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

Many corrosion control programs for
water utilities have targeted the pro-
tection of metal pipes through precipi-
tation of calcium carbonate (CaC°s>.
This process depends on the equilibrium
reactions involving the calcium ion
(Ca2+), hydrogen ion (H+), hydroxide- ion
(081, carbonic acid (~COs.)' carbon
dioxide (CO2), bicarbonate ion (HCO.1,
and carbonate ion (CO,s.). 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
:-arbona.l;.e. ~e recommended index i~
the Calcium Carbonate Precipitation
Potential (CCPP) for use in evaluating
the water quality goals n~'"Y to
successfully provide corrosion control
protection through the. formation of
calcium carbonate films. The Langelier
Saturation Index (LD 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

Calcium CarbonatePrecipitation Potential. .

The term calcium carbonate precipi-
tation potential (CCPP) refers to the
theoretical quantity cJ: 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+)/dt = -10-6 KS(CCPp)2

where K is the rate constant for <:ry8-
taI1:nt! groVIIth anii S is 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 information, suct-,- as
distribution system monitoring, in-situ
coupon teating, bench-scale corrosion
testing, and inspection of pipe materials
removed from the distribution system
during maintenance and repair.
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representing the alkalinity of
solution prior to precipitation of
calcium carbonate.

[Alk~ 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, [Alk]eq
can be calculated 88 follows:

[Alk]eq - t'/peq * (ACYl - Seq) - Seq

where ~ = (~' + [H+]...>/[H+]~

Peq = (2[H+1eq + K. ,)/K.'

Seq = [H+~ - K.'/[H+]eq

and,

~ = Henry's law constant for CO2
K. = dissociation constant for water
K.' = first dissociation constant of

carbonic acid.
~' = second dissociation constant of

carbonic acid
[Acyl = Acidity of the finished water.

= Cr*(a. + 2*8) + [H+]-- [OH"]
8:. ,,([H-+1/K.: + '1 + KJ[H+])-l,
80 = (1 + K. '/[H+] + K1'*Ks '/[H+D"1

Determining the Calcium
Carbonate PrecipitationPotential -

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

CCPP = 50,000. ([Alk]i - [AIk].,.>
Theoretical basis for determining the

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

CCPP = 0: Ca.CO" saturated solution.
CCPP > 0: CaCO" supersaturaed solu-

tion, and the CCPP value denotes the
milligrams per liter of CaCO" which
will be p reap i ta ted .

CCpp < 0: CaCO" undersaturated
solution, and the CCPP value denotes
the milligrams per liter of CaCOs
needed to be dissolved into solution
to bring to saturation.

Rule of Thumb Goal: 4-10 mg/L CaCO"

CCP P Calculation Procedures:
A. Definition ofTe.-ms and Va1u~

of Constants

[Alk1 Measured value of alkalinity in
the finished water, The equilibrium constants used in

the above equations are given in Table
A-I for various temperature conditions.
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Table A-I. Equilibrium Constants for Carbonate-Water System

~emp 'C p~
8.03
8.~
8.15
8.21
8.27
8.33
8.38

pKw

14.93

14.73.
14.53
14.35
14.17
14.00
13.83

~
--
1.11

1.19-
1.27
~
1.32
~

1.41
-
1.47
~
1.53

pK.9

6.579
6.517
6.464
6.419
6.381
6.352
6.327

PKt-
10.62S

10.557

10.490

10.430

10.377

10.329

10.290

0-
5
10
15
20
-

2S
-

30

. - -- -- -
Derived from equation, pKsp =- 0.01 1 83*(Temp) + 8.03, Larson BOO Boswell,
1942.

equilibrium alkalinity (~ as shown
below:

B. Algorithm for Iterative Solution
The CCPP represents in mg/L as

CaCO] the saturation state of calcium
carbonate with respect to existing
coOOitions (AlkJ aOO the equilibrium
conditions which would exist after the
water's potentia] to precipitate or dissolve
calcium carbonate had ~ (A1k..>.
During this process, the ~valmts of
calcium precipitated (or dissolved) must be
equal to the equival~ts of alkalinity
precipitated (or dissolved). However, the
acidity of the water remains constant and
therefore can be used to detennine the
equilibrium alkalinity conditions as
described below.

Alk.. a t..IP..*(ACYi - s..) - s..
-The equihorium aIblinity condition may

abo be relaL~ to the inital calcium and
alkalinity through the following equation:

2*[Ca2+1 - A]k; =
2*K. '*r./(Alk.. + s..> - Alk..

with r = ([H +] + 2*K ')/K '
.. .. 2 2

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

2*[Ca2+L - AJt. -
[(2-x. '*r~ *p..}/(f-. *(AcYi - 5..)] -
[~-("C'I; - 5~/P.J + ~tq

If we let TERMO ~ual the left side of
the above ~uation, and TERMl and
TERM2 ~ual the first two tams on the
right side of the above ~uation, then this
red \ICeS to:

ACYi = Acy~ = [(Alk; + Si)/tJ~ + Si

where St, ~, aOO ~ ale defined as follows:
St = [H+] - KJ[H+)
~ - (2*KJ' + [H+D/[H+]
Pi = (2*[H+] + K. ')/K. '

Since acidity remains conservative
through the ~pitatioo/dissolution of
calcium carbonate, the actual acidity of the
water (AcYJ may be used to define the

TERM 0 = TERM 1 - TERM2 + s..
To solve for the ~uilibrium terms, H..

is assigned a value initially. The above
~uation is tested to determine whether the
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assigned value satisfies the conditions (i.e.,
does TERMO = TERMI - TERM2 + s~1).
If not, then iterate the process by assigning
a new value for H.. until an adequate degree
of accuracy is reached. In the following
examples, this methOO 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. F1ndin& the CCPP Value for a S~ific
Water Quality Condition -
A PWS pert:onning lime softening has a

finished water with the following
characteristics: pH = 8.6; alblinity = 90
mg/L as Cac~; and calcium hardness =
100 mg/L as Cac~. The worksheet
presented on the following page {Exhibit A-
1) 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, anyone

or more of the three key water quality
paranlc~n lfiay be IT.odified. Exhibits A
2 and A-3 demonstrate this by mooifying
pH and alkalinity, respectively, to
achieve a des~ CCPP of 8.0 mg/L as
CaCO) for the same wate~ described
above (part B). When pH and calcium
held consi.ani, the required alkalinity is
101.8 milL as CaCO) for the targeted
CCPP; with albIinity arxI calcium
contents are held constant, the resultant
pH of 8.8 is required to achieve the
desired CCPP.

ability to deposit calcium carbonate is
Langelier's Saturation Index (LI). This
value is detennined by subtracting the
pH of saturation (known as PH., aJ:ki
dependent upon the calcium ion
concentration, alkalinity, temperature,
aJ:ki dissolved solids concentration of the
water) from the actual pH (pHa).

A negative LI value indicates under-
saturation aJ:ki a tendency for the water
to dissolve calcium carbonate. A positive
value irxlicates supersaturation aJ:ki a
telxlency for the water to deposit calcium
carbonate. A value of zero 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
telxlency 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~ative LIs. Tn
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 aJ:ki distribution system size
and complexity.Langelier Saturation Index. A

commonly used measure of a water's

A-4



. ~.
equivalent DIC level for that water
supply can be calculated as follows:
DlC (mg CaCO.,/L) = [(Talk/50.000) + A] . B

The resulting DlC 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.

Langelier Index (LI) = pH - PH.
Developed by W.F. LanceUer
(1938)
LI = 0: CeCO, saturation
LI > 0: CeCO, supersaturation
LI < 0: CeCO, undersaturation

Rule of Thumb Goal: +0.8 - + 1.0

Calculation Pl-ocedure
A. Definition of TenDS

PH. Saturation pH for calcium
carbonate calculated as follows':

PH. ~ -loglo [H+] - loglo f..
[8+] = (-B +/- 82 - 4AC)f}.A

where:
A = 1 - [Ca2+]~'/K.'
8 = ~ '(2 - [Ca +][Alk]/K. ')
C = K. ~ '[C.,.]/K. ,

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

calcium carbonate.
~' = Second dissociation constant

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

monova)(';nt ions. This ~ is
normally neglocte\i ill.
calculating LI.
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Convel'81on Between Total
A1bHnity and DIssolv~ Inol'l'anic
Carbonate. To more easily utilize the
solubility contoUl" diagrams presentoo
in Chapter 2.0 of this volume, Table A-
2 provides a conversion chart for total
alkalinity (Talk) and diaeolved
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
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Given:Determine CCPP pH-S.6
Alk=90 mg/t as CaCO3
CaI-100 mg/1 as CaCO3
Temp-20C

NO Variable Definition . Comments In ut ut
1 Ca - Calcium, moles/l (1) given 1.0E-03
2 AI<i - Alkalinity, equiv/1 (1) given 1.8E-Q3
3 Hi - Hydrogen Ion, moles/l . (1) given 2.5E-09
4 K'sp . Solubility ConS'tant. CaCO3 Table 2 5.4E-09
5 K'w - Dissodation Constant for Water Table 2 6.8E-15
6 K'1 - 1st Carbonic Dissociation Constant Table 2 4.2E-07
7 K"2 - 2nd CartJonic Dissociation Constant Table 2 4.2E -11
8 Req - (Heq - ~K'2)/K'2 calculated 3.0E+02
9 Peq - (~eq + K'1)fK'1 calcula18d 1.1E+OO

10 Teq - (2*K'2 + Heq)/Heq calculated 1.0E+OO
11 Seq - Heq - K"w /H8q calculated - 5.2E - 07
12 PI- (~Hi + K'1)/K'1 caJculated 1.0E+OO
13 Si - Hi - K'w/Hi calculated -2.7E-06
14 Ti - (~K'2 + Hi)/Hi calculated 1.0E+OO
15 Acyi a «Alki + 5i)/Ti)*Pi + 5i calculated 1.8E-03
18 Alkeq - Teq/Peq*(Acyi-5eq) - 5eq, m~3) calculated 83.4
17 Term1 - ~K'sp*Req*Peq/T/(Acyi - Seq) calculated 1.9E-03
18 Term2 - (Acyi - Seq)*TeojPeq calculated 1.7E-03
19 Heq a EQL'I:ft.il~rn H. mol8!J (2) ,". iterate '-.3E-OS
Z\; T ermO - 2*(.. \£ - AIkI cak;uta18d 2. Of - 04
21 Right - Tem\1 - Term2 + Seq calcula18d 2.0E-Q4
"22 CCPP a Alki - AlkeQ. mQ/1 as CaCO3 (3) calculated ~

(3) Covert to mg/i by multiplying by 50,000.
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Exhibit A-2. CCCP Calculation Procedures

Determine Alkalinity Given: CCPP=8 mg/1
(Based on infonnation from Example 1) pH=8.6

CaJ=100 mg/1 as CaCO3
Temp=20 C~ Vari~!~ ~_~fi~!!!~n - -- Comments Input Output

1 Alki = Alkalinity, equiv/l (1) (2) vary 2.0E-03
2 Ca = CaJcium, moles/1 (1) given 1.0E-03
3 Hi = Hydrogen Ion, moles/! (1) given 2.5E-O9
4 K'sp = Solubility Constant, CaCO3 Table 2 5.4E-09
5 K'w - Dissociation ConS1antfarWater Table 2 6.8E-15
6 K'1 ~ 1st Carbonic Dissociation Constant Table 2 4.2E-O7
1 K'2 - 2nd Cart:onic Dlssoc'.ation Constant Table 2 4.2E -11
8 Req = (Heq - ~K'2)/K'2 ~Jated 3.3E-,:-02
9 Peq - (2*Heq + K'1)/K'1 caJculated 1.1E+OO

10 Teq = (2*K'2 + Heq)/Heq ~Jated 1:0E+OO
11 Seq = Heq - K"w/Heq calculated -4.7E-O1
12 PI = (2*Hi + K"1)/K'1 calculated 1.0E+OO
13 Si - Hi - K"w/Hi calOJIated -2.7E-OS
14 Ti - (2*K'2 + Hi)/Hi caJOJIated 1.0E+OO
15 Acyi = ((Alki + Si)/Ti)*Pi + Si calculated 2.0E-O3
16 Tenn1 = 2*K'sp*Req*PeaIT/(Acyi - Seq) calculated 1.8E-03
17 Tenn2 = (Acyi - Seq)*TeqjPeq . calculated 1.9E-03
18 Alkeq = Teq/Peq*(Acyi-Seq) - Seq, m~4) caJaJlated 93.1
19 Heq = Equilibrium H, moleS/! (3) iterate 1.4E-O8
20 TermO~ 2*Ca - AJki calaJlated -3.5E-O5
21 Right - Term1 - Term2 + Seq ... caIcu~ -3.5E-05
22 CCPf-- - AJK - AJka, mg/l ,..) calculated 8.0

~ Atki - Alkalinity, mQ/l as CaCO3 (4) caJculated 101.8

(1) Convert given ii1fUJ-mation into proper units of moles/l and equiv/1.

(2) Enter in v.aiu8s for alkalinity (moles/l) and ~en iterate Heq as in
Example 1. Continue ~is process until CCPP converges to U1e targeted
;cal '.-aJue (8 mg/1 for ExampJe 2).

(3) Iteration can be accomplished by severaJ procedures. Manual iteration
requires u,e user to input various values of Heq until rows 20 and 21
converge. AnoU1er option in spreadsheets sum as Lo'bJS 123 and Micrsoft

. Excel, aJlow cells to be 8dependanr on one anott1er. In u,is case rows
20 and 21 could be equated and tt1e recalaJlate key used to iterate.
Maaos could also be written u,at would iterate using a loop command.

(4) Covert to mg/t by multiplying by SO,OOO.
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"
Exhibit A-3. CCCP Calculation Procedures

-
Example 3 - Spreadsheet for Calculating pH for Given CCPP

Detem1ine pH Given: CCPP=8 mg/1
(Based on information from Example 1) AIk=90 mg/1 as CaCO3

Cal- 1 00 mg/i as CaCO3
Temps20 C

~O Variable Definition Comments !nput Output
1 Hi a Hydrogen Ion. moleS/I (1) (2) vary 1.8E-09
2 Ca = CaJdum, moles/l (1) given 1.0E-03
3 Alki ~ Alkalinity, equiv/1 (1)', given 1.8E-03
4 K'sp 8 Solubility Constant CaCO3 Table 2 5.4E-09
5 K'w = Dissociation Constant for Water Table 2 6.8E-15
6 K'1 = 1st Carbonic Dissociation Constant Table 2 4.2E-07
7 K'2". 2nd Carbonic Dissodation ConS1ant Table 2 4.2E -11
8 Req . (Heq - 2*K"2)/K'2 caJculated 2.9E +02
9 Peq.- (2*Heq + K'1)/K'1 caJculated 1.1E+OO

10 Teq - (2*K"2 + Heq)/Heq caJOJIated 1.0E+OO
11 Seq = Heq - K'w/Heq caJOJlated -5.3E-07

12 Pi - (2*Hi + K"1)/K'1 caJculated 1.0E+00
13 Si - Hi - K"w/Hi calculated -3.8E-06
14 Ti - (2*K"2 + Hi)/Hi calculated 1.OE +00
15 Acyi - ((AIki + 5i)/Ti)*Pi + 51 calcula'ted 1.7E-03
16 Alkeq - TeojPeq*(Acyi-Seq) - Seq, mg/1(4) calcula'ted 82.0
17 Term1 - 2*K"sp*Req*Peq/T/(Acyi - Seq) calculated 1.8E-03
18 Term2 = (Acyi - 5eq)*Teq/Peq calOJlated 1.6E-03
19 Heq = Equilbrium H. moleS/1 (3) iterate 1.2E-OS20 TermO - 2*Ca - AIki calculated " 2.0E-~

21 Right - Term1 - Term2 + 5eq calculated 2.0E-04
22 CCpp ~.~_Iki - A'i(eo. rr~~/1 (4) cabJlat8C . ~.O
~ pH -pHi.~ log fit ca1alta'ted." 8.8

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

(2) Enter in values for Hi (moleS/l) and ~en iterate Heq as in
Example 1. Continue f1is process until CCPP converges to f1e targeted
goal value (8 mg/t for Example 3).

(3) Iteration can be accomplished by several procedures. Manual iteration
requires U1e user to input various values of Heq until rows 20 and 21
converge. AnoU1er option in spreadsheets sum as LobJs 123 and Micr,soft

. Excel, allow cells to be 8dependanr on one anoU1er. In U1is case rows
20 and 21 could be equated and U1e 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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PWS Characterization:
PWS Name" Location:

Low pH, Alkalinity, & Calcium
Bennington, VermontJ

It8n Description

~

';~~;

L
.

c..~..,..., 1

PWS ~~.,,~.
..-
b.

A8W W ~ &.f8:8W8er

W8rQJ8ity

1. Raw
2. Tr88ted

T

low pH, , 81d ~ .xl. --
(,~-~88d -- pH 4.5 - 5.0, 8Ic8nity < 5 mg c.co3.\..

-

c. ~oo.~

I. I CorrO8Ion Control ~m -

DeIk-~
Ev8u81iort

a. ComnuWty blood Ie8d mor1bing progr8n revealed eIeY88d ~. it 1977.
MaI8Ii8 II.XYey of u. cisb'it.Jtia1 system ~ ~ one-dWd of .,. sys8n -
~ by ~ ..va k'8I.
T~ 18n~ -- ~, ~ ~ IeYeII as hig, as 0.86 mg/L
r:-~~ j)6rM"~ of C8tx..- ~.

b.

NA

NA

D.-'~M-.~-'

T~

1. Row-~

2. S1aIc

3.~

FuU-SC8Ie
~

1. T~ ~~

2. y«)p.D!S

3.~.PQE

1~.-8d pH ~ 81ca1nty ~ustment .-eetmenl

c.

Mc;,-;;-~ h... 8Id ~ tap .,1j)I85 tom 1 0 ~~ si888.
oH, ~k8inity, 8rId sc8I8 erafl.~ :ng X.~.i ~~.

pH 81d alkaIiri~

IV Testing Progr~ o..rtptton

Constr8ints.. Due ~ 118 elevated ~ Ie8d levels in the POPJlation, lre8ment installation had to be
-.iiv ~ quickly irwt81ed w1d operable.

h Priaities

1. Primwy ReO.K:8 ~ Ie-. in ~. - .
2. Secc.. - ..-y

T~
AIt8'natives

Monitoring
progrwns

c. pH ~ 8IcaDrity adjaatment: 1rQ888e pH ~ 8.0-8.5 and Incr..- aI~nity ~ ~
25mgCaCO3t1...

d Tap monitaing for 1e8d., trst-<*'aw ~ ~ng S&T.pIes: 1977-1991.
pH and aIkaIirity morw1Oring in d~.system ~ at 118 POEs: 1977-1991
Ev8uate scale on ~ service Mne ~ ~ X-ray u.~aitk;.,: 1977.

QA/QCElements. See Re_~
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PWS Characterization:
PWS Name & Location:

Low pH, AltaI/nitV', " Calcium
Bennington, Vermont

~:::":J4ic~1 . " 0

'('00',1{
!~~:~\%~~~DMai~- ~~~

v T 88tk'I ~

LCcm.iooConUol
~_~~ii181Ce

AVW'8g8 monf1Iy ~ IewIs in fiIst-dtaw lap sampes... ~-~ tom a high
of 250 ~ ~ IPP'O»~ 20 ug,1..1eC Mtin Iix~ of j)P6I~-li.
~ "M-.'L~.oW - ioL~ . ccntir..- ~.. in ~ Ie-. Wt h-draw ~
~p. ~ e8ty 1 ~1 d-. mcatirIg lead ... IW\ 10 ug/L.
X..-ay ..~.,,-;:,-, 8Wy8s .:c.-""."", sc8e ~ .:c.-'-ung of ~
(PbCO3) 8'Mt ti;(.~I'" (Pb3(CO3)2(OH)2).

b. ~-,.18-'f I~ NA

T~n I...c. 1niti8 ~ -.:'MI d u. socIwn ~C8'b0n88 81d scxtiwn hydroxide ~ sys18ms -
mar-*. 81d -~ ~~ b' pH 8f"Id 8IkairWy -- rod always 8ChieY8d. To
~ .Au ~.-.ncy. aDn88d ~~-. ~ -- ~-~ ., 1~

~va
Not88/a.8J~ NA

~ 0:6(.) VI'D, A. 1~. 361 ~-~M-.. Vermont Cc.,uaicIo, Ca'1boI ~ ~.,.
ac.~-..~ Syswn. Tedwic8 .x..1.,.a.~lb ~a.d k) USEPA in respa1S8 to u.
iio-O:-j:-::~:: l...s and ~ ~ ~ a..ch & Dwight, Canp.-ry, 468 N. H8frison
St., ~.~ ~" N.J, ~5297.

,¥'P:o .~ +~~
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PWS Characterization:
PWS Name & Location:

Low pH, Alkalinity, & Calcium
AfWRA. Boston, Massachu...tts

t~;j$Itwn D8scriptlon
I c...hIdy~ 2

I PWSD88crtpaon

.. Reww...~ L.. 'I28r~ watw.

b. w-..QI8ity

1. Raw

2. Treated

Low ~, low pH-AIlc8nty~. --

F~ cp.8iy: pH 8.5-6.7; T0t8 h&~..-5 12 mg CaCO3/1.; Alkalinity 12 mg
CaCO3/l.; T ~ «*8dwd IOIic8 37 ~

Co T~ aDtn.a,. _'.'M-~ ~.
01 COfrO8Ion Contn)I Study EJe"~

. NA

b.

~

~

D8*-mp
EY8~

o..'M-"~-'
T~
1. Row- TtwOt91

2.~

3.~

FuI-Sc8.
Conftrmatia1

1.T~~
2. ~-DlS

~ ~ -- ~~ Sys8n -wide .
c.

Diagnostic ~ V8itC8tion t8p 8np~ wa ~~".ed.

pH, .k8nty, 8nd imbia ~

r..

.. CorWb'ai'1t8

~~~

1. PrWn8Y

2. Secor'Id8Y

Trean81t 8Item8tiw had m be ~ wif1 tie facilities of ., unllB'ed ~.
b.

Aa-=e I88i levels 81 ~. ..-'

~ copper iev88 at oonslmerS' ...
~ -- ~ CiUoolf-Ldph8 mtiD' 81d pH ,n.

T ree!rn~
~

c.

d. Mc:..-RM~R-.g

programs
Fnt-draw t8p ~~ b 1e8d ~ CX)ppe"; wap-POE; ~ ~-OIS.

. ~ ~~,ta NA
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PWS Characterization:
PWS Name &: Location:

Low pH, Alkalinity, & Calcium
AfWRA, Boston, Afassachuss.tts

n.n :~,~,,:) DMcrlptiOn
v T 88tIng ~

-

Com.im~
P"~Q".ance

.. Sjx~ UiaI tJll-8CaIe tr..-n8f't usW'Ig zi1c a~~:
1 . I~ pativatia1 dc8 ~ 13 rrIgt\. used b' --~ weeks. U'Ien ~ f1e

-. to :': , 3.2 8'8d 4.5 mg,\..
2. I, W'IcrMSe ., . ~ ~ ~- ~. 1t.n IIow itecii"".. in Ie8d noted

~ f1e ~ of h six month pefk)d.
3. AkJaI ~ ~ m be ~ ., .. open, tni8hed ... stofage

~ ca. m .. ~~-.. ~~ 18t8 ca-..
pH Adj&8rnn ~ 8odkAm ~)Qde - su~ installed.
1. ~ ~ ~ Ie'I8II in trst-«aw ~ ~ ~~ by i~ pH
2. ~-$.. nd8d.. when u. pH ~~ from pH 9 m below pH 8, the

~ levels incr88l8d.

b. Sec 18y
Imp-=ts

AIg8 ~ W8 stim~ in .. open, .-8-.d --- ~ wh81 zj~
c;.~..p.'-~ ~ used.
DWty water ~~ ~ MI1 .. i~ of the jjo'-":)I;:iI'-'" W1bta".

c. Treannl-.. A t9 pH at h POE ~ ~ry to m8ntain 1aIget8d pH v8kJeS 1twouItIOUt
.. cisIri~ .y.r.n.

VI No~1 N1cd0fW The POCX' "M"~ of,. ~ ~u~~ .-.~u~. ~ ikeiy" ~ of
M ; eiy bw pH b . ~wness. Had U'I8 ..888d W88r pH been ~
~ ~ 7. . is ~ t1at .. ~~"~ ~ would have been impOYed.

VII Reterence(8) K888kas, P.C. et 8. 1~. ~ of Lead, ~. and Iron Pipe Corrosion .,
Boston. .1ocIna/ AWWA 75(2):~-95.
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PWS Characterization:
PWS Name & Location:

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

Item '1i~}r;~ DMcrlption
I

.
c... Study Number 3

PWSo..crIption

L Raw War ~y ~~&~~
b. W8rQ8ty

1. R8W

2.T~

Cold . low Ut*ity. -- pH. low 8Ic8ItWty ~ low c8cMJrn

P'i . 5.8 . 7.2. ~nity . 5-25 mg CaCOJf\-. ~ CaIcaJfn .
20-~ mg CaCO.",. ,

Co8guiated W8t8r:

T~c. ~ ~~ ~~~-.. ~ ~",~."'-"-.

! I' !Carr aeIonCon ~ ..;;:; _88m8118

D88c-
Ev8~

.. Ao-~:-~"..!!; ~:
~~..:
~~T~:

SeMIe. WA 8td BenningD1. VA
E~ of C8Oon.- passiv8ion
~ ~ Tellng

b.

NA

NA

D&...;x- 8tion
T.-i'Ig

1. Row- 'nwough

2.s.Ic

3.~

F~-ScaI.
Contrmatia1

,. Tap ~k1g

~~ ~tWtf ~&6u... Ii U-8C8e it ~ ~ to ~T 8m tr.-n..lt.-
c

Fnt-aaw S8npi88 tom ~ .-: 1.1 - 1~.
2. WQP.OIS ~p ..oIS tJI pH, ~ ~ c8:i.m: 1.~ . 1 ~

"YO . ~~- ~-.o_a.;;z.~, ~~ ,~;".,'.,- w~ '.11'. , ,. -N _n. 1_. ,- ~-.

IV T 88tIng Progr8n o..ripIon
-

a; Con88D ~~ - j wt*=h ~ ;:Go-"'" --.:. "~~ -- pH.

l.81d _ic8Iicx1 of IeW8g8 ~ i~ by ~.
Use of ~ imbi1Dr questMx\8ble due to W8S~.18r Ire~ requirements
8nd P'biic accept8r.:e.

b Pr1~-8S

1. PrWn-v

2.Seca~
~~~".W8I.-~~",
~ ~ eftedS a1 0U'Ier waw ~n goals or aeshtic quality of u. ~Ied
W8t8r.

c TreamMt
Alternatives

pH and alkalirity adjt8bnent ~ ..,. 8rd scxiiwn bic8bon8I8.
S1age 1: pH Go8 = 7.8-7.8 & Ak Go8 > ~ rng c.:Q1I'-
Stage 2: pH Go8. 7.8-8.0 & AIk Go8. 3S-45 mg CaCO,IL

d Mon~
programs

!n-line pH moni1DrS located after stabilization chemical ~ points.
Alkalinity ~ at POE eYery 4.natn.
8-10 san1)Iing ~ morWDing ~ b" fttst-aaw CqJper and ~P-OtS.

e. QA/QCElem~ ~ ~ CX)rIboIs.
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PWS Characterlzatlbn:
PWS Name & Location:

Low pH, Alkalinity, & Cslclum
FCWD, Fort Collins, Colorado

: o..crtption

~~
Pa.~r«r.-~

.. Tap copper levels -- ~-~ from ~ levels rW9ng :.,:-~. 0.8-1.0 mgil to
rnaUnun ~ :":-~-, 0.2-0.4 mg/L
~ ~ ~ ~-~: copp« 20%; L..-i »50%.

b. ~-riJary
Impacts

Post-fiIb8!ion Ubicity sp- ~ 8ne 8dcItioo
~ pH ca-.d post-j)rq;.~1 of ~ ca.ing ~od of ~
~. nil caJSed brown - can~81IS. FCWD i,~ ~
pem~ Pf8tr88bn~ to corea ~ ~ ~ af8r tll'8imn.

c. Treacnn ,-- ~~ (X)nba b's8bte 8'Id ~ t 1n8 pH ~ ~.'N6.. ~ ~ 1M) ye8rS
~~.
FCWD h8 b88fi ~. ~ c-~ U'8 pH 81d 81ca1Wity P8 OVW' 90 j)6o~R of ..
*"e.
For ~ ~ ". . -~ FCWD Is ~W'Ig ~ cIo8ie i1 ~ of8Oci~ ~1)or-". .
~ ~ ~ we ~ . - ~ b' IWne 8'Id C8'bat ciom. to .-n

~ oper8ion.

I VI INoI8 8/a&.J~Gn8 ~ .. h i,~,i. of m8ng818S8 pOIt-Jnd~. FC\\t> ~-i:.-;::1="",,":i !he pH
i. pab of.. ~~ ~ ~~". ~ d8y8 of ~ began to i,u---' in ...a-aw - ~ 8'Id Iw CX)ppW 8'Id ~ iXII ,;, of ~

~ ..~ i~ ~ .. ~ ~ pH , i. - ra b.-'9
~-..~. This ~--:::':"~~~:i m FCWD" (1)~.. """.-,.-. con.u ~ cxVy be
~ if ~~ ~-.:-'~; 8'Id (2) -- ttw kI88 of iX:If'~' ;X-~M' became
~~ in 8 m818f' of days, it took ~ weeks m ~ ~ regain h ca'1.-oI
conditions expa1enced prior to ttw y.af[l ;i inI8mJPtim.

VII Reference(8) SnWUt. M. et 8. 1~. ~ C«*U ~ and ~ - FOIt CoI"', Cok;,-8do;.
AWWA COtrosion ~ s.n (o.w.-. CO).

~~-.iU'. R.D. et~. 1~ saIdge QJ86ty 8-~ Realzed tom DiW",ki-,g Water
~ Proc. Amu8 WPCF Cc :v..-~.

~. G.K. et~. 1986. ~r of. F.~"~ Watw: Fort CoIWJS. Cda'ado.
Pft)c ~ Regional AWWA-WPCA ~-,~-,,-"-:'.
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PWS Characterization:
PWS Name & Location:

~.

Low pH, Alkalinity, & Calcium
Bureau of Water, Portland, Oregon

Item D8cr1ption~~
Cae Sbidy ~ 4.

18 PWS ~~~~
Raw W.. ~..

b.
~ :.- 8i ~ ..,- -

W88rCu81y

1. R8w ~ pH. ~ -1. ... c8a.n

2. T r88Ied FI'8tI8d -- qu8ity: pH 6.9; T* h&-':'-~ 14 mg Cacon; Alk8inity 10 mg:
c~~ T~ cI88dwd ~ 24 mgIl.

Tr..-n8'ltCo ~~Wn~
III

CG ~ Corib'oI SbIdy ~

.. r;- ~ .. : C611)(,. -.. ~
~..!! ~: Se8Ie. W..~- -

b

~~~~

~-Ev8~
~'M.~-'
T~
1. Row-11wa9'

2. S18tc NA

3.~

F~-ScaIe
Conftrmatioo

1.T8P~~

2. WQP-OIS

NA

c

NA

NA

IV

PrWn8'Y _&~ b ~ ~ of \ici..~ ~~ "...~.- -
2. 5cOf1d8iy Def8fm.,. the mo8t ~ eff8CUve af)f)roaaI m Ii~ -It

c T~~
Alt8'natives

Existing natment at I'M) 1ocatia1S ., the d~ sys18m:
1 . ~ rig ~ of ~ (6) tow~ ~ witt1 ~8dc ~. gaIY.-z8d

M881. Cq)P8r,Ie8t.I88d:Ur1 ader.CQ88d copp«. and ~iOS~I.a 2. A single k)op (220 ~ of 1.-j:1k11dd6o~ ~ ~ - 8so ~

., ". ~ rig. Sdd8'8d pra -- ~ .vwy 2O-feet.
3. ~ rig 1 was located at tt18 SQJr~ of aJPr*'I witt1 a toM chaine residual of

1mg1\..
4. ~ rig 2 was 1oca18d several mil. ~ h ~ end chk)ramir.s ~

-*Md.
0 MoniDing

~
Me.- leeching ~ Wa8r qu8lity parameters ent8I'ring .. pCpe loops sysl*nS

.. ~CElem81ts NA
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PWS Characterization:
PWS Name & Location:

Low pH, Alkalinity, & Calcium
Bureau of Water, Portland, Oregon

Item

~

t o..a'iption,'::j:;,;,"", ~ ~~
v T 88dng ~

-

~~
~-:u-~

.. E~~ ~i~~. ,... ~8d to ~ 8ft.- 8X "Mm.. of ~~. b' 811
of .. rnat8i8I8.~ 00 .. ... ~, '-i .x... ~ -, r-. ~ wilt free '" L.K.. ~ -
~~ k)~.
AI ~ "...~.. ~~ ~ ~, 8bII; COITO8Q1 r8s (00" t8Sis of
ooupons) r~ of .. cI8..a;;.-d ~
The ~ ~ ~ I88d :!Xi ~ ~ ~ ~ ectvity wilt
~ - ~ ~ b free dai,. loop.-

b. Secx:.,-.-y ',,-,-:,w NA

c. T nn ,-.. The ~ of lead It h-G'aw tap samples aw---~ U) be .. ~-b.-d ~ ..
oo-lt.,,1ed by .. ppe ~ t881g P'og'8'n. No m.1t - rKOmI ~ sW'IC8
.. Cty of ~ f* inItibA8d . 1881 ., on ~ m88ri81s b .x...oastc
~~.

Vt Not88/Q~IIf~~ P«U8nd has P8ticipatBd in f.'Ie AWWARF Pipe loop S~, 8)d RQ8 W1bmUon on
.. ccxrOIk)n b8h8via' of it sysMrn, especially - it , m '-'«aw 18p ~~-
~ be ~ ~ ...,. repcxt.

va ~.-:.. -- ..:e ( . ) T;aW8ek. G.P. 8t 8'. 1~. Pt~-P.c Si~ of ~~ .,
~T""~ PIpe MaI.i8Is. .lOfIn8IAWWA 77(1Q:74-82.
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PWS Characterization:
PWS Name & Location:

Low pH, Alkalinity, & Callcum
SWD, Seattle, Washington

Item Description
j ..

I,

I c. T r..-n8rt
-

QDinan ~ ftuc;."'~-1.

II ! CWo,... ConIIaI ~ ~-; :.
~r¥X:~ c6.~ -.. ~w~

b.

IV Te8tIng ~~8ii o..r.-on-
I

fa.~
t

Cc.. - ... Prioities

~---
1.~

I .

2. SecondaI'Y ! Reid~ 8.t~ ~~~M tv of ~~::: .-.anent ...~.
c. Treatment

Alternatives
~ loop t8Sting ~~-~~ pH/88(alirWty 8IwnaaW8 8td "-;-o"Po"o'I8Pt""
~ imbilors:
1 RedrcUating pipe ~ W8'8 conSIruc8d ~ 1 /2~ CX199« ~ in

'~ich 3 bead 01 SO"SO lead:tin sader w~ attached iongit1.xSinally in ~e

piping.
2. c.opp., t1Dng Iengh -- 8-8 m- ~; f'Ien S8Y8f8I ~

.-x ~~ ~ pf8tic bOng.
3. T~ wMer was ~ ~. 8St ~ U8W'9 . ,.~..ra.'1k; ~

cyclically "

Com.i«1 rate t8Sti rig ~ p6I ~ ~ ~ ~ pa8ization ~ ~
U-scaie tr8~ was ir.t8led.
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PWS Characterization:
PWS Name & Location:

Low pH, Alkalinity, & Callcum
SWD, Seattle, Washington

Item ~i ~~ -

o..cr.-on li@~i :::f:~:'* ~::~*~::~;

v I T ~~
. ~~

P"Mnl8w:e

-- - --
pH 8nd 8Ic8rity ~~ - .,. ~T.T ded u ~ ~ .,. b88i8 of .,.
tow-fvO&q, ~ ~.
Aft.- ~. ~ ., tap ~ ~ ~ ~ (- Irst-«aw S&~)

of 12 ~ m j)6o~" -- b.m "'n .. ... ~ of oper~l.
E)( oXt.."jc5 8tng ~ ~ . ~ decr8a8e ., ~ ra18S on
~ ~ ~ wid1 ~ -- .18cr ., aged ~
ShQ1-tenn v8fiations in ~ COfTO8i~ rat8 -- ~ m be .~Iy
\Xio,~ ~ tee ~ (dr8ct r8&dC¥'iNp), 8'Id m. --- ~ ~ pH
Orwerse ~-..L~).

b.
r-c:

- -

58CX)f1d8y I mpKa 1- riA

T r-..nn I-.-
- -

pH 8nd 8k8irity ~~ 1Dok ~ grU8My OIIW ". ht ye.- of ~ -atic,. -'-.
I'ICr8888'Ig U'Ie ~ pH to 7. 8-& 3 8nd ". ,age .-wry to 1 5- 1 7 mg
CaCOM..

IVI
~, NoC88/a..Ilflcalo..

va ~ ~.)
- - -- - --

~. S.H. . M. 187. ~~ ~-.~~.-oW 8I'Mi ~ i1 h pacjlc t~-;:;-.wst.
..bma' AWWA 79(2):71-74.

Sb'8, A. . 8. 1 ~. The Eff8ds of Short"*'" c;- - - ~ ., w.r Q.8ty ~ ~
8'd Zinc CGI...iici., R8188. Jocxnal AWWA. 79(2):7S-82.

R8i)er. S.H. et~. 1 M7. CGo,.-.k,., .. W... ~ SysIems of Ihe Pacitc
,'k,.-I:-nf- EPA ~-81-042.

Hti C.E. et 8. 1N4. s.tIe ~ ~ Cwr~ C«*d saJdy -
VotIne 2: TaI'Riwr W..,. Plot Pf8nt saJdy. EPA~-84-065.

I Hoyt. B.P. 8t aI. 1~ s.#Ie ~ S)8I8n Cco.-i , C«*d saJdy - Vot..
1: Cedar River W.. Plot Pfa/" .~. £PA ~-W;~- ~---,--.,.".. ~ --- --J-=:=!
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PWS CharacterlzatJon:
PWS Name & Location:

Low pH, High Alollff/ty & Calcium
Oakwood, Ohio

~

:i:. o.aiptlon~ c,

8

.
T~ w

~ pH, ~ ~-Mj ~ ~, _.-88c: i~.

F~ W8IBr qJaIity: pH 7. 1; T * ~--- 200 mg CaCO3/l.; Alkalinity 370 mgCaCOM... '

c. T~ w-.. ~ ~ ~.18d r;--~ i~ Uva.Igh gr.-H.-Id i.u.iic... ~ ial1en ~j ~
uIing Z8OIiI8 ~"""-'-lij. The ~ wa8r is u,.n blended wiI1 water from,. other
wel-18d ~ ~ pb' m ~.

HI COITO8ion Control SbIdy ~ ,t8

.. NA

b.

~ Icx)p 8xJy ~ ~ .x.,~-, ~ b8b8 81d.,. ~---~-~
-

Desk~
E~
D5. .. M - --.IIOfi

T~

1. Row- Ttvough

2. s-.c

3.F\Ai-Sc8le

~
Contrm8tiM

,. Tap Iampf~

NA

T8p ~";-'-.v b8b'8 ~.,.. L-_-~1g ~ ~" a ~., ~ KtiIirty.
c.

Fnt-draw tap sampI- . sites r8C8Iving water my t'om WelI-ft8d 1 rxa ~ being*' - ~ wilt W88' tom .,. i«Q"" .d w81-1e1d..-
2. ~.OIS

3. ~-POE

pH, 8k**Y, t ~~

pH, 8k8niy, ~~..s1O
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PWS Characterization:
PWS Name & Location:

Low pH, High Alkalinity & Calcium
Oakwood, Ohio

~~:..

~

Description
IV T88Ik1g Progr8n ~on

Cc, a

~ ~

1. Prm8Y

2. ~-.d8Y

T~
AII8'natiW8

NA.
b.

~N if SC;: oy ~ ~ «Io.~. ~

c: Fk)w~ t8SW1g ~~.'I:
,. T~ pipe rigs --- CCX'I8tJ'\x:8d wiI1 q1e IeceiW1g ~~-~ W8t8' and..

oIw r8C8iW1g lCii. -1IiCi 2. ~ rig h.t ... k)QI»: ~ Won, I.-i:, ~ ~ ;IM;.-;; ~ng of

~ i'a\. ~, l-.t:Mn Idd.-~ Cq)per, ~ ~y ~ ~
(copp.- ~ Ie.s ~ ~ (4 ~ of ~).

3. ~ ~ bop (t8k Won ~ 1.-2) - ~ - U',..;Io -~ by rec8W'.g «Iy twd

WSW b' 7~.
4. The pipe 3Ie:*.-;; ~9'8d hard ~ soft W8I8r ~ .. entire ~ng

~.
5. ~~ ~-~IM-. b' .. ~ ~.-= -..e: 0.5 gpm at 5 pea b' six days. wiU1

OIW d8y of -.dng _me.
6. p~-- ~~wi:IJ-.. b' .. ~ ~ -.: Inx1 ~, ra~ ,. d 1

pt wiI1 ., 8fI..c ,. of 0.0172 pn; Le.j pI~ Iow-I'II'ough ,.. of 0.5
pn b' 18 tQn wiIh ., e.tQ6 .. ~ ~- oW line cycIc8ly "P8r~.

7. Each pipe rig Op&~ two ~ ~: ~ - of ,.. rna8Ii8 ~ .. ~
was 8xcava8d (old m~ t'an u. ~ sySt8m.

~-scaIe ~ ~ ~~-" .x.. - ... -,t of samping ~. homes b'
met8Is ard water quality p.-8me~ wt-.e r8Ceiving hard and soft8ned water.

d Monbing
programs

Fbw-ttvough t8Sting ~:
In ~ to the ~ ~ .,..~liied -- .. ~1owW'9:

~ loops : Metal leeching
~ $1:::-.-;;: ~ ae.;.'-li""tij ~ ~ w.igt1t-k8 -.;

[A88dved oxyge:: ~ _.-ed m ~-~ ~ ~I~"'" in.. ~
pipe bops.
~sc:aIe eYMation:
Fnt-draw 88nPes b' 1e8d, copper, pH, alk8Iftty, and h8dness.

.. QA/OCElements See .A6:"~-.-:6
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PWS Characterization: Low pH, High Alkalinity & Calcium
PWS Name & Location: Oakwood, Ohio

! DescrIption
I V I Tndng~"

~~
P"~~I'-181Ce

a. ~-ttwough ~ ",-~_-,,:, . ~ t88&b; no cif8WICe - observed on d'Ie basis of weight-as ~~I
h8d ~ ~i.-~ --. ~ in 118 C88 wi., gaIv~~-~ ~
where . modest k'ICr-. in ~on rate - ~ b .. 1(;1ttio-~ \XiI-~I.
0..- .a. .i. ~ ,.. cId .-.~ O'M' ~.

2. km~kK'P ~ At ~ of 7-m~ pre-c:onditioning period. t'8 Won
~ ~~ .ri. \XiI ,~ -, ra8 .~.

3. ~ ppe kK'P ~ At .. end of h 7 ~ pre-conditioning perjod.
~~ vwi8biity n h "~MI'~~ of ~ ~ ~-Yad - i)IoW8:

New &"ad cId ~ P61~rn alike;
~ & ad cId ra, "~Mm -';

~. .. 1M) new kJop8 ~ s~~y con~. .. ~ty -
t9 ~ 90% ~~-1i:6 ~ ..-~-.y ~:-~I ~ ~ 72 p&I""C&I~ ~ h
~v..-of~

FuI-1C8Ie ~ . No .~ dift8r8nc8 ., met8 co-~1ii'8Iici ~ n.1d

~~""""'~of~ng~ -
b. Secx:..-~-t I~ NA

~ T~.."I-- NA

VI No~~ . FkM~ 8ISIk1g ~-'_II:

1. RepIcaI8 ~M"'~ of ~ ~ 8tK)wed.1arge vwiebility W1 metall..:hing.
2. ~ tom ,. ~ of h.-d 8'd 1CIa&-~ ~ ~-3 haw yet m

be pu~ished.. F~-sc8e ~ - 23 tones ~ inckJded in t'818p ii..x-~~21f'9 progrwn. Of

11888, 12 had JX)int of entry soft8"ers which ~ to be ~~~4 during ,.
~p81g day. P~, fa ~ I18t ~ 50 ~ of .. Ii- ~ -88Jy
~ exposed to ~.-n8d W8W prior to the utility instaIir'Ig i1S ion 8xdW1g8~~.,~. .

~ - -~. --~- :..'.:~.--, Wt8OCk. aM. .81. 1.1. A ~ of u. EtI8d Of ~peI kx1 ~~--tg6 Soft.-ng on

.. Cc..,~-, of Lem, Cq)per, ~ 1ra1 W\ W"~, Proc. AIn8 AWWA
Cc.. -.:.. -- - ~ (Pti18deipt8. P A) .

VI R8fer~(.)
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PWS Characterization:
PWS Name & Location:

Moderate pH, High Alkalinity & Calcium
Fort Shawnee, Ohio

Item DMCI'Iptian

c... Study ~ 'f

u PWSc..crIption

& Raw W ~ ~.d"iI88f

b w-..~
1. Raw Mod6 pH, tVgh ..-wry and hwdness, end elevated won .., hydrogen ~

~,

2. T r88t8d ~ W8.- ~ity: pH 7.3-8.0; T~ .~-~ 250-300 rng C8C0M.; Ak8Iinity 290-
3SO mg CaCOM.; u-. ~~ mg SO4A.; ~~6-'~ 1s..5 rng OA..; 8'td C8bon
~ 18-28 CO2 ri9L.

c. T~ WeI wa8r is ~ ~ n WW8d b' ~ 8'Id hyG- ugeii sIJtd8 removal ; spit ~
b' aai18 ~ oW.

III ConO8Ion Control Study !J5 ~'
-

De8c:.mp
EY8U8Ion

.. Copper ~ng f8hns oca.nng ., ~1.asUC cokj -- pping ., r8fatiY8Iy new
.x.-~I.-II.-.w.
Ir;~-:.",:.=-. dewmW'8d ~ -=-~-=~.. C8bon cioxide wid C*ygen prinw;1y
;-.pc:..-~ b' .x.r~W ~ of.,. ~~. 118 - ~ ~ be
~""b88d t7t .. ~ ~ ~ ","',Ic;.-',d6 .x of h --- ~.
~ u. pH to ~.-n8t8Iy 8.3 ~ reduce h C8bon diome ~ -,.-,i of
.. ftnished W8Mr .

b. D6wT.u.-.au-~
Testing

1. Row- 'T1vaq,
- - ~ loop testing - ~~".ac;.

2.S~c INA1 .-
]NA3. FWI-Sc8

Ful-Scale
ConftrmatiQ'l

C-.

1. Tap ~
2. ~-Ots

NA
NA

3. WOP.POE NA
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PWS Characterization:
PWS Name & Location:

-

Moderate pH, High Alkalinity & Calcium
Fort Shawnee, Ohio

Item DescrIption:rM_f
IV T88ting PIogr8ft D88rtpaon

~ ;r;ts. Treeunw fciity was not ~~ ~.
o.n'ic:aI storage wa l(x:*d ., en ~hea18d building, so Iwt t.zing was a
w-1i:6t1i b' ,. -- ~.

b. ~M-';ti-.

1. PrWn8Y

2. Secondary

T~
~

R8G.K:e .. copper ~ ~w. ~ hair- --'I' ' ~ sys18mS.

~ f-.ibility.
c. T ~ pipe ~ ~ of so.by- 1 rn 16.- .y;. of type L copper ~ . ~

~ ~I"". d wilt 5O:SO ~:Un -*i8r.
~ loop 1 ~~ existing I~ w88r. Pipe bop 2 rec8wd ;; ac: water
U'8M8d wittt soda ah ~ ,... u. pH to 8PPfOUn8f8'y 8.3.
Loops -- ~~ cycIicaIy: runfW1g tIr ,~; I18dng tIr 11 O-m~
tIr IiXI88!' hoc.n: I1en ~ng tIr 8-tnn.

d. McI.-.~~.-~

~
w..r quality p&..,iVi80. ~ ~ ~ng h pipe loops. but no ~
~ng data - ~-=~j.
Aft.- ~--T"""" oper~-" h...,.. ~ r8fnOwd n physicaiy .-.aped8(i b'
Q)m)8jC)n 8t;'tivity.
Erwgy cisPefW\'8 ~iii.*XW (EDS) 8)d mk:r~~.."1c8 8\a'ysi8 .,. used ~
(X)I'1finn h ~I~' ~ ~~-.. ~ '- ..-a w8 of t. COf1f* piping:.

QA,OC EIem~e. NA

v T88ting A88Ulb

~a1Con.a
p-~"~

a. EDS and mj(;.-oc.L~lJic8I ~ w ~ tt8I pipe loops b'8t8d wiU1 soda ash
showed CUpn)US oxide and C81c8~ C8bonat8 ~ngs m .. surface of h ppe
~. No pitting com)SM)n was evident ., 81y of ,. ~ ~ tan the soda
8t-b'8888d - -,." ~

~ ;~ conosion - ftIt;.); ,. ..1 ~ ~~ ~ ~ ~ ~ ~ 8()da -*'
b88d on visual inspection. EDS and microc:h6mical 8\8ysi8 cc.lf."~ t1e
~-oV:
1 ) Green bJbercles o taying pi~ con8i&t8d pnrQp8Iy of copper carbona.

(~) ~ wiI1 copper Ufa8;
?) Pits ~ned by 8CarV*'9 eledrCW1 m~ W8'8 bm ~ cont8in cubic

crysIaIi,. ~ EDS t.- ~ - ~ ~~ .,. -- ~ ~

m8ior qu8rmties of ~ wiU1 semiminor quentities of sulfate. 8lxS U'.:8
.1.~c"r;ts ~: chloride.

Tap S8n~ - ~ "~M"I«i. but t)IIowing ins181ation of soda ash b8abnent,
... pitMng 8u.. of copp.-. dom8Iic pipng ceased wit1in 6-monb.
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Moderate pH, High Alkalinity & Calcium
Plne/las County, Florida

PWS Characterization:
PWS Name & Location:

-.n."
c.. s..., ~

I PWS~~ &;;
,

Raw W ~
" W8r~..'

I 1. Raw
I 2. T~

"';';'.;;",c.:".". D8crtption:'\~:';,i;?~":';;.'~:j<'>C::~:,~}'~

~

I

rI
8

I a. o..p---

I ~..~ ~~ 'ily .-- ~ ~og8n ~
Fflished ~: pH 7.&:7::&5; T*~~ 200-21~ cacoM::
Alc*,;ty 200-211 mg CaCO-:!:\.; d*-1n8 ~u8 2.5 mgIL.

Trean81t ~ draft a8r8tia1 of weI W88r tx ~~I Utde removal; pH
~ u8ng c..ac Iod8. 8nd d~.

c.

II I COI~ ~ ~ ~--;-~-.;,.

Desk-k)p
Ev8u8ion

NA..

b.
-

Dti.. M - --- .iK:,..

Testing

1. Row- nvough
- - -

Sc.-a&.-,i-~ of ~ b' U-8c88 ~ 8nd ppe rig ~--8tiQ1 u8r1g
~ wear qu8Ity cudticr8 to d u. ~ ~ ~ of ~
po-obl6".. - . bda1 of ~ oxygen. pH, ~ ~~ ri1ibitor.

2.~

3.F\A1-Sc88

~
~ -,.. -.. JiItioo

,. T~ S8npling
2. ~-DlS
3.~-POE

INA
I In-8a. ~ ~-PiP8 rig ~ ~ ::;:~~.

-
c.

~~t8p ~- b: ~.
-

! ptt.-: ~ ~. C8bon ciaMid8. i""."'~'D" r.a.---- -
, pH, ~w-.c: ~. i~ ~

IV
~

~,
f ~ ' ~ ,.7- ,;.._"'~. ...:.; - :. .,. .. .:.=~-

~j~~~.-
~",,--t'uA

-
1. PfWn8Y

2.Secoi-..wy

! ~- copp.- .x;...w.. -..
- -

I-~-~~~,~-.
c.

-
Treabnent
AIBnatives

Sci ,ii-.v'~ ~ -~ b:.o ~ nators, com~ of -

dD- 81d pc;:-iJ'.L~L~ b' b.6 11M-'.".
~ eY8Iuation:
;. Cvu~S and .'IOW-UilOugh t_t l~ were Ir,sOGiied iit :; iocat~ ...

.,. cisIri~ 8ySI8m.
2. The 88t r8dc8 -- op.- 8d 8t . low of 2 pn b' . mont1 at . 8M.
3. The ~,.,.a 1ec: "'U~L~L"" ~-.L~b' """.v... - i;-~

U -«8Ie.
4. ~,... -- ~-~8d b' 6..'MI." ~ m ~~

~ ~ ~ 6..'M-'." after ..a8tiI-.. - W\1)Ice.
C6.'M aiion tow~ 18sting:
1. Fa&.- pipe rigs ~ ~ Mdt ~, ~. 81d mid stM tat

(X)Upon8 (4 each), ~ g8f~ steet 81d ~ pipe ir.-1S (2
e-=h) -

2. Fbw-ttvough 18Sting was ~ b' 8-matb w1der v8yV1g
~~n80ns of dissaved oxygen. pH, ~ intibttDr dosages-
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.
PWS Characterization:
PWS Name & Location:

-

Moderate pH, High Alkalinity & Calcium
Plnellas County, Florida

. Screening 8s1S utilized V~ ~ can:.jon .. wW18 wt*h ~
.x..,~, ra8s1twQJgh ~ii.x.~ «:8 ~.i ,..

. F~ 8Y8kJ8tion: ~ r818S ~ ~ via ~ loa
m T_- b' ,. ~ ~ pipe --. Fnt-<*'aw I8P ~
-- .~ cd~ tan 25 8i88 ., ,. ..-~ ... of ,. ~
sys18m.

. D6 : iic.., low-ttvough -.lng: COfTosion rates ~ me-.8d using
weightlosa.

w... quality ~ ~ ~8d hougt.)ut 8ft ph8888 of ,. tBSting
progrwn.-.- -

QM)CEI8m«1I8 INAI e.
v !~.R~ -

~Con.a
P.. ~M"~

.. -

Scr ~-oV 8m ~--~.;.~~~:; '* ",.~L~ - n'K.a ~ i\ ca.a~
CXJpper 8'Id '-i .1C;.,~-"
. F~«:8Ie ~~:

1. ~ i\ copp.- ~.~. ,.. of 30% after adding 1 mgI\.
\II U'- 2. ~ .x...~-, ~ - ~n8. ~8J8fy 1~.

3. T~ ~ r-* _L~ copp.- 8'Id ~ ~-~ i\ trst-aaw
..,p. of 4~ 8'Id ~. .;..-cfi'-':-f.

4. v;~..- i~ CXJpp.- I8veI8 -- ~ to be ~-~ by 57%.. [)(,. -.- ~ .. ... ~, tow-hough 8ting
1. Optinun \II--::~~~ dose was 1.0 mg/l as PO4.
2. ~ .1C;.,~, r.-. ir.:r-.8d ugtfty when U18 pH W8 ~

t-om 7.5 ~ 8.1.
3. A pH Y8W of 7. 7 - a.'d ~ be ~ wiU1 dissolved oxygen

w.-~.v~-.. of 0.4-6.0 rng/L
4. Di88dved oxygen iXiI-~~,u.~ ~.we;; 0.4 and 6 mg,.t. h8 IitIe

~ 00 com)8c.1 ,.. i\ the pr.-ra of 1 mg,\. ~~.. - --
INA

-- -
Seax'Id8Y 17~ ['L..:'

INAc.
-

IVlINO~IfIc8tI0n8
i VII I A8f8r-.c8(8)
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PWS Characterization:
PWS Name & Location:

High pH, Alkalinity & Calcium
Water District No.1, Johnson County, Kansas

;~i*f:t~:~ DMcrIptionn.n -
I

c..~

8

. PWSDncrtpllon

K8.- RI\W 81d M~ RiV8'..~
b.

Raw~~

.. UbkIty. ~.~ t 8k8irjty; Mod6.~. pH.
-

~Q8ty

1. Raw

2. Tr8I8d ~ qu8ity: pH 9.1, T~ hI8-~~ 122 . 1~ mg CaCO3'L. AlkaWtity 53
mg CaCO3'L. TD5 ~ mg/l. w'-ki,-'oo1& 35-70 tng,1.. ~ 135-200 mgIL -
u.. ~ lij. w~~-,~-,*,-.. ~ ~~~~~.- adcI"'..u.loc. T~

II ~,~ COI*QI ~ ~-;-~

0eM-~
Ev8u81ion

. ~ewed ;-~~~... ~ d88: raw, .-.tad. ~ wit'W11w cisUDJtion

1ys18m.
~~ ~ ~ 89 from ". disb;bItiQn sys~ br vi8&.8 .-.ap ~..w...
~ .;eW8d 8dW1ic8 I""" ~ ~ ~ br high pH w.-s.s..-~ <*w *'- ~.. - ~ -.v: ... ~ COITO8O1 P' .)b66. ~ in

~ ~.
~-.w ~-, - m ry m ~ c81d~ ~ deposo~ b' COITO8O1
...~

b.

NA

061.-,-,.;..- ..~,

T~

1. Row-Through

2. St8tic

3.~-Sc-.

~.--Sc8e
~;tnr~

1.T~...~
2.~-as
3.'t\W-POE

NA

~ ., ~ system d'-'ng Iw88 ph8e8 of ~ modftcation.

c.

NA

NA

pH, .8k8itWty, calcium, .T~-""
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PWS Characterization:
PWS Name & Location:

High pH, Alkalinity & Calcium
Water District No.1, Johnson County, Kansas

It8n 088crtplion

IV T88tIng Prog"" D88rtpaon
Compatibi Iity of b-.trnent ~ -o.=h for Wne ~ ~ty. PoIypt'0SPhat8 8dcjtion
was po-.-::'u;:e(i tx c8dwn ~-~-i:!I ~.- tV IJ'D ~ IIt"ation k) ~ ~
deposition 00 Mer meda.

Cor\Sttaints..

b. ~M'""'"

1. PIWn8Y

2.S«ond8y

e..d m a8Um8' ~nIs. r.ca.a i'm ~

De8mw. if optim8/ caTOIO1 b' I'm ca1ttd would 8Iso ben8tt h District for Ie.t
~ copp.- ~ ~

c. T~.,t
AJWnatives.

Three ph-. of sOftening mocIfic8tion :

1. Pt8e1 -1.~~pH~8.3;
2. Pt8e 2 . 1ncr8a8 pH ~ 8.5 ~ m fin8 8kafW,jty and ~ con8nt

~ 140-1~ mg C8COn.. ~ ~110 rng CaCO3.o\-. r~u.,.".
3. Pt8e 3 -1ncreMe pH ~ 8.8-10.0

d. ~
~

RemoY8 and rep-*"-1t of mjd ste8 ~ ~8C8d In-sibJ ., .. distt1bution
sys18m .v.y 3-.TMN". F.-h8d we-.. quaity "M-.M~ to KhieY8 goet8 of ~
.-eanent p,...

NA. aAtOCEI8m-*

: y I T88tkIg~

~~
Perbmance

.. Ph8e 2 b'88M'8nt caTosicH'I rat88 ~ 35% lower t1an Phase 1 COIrOS"K)n ,...
b88d on I1e mi Id steel COUJX)n results .
A 40% decre-. in cusDner ~ - ot..'wd ~ (KrOSS ~~ 1
~ 2); ~, ~~ in ... of h service 8M w.TIt)O8ed of otder,
~~ C88 iron m.-. showed liate improvement.

b. NA

NA

Secx 18Iy I~"~
. :

Tream~ ,c.

VI Note8/Qual"lc8t1o.- The caTosQ1 ~ of f'I8 disttibution ~ is still be e_uated ~ f'I8
Ph-. 3 ~ modItcaIions .
~~ of tt18 ~p,818 feed is b8W1g oc.. - .aid6. -ec: ., order to m p-ow f'I8

deposition of c8cM.m C8'b0n.-.

VII Godd. A.A. 81 8. 1 ~1. E~ Di8tri)ution Syst8m W8I8r Quality at Water Dist1ct
No. , P"oc Annu~J ~.\I'-Nf'A Ccn1erence (Philadefohia. PA).

Reference(8)
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Statistical Evaluation of
Corrosion Control
Performance Data

Non-parametric Statistics
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. Usi.lg;.hl; 1~::..~conCt.utrationdata
presented in the flow-through example
in Section 4.9.1 (Table 4-8), the Wllcoxon
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 2?
. 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 31
By applying the Wilcoxon Test to

answer the three questions above we

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-l 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 rankingB
were summed under the first comparison
condition as shown in Table C-l, result-
ing in 1,504 and 979, respectively. The
U-value may be calculated based on the
sum of the ranks, Wi, and the number of
observations, Ilt, as follows:

TT;.. = WI - Ilt*(n. + 1)/2

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

Mean U = n. * ~ I 2
Var U '= n. . r1.;; . (n: + ':l..,! -:- '-) , 12

The U statistic approximates a normal
distribution when both n. 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
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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, Zo.Ol = 2.575 was used to ev8Iu-
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 tlle <;ther i>Opu~"jon'8 ~8tribution.

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
',alues show that l.oop 1 (control) lead
levels were higher than both Loop 2 and
Loop 3 lead concentrations.

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. '!berefore, the
mean of several values should be a
better indicator of the true value than a
single measurement.

'!be 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 fonn a bell shaped
curve. Parametric statistics make use of
these proced ure8.

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 aample 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.

P~ametric statistics were used to
c",wvare tne t~ treatments with the
control. '!be 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
""n~Ql or ,."'- '"'P """"~ e m o r-", '"" o~ a1by", ~- ~~.~ 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.

Parametric Statistics
Water quality measurements

obtained during corrosion control studies
will seldom represent the one true value
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Table C-2. Summ!l~ of Wilcoxon Test Measures for Comparing
the Performance of Lead Corrosion Control Alternatives

can-.~ Measurements
~~i~~f~};~'~.i'j"

Sum of Ranka, W

Com parison 1
Com parison 2
Com parison 3-

Loop 2
979.0

1,366.0

Loop 3

874.5
1,199.0

Loop 1
1,504.0
1,612.5

Resultant
349.0
244.5
569.0

Loop 1
874.0
982.5

Loop 2
349.0

736.0

Loop 3

244.5
569.0

u - VaiUM

Corn parison 1
Corn parison 2
Corn parison 3

Key Statistical Measure.
Com parison 1
Com parison 2
Comparison 3

Mean_U
612.5
612.5
612.5

V8'_U
7,248.0
7,248.0
7,248.0

z
-3.1

-4.3

-0.5

FInding
Loop 1 > Loop 2
Loop 1 > Loop 3

No Difference

Table C-3 gives the calculated means,
moments, 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.

The skewness coefficient, y, is defmed
as:

Y'~
~1.5

where:

Xj = individual samples, i = 1 to n

xamean

CoO



Table C-3. Skewness Coefficients

N on11aI: Laop3tOOP1 ~2
0.1038 0.0791 0.0711mean

0.0012 o. 0005o. 0005~
5.83 X 10" 5.76 x 10"0.0001RIa

1.21 0.47 0.60
~

;;;,,-,

I
LOg Nar'm8I:

-1.0058 -1.1683-1.1204mean

0.0182 0.0163 0.0178rn.c

0.0013 -0.0001 -0.0007rn,-

0.53 -0.04 -0.32y

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 defmed as:

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.

ts~
Sa'

Table C-4. Student's t Values
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As 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.

"..

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
Using Student's t and examining the

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

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

Week NO. Loop 1 LoOp2c toop3

34 0.080 0.061 _.
0.057

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

Thus the analysis shows that each treabnent is significantly different from tt1e control. but
tt1ere is no apparent statistical difference between treatments.
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