E-07 5.07E+04 -1.25E-06 5.06E+04 
8.2 -1.BOE-07 5.10E+04 -2.89E-07 5.08E+04 -4.81E-07 5.07E+04 -7.02E-07 5.0SE+04 -1.07E-06 5.04E+04 -1.58E-06 5.03E+04 
8.3 -2.29E-07 5.07E+04 -3.67E-07 5.05E+04 -5.84E-07 5.04E+04 -8.88E-07 5.03E+04 -1.34E-06 5.02E+04 -1.99E-06 5.01E+04 
8.4 -2.91E-07 5.05E+04 -4.64E-07 

.... 
5.03E+04 -7.37E-07 5.02E+04 -1.12E-08 5.01E+04 -1.69E-06 5.00E+04 -2.51E-06 4.99E+04 

8.5 -3.68E-07 5.02E+04 -5.86E-07 5.01E+04 -9.30E-07 4.99E+04 -1.41E-06 4.98E+04 -2.13E-06 4.97E+04 -3.16E-06 4.96E+04 
8.6 -4.65E-07 5.00E+04 -7.39E-07 4.99E+04 -1.17E-06 4.97E+04 -1.78E-08 4.96E+04 -2.69E-06 4.9SE+04 -3.98E-06 4.94E+04 
8.7 -5.87E-07 4.98E+04 -9.31E-07 4.96E+04 -1.48E-08 4.95E+04 -2.24E-08 4.94E+04 -3.39E-06 4.92E+04 -5.01E-06 4.91E+04 
8.8 -7.40E-07 4.96E+04 -1.17E-06 4.94E+04 -1.86E-08 4.92E+04 -2.82E-08 4.91E+04 -4.26E-06 4.89E+04 -6.31E-06 4.88E+04 

I 8.9 -9.32E-07 4.93E+04 -1.48E-08 4.91E+04 -2.34E-08 4.90E+04 -3.55E-08 4.88E+04 -5.37E-06 4.86E+04 -7.94E-08 4.84E+04 



TableA-2 
Total Alkalinity (TALK) to Dfsaolved Inorganic Carbonate (DIC) Conversion Variables 

Determine A & B vta tt,a below table. ThE.n compute DIC as follows: 
DIC as ppm CaC03 • ((TALK In ppm CaC03/S0,000) + AJ • B -. T-5 T-0 de . C 

H A B A 
,dea. C> T •10 (dea. C) T•15 ldaa, Cl T-20 (deg. C) T -25 (deQ. C\ 

a A B A B A B A B .. 
9.0 -1.17E-06 4.90E+04 -1.HE-0€ 4.88E+04 -2.95E-06 4.86E+04 -4.47E-o6 4.84E+04 -6.76E-<>6 4.82E+04 -1.00E-05 4.80E+04 
9.1 •1.48E-06 4.87E+04 -2.34E-0€ 4.85E+04 -3.71E-08 4.82E+04 -5.82E-08 4.80E+04 -8.61E-08 4.nE+04 -1 .26E-05' 4.74E+04 
9.2 -1.88E-06 4.84E+04 -2.95E-06 4.81E+04 -4.88E-o6 4.78E+04 -7.08E-o6 4.74E+04 -1.07E-05 4.71E+04 -1.58E-05 4.68E+04 
9.3 -2.34E-06 4.79E+04 -3.71E-06 4,?8E+04 -5.89E-08 4.72E+04 -8.91E-08 4.88E+04 -1.35E-05 4.65E+04 -2.00E-05 4.61E+04 
9.4 -2.95E-o6 4.74E+04 -4.68E-Q6 4.70E+04 -7.4'1E-06 4.88E+04 -1.12E-05 4.81E+04 -1 .70E-05 4.57E+04 -2.51E-05 4.S3E+04 
9.5 -3.72E-o6 4.88E+04 -5.89E-<>6 4.83E+04 -9.33E-06 4.58E+04 -1.41E-05 4.53E+04 -2.14E-05 4.48E+04 -3.16E-05 4.43E+04 
9.6 -4.68E-06 4.61E+04 -7.41E-06 4.551:+04 -1.17E-05 4.49E+04 -1.78E-05 4.43E+04 -2.89E-05 4.38E+04 -3.98E-05 4.32E+04 
9.7 -5.89E-o6 4.52E+04 -9.33E-<>6 4.46E+04 -1.48E-05 4.39E+04 -2.24E-05 4.32E+04 -3.39E-05 4.28E+04 -5.01E-05 4.20E+04 
9.8 -7.41E-06 4.43E+04 -1.17E-05 4.35E+04 -1.NE-05 4.28E+04 -2.82E-05 4.20E+04 -4.27E-05 4.14E+04 -6.31E-05 4.07E+04 
9.9 -9.33E-o6 4.32E+04 -1.48E-05 4.24E+04 -2:.~lE-05 4.15E+04 -3.55E-05 4.07E+04 -5.37E-05 4.00E+04 -7.94E-05 3.93E+04 

10.0 -1.17E-05 4.20E+04 -1.86E-05 4.11E+04 -2.96E-06 4.02E+04 -4.47E-05 3.94E+04 -8.78E-05 3.NE+04 -1.00E-04 3.79E+04 
10.1 -1.48E-05 4.07E+04 -2.kE-05 3.97E+04 -3.72E-06 3.88E+04 -5.82E-05 3.71E+04 -8.61E-05 3.72E+04 -1.28E-04 3.85E+04 
10.2 -1.88E-05 3.93E+04 -2.95E-05 3.83E+04 -4.6dE-05 3.73E+04 -7.08E-05 3.85E+04 -1.07E-04 3.57E+04 -1 .58E-04 3.51E+04 

110.3 -2.3-iE-05 3.78E+04 -3.72E-05 3.69E+04 -5.89E-05 3.59E+04 -8.91E-05 3.51E+04 -1.35E-04 3.43E+04 -2.00E-04 3.37E+04 
10.4 -2.95E-05 3.64E+04 -4.88E-05 3.54E+04 . -7.41 E-05 3.45E+04 -1 .12E-04 3.37E+04 -1.70E-04 3.30E+04 -2.51E-04 3.25E+04 
10.5 -3.72E-05 3.50E+04 -5.89E.:.05 3.41 E+04 I -9.3:JE-05 3.32E+04 -1.41E-04 3.25E+04 -2.14E-94 3.18E+04 -3.16E-04 3.13E+04 
10.6 -4.68E-05 3.37E+04 
10.7 -5.89E-05 3.24E+04 

3.28E+04 1-1.17E-04 3.20E+04 -1 .78E-04 3.13E+04 -2.69E-04 3.08E+04 -3.98E-04 3.03E+04 
3.16E+04 1 -1.48E-04 3.09E+04 -2.24E-04 3.03E+04 -3.39E-04 2.98E+04 -5.01E-04 2.94E+04 

-7.41E-05 
-9.33E-05 

10.8 -7.41E-05 3.13E+04 
10.9 -9.33E-05 3.02E+04 

3.06E+04 ' -1.~t;E-04 2.99E+04 -2.82E-04 2.94E+04 -4.27E-04 2.90E+04 -6.31E-04 2.88E+04 
2.98E+04 -2.34E-04 2.91E+04 -3.55E-04 2.88E+04 -5.37E-04 2.83E+04 -7.94E-04 2.80E+04 

-1.17E-04 
-1.48E-04 

11.0 -1.17E-04 2.94E+04 -1.86E-04 2.88E+04 -2.95E-04 2.83E+04 -4.47E-()4 2.80E+04 -6.78E-04 2.nE+04 -1.00E-03 2.74E+04 
11.1 -1.48E-04 2.86E+04 -2.34E-04 2.81E+04 -3.72E-04 2.nE+04 -5.62E-04 2.74E+04 -8.51E-04 2.72E+04 -1.26E-03 2.70E+04 
11.2 -1.86E-04 2.79E+04 -2.95E-04 2.78E+04 -4.68E-04 2.72E+04 -7.0SE-04 2.70E+04 -1.07E-03 2.87E+04 -1.SSE-03 2.86E+04 
11.3 -2.34E-04 2.74E+04 
11.4 -2.95E-04 2.69E+04 

2. 71 E+04 1-5.88E-04 2.88E+04 -8.91E-04 2.68E+04 -1.35E-03 2.64E+04 -2.00E-03 2.63E+04 
2.67E+04 -7.41 E-04 2.84E+04 -1.12E-03 2.83E+04 -1.70E-03 2.81E+04 -2.61E-03 2.60E+04 

-3.72E-04 
-4.68E-04 

11.5 -3.72E-04 2.66E+04 -5.89E-04 2.63E+04 -9.33E-04 2.62E+04 -1.41E-03 2.80E+04 -2.14E-03 2.59E+04 -3.16E-03 2.58E+04 
111.6 -4.68E-04 2.63E+04 
11.7 -5.89E-04 2.60E+04 

2.61E+04 -1.17E-03 2.69E+04 -1.78E-03 2,5,.E+04 -2.89E-03 2.57E+04 -3.98E-03 2.57E+04 
2.69E+04 -1.4JE-03 2.57E+04 -2.24E-o3 2.57E+04 -3.39E-03 2.56E+04 -5.01E-03 2.55E+04 

-7.41E-04 
-9.33E-04 

11.8 -7.41E-04 2.58E+04 -1.17E-03 2.57E+04 -1.86E-03 2.56E+04 -2.82E-03 2.55E+04 -4.27E-03 2.55E+04 -6.31E-03 2.54E+04 
11.9 -9.33E-04 2.56E+04 
12.0 17E-03 2.55E+04 

2.66E+04 -2.34E-03 2.55E+04 -3.55E-03 2.54E+04 -5.37E-03 2.54E+04 -7.94E-03 2.53E+04 
2.54E+04 I -2.l&E-03 2.54E' -4.47E-03 2.63E+04 -8.71E-03 2.53E+04 .-1 .00E-02 '3E+04 

-1.48E-03 
-1.BeE-03 
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PWS Characterization: Low pH, Alkallnlty, & Calcium 
Bennington, Vermont PWS Name & Location: 

I PWS DNcrtpllon 

a. Raw w .. Supply Surt.ce ... 

1. Raw 

2. Tr'Nl8d 

c. T~ 

b. Oemol illllllioo 
Telling 

2. SIMlc 

c. Ful-&:ale 
Contnnatiun 

b. Pnorities 

1. Primlfy 

c. T~ 
~ 

d. 

• ComnU1ily blood lead mo1ilor',iig p.og,a,, rewll1d.....,... leYell in 1'117. 
• ...... a,rwy al 1he diA'ibulian ~ b,nd lhlt one-third of 1he sysllm -

Nrwd bV INd NNice ..... 
• Ttip Mmplea..,.. oolecl9d, tndlng INd _... a h9\ • 0.88 m9'L 
• ~ perfont•~ al «-bof .... PJil 1:t.ion. 

NA 

Due ID t,e ....... blood lead -- in the pupllllliun, ....._.It ii 1Wtliun Md IO be 
witv and quiclcly inmtled Md opel'llble. 

pH and .._nity .ciiuatment: lncnw pH ID 8.0-8.5 and iiict••• ~ ID 9bove 
25mgC.CO~ 

• Ttip munitor'.-.g 1or INd in trst-<nw and running NfflPIN: 1en-1881. 
• pH Md~ mo1110ring in dinibub,1sysllm and .t the PO&: 1917-1881. 
• EVINllle SC* on INd ww:e line pipes Uling X-ray dithdiun: 1'117. 
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PWS Characterization: 
PWS Name & Location: 

Low pH, Alkallnl~ & Calcium 
Bennington, Vermont 

• A~ monNy lead 1e¥e1a in ht-draw 1111> umples _. recu:ed from a h9t 
of 250 ugll. IO IIPP~ 20 ~ lead wilhin lix-monlhs of op91 lltioc • · 

• Ongcing fflOllill:Niig hal ltlOMd. ~ daclne 'in lead ..... in tr9t-draw tap 
lafflpla wilh earty 1981 ct.la lr.dic:lllilig lead leY8la laN lwl 10 uglL 

• x~ mll-*>i, •-'Y9ia ca·• ,,16d ... b1Mlan c:am1ng of c:email9 
~ Ind hydrocemJlill (Pb3(C03)2(0H)2). 

b. Secondary lmpllel9 NA 

c. T....,,.,_ 1.... lniul op91don at the IOdurn l:lart,oiillilll Ind 90dkn hydroxide t9ed ~ w 
nww, nt la;elld .,._ tor pH Ind lllcllll"'1..,. not..._. achi91118d. To 
lmprOll9 ...._IC ca1•i11tncy, aull:IIT 111 d open.lol-, conlrOla ..,. iwllllld In 1980. 

NA 

Vinci, A. 1882. S..1 Iii igb1, Vermont CaToeion Conlrol Sldes wifl the 
~IIIIWPH Symm. Tec:htliclll comrraa 9Ubmillld IO USEPA in~ .ID the 
p,opowd LNd Ind Copper ~ tarn Ouch & Dwight. Comp111y, .. N. Harrison 
St, PrlncelOu, NJ, 08543-5297. 

-~ 
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PWS Characterization: 
PWS Name & Location: 

I PWS O.C. lpelo,I 

Low pH, Alkallnlty, & Calcium 
MWAA Boston, Massachussetts 

a. Rew W.,_ SUpply U,lllated a,r1lce WIiier. 

1. Raw Low ubidity, low pH-Alkllllnity-Calcium. 

2. T'91111ed Filimhed ..._ qulllty: pH 8.5-8.7; Tomi ~11• 12 mg CaC03'L; NKIJlnltt/ 12 mg 
CaC03'L; TOIIII dlaolwd 90lida 37 ,nwL. 

II Cormelon Conlrot Study l!ietMllla 

a. Delk-lop NA 
EYlllulilion 

b. Oemoulbatiun 
Telling 

1. Tap umping 

2. WOP-DIS 

3. WOP-POE pH, alkalinity, and inhibitor residual --------
ri 1'eadng Program OesrtpUon 

b. Priorities 

1. Primllfy 

2. S.:0.ldmy 

c. Trealment 
Alterna1ivea 

Reduce copper leYels at consumers' -.. -- -----
C>r1hophoaphlM inhibitor llnd pH ~ 

'· 

d. MouilDI ing 
~ 

Fim«.w tllp SM'lpling for 14111d llnd copper; WOP-POE; llnd WOP-OIS. 

e. QAIQC Elements NA 
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PWS Characterization: 
PWS Name & Location: 

V TNtlng ANutta 

Low pH, Alka/lnlty, & Calcium 
MWRA, Boston, Massachussetts 

a. eom.ion Control • Six~ lrilll ~ trNlrnent using zinc Of'lhophOephal9: 
Perbmance 1. lnilill plNMdion doN of 13 mg1L UNd tor _,.,.. weeks, then reduced the 

daage ID b9ltca•, 3.2 mnd 4.5 ~ 
2. Initial lncre•• in tap lead leYel9 obeelwd, then llow decline in lead noted 

1DWlr'd 1he end of the lix mono, period. 
3. A,g.l growth tppW9d ID be llinull8d in 1he open, tni8t1ed water storage 

1'91 IM>n due ID the edditiollll phoept\lll8 c:onl8r(. 

• pH AdiuAnent Uling IOdium hydro»de m 1ub•quandy installed. 
1. I.Nd mnd copper ....,... in lrst-dnlw wnplea were reduced by lntrHH d pH. 
2. R111&dNWS nal8d 1h11 when 1he pH dropped tom pH 9 ID below pH 8, the 

INcl leY9ls iuaHud. 

b. Seco.my • Alglll growth w ltimulllld in the open, ftllll8Ci ..., nlWWirs when zinc 
lrnpms Of1hophospNde - used. . 

• Dirty water compmnts MJl8 will .. inlroduClian of the phoeptlllla IMibilol. 

c. TANllment ,..,.. • A high pH at the POE WIii nec111ery ID maintain 1Blgeted pH values~ 
.. clllribulion ayllern. 

VI ·~ The poor pertcnnm of the zinc Of1hophospNde ..... IDr .. mo.t likely .. ,.... of 
.. UC 111·.-, low pH tor ila eftactWl.111. tied the nlil9d -- pH been incn 111 d 
ID llbove 7, It la lkely that the pertcnnm results would tmYe been imp,oYed. 

Kmwel1a, P.C. et ... 1983. Control of l..Nd, Copper, and Iron Pipe Corrosion in 
eo.ton. JolrnaJ AWWA 75(2):92-95. 
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PWS Characterization: 
PWS Name & Location: 

I PWS D11crlptlon 

Low pH, Alkalinity, ct-Calcium 
FCWD, Fort Collins, Colorado 

3 

L Raw W .. Supply Pouch Riwr & HorNtDo4h Rew\10ir 

2. T...r.d 

c. Tl"Ntrnent 

pH • 5.8 • 7 2. NJGMmy • 5-25 mg C.CO,ll. llnd Clllcil,m • 
20-30 mg C&CO/L. 

• ~ Control Study !lementa 

L Delk-top Anllogr:N.- 9, ..... Seide. WAMd Bll•r.glal•, VA 
EWllllllian of ClirbonM9 p 111hrmion 
.__ Q1ip T..alng 

EWNllion Theol*81: 

b. 0emoi ....... 
Telling 

1. Flow-Through 

c. Ful-sc.le 
Conlnn8lion 

1. Tap smnpliig 

2. WOP-DIS 

1. Prtrnlry 

2. Secoudary 

c. Tru1ment 
Alllernuvea 

Pnlc 111 T"9ing: 

WQP-OIS tor pH. lilklllftf llnd Clllcium: 1881 • 1882. 
t ..• ' .... ---.~ . • • -- ~~. 

;'¥..·-,. -- • • .,.. , ~ llnd ~ ,., .• 1fli. 

• 8Nwery which reqund con1LU a.. it. rnoderlla pH. 
• Land ippicmion ot • age 91&,dge limad by copper. 
• UN of phosphate Inhibitor~ due to ........... , 1r'Nt1nent requnmenlS 

llnd pu,lic ecc:~ ice. 

No *M1rM eff9ds on C11W .... trNmer"t goals « Md-'ic qumily of the trNlld ...... 
pH and alkalinity ~ using lime llnd IOdiun bicllrbon*. 

5t.ge 1: pH Golll • 7.tH.8 & M Golll > 30 mg C.::0/L. 
S1llge 2: pH Golll • 7.8-&0 & M Golll • 35-45 mg C.CO/L 

• 
• 

ln-ine pH mor-n:n localed dlr st.Mliliullion chemical teed pointS. 
Ablinity rnMS&nd at POE fNel('Y 4-hows . 
8-10 wnp1ing S1dor,s fflQl•IDliig mo,.-lty tor ftrst«- copper llnd WOP-OIS. 

• . . QNQC Elements Proc •• COi itrols. 



PWS Characterlzatltm: 
PWS Name & Location: 

b.~ ,. 
~ 

Low pH, Alkalinity, & Calcium 
FCWD, Fort ColllM, Colorado 

• T11p c:cpper leYell we reduced from high leY8la rllf1ging bet\.Jaan o.~1.0 ~ ID 

rnuimum -... b9tu "" 0.2-0.4 mglL 
• Sludge mellll conllint 19duced: c:opp., ~; l.Nd 30-~. 

• Po.t-ft.lJaon ubidlty spirea wilh lime 9ddltion 
• Ele',;lllilig pH ~ pc.a~ of ffl91ipllll cuing period of reNM>ir 

m8111cm:>i L This CIIUNd brown WIIW c:anphlinls. FCWO 11 !ILII cl petal 1ie m 
penMnganate prelrNlment ID conlrOI dJble rnanganeN preNnt after tJlrllilon. 

c. Tl"9llln'Mlnt .__ • Procele control tor.-- sld eo1Blisllnt tNII pH IDOk bebil8en one mid two yws 
ID dlbug. 

• FCWO t. been llble ID Kt-.. the pH wld mlcallnily gom over 80 pscent of f'8 
*"8. 

• For men cost~ •...,,_ it. FCWD II i !ltlllirlg C8fbon cloldde in liM.I of 
90dlun~. 

• ~ tied ~ .. beirlg i!ltall cl tor lime sld Cllfbon dioxide ID .,... 
conllnuous operlltiol •. 

YI NotNIOumlflcatlone Owing the firlt incident of mmip,111 pc.a~. FCWD *'"*9 the pH 
~ porton of ... COff'Olian control progrmm. WI'*' days of ... copper ..... 
begm'I ID ila1•1 in h«aw Imp w,lplee, mid .. coppw mid INd conWit of the 
N\Mge sludge incrnncl dwtng the period wtwl pH....,_._ nol being 
pndced. This lndlclilld ID FCWD hit (1) etlK1iYe com,ea, conlrol could Ottt be 
..net tf c:cnllruuty pw:tced; mid (2) wtlile the loea of COi .oeiot'1 pc<*eton becmne 
~ in a m.ner of days, it took NYerlll weeb IO monlhs IO regain the control 
COi lditioc IS 8>epel ienced prior ID the nanent inlerruption. 

VI Aefwence{e) Smilh, M. et al. 1982. ~ ConlroJ SU.. and~ - Fott Colb, Colorado. 
AWWA Corroeion CoMol Semirw (Denver, CO). 

Kuc:heclri1tw, R.O. et ... 1988. Sl,dpe 01M1fy S.Mftl Rsa¥79d tom Drinking Watw 
. Stablization. . Proc. Annual WPCF Con .... .ce. 

Elmund, G.K et al. 1986. SIIIMizw1r1 ala Finished w.tr. Fott Coins, Cclontdo. 
Proc Joint Regional AWWA-WPCA Contal• ice. 
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PWS Characterization: Low pH, Alkalinity, & Cale/um 

Bureau of Water, Portland, Oregon PWS Name & Location: 

I PWS 0.C.1pllo., 

a. ,-. w .. Supply ~·--....... .., 

1. Ra, 

2. TrNled 

c. TJNtnent 

Alilhed wM1r qulity: pH 8.9; TOIIII twdl.11114 mg c.cx>3IL; Mllltrilty 10 mg 
c.co3,\.; TOIIII dllldwd ICJlicia 24 "9'L,. 

II Con'Oelon CorilrOI S1Uc1J a...,1a 

rv 

a. Oeek-top Thecnlliclll: ~- fllllhllllon 
Evmultion ANlogc:NJI Symme: SMIie. w.ti.iglOI, 

b. Dema.-illiui, 
T911ing 

1. Row. Through 

2. Side 

c. Ful-sc.le 
eo. •• iiidal 

1. T11p wnpli11g NA 

2. WOP-DIS NA 

Testing Program Deartptlon 

:.· . 

a. Constraints Compatibility with unfiltered slrlace water treatment facilities. 

b. Priorities 

1. Primary 

2. Seconcwt 
MNa the conosion r8IN of domestic plumbing m111,..s. 

Existing treatment at two locations in the distribution sys111n: 
1. Pipe rig CC1C ISisl9d of coupon (6) ~ &ml wilt. tudc iron, fjMW liad 

...... ccpper, !Md, lead:1in mlder-comlld copper, and IISbellll:>S-amenl 
2. A single loop (220 1Nt) of INd:tln 90ldered copper ~ w lll9o included 

in the pipe rig. Soldered joints ... pmced .,.., 2()-feet. 
3. Pipe rig 1 WM locat8d at the IOIXCl8 of tupply wilt. a he chlor'.ne residulll of 

1 mglL 
4. Pipe rig 2 WM locat8d HWfW miea tom the source lllld c:hknmines were 

-*ied. 

e. QNQC Elements NA 
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PWS Characterization: 
PWS Name & Location: 

Low pH, Alkallnlty, & Cale/um 
Bureau of Water, Portland, Oregon 

• Equlibrun corroeion ra19S 11PPN1 ed ID result abr lix monlhs of opnlion far .n 
of .. m.1111 ... 

• BWd on ._ mt coupons, INd ·corroekJn ,... lnc:ra•ed wtlh free chlorine • 
compared ID chlofwnil IN. 

• Al oaw ma111m upeiienc:ed comperllble conoeion ,.... (on ._ tmi9 of 
coupons) regmd111 of,_ clll1111Ctm11t preNnl. 

• The copper 1Ubing with INd:lin IOkier' MCMed lnc:ra U Id COi rmion .:hlty wtth 
ctllcnri• M COffll)ll9d ID the he chbi11e loop. 

b. Secondmy ,,.,_. NA 

c. Tf'Nlment l9IUN The 9CUCe of lead in lrlt-G'IIW tap samples IIPl)W9d ID be t,e INd-owd IClkilr • 
COillm*9 bV .. pipe loop liNling PfC9affl. No ~ - '9COfflflWlded lir1C8 
._ aty of Port.nd had inltillDd a INd bmn on plumbing fflmllriala far domedc 
91,ppty ...... 

VI Ae .... Kle(a) 

Por1land hM pm1icipm9d in.,. AWWAAF Pipe Loop Study, and men inbnlllllon on 
.. COffOlion bt!hlM« of it syAlffl, NJ*ially M it,.._ ID lrlt-chlf 1llp ...... 
.. be ..... in ..... report 

TIWli:nk, G.P. et .r. 18115. PIiot-paint Slm&Nllon of Oom:Jllion in 
Oomes1ic Pipe Mmrim. Journal A~A 77(1 q :74-82. 
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PWS Characterization: Low pH, Alkalinity, & Callcum 
SWD, Seattle, Washington PWS Name & Location: 

C... Study Number 

I PWs Dncrlptton 

a. Raw Wat.er Supply 

b. War Quality 

1. Raw 

2. Treated 

Two ue, ... ed U'1-:e ..- •ippliee • Toll & Cedlr Rivel'I 

Fililhed ..._ qullly: pH 5.7-6.2; MIIJnl.y 3-5 mg c.co3ll; Q1lorlne l'Nidull 0.2-
0.4 rnglL 

II Conoelon Conni lludy !lelMla 

a. Desk-top Theor811c:11: c.rbOI- p1111.11an 
Evaluation 

b. Demonstration 
Testing 

1. Row-Through 

2. Static 

3. Full-Scale 

c. Full-$c:ale 
COnfirmation 

1. Tap sampling Rrlt«aw tap ~ cole'*9d from 300 hclmes in NMCe ..._ 

2. WOP-DIS pH, •ullnity, chlorine residu81, diaotwd oxygen, conducNty 

3. WOP-POE pH. •klllinily, ct*>rine r'8lidum 

~- PrioritiN ~~---------+------------i. Prtmrt Reducing lhe COffl)liQn 8CMy in the distribution system toMrd lelld. copper, zinc 

2. Secondmy 

c. Treaunent 
AlterMlives 

d. Monitoring 
programs 

e. QA/QC Elements 

(galvanized piping) Md iron. . 

Pipe loop l9dng ev.iu.ted pti/lllulinity lllllfnatiwe .net or1hophoephatie 
corrosion inhbillors: 
1 Recirculating pipe loops were c:onlll'UCled using 1 /2-n:h copper lubing in 

,,,+-;ch ::i bead o• SO 50 leacHin solder was attached longitudinally in tt'le .. I 

piping. 
2. Copper tubing le,,gh were 8-8 inchee inchidumty; bin ~ were 

COIi i -.1ld using pf llltic 11.Dng. 
3. Treallld Wlltw was circulated through a 1Nt loop using a peeis&altic purhp 

cyclically. 
Corrosion rate 111sting was pecfanied using linear polarizatiOn l9Chniques once 
U-scale treatment was installed. 

Metal leaching, corrosion rams, and water quality parame rs were monitored in the 
flow-through testing apparatus and in the ful l-scale systems once the reoommenqed 
treatment was installed. 

See Reference Materials. 
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PWS Characterization: 
PWS Name & Location: 

Low pH, Alkalinity, & Cal/cum 
SWD, Seattle, Washington 

.-·•.--•· 11em .•. ,,, • • _ · ~:.:~:(i.,o/j~;:s~,:;S_..,;,,::,;:i,i-}l:'.L .. .. :::~::·:'s::i:':::r::~ /t':e:·::far:~f';~~::~%,~i::'.lf1;}J':pt=·,1i~1t~~ 
V Teetlng ANu1t9 

• pH llnd lllk8linity 8CfiU11ment wa t,e ~lded 1rNlrMnt on the baia of h 
tow-f1rough -*'SI p-ogrwn. 

• After inetallation, reductionl In lllp ie.d and copper _... (M trst48W ..,,.,._) 
of 12 and 60 pe,t:ent _,. b.nd witlin .. lr"lt yw of Cf)"alion. 

• EJec.-oct.emica l8dng rWJb showed a 50% dec:re•• In c:cm,eion ralN on 
MW copper plumbing Mh gN9llr decNMN In aged IMllllfilk 

• Short-lilnn V8Ndions in copper COffl>9ian ra181 _.. band IO be aongly 
C01'91Med lO he chlorine (dir9ct rellllknhip), and IO a._, degr'N with pH 
(irwiefH I ellllic>l llhip). 

b. S9COl1d1iry lfflPIICII NA 

c. TrNlrnent i.... pH llnd lllk.-lnity .....,_. took pmce gnldumly fNS .. lr"lt yNf' of oplnllone, 
incrl •1ing the ._. pH lo 7.8-&3 llnd the_.,. alkllllllity lo 15-17 mg 
C.cc>3,t.. 

VI flef••ICe(a) Reiber, S.H. et al 1987. Corraeicln Motmiig and Contra In the Pacilc North •• nt 
Journal AWWA 79(2):71-74. 

SIDne, A. 91 •· 1987. The Eff9c:ts of Short-llnn Qwiges In W.. Oulity on Copper 
llnd Zinc eom.on Rmes. Journal AWWA. 79(2):75-62. 

Reiber, S.H. et al 1987. eom.o,, in W...,. Distrbufion S)'SMfflS of the P.ciffc 
Notthwest. EPA ec»'S2-87-<>42. 

Henwa, C.E. et•· 1984. s.trle Disfribulion S),tem ConoMJn Control Study· 
Voune 2: Toll River Wser Pilot Plattt Study. EPA SOCW-84 065 

Hoyt. B.P. 9t al 1982. SNm. Di'*Jbueion S)IIMrn eom.o,, Cot*'1I Sl,dy • Vobne 
1: C«Jllr Rivw Wser Pilaf Pflllt# .~. iPA 800f.2-82.Q28. ,-=-==-=-=-=--.-=-=a---· rm .. . :s::s:err.. .. ~ ~ :-11-=-::;::m ________ _ _ _. 
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PWS CharacterlzaOon: Low pH, High Allcalln1ty & Calcium 
Oakwood, Ohio PWS Name & Location: 

I PWS Deecriptlon 

a. Raw waier Supply Two ... ...._ 

b. w.- Quality 

1. Raw 

2. Treated 

c. Tf'ellllMnt 

Finished Wlllllr quality: pH 7.1; TOIIII t.edl .I 1.1 200 mg CeC03t'L; Malinity 370 mg 
CaC031L 

Wllilr tom one ~ltld NfflOI.IN iron hough grNn-Und Mtllllion and • twt .,... 
"*'SI nolill .... lg. The lrNlld - is ltWI b1811ded wilh - from .. oOw 
wel-ltld and chlor'o11Dd pnor ID dillrlbutlon. 

• Cormelon Control Study a.m. ... 
L ONk-top NA 

EYIUllion 

b .. o.mc. .... -... 
TNllng 

2.Sldc 

c. Fua.sc.le 
Contnnalion 

1. Tap sampling 

NA 

TIIP urnpliig b9bw and dlr laftllliig to d11trnliie cl...,•.ce in conOlion dvlly. 

First4aW tap IMlples It lites receiving WIiier orly from Wel-ltld 1 prior ID being 

blellded wil'I -- from .. w:cnd Wll-teld. 
-· ··~~~~~·~~1--~~~~~~~~__;_;.._~~~~~~~~~~~~~--~~"'""'1 

2. WCP-OIS pft, •kllltlly, twdn111 

3. WOP-POE pH, •kmlnity, twdneu 

B-11 



PWS Characterization: 
PWS Name & Location: 

Low pH, High Alkalinity & Calcium 
Oakwood, Ohio 

rv T--. Progrwn Dwtplon 

a. Coc••IIS NA 

b. Priorities 

1.Pmwy 

d. Mol lilori;ig 
programs 

• • QAIQC EJements 

• 

• 

• 

• 

Flow-lhrough lltsting progr•n: 
1. Two pipe rigs _. COf1llrUCtld will q,e recei,ring un90IIBI 18d WIiier and ,­

other receiving ~led .... 
2. E8Ch rig hlld lne INt ~ blllCk ilon, INd, and pipe 111 ..... oonsisUng of 

tack ircn, topper, 1Nd:1n 90lder'-<:Clllmd copper, and gaMnicaly COi !pied 
(copper and INd IOldlr) ~ (4 coupons of eld'I) . 

3. E8Ch pipe loop (blKk Iron and INd) -~ by r9C8Ying Offf twd 
WIIIIN' tor 7-monlhs. 

4. The pipe sleeYes received hard and 90ft WIIIIN' throughout the entire ~ 
period. 

5. Aowrate c:oudlD• tor the pipe 11,w ..,.: 0.5 gpm at 5 pei tor six dlly9. with 
one day of anding lime. 

6. Row, ... COldlot• tor,- pipe loops--= Iron pipe, rec:iraAling "* of 1 
gpm With .,. """-11 nee of 0.0172 gpm; LNd pipe tow-twough rall of 0.5 
gpm tor 18 holn wilh .,. 8-hcu .... lg time C)dic*ly op81811d. 

7. E8Ch pipe rig op81med two INd loops: one - of new rnalllilll and the second 
- exc:awlld (old fflll9rill) tan the clRldon ~. 

Ful--=-ie ewillllllion INting p,ogiWII COllti-lt of umping c:onlWIWI' homn tor 
"** and -- quality pswnellrl while receiving hard and IOftlned water. 

Flow-Uvough INting p,ogiMI: 
In addition to the WOP rnor liter'• 1g performed were ltle tcllowing: 

Pipe loopa: Met.II 1Nct*1g 
Pipe SINWS: MeW INc:hiig Md c:oupnn weight-k>la ·-

Oiasclwd o,cyge:1 oeplelior1 w UNd to cak:u&IIIII ,- catTOeiDI, 1811s in the iron 
pipe loope. 
Ful-9cllle ewill llltiol'I: 
First48W samples tor '-d, ~. pH, allmlinity, and twdn111. 
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PWS Characterization: 
PWS Name & Location: 

i 1111m 

V Tndng ANulta 

a. Conwion Control 
Per1ormance 

. 

b. Sec OIIICMI y lmpKta 

C. T~I--

VI NolNIQmllflcdone 

VI Aetel•tce(•) 

•·. 
Low pH, High Alkalinity & Cale/um 

Oak.wood, Ohio 

/ 
.. ·,,:-::-.c_., . : 

o.crtptlon _.;-:· .. 

• Flow-through '9lting p,ogi•11: 
1. Coupon INUb: no cfflnuce w obNMMi on 1he bmis of weight-lea betuan 

twd end .,..18d ..... UC9pt in 1he CMe with ~-licllly-coi !pied coupons 
where a modeet incrNM in CClffoeion 11119 w nol9d far 1he 901lened coudition. 
Geo•llly. C01Toekln ,.._ cld dec:rll•• aW/1 time. 

2. ton pipe loop nllUII: Al 1he end of 1he 7-month pre-col ldiliol ling period, 1he iron 
1oop1 p,oduc:ed linur corroeion rm [91U1ts. 

3. uad pipe loop 1-* Al 1he end of Iha 7~ pnK)Olldiliol Iii 1g period, 
ligllitc.lt v.i.bility in the per1onNlnce of loope ... obNNed - tolows: 

New & "Old cld !IOt perbm alb; 
Old & Old cld not pe,bm alike; 

WM tw two new loope behawd ~ c:ompllrllble, tw va1ability was 
high with 90% ca lldel a n11 "819 rmnging between 32 end 72 pen:ent of the 
mean values of lelld. 

• Ful-acllle .,,.lldion - No ~ difference in meal c:once. .. ..,. • ..,. found 
bllbw end ... Iha i•lllllioit of ..... lg relllment. 

NA 

NA 

• ~ , m1ing pog1•11: 
1. Res*• pe,1onMnce of pipe loope showed • large Yllriability in meal lwhiig. 
2. Reeults from the ~ of twd end .... _.., COltditione haw yet ID 

be published 
• Ful-scale ~ - 23 homes were included in the tap mo1iilloring progrwn • Of 

these, 12 had point of 8f*Y IOblterS which were ID be bypassed cuing the 
umping day. Howe .... ltlil rnNnS that~ 50 pe,cent of tw lit9s had_..,, 
been exposed ID 91:>ft11 led Mder prior ID Iha utility inslmlling its ~ uchange 

. ~ ·· ·urit. =--· .- . .,• " : .. 
.._. -- . _.._ ... - ,.q:, . -:?t •. ::.."': .~ : ~ .. - ~-

w,.ock. aM. et al. 1881. A Sb,dy of the Effecf cit ~plll Ion E>Ctwtge Sobning on 
tw Cormeion of Lead, Copper, and Iron in WalM Systems. Proc. Annum AWWA 
Comnltee (Phillldelphia, PA). 
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PWS Characterization: 
PWS Name & Location: 

I PWS DMcrtpt1on 

Moderate pH, High Alkalinity & Cale/um 
Fort Shawnee, Ohio 

L RIIW W- Supply ~ 

1. RIIW 

2. T'9md 

c. T,....,.,. 

L Deak-lop 
Ewlumon 

b. Oemoustndjoh 
Teeting 

1. Aow-llwough 

Moderllll pH, high .._ lily and twdn111, llnd *"'-'d Iron and hydrogen IUllde ...... 
Rnm .., qumtity: pH 7.3-8.o; Toe.I hadl 111 2S0-300 mg cacon; Na1Jtrity ~ -
350 mg cacon; .._ 20&-330 mg S011L; cHoride 1MS mg ca; ..t Clllbon 
dimcide 18-28 CO2 mglL 
w.11 Wllllr i9 WIIIICI Ind tllnd b Iron .,,ct hydrogen ulde IWTIOVIII; lpllt 1rNlnW'lt 
b~.,....liig. 

• Q,ppel' pilling ...._ oc:curing In domes1lc cold ..., piping In ~ new 
condoninuml. 

• lffi111igllllq dtllnnined ... .,,,,,iw Cllfbon dimdde and CllllY'Q8l1 S)limmily 
reapot llible b c:orroiN. behaYk>r of .. lrMted ..... Thia - 1hought to be 
~ t¥ .. h9*' ....... and chloride conlllnt of .. -- tupply. 

• Rlliting 1he pH to ~ 8.3 woud reduce the Clllbon dloldde c:onllnt of 
.. tnished ...... 

2. Static I NA t---~ ---·---L---·,- ------ ------

c. Ful-Scme 
Conlrmdon 

1. Tap sampling NA . 
2. WOP-DIS NA 

I 
3. WQP.POE NA 
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PWS Characterization: Moderate pH, High Alkalinity & Cale/um 
PWS Name & Location: Fort Shawnee, Ohio 

.. 

b. Pnorilles 

1. Prinwy 

2. Secoud•y 

c. T~ 
.tJLs I illl"9S 

d. MouilDI i tg 
progrw 

V Teetlng Anutta 

VI 

VII 

a. Corroeion Control 
Performance 

b. Seconda,y 
lmpac1S 

C. Trea1ment Issues 

Notea/QualHlcatlona 

Reference(•) 

• T~ t.cility -. not con1inuou11y l&affld . 
°*'*81 storage wa kalld in an lft"'leati9d building, ., 1tlllt he.zing w a 
COIi icern tor .. wir1lllr mcnlhl. 

()perlilic:M 1111 tu.1 itliity. 

• 

• 

• 

• 

• 

• 

NA 

Two pipe loops conA'Ud8d of 5(),0y-1 me11r lerlgl,a of type L oapper U*lg • 314 
Inch ......... ta,deled wtl1 !50:SO lelld:11n -*Mr. 
Pipe loop 1 receill'8d uidng tnilhed W1Nr. Pipe loop 2 recet¥ed • lilhed -­
lrNted wi1h IOda ah ID rlliN the pH 1D liPPf'OJCimldml 8.3. 
Loops were operallld cydc:aly: running tor 1 O-mn.1119; .a.icing tor 110-minulN 
tor sixlNn holn; lhen standing tor 8-hou's. 

Wllllr quality ~..,. fflWl.nd •11111 riltg l'8 pipe loops, but no melll 

INchlng data - ooled:ed. 
,.,,_ one yws's ope,milicc., 1,e U>es _.. removed and phylicaly i~ tor 
COIi roeioi I -*vily. , 
Erwgy dilpef'sNe ~ (EDS) and microctwniclll ~ were U98d ID 
oonlnn the corroeiOlt ~ pr-..nt on the inwior WIiia of the copper piping. 

EDS and microchemiclll analyses Cuiiflt med that pipe loops 1remed with soda ash 
showed cuprous oxide and Clllalm cart>or\8119 coalings on lhe sur1ace of lhe pipe 
..... No pitting corrosion was evident in q of the pipes e>dr&19d tom the soda 
......... leap. ~ 
t :Uing COffOeion W ftic.); ;;. .. 1 ~ upoNd '-' water not lr9lll9d Wfll1 9C)da mt\ 
based on visual inspection. EDS and rnlcroch6mical anmysia con1lnned 1M 
tilowirtg: 
1) Green IUberclea ovw1aying pits ~ princ:ipaly of copper carbona111 

(rnmachb) mixed with copper IUlfalt; 
~ Pits UM1ined by sca,w.ng electron microscopy were bm ID com1in cubic 

crysmlline byproducts. EDS tndi tga indic8llld 1hat ,-byproducts ca ttei led 
major quantities of copper with semiminor quantities of sulfate. and Ir-=-
,1.-:1c-.r.ts c: chlonde . 

Tap wnpling was not pe,tonned, but following installation of IOda ash trel*nent. 
... pi1ling flilurN of copper, donMltic piping ceaMd wihn 6-mon1hs. 

Average dosage of soda ash was 3S m~ for a pH goal of 8. 1-8.3. 

Cohen, A. and J.A. Meyers. 1987. Mitigating Copper Pitting through WatfM Treatment. 
Journal AWWA 79(2):58-61. 

B-15 



PWS Characterization: 
PWS Name & Location: 

c.. Sludy Number 

I PWS DNcr1ptlon 

a. Raw WIiier Supply 

b. Wllllr au.tty 
1. Raw 

2. Truted 

C. Treanent 

Moderate pH, High Alkalinity & Calcium 
Pine/las County, Florida 

Rnilhed wa-: qumtty: pH 7.6-7.85; Totm ~ ~214 mg CIIC03t\.; 
Alclllinity ~11 mg ~ c:hlmille ..-idulll 2.5 ,nwl.. 

Reduced draft wallon of W11 _.., tor hydrogen Nlde rwnovlll; pH 
~ Ulillg ca,dc ... and daii1111cJ11. 

II Conoelon ConlNI Sludy !lemlnla 

"' 

a. DNk-top NA 
EYIIIUlllion 

b. Dlnai11181icM, 
Telling 

1. Row-Through 

2. Slldic 

3. Ful-Sc ... 

C. Ful-sc.le 
Contnndon 

1. T11p sampling 

2. WCP-OIS 

3. WOP-POE 

2. Second•y 

c. Treatment 
Allematives 

ScrNI li.g of oplar,a tor U-ec:llle ....... and pipe rig opermlion Uling 
wrbl8 _.., qumtty coudtlonl 1D dtllrmine the C8UN and diet of -eo1-rr-oeaoi..,· -n 

. poblema • a 1n:t1on of dile'llwd mtygen, pH, and conomon .~. 
NA 

Saw*lg lnting eYmUIIIBd tu COffOeion irnbilors, combinations of 
Oftho. llfld polypholphtllt tor tour months. 
Ful-lCllle ewluatiOn: 

wupons and llow-1:Tl(ough test racks were lflSi.iiiied at i : i.?catioru. ; .. 
.. dislribution symm. 

2. The INt r'8dc9 ..,.. open•d at a flow of 2 gpm tor a monlh at • time. 
3. The rwcommended ~ h"libilol treatment was i •&al9d 

U«... 
4. CorrOlion ,.._ we,w ev8'ual9d tor 6-monlhs prior ID installing 
~ trNlment and 6-monttw after 1reldment waa in-place. 

Demonmaticn tow~ lnting: 
1. Fcu pipe rigs were cons1ructed with lead, copper, and mild lleel flat 

coupons (4 Nd'I), -,ld gatWlniZed ateef and copper pipe inNr1s (2 
MCh). 

2. F1ow-Ulrough 1INting - conducted tor 6-monlhs under vwying 
combiNDOnS of dissolved o~. pH. and inhibitor douges. 
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PWS Characterization: 
PWS Name & Location: 

... {~. ·. 
.. .. !::f: {::_.?:::·· ,:;,{:'.:}:-~ ·:-· 

: : 

d. Monitoring 
programs 

.. QNQCa.m.a 
V T..angflNullll .. Corrceion eon.o, 

P9l1CJI II• 11c:e 

:,. Seootm,y!~ 

C. Tremnentlaues 

VI ~ 
VI fWer•tee(•) 

. 
Moderate pH, High Alkalinity & Calcium 

Pine/las County, Rorlda 

·;_:ri~ ;~:~'.---"~.~-. <L..·: ; .. : .•... • : DeecrtptJon. : . ·. ···/.· ·..:::ri-:::::: .. {f< ,.: )//0 :? 
.··. ::.· . ··.,·.,..... .. 

• Saeetlil ig m1S UliliZed Vwt:hem 2902 c:om,eioc, IINt Ln1s which fflNIUf9 

corrosion r.- through ~.llcm mewnrnenta. 
• Ful--=- 8Yeluation: corrosion ralN were measwed via weight ~ 
~ tor the coupons and pipe inNrtl. Fnt4rl!W tllp umplea 
..,. no collec:l9d tom 25 ... in the afllctld .,.. of o. diaibullon 
sysllrn. 

• Oemoc iltlidiuli tow-through testing: COffo.ion ,... were fflNIIUf'8d using 
weight Ion. 

W.. quMty ~were~ throughout al pf\WS of 1he INting 
progrwn. . 
NA . 
Screelliig ... indalld lhlll ~ - rno.t eflKtw in c:ot*dlng 
copper and INd COffOliolL 
• Ful«:llle ..... llllion: 

1. Reductions in copper com.ion rallt of 30" after adding 1 mglL 
Ol'lhophoephlll. 

2. L.wi corrom, redliction w nominm, llppnlOCimmety 1 o,r.. 
3. Tap umpling ,..- ltlOW9d copper 911d !Nd r9ductions in Im-draw 

AnipNof47'and~ ,~. 
4. W....... ~ copper levels were ncMd to be reduced by 57%. 

• 0emoc iltlldiuri I tow-through IIAng 
1. Optimum ol1hophasphal8 dose was 1. 0 mgll. a P04. 
2. l.Nd oorroeion ,... increaled llighlly when the pH - ilCf'll•ed 

t'om 7.5 ID 8.1 . 
3. A pH ._,. of 7. 7 - found 10 be optimum wilh diaolved oxygen 

conc:e.,lrlDOw"IS of 0.4-6.0 mg/L 
4. OiaotYed oxygen cooce.•idianl betu .. ., 0.4 911d 8 mglL h81 lillle 

9"l9ct on c:orraean ,... in 1he puance of 1 ~ Ofthophoephmlt. 

NA , .. . 
NA 

Powi9I, R.M. et II. 1881. cam.ion in W.. Olllribulion Si, ...... AWNNEPA 
eom.iort Control Semkw (°'6cllgo, IL). 
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PWS Characterization: High pH, Alkalinity & Calcium 
PWS Name & Location: Water District No. 1, Johnson County, Kansa• 

I PWS DNcrtpClon 

a. Raw w-~ Kanua Riwr Sid Miucui RM, 

1. Raw Hgh lulbiclty, twdl.1.11· Sid llmlllilr, ~ pH. 

2. Tl"Nlad Finished _.. qulllily: pH 8.1, Teal hlldl 111 122 • 130 mg c.co3II.. Alk*lily 53 
mg c.co~ ll)S 300 mgll. chloride 35-70 ~ .-.. 135-200 mg,'l. 

• ' cam.on Comal Study l!lerwlla 

a. DNk"'>P • Rnewed hilaoral ...., qmlly dmla: raw, nmd. llf!d wiflin ._ dillribulion 
E.,...,,, sysllfn. 

b. Oemonilllllliun 
TNling 

1. Flow· Through 

2. S1atic 

1. Ttip •mpling 

2. WOP-DIS 

3. WOP·POE 

• Remov9d .,.,., unlined .. from lhe ditltribution symm for ... ii mpectlon. 
• Rnesued IBchlicm --.. llbout com>eion beNMor for high pH wan. 
• 5urwyed oUw lime .... *'9 .... llbout com>eion pioblenl9 enccu1llnd In 
.. dl9lrlulon ..,..na. 

• Recommel ldMb'I W ID ry ID ldiew caldum Cllft>onall deposits for corroeion 
prmc.liof.. 

., .,. 
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PWS Characterization: High pH, Alkalinity & Calcium 
PWS Name & Location: Water District No. 1, Johnson County, Kansas 

. .. . •: n.n .. ::=::::Jx>. 
. »-········ 

• DNcrtptlon .. 

rv Te.dng Progw• .. Deertp1on 

VI 

b. Pr1oriliN 

1. Pnmiry 

2.Secormry 

d. MouilOR ,g 
ptogllfflS 

e. ONOCeem.a 

b. Secoudary lmp,,e, .. 

Cornpillbility of ~ l!pS)loech tor lime soft9I ii lg fldity. ~ llddilion 
W9I prllC1iced tor c:mc:ium Mqllelll9liig prior to tllratlon IO pr9'M1t 8XCl'llive 

depo9ilio,, on - meda 

Oellrmine 11 op11nwt corroeion t>r ~ con1ra1 would mo beMlt .. Olllric:t tor INd 
and ccpper con"Oliol, conlrol. 

ThrN ptw of IOlmliig rnodilcdon: 
1. Ame 1 • Inc,.•• pH IO 8.3; 
2. Ame 2 • ll1CA1n1 pH IO 8.5 Md ilCIIMI tnel llllmlinily Md cllcium c:onm,t 

IO 1~160 mg c.coll. and 8().110 mg caco~ ~-
3. pt,.. 3 • lnc:NMI pH IO 9.8-10.0 

Remowl Md ~ of mild ..... coupona pl8Cl8d ln4ilu in .. dil1ribution 
sym,n .,_., 3-monlha. Ai'lilhed wa11r qulllity motlilor9d IO echiewe gollls at Nd'I 
......-pew. 

/ , 

• ~ 2 treatment caroeion r1111N _.. ~ low" 1twt Phw 1 c:om>9ion rlllllS 
baled on 1he mild steet coupon resulll. 

• A 40% deaeaM in customer compaintl w obNrwd OYeral (.:roa Ptw 1 
and 2); however, complain1s in .,... of the service .,.. compoeed of older, 
unlined cae iron fflllins showed li1de improyement. 

HA 

c. Treatment ,.,.. NA 

Reference(•) 

• The c:onosion behavior of .. distribution symim Is ... be eVllluDd twough .. 
Ame 3 .-...ment rnoditclltiot•. 

• Elrni\don of the ~ fNd 6a being co,mdered In order IO improve t'8 
deposition of calcium ~-

Goold, R.R el ... 1881. &MICilig Olatribulion Syst1am Watar Quality at Wtlter Oinict 
No. 1. Proc. Annut-J A.WWA ConferMCe (Philadefohia. PA). 
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Appendix C 

Statistical Evaluation of 
Corrosion Control 
Performance Data 

Non-parametric Stati.atics 
The use of non-parametric statistical 

measures may assist PWSs in interpret­
ing the fmdings of demonstration tests. 
These methods of data analysis are 
independent of the normality of data 
. distributions, and provide measures of 
the relationship between distinct data 
populations. In applying the non­
parametric methods to lead and copper 
testing results, the type of question 
which they may answer is: Is the popu­
lation of lead levels from experimental 
condition 'A' higher, lower, or the same 
as those from experimental conditions 
'B'? 

The Wilcoxon Test (also known as the 
Mann-Whitney Test, the U-Test, or the 
Rank Sums Test) is a non-parametric 
alternative to the two sample Student's 
t-Test. Ushig Jic le;:...~e:anc, ·ntrationdata 
presented in the flow-through example 
in Section 4.9.1 (Table 4-8), the Wilcoxon 
Test may be used to select the treatment 
method which minimized lead levels in 
simulated first-flush samples. The prob­
lem may be stated as follows: 
• Are the lead levels from Pipe Loop 1 

larger than those from Pipe Loop Z! 
• Are the lead levels from Pipe Loop 1 

larger than those from Pipe Loop 3? 
• Are the lead levels from Pipe Loop 2 

larger than those from Pipe Loop 3? 
By applying the Wilcoxon Test to 

answer the three questions above we 

C-1 

will be able to determine whether lime 
addition (Loop 2) or phosphate inhibitors 
(Loop 3) provide improvements in lead 
corrosion control, and whether either 
method is superior to the other. 

The first step is to rank the two 
populations of data under evaluation as 
one set of data, from the smallest to the 
largest value. Table C-1 presents the 
results of ranking the lead concentration 
data for our three comparison 
conditions. Note that when a value 
occurs multiple times in the data base, 
the mean rank is assigned to each 
occurrence. 

The next step is to sum the ranking 
for the data each of the populations. For 
example, Loop 1 and Loop 2 ranldnp 
were summed under the first comparison 
condition as shown in Table C-1, result­
ing in 1,504 and 979, respectively. The 
U-value may be calculated based on the 
sum of the ranks, Wj, and the number of 
observations, Di, as follows: 

''~ :: w. - n.*<n. + 1)/2 

with the statistic U being the suialler of 
U1 and U1 for any comparison condition. 
The mean and variance for any popula­
tion of U values may be calculated as: 

Mean U = n1 • ni I 2 
Var U = n 1 • n:.: • (n: + ~..! + 1_) I 1'2 

The U statistic approximates a normal 
distribution when both n1 and Dt are 
greater than 8. 

To test the null hypothesis that the 
two data groups come from the same 
population, the z-statistic is calculated 
as a function of U, Mean U, and 



Table C-1. ·wncoxon Test for bomparing Flow-Through 
Testing Results 

· ·eo. rt 1···:•;.:. u.,011;1· · .· ,....,-aon. ,~ :. . · ... 2 ,.:•::.,.•. ~:if~ 2~,-~ ,.:s:::::.::· -~,\~ ~F. l;Oeill;:~-s:·.r: . 
- ~ ·"-* :\ \)·~ ~/ f .._/ )( Rink~ -?{(loop · ·. :T:· ...,.. ··.:.'.: .. ~ ,-: . .. ·. . ...,.. 

._,_ . .• 

45 1 2 :30 1 3 :30 1 3 
48 2 2 38 2 3 38 2 3 
48 3 2 42 3 3 42 3 3 
52 4 2 45 4 3 45 4.5 2 
52 5 2 50 5 3 45 4.5 3 
52 8 2 51 6 3 48 6.5 2 
53 7 2 52 7 ~ 48 6.5 2 
55 8 2 54 8 3 50 8 3 
57 9 2 55 9 3 51 9 3 
58 10 2 58 10 3 52 11.5 2 
60 11.5 1 60 11 1 52 11.5 2 
60 11.5 2 62 13 1 52 11.5 2 
62 13 1 62 13 3 52 11.5 3 
63 14 1 62 13 . 3 53 14 2 
68 16 1 63 15 1 54 15 3 
68 16 1 65 18.5 3 55 18.5 2 
88 16 2 65 16.5 3 55 16.5 3 
72 19.5 1 68 20.5 1 57 18 2 
72 19.5 2 88 20.5 1 58 19 3 
72 19.5 2 68 20.5 3 58 20.5 2 
72 19.5 2 68 20.5 3 60 20.5 2 
75 22.S 1 68 20.5 3 62 22.5 3 
75 22.5 2 68 20.5 3 62 22.S 3 
76 24 2 70 24 3 65 24.5 3 
78 26 1 72 26 1 65 24.5 3 
78 26 1 72 26 3 68 28 2 
78 26 1 72 26 3 68 29 3 
79 27.5 2. . 7~ 28 . .. 3 69 I~ ., .. 

06 
79; 27.5 2 75 30 3 68 28 3 
80 31 1 75 31 1 68 28 3 
80 31 2 75 31 3 70 31 3 
80 31 2 76 32 3 72 34 2 
82 33 1 78 34.5. 1 72 34 2 
85 34.5 1 78 34.5 1 72 34 2 
85 34.5 2 78 34.5 1 7'.'. ' 34 

, 
87 36.5 1 78 34.5 3 72 34 3 
87 36.5 2 80 37.5 1 73 37 3 
90 38 2 80 37.5 3 75 39 2 
91 39 1 81 39 3 75 39 3 
92 41 1 82 40.5 1 75 39 3 
92 41 1 82 40.5 3 76 41.5 2 
92 41 2 85 42 1 76 41.5 3 

···-· 
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T a ble C, Wilcoxon Tes for Comparing Flow.Through 
Testing Results (continued: 

1;:c:c-,eo..p.irtaoa_J ;~ ~l:2.i~?i i:~~ 2 _j,f.:-~ :1!S.,,:--- ,:t~~'-~ ~ -~3 
t Pb.;ppil -:: · .. {· ... ,;,,. ){:::-~ ~-it :~ :: •:::r~ ;:,;:: t!::t\b.OP ·::ct )~ \- :::·:M....-:h/ )fLCN:,p-:: 
95 43.5 1 87 43 1 78 43 3 
95 43.5 2 91 44 1 79· 44.5 2 
96 45 2 92 -~.s 1 79 -44.S 2 
97 416.S 1 92 45.S 1· 80 4T 2 
97 46.5 2 95 47 1 8() 47 2 
100 48.5 1 917 48, 1 80 47 ·3 
100 48.5 2 98, 49 3 81 49 3 
100> 50.5 1 100 00 1 

. 
82 50 3 

103 50.S 2 102 51.5 3 ,85 51 2 
107 52 1 102 . 51,S, 3 87 S2: 2 
108, 53.5. 2 103 53 1 90 S3, 2 
108 53.5 2 107 54 1 92 54 2 
1tO 55.5 1 109 S5 3 95 55- 2 
1101 55,5, 2 .H,Q 56; 1 98 56 2 
112 57.S 1 112 51.5 1 97 st 2 , -

112 S7.5 1 112 S7.$ 1 9& 58, 3 
115 59 1 115 59.5 1 100 59 2 
118 160 1 115 59.5 3 102 60.5 3 
125 81 1 118, 61 1 102 El0.5 3 
126 82 1 125 62 1 103 ,62 2 
130 83 2 128 163.5 1 108 1635 2 
132' 84 1 126 63.5 3 108 63.5 2 
13,s GS 2 132 85 1 109' 65 3 
138 66 1 138 66 1 110 66 2 
162. 87 1 162 ,57 1 115 ffi' 3· 
175, 68 1 175 68 1 126 68 3 
190 69 1 190 89 1 130 69'. 2 ...; . 

·-~ iO 1 205 - lt) 1 13.5:· 70 2 > 



StdDev U (STDDEV U = square root of 
Var U) as follows: 

z = (U - Mean lJ) I StdDev U 

Table C-2 presents sum of ranks, 
U values, and z values for the three 
comparison conditions for the lead 
concentration data from the flow 
through testing results using the above 
calculations. 

To test . the comparison conditions, 
the z values are evaluated with respect 
to z. values for the alpha (i.e.,a) level of 
significance desired. In the lead testing 
example, Zc,.01 = 2.575 was used to evalu­
ate the three comparisons. When z < -z., 
then the distribution of the data with 
the larger U value is said to be 
stochastically higher than the other 
population's distribution. For the first 
comparison condition, for example, the 
larger U value corresponded to Loop 1 
data and the z value was less than -z., 
then the lead levels found in the control 
loop (Loop 1) are higher than those 
found from the lime addition loop {Loop 
2). Conversely, when z > z., then the 
distribution of the data with the larger 
U value is said to be stochastically lower 
t.han the ether popU:.1oion's ~stribution. 

The results shown in Table C-2 indi­
cate that Loop 2 and Loop 3 lead levels 
were significantly different from Loop 1 
lead levels, but not significantly differ­
ent from each other. Additionally, the z 
values show that Loop 1 (control) lead 
levels were higher than both Loop 2 and 
Loop 3 lead concentrations. 

Parametric Statistics 
Water quality measurements 

obtained during corrosion control studies 
will seldom represent the one true value 

present at the time of sampling. Errors 
will be associated with both sampling 
techniques and analytical measure­
ments. It is generally assumed that the 
errors indigenous to these measured 
values are random errors. 'lberefore, the 
mean of several values should be a 
better indicator of the true value than a 
single measurement. 

The configuration in which the data 
are arranged is called its distribution, 
and .many statistical procedures utilize a 
normal distribution in which the data 
are symmetrical and form a bell shaped 
curve. Parametric statistics make use of 
these procedures. 

Most sample sets of water quality 
data do not exactly form a bell shaped 
curve, and they are sometimes "trans­
formed" by the application of some 
mathematical function into another form 
which more closely follows a normal 
distribution. As an example of this 
procedure, the lead data used for the 
example of Section 4.9.1 (See Table 4-8) 
will be transformed into the log normal 
mode by using the log of the individual 
determinations. 

Parametric statistics were used to 
Cvuap~e tne twc, treatments with the 
control. The data were investigated for 
skewness recognizing that as the mo­
ment coefficient of skewness approaches 
zero that the data approach a more 
normal distribution. If the distribution is 
~c~r:-:!!l.l, or ~s.:: '::e made ::-io.re r:ormal :)y 

a transformation, the statistical 
techniques based on a normal distri­
bution are appropriate; otherwise they 
are only approximations and the use of 
non-parametric statistics as presented 
previously in Appendix C may be more 
appropriate. 



Table C-2. Summary of Wilcoxon Test Measures for Comparing 
the Performance of Lead Corrosion Control Alternatives 

i · . .- .. -,.+~->~ -. ·,, ~:::\t:/:~~ .~\'.":::~:·.::1~t:,x1~:;;~~~,::;~,~::ij'I;;~~-;::··'9~ .. .,....~--<, ... ,~:;J:.'.~0:ift~~-z;~"r~~~&~;~Y:.: 
Sum of Ranks, W 

Comparison 1 
Comparison 2 
Comparison 3 

U-V .. u• 
Comparison 1 
Comparison 2 
Comparison 3 

K.y Stlltlatlcal Measures 
Comparison 1 
Comparison 2 
Comparison 3 

Loop 1 
1,504.0 
1,812.5 

Loop 1 

874.0 
982.5 

llean_u 
612.5 
612.5 
612.5 

The skewness coefficient, y, is defined 
as: 

where: 

~ = individual samples, i = 1 to n 

x-mean 

Loop2 Loop3 

979.0 
874.5 

1,366.0 1,199.0 

Loop2 Loop3 RNultant 

348.0 349.0 
244.5 244.5 

736.0 see.o 569.0 

var_u z Finding 

7,248.0 -3.1 Loop 1 > Loop 2 
7,248.0 -4.3 Loop 1 > Loop 3 
7,248.0 .0.5 No Difference 

Table C-3 gives the calculated means, 
momenta, and skewness coefficients for 
the lead data of Table 4-8 for both nor­
mal and log normal distributions. The 
smaller coefficients for the log normal 
distribution were used as indicators that 
the data would more appropriately adapt 
to parametric statistics using a logarith­
mic transformation. 



Table C-3. Skewness Coefficients 

mean 0.1038 

0.0012 

0.0001 

1.21 

mean -1.0058 

0.0182 

0.0013 

y 0.53 

The student's t statistic was used to 
compare paired data among the three 
loops. These results are shown in both 
Table C-4 and Table 4-9. Student's t can 
be defined as: 

0.0791 0.0711 

0.0005 0.0005 

5.83 X 10• 

0.47 o.eo 

-1.1204 -1.1683 

0.0163 0.0178 

-0.0001 -0.0007 

-0.04 -0.32 

where the numerator represents the 
mean difference between paired sample 
data and the denominator represents the 
standard deviation appropriate to the 
difference between the sample means. 
These values are then compared to stan­
dard statistical tables to determine if 
there is a statistical difference in treat­
ments. 

Table C-4. Student's t Values 

,, l".-...:.,..;.....ftft .. : 
):::~•·•.,.-.~· ·:':. 

i....:>cp 1 d :..oop 2 

Loop 1 and Loop 3 

Loop 2 and Loop 3 

Notes: AU test data transfonned to logarithmic values 
- Highly significant difference at the 0.01 level 
-* Extremely significant difference at the 0.001 level 

5. 

6.98*** 

2.87*"" 



Aa indicated in the text of Section 
4.9.1, the last 10 weeks of data were 
independently examined. These data are 
shown in Table C-5. Again, prior to 
conducting an examination of the data 
using the Student's t statistic, a log 
transformation was made, i.e.: 
0.078 was used as log 0.078 = -1.1079 
0.060 was used as log 0.060 = -1.2218; 

etc. 
Using Student's t and examining the 

paired data between loops for week 
26 through week 35 gave the results 

... 
shown in Table C-6. Standard statistical 
tables were used to compare the t value 
against with the sign ignored, i.e., either 
a positive or negative value was accept­
able. For 9 degrees of freedom (10 sets of 
data minus 1), the t statistics are: 

t @ 0.05 level = 2.262 
Significant difference 

t @ 0.01 level = 3.250 
Highly significant difference 

t @ 0.001 level = 4. 781 
· Extremely significant difference 

Table C-5. Lead Data from Final 10 Weeks of Testing 

WMlrNo. Loop1 ·• 
/• ;,.:.t.ooP 2 :• . :. ·· ..... . ~,.-

; ... ·•· ... 
26 0.078 0.080 0.080 

27 0.060 0.052 0.062 

28 0.092 0.058 0.054 

29 0.075 0.045 0.058 

30 0.087 0.053 0.045 

31 0.063 0.060 0.052 

32 0.072 0.055 0.068 

33 0.068 0.052 0.030 

34 0.080 0.048 0.061 -· - - - ---} 

I I 0.057 I II 

Table C-8. Calculate Student's t Values for Final 10 Weeks 

f:;(,· • {;}{:=•:::.}: ;:w;:,;1::rn::~11-«.t~;m:=1:;::?6{<M;:j:t f:{@t:@\WKI+i 

Loop 1 and Loop 2 

Loop 1 and Loop 3 

Loop 2 and Loop 3 0.67, not significant 

Notes: All test data transformed to logarithmic values 
** t vaJue > 3.25, highty significant difference 

Thus the analysis shows that each treatment is significantly different from the control, but 
there is no apparent statistical difference between treatments. 
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