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ABSTRACT

Lead and leadin solder were widely used in premise plungin North America until

the 198006s. Al t hough this soldering pract
older premise plumbing remains a concern. Utilities often use corrosion inhibitors to
protect the piping in the distribution system anduee lead release in premise plumbing.

This study compares sodium silicates and phosphates as corrosion inhibitors for lead
release in low alkalinity water. The study was carried out at the J.D. Kline Water
Treatment Plant in Halifax, Nova Scotia, Cana@lae experimental design compared

sodium silicates (concentration of 18mg/L) and zinc orthophosphate (concentration of
0.8mg/L) as corrosion inhibitors at a pH of 7.3 for three disinfectant treatment groups
(high chloramines (3mg/L), low chloramines (1ing/and chlorine (1mg/L)).

The pilot scale experiments used six recirculating pipe loops; each pipe loop fed into a
corresponding copper pipe rack with:50 leadtin solder. An automated pump was used

to provide a stagnation time of -4 and 36min in the copper pipe racks. Samples were
taken twice a week, at the influent and effluent of the pipe loops. The copper pipe racks
were also sampled twice a week after thehR&and 30min stagnation time. Samples
were measured for total and dissolved lead, cgpgibica, phosphate, total and free
chlorine, pH, oxidatiofreduction potential, temperature, dissolved oxygen, turbidity, and
disinfection byproductions.

The results of the pipe loop experiments showed that sodium silicate releases more lead
and copperthen when using phosphate as a corrosion inhibitor. In addition using
chloramines as a disinfectant released more lead then using chlorine. Greater lead
concentrations were also released during a long stagnation tird®) (pén a short
stagnation time (3@nin). Overall, these results add to the knowledgebase in
understanding the interactions of corrosion inhibitors, and disinfectants and their
contributions to lead release. In particular, this study provided new data for sodium
silicates as a corrosiomhibitor and the application of draminesin low alkalinity
drinking water.
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Chapter 1.0 Introduction

Lead and leadin solder were widely used in premise plumbing in North America until

t h e 1 AlBdughshis soldring practice has reducsinificantly, lead release from

older premise plumbing remains a concern. There is evidence that lead in drinking water
has adverse effects on human heafflech et al. 2006Viirandaet al.,2006 andWatt et

al. 1996. Utiliti esoften use corrosion inhibitors to protect the piping in the distribution
system and reduce lead release in premise plumbing. This study compares sodium

silicates and phosphates as corrosion inhibitors for lead release in low alkalinity water.

Sodium dicates argarely used asorrosion inhibitors in drinking water. They have been
used inthelaundry,cement and steel industrysodium Silicates are also able to increase

the pH of the wateryvhich helps to reduce metal release.

Usingphosphates a corosion inhibitor in drinking water is a proven methadedudng
corrosion. However a specific pHrsquiredand the price of phosphates has been
increasingThere is a need to look at other corrosion inhibitors.

Pilot scale studies are important tanmize the effect otinintended consequences of
lead releasdJsingpipe loopsoreis able to see what may happen if certain conditions
are changewithout risking the health and safety of peopJaintendedconsequences of
increased lead release haveuwrced from switching from chlorine as a disinfectant to
chloramines. The switch to chloramines is favorable due to producing less disinfection
by-productg(DBPs), such as haloacetic acids (HAAdpwever, Edwards and Dudi
(2004)reportecthat a switch fran chlorine to chloramines produtastriking increase

of lead in drinking watein Washington, DC This phenomenomvas not known until the

public was exposed to the increased level of lead.



1.1Objective

Theoverallobjectve of thisthesis wago evaluaé corrosion control and disinfection
strategies on lead and copper release from premise plumBipgcifically,phosphate

and sodium silicatevere the two corrosion control strategies that were evaluated in this
thesis. Furthermore, the impact that eitfreechlorineor chloramines would have on

lead and copper release in combination with these corrosion inhibitors were evaluated.
The research was conducted ustngper pipe racks and recirculation pipe loops. Water
with low alkalinity was used forttis work, which is applicable to many utilities that use
surface water iltlantic Canada anthe New England states of the U®ie experiments
wereconductedat the J.D. Kline Water Supply Plant in Halifax, Nova Scotia Canada.
Pipe loops were used to slar a water distribution system, while copper pipe racks
simulated premise plumbing in a home. The solder on the pipe loops VBadeéxditin

solder al though not in use not this solder
treatments for the pilatcale used chlorine, a low dose of chloramines, and a high dose of
chloramines. Zinc orthphosphates and sodium silicate were used as corrosion

inhibitors.



Chapter 2.0  Literature Review

2.1 Corrosion in Premise Plumbing

Corrosion is a concern for maeygineering applations In particular, corrosion in
drinking water distribution systems can cause econdpsagety, and environmental
damaggRevie and Uhlig, 2008astriet al.,2007). Due to corrosiom the drinking
water distribution systenpipes have to be replaced which of great ecoomicalcost In
additionleadcorrosion in premise plumbinigcreases the health risk of lead in drinking

water

Premiseplumbing isdefined asopper piing soldered together with lead/tin solder in
schools, phlic and private housingnd other buildingsThe upkeep of premise
plumbing is not the responsibility of a water utility; the buildingwner is accountable
for the maintenance of premise plumbiRgemise plumbings connectedo the
distribution systm via a service line. The lengtbtompositionandageof premise

plumbing will vary from building to building.

Lead fas the ability to contaminate drinking wateraugh lead service lines, letid/
solder in premise plumbing, brass values, @making taps.For this researcthe only
source of lead ifom 5050 leadtin solder in premis plumbing. The followingection

will discuss corrosioms it pertaingo premise plumbing.

2.1.1 Types of Corrosion

In general corrosion is a electrochemical reactiondhinvolves the transfer of electrons
through oxidation and reduction reactigR®berge, 2008)l'he five main typs of
corrosion are (1) uniform corrosioni corrosion thabccursconsistently on a surfacg)
pitting I corrosion in a localized are@) dealloyingi selective removal of an element
from an dlloy, (4) intergranual corrosioni corrosion at the grain boundaries of metals
and(5) crackingi a crackthat occurs duto repeatedtresse$Revie& Uhlig, 2008 ,
Sastriet al.,2007) .

Although rot included in the 5 main types of corrosion, the corrosiast often

associated witppremise plumbing isajvanic corrosionSpecifically galvanic corrosion



occurs dueddissimilar metals of copper, from the premise plumbing, and lead, from the
leadtin solderGalvaniccorrosion involves théormation of agalvanic cell A galvanic

cell iscreated bywo electrical conductors immersedanelectrolye. (Revie and Uhlig
2008). Inpremise plurbing, copper and lead are the electrical conductodsvate in

the pipeacts aghe electrolyte. When the two electrodes are connestieti, as the case

for lead/tin soldethatis soldereftonnectedo the copper pipe, a positiweirrrent will

flow from the positive electrode to the negative electrode. Théymsiectrodewhere

the metal is reduced, called the cathodandthe negative electrodevhere the metal is

oxidized,is cdled the anode

Theelectromotive forcdEMF) series is the ranking of the potentials of pure elements in
relation to the thenodynamic freeenergy changes in standard state conditidhe.EMF

series Table 21) isused to determine which metaltiee anode and cathode,a

galvanic seriesCopper is closer to the cathodic/noble end lzala standard potential of

0.522 V hence copper is the cathode. Lead is closer to the anode end and has a standard
potential 0of-0.126V, thus lead is the anode. Equations 1 demonstrates the oxidization of

lead (B). Equation 2 demonstrates the reductbropper (Cu).

Equation 1
Pb- Pb”+2¢e
Equation 2
Cu* +2¢ - Cu

In addition to galvanic corrosion, another significant type of corrosion in premise
plumbing is microbial corrosioue to the presence of microorganismpremise
plumbing, corrosiortan ke caused by their biological activities. Bacteria grow by feeding
on dissolved nutrients in the distribution systamd poducing cell material (Sand, W.,
2002) Microorganism camlso attach to the copper inside the prenplsimbing to form

a bidilm. The biofilm is a slinty like substance which is madg of extracelludr

materials (ASM Metals, 1987). Due the metabolical processes of the bacteria, acidic
products will be produced that can cause an increase in the pHveditire(Little and

Lee2007) The bacteria are also able use the copper for biological functionshewshn



copper is toxic to some organisms such as seawrd shellfish. (Stott, 2003).
Corrosion products from the copper can cause a metallic tasie Wwater, contain blue
green staining particles, and discolour water (Roberge 2008). The role that
microorganisms have in regards to corrosion in premise plumbing is difficult to
determine, due to the extensive microbiology techniques to identify spleadierial

species.

Table 2.1 StandardElectromotive Force (EMF)Series (Bosich 1970)

Cathodic End Standard Potential, V
(noble end)

Gold 1.42
Platinum 1.2
Slice 0.800
Copper 0.522
Hydrogen 0.00
Lead -0.126
Tin -0.136
Nickel -0.250
Cobalt -0.277
Iron -0.44
Chromium -0.71
Zinc -0.765
Maganese -1.05
Aluminum -1.67
Magnesium -2.34
Sodium -2.712

Anode End (active end)




2.2 Factors That Affect Corrosion in Drinking Water

Factos that affect the corrosion in drinkingater are outlined below

e Stagnation timeMetal level increasewith stagnation time. Lytle and Schock
(2000 showed that metal level increased exponentially with time.

e TemperatureAn increase in temperature will increase the rate of corrosion
(Droste, 197)

e pH: low pHs will increase corrosion raterhile high pHs can decrease corrosion
rate (Droste, 1997)

e Alkalinity: Alkalinity helps to buffer the pH of the water, thus at lower alkalinities
there is more pHluctuationsand an increase in corrosion raiFdste 1997)

¢ Disinfectant:Studies have found that there is more lead corrosion when
comparing chlorine with chloramines (Renner, 2005, Miranda, 2007, Edwards
and Dudi, 2004)

e Total dissolved solidsAn increase in total dissolvesblidswill increasethe
conductivity and thus increase tberrosion rate (Droste 1997)

e Hardnes: Hard water has dé®lved calcium and magnesiuams,which make
the watelless corrosive because a protective film made of carbonate is formed
(Jones, 1992)

e Organic Matter The amounbf natural organic matter may increase corrosion
(Korshin, Ferguson, and Lancaster 2005, Lin and Valentine, 2008, Dryer and
Korshin).

2.3 Inhibitors for Corrosion Control

There are several methods for corrosion control in the drinking water distributtemsys
The water chemistry can be changed to make it less corrosive, pipe materials that are
corrosive can be replaced witbbrrcorrosivematerials, and corrosion inhibitors can be
used to form a barrier to prevent galvanic corrosion. Changing the wateistilgeand
replacing pipe is expensive, a more economical choice is for a water utility to use a

corrosion inhibitor.Corrosion inhibitorsare defined as a substance thiitform a film



on exposed metal surfacsprevent the transfer of electrons igavanic cell This
research focuses on two corrosion inhibitors, phosphate and sodium diluagphate as
a corrosion inhibitor is currently being used at the J.D. Kline Water Supply
Plant(JDKWSP) in Halifax, NS, Canada (site of pilot scale experimegtslium
silicatesare not widely used in the water indusffere are mixed results on the

effectivenes®f sodium silicatas a corrosion inhibitor and limited research.

2.3.1 Phosphates
To control lead releasphosphates (orthophosphate, polyphosplaage)videly used
However due to the increase phosphate demands, other means are being investigated for

corrosion control, such as silica@&hock.et al, 2005, andRenner2008)

There are several different types of phosphate used as a corroshotor:
orthophosphate, polyphosphate, orgfayphophate blends, and zinc phosphates.
Orthophosphategre made up of phosphoric acid, and malioasic andtri basic sodium
phosphatelnsufficient sodium phosphate dosages have shown to acceleratarorro
(AWWARF, 1996) therefora large start up dosage is needed to form the passivation
layer. Polyphosphateare a chain obrthophosphatepecies which can also sequester
iron and manganese teducered water problems (AWWARF 1996)rtho
polyphosphateblends are a miare of orthophosphatandpolyphosphatevhere the
orthophosphatepecies will impact the lead corrosion and the phospdaeieswill
sequester iron and magnesium (Boffardi, 1995). Witbh phosphates, the zinc will help
to acceleratéhe passivation film foredby the phosphates (Boffardi, 1995)

2.3.2 Sodium Silicate

Sodiumsiliceei s of t en r ef er rSedium silzatea(NsSiB)Wwast er gl as s 0
varietyof usesncluding aid in laundry detergentandcoating stainless stefr

corrosion protectio(Asraret al, 1999. There is limited use of sodium silicate for

corrosion inhibition invater treatmentSodium silicatesre made by fusing silica sand

and sodium carbonate at very high temperatures. This process results in asslttial

is then dissolved in water to make a silica solut®odium silicate works in two ways to

reduce the amoumf corrosion in drinking water: pH increase and passivatodium

slicate is an alkaline chemical, whichises the pH of the water. €nerally at higher psi
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the corrosion rate will reduce. Secondly sodium silicate can reduce corrosion by
passivatn. Passivation occurs when an oxide layer, which inhibits corrosion, is formed

on the pipe surface.

The ratio between silica and alkali in saaa silicate will depend on its intended use. The
weight ratio of SIiQ/N&O is general between 2.00 to 3.22 for water treatm&he ratio
recommended for water that has agrdaterthan6.0 is 3.22whereas a ratio of 2.00 is
recommended favaterbelowa pH of 6.0 Thompson et all997). The use of sodium
silicate for corrosion control in drinking water is approved by theeAcan Water Works
Association and th&/S Environmental Protection Agency (EPA).

Sodium dicatesare also an alternative treatmémt red water problems in distribution
systems. Sodium silicates are able helps#gpustration of iron and manganese
(Robinson, R.Bet al.,1992 andLehrman& Shuldener 1985 In studies conducted by
Dart and Foley 1971, sequestration of iron was dosuccessful whesodium silicate

and chlorinevere added at the same time.

There is limited data about the effectiveness of sodium silicates as a corrosion inhibitor
for lead and copper. Below is a review of sahediesperformedwith sodiumsilicates.

A summary table atheliterature isshownin Table 2.2

¢ In Hopkinton Massachusettemergency wells werdosedwith sodium silicate at
2571 30mg/L which increased the pH from 6.3 to. A% a resula 55% reduction
of lead levelsvere observedWVhen tle silicate desewas elevated to 4655mg/L
.the pHelevatel to 7.5 resultingin a %% reductionof lead The aesth& quality
of the water was equivaleat betterthanthe quality beforéhe use of sodium
silicate(Schocket al.,2005)

¢ In Wilbraham,Massachusettsodium silicate at a dose of 12mg8auccessfully
reducel lead and coppearoncentrations at fultcaleto meetthe lead and copper
rule. (Chiodini, 1998)

e Sodium silicate increases the pH of the waterirkrease in pH careduce the
amountof corrosion When comparing sodium silicate against pH control water,

during a 68hr stagnation time the pH control water reduced less leadstidium



silicate. During a 8-hr stagnation periaoth thesodium silicate and pH
adjustmentesulted in simar lead releas@Pintoet al.,1997)

e Studies performed 0b0:50 leadtin couponsshowedhat increasinghe sodium
silicate doseesultedn a decrease of leadleasgLintereuret al.,2010).

o Lytleet al.,(1996 studiedzinc orthophosphate, alkaietal orthophosphate, and
sodium silicate as corrosion inhibitors imsalatedbuilding. Sodium gicate was
dosedat 32mg/L, which rai®d the pH to 9.5. fenthe concentration wadropped
to 16mg/L as a maintenance dosehich lowered the pH to the range8.81
9.1. The sodium silicate reduced the lead and copper concentration, however due
to no baseline data and different plumbing configurations it was impossible to
compare each treatme(hiytle et al.1996)

2.4 Disinfectants

2.4.1 Chlorine

Chlorineis the most commuy used disinfectant in water treatmehis a cost effective
method of disinfecting the water and reduces microbial corrosion (Droste 1997). Chlorine
is also a very strong oxidant; it has a high oxidation reduction potential. leisoabl

oxidize metallic lead to lead oxide which is insoluble in water and thus reduces lead in
the water(Davidson et al., 2004The down side to chloringre the carcinogenic

productscalleddisinfection by productéDBPs)that are formed

DBPs are theasults of the reaction between the natural organic matter in the water and
the disinfectant. The two main types of DBPs are trihalomethanes (THM) and haloacetic
acids (HAA). The DBP rule was put into place by the EPA to limit the public exposure to
D B P &nsan effort to comply with the DBP rule, many water treatment plants are

looking for an alternative disinfectant to chlorine.
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Table 2.2 Summary of sodium silicate studies

Purpose Place Configuration Disinfectant Stagnation Metals pH Sodium silicate | Author
time conc.

Using silicate to Well water Distribution system, | Chlorine 6 to 10 hrs Pb,Cu,Fe | 7.1 25-30mg/L Schock et
solve iron poblems | Hopkinton, Mass. lead serv S al.,2005

USA 7.5 45-55mg/L
Treatment of iron Various well water | Distribution system | Chlorine various Fe various 1 -10mg/L Dart, F. and
deposition systems in Ontario Foley P. 1972
Sequestration using| Groundwater Distribution system | Chlorine various Fe, Mn various 47 18mg/L Robinson R.B. et
sodium silicate systems in al., 1992

Wisconsin and

Ontario
Control lead New building Premise plumbing | Chlorine 12hrs Pb, Cu, zZn, | 7.7 32mg/L Lytle et al., 1996
corrosian in a Fe
building
Effect of Sodium Various 50:50 lead:tin Chlorine 6hrs Pb 8.7 8.4 mg/L, Lintereur et al.,
silicate on lead (groundwater, coupons in copper 21.6mg/L, and | 2010
release surface water, loops 43.1mg/L

desalinated water)
Comparing Seymour Dam Copper coils with Chloramines 24hr Cu, Pb, 8.0 12mg/L MacQuarrie,
corrosion inhibitors | (North Vancouver) | 50:50 lead:tin solder D.M. 1997
Corrosion Control Wachusett Bench scale, metal | Chloramines 68hr Cu, Fe, Pb | 8.51 9.0 20mg/L and Johnson, B. et
for Leadand Copper| Rservouir coupons of sell, 10mg/L al., 1993
Rule Massachusetts copper and lead
Lead and Copper | Wilbraham, Distribution system | Chlorine 6 to 8 hrs Pb, Cu 7.08.0 20mg/L to Chiodini, R. A.
Control Massachusetts 12mg/L 1998
Sodium silicate South Carolina Batch treatment Chlorine 8 and 68hr Pb Cu 7.61 8.5 15mg/L20mg/L | Pinto et al., 1997

compared to pH
control

system with copper
and lead:tin solder




2.4.2 Chloramines

As an alternative choice to chloringhloramines arased as a disinfectar@hloramines
are a combination of free chioe and ammonia\HsCl). Chloramines are formed from
the reaction of ammonia and free chlorifféne simplified chlorind ammonia reactions
areshown in equations 3, 4nd 5(Qiang & Adams, 2004)

Equation 3
HOCIl+ NH, = NH,CIl+ H,0 (monochloramine)

Equation 4
HOCI+ NH,Cl —NHCI, + H,O (dichloranine)

Equation 5
HOCI+ NHCI, = NCI, + H,0 (trichloramine)

To comply with thdimits on DBPs in drinking watewater treatment plants are
switching from chlorine to chloramines (Miranedgal.,2007). The effects of chloramines
on the water distributiosystem argoorly understood (Renner, 200%)or example,
treatment plantsvgtching from chlorine to chloramines in Wayne County, North
Carolina, (Tibbets2007), Greenville, North Caroline (Renner, 20@5)d Washington

DC (Renner, 2004¢xperienceetlevated lead levels

The mostvell-knownoccasiorfor anincrease in leawith a switch from chlorine to
chloraminesvas inWashingtonD.C.. n t h e e, the Disyrict 2f COONOIZ
Water and Sewer Authority, responsible for drinking watéashingbn D.C., switched
from chlorine to chloramine§ he switch was doria order tomeetthe DBP rule. The
change in disinfectamesultedin anunexpectedhigh lead releasexceeding EPA
regulatory limitsof 15ug/L for lead In Figure 21, the evolution of leadfom the switch

in disinfectant from chlorine to chloramines is shown.

The change in water chemistry was the cause of the high lead release due to the switch
from chlorine to chloramine¥.ears of using chlorim assisted the oxidation of Pb(ll) in

the lead service lines to lead oxide on the surface of the piyfess.the disinfectant
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changeoverghloraminesausedhe lead oxideo reduce to soluble Pb(lljesulting in

highlead levels.

Theconsequentsf changing disinfectants from chlorine to chloramines were rarely
understoodintil WashingtorD.C. Lessons learned from Washington were applied to
scoo0s

other utilities switching from chlorine to chloramin€sa n Fr anc i

system is an example wherswitch from chlorine toldloramines did not causegh
lead release. Factors that achieved this were: removing lead servicentesating
free chlorine residual before switching to chloramines,mathtain ahigh pH in the

distribution systenfWilczak et al.,2010).

oy =
o e 3
& Invalidated samples
[mi) and most samples
g 60 collacted with chlorine
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40 N
3 ™,
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£ 304 g A Switch to First LCR report
E USEPA limit chioramine N\_ eonsidering full effect
§ ) af chloramine
204
a
é ________________ =
104

¥ ¥ ¥ & o ¥ ¥
Date

LCR—Lead and Copper Rule, USEPA—US Environmental Pretection Agency,
WASA—Waler and Sewer Authority

Figure 2.1 Lead sampling reported in Washington D.C. (Edwards & Dudi, 2004)
2.4.2.1Comparing the Water Chemistry of Chlorine and Chloramines

Free chlorine is a very strong oxidaat. It is able to oxdize (the loss of electrons and the
gain of oxygen) Pb(0), metallic lead, and Pb(ll), a lead ion, to lead oxi@g)(Rltich is the
Pb(IV) solid phag@®avidsonget al.2004) Lead oxide isnsolublein waterand thus reduces
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the amount of lead in drinkingater. In Edwards and Du@i99§ it was found that chlorine
reacts with soluble Pb(ll) to rapidly precipitate to insoluble lead at the bench scale level.
Similar results have also shown that Pb(IV) oxides will form over time in chlorinated water (<
3mgl as C}) with a pH range of 6.6510 (Lytle & Schock, 2005).

On the other hand, chloramines, X are a weaker oxidar@@hloramines creatn

environment that will reduce (gain of electron and the loss of oxRi€»)and/or destabilize

PBO, to Pb(ll). Pb(ll) isthe lead ion that is solubleontributing to the increase of lead in

drinking water. The decomposition of chloramines is increased at lower pH Vvalagdition

to lead, chloramines have been shown to reBa@é) (Vikesland and Valentin@000) The

switch to chloramines will cause the oxidizatreductionpotential of the water to decrease.

This may cause the reduction of lead oxide to the soluble Pb(ll), which causes increased lead
levels in drinking water(Lin and Valentine, 2008, Switzeal.,2006). The rate at which

Pb(ll) is released may be proportional to the ratthlaframinesiecompositionFigure2.2
suggestghat the species responsible for the reduction of lead oxide is likely a species that is

produced during the decay of@amines (Lin and Valentine, 2008).

Free Chlorine(Cl,) Chloramines(NHCI)

Oxidation Reaction: Free CI
xidation Reaction: /oss of electrons 2 Reduction Reaction: gain of electrons
Product from

the decay of

NH.CI
Lead Oxide: solid phase

PbO; — Pb(IT)
of Pb(IV), Pb™ ion, T

almost insoluble Lead Oxide

Pb%O)/PbT(H) > P[TaOz

Pb** ion:
soluble lead

Figure 2.2 Reduction and oxidation of Lead (Lin and Valentine, 2008)

2.4.22 Nitrification

Nitrification is a microbiological process that oxidizes ammonia to nitrite and then
nitrate.Nitrification is associatedith the use of chloramines as a disinfectamd can

cause additiosl lead releaséNhenammonia is added to watérwill react with free
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chlorine to form chloramine®©ver time, chloramines will degrade and ammonia will be
releasedNitrification is atwo-stepprocessFirstammonia is oxidized bgxygen through
theutilization of ammonia oxidizing bacteriGAOB) and convertetb nitrite (equations).
Nitrosomass anexample ofAOB that involved with this stefVatsonet al.,1981).

Equation 6
NH,+O, - NO, +3H" +2¢

In the second step, nitrite is oxidized by nitrite oxidizing bacteria to n{gteation?).

The genus most associated with this steplittobacteri (Watsonet al,1981)

Equation 7
NQ, +H,0- NQ, +2H"2¢e

In wastewatetreament,nitrification is a beneficialmechanisnio remove ammonia.
However in drinking water distribution systems, nitrification can cause the following
adverse impacts to happen: increiasthe amount of bacteria, decreagethe dissolved
oxygen,lowerthe pH, and accelerate the loss of disinfectant (Zleaat; 2008a Wolfe
et al.,199Q Zhanget al.,2009 Wilczak, et al, 1996 Edwards & Dudi, 2004Zharg et
al., 2007).

The process of nitrification will most often happen in a residential houst® dine
stagnation times in premise plumbing. In the distribution system water is continually
moving, but overnight stagnation in likely to occur in a home study conducted by
Zhanget al.,(2008H lead pipeshowed more nitrification indicatotean R/C pipe.The
equation 8 exhibibhow lead and nitrateead to form nitrite (Uchida and Okuwaki, 1998)

which allows thenitrite oxidizingbacteriato utilize more nitrite

Equation 8
Pb+NQ, - NQ, +PbC

The oxidation ommoniato nitrite andthen tonitrate by bacteria producexcidthat in
turn will lowerthe pH which further enhandeads release However other effectsof

nitrification including theamount of nitrite and nitragroducegand theredudion in
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inorganiccarbon and dissolveakygen did not causesignificantly nore leadeaching
(Zhang et al.2009). The amuant of nitrate in potable water can leaddad increase

from solder(Nguyen, 201Q)

Ammoniaoxidizing bacteria(AOB) are responsibléor the oxidation of ammonia to
nitrite and then to nitrate. There is great difficulty in growing AfoBquality control
and comparisofor gel techniquesThe process is lengthy, and requires specific
conditions. Most den measuring pH, nitrite, nitte, andhe lossof ammonia can
deternine the presence of nitrifying bacterAOB has shown resistance thloramines
more sahan free chlorine (Wolfet al.,1990). When disinfectant are removed from
water, such as with granular activated car@®AC) in home filters nitrification can
quickly be establishedgain(Zhanget al.,2008a)

2.5Lead Sampling in Canada

Health Canada has a maximum level of lead in drinking water tojogl1(Health

Canada takes a two tier approach to measuring lead in residential hdihethe first

tier appr@ch, testing for lead is done after a least a 6 hr station time with a 1L first draw
sample. If moreghan10% of samples sites are greater thanglb (the lead action level),

then tier 2 sampling is startéfier 2 sampling only occurs that those taps éxaeeded

the 15ug/L limit. With tier 2 sampling4 conseative 1 L samples are taken after

minimum stagnation time of 6 hours. Each 1L sample is analyzed separately to develop a
profile of lead contributions from the facet, househglumbing, and leadervice lire.

From there correction action can be taken to determine tise céduthe lead

contamination and the solution.
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Chapter 3.0 Methodology

3.1 Location of Study

The pilot studies were done in Halifax, Nova Scatiéhe J.D. Kline Water Supply

Plant The source of raw water is from Pockwock Lakke plant provides water ftie

regions ofHalifax, Bedford, Sackville, Timberlea, Fall River and Waverley. The
watershed is approximately 5661 hectares and is jointly managed by the Halifax Regional
WaterCommission. The J. Douglas Kline Water Supply Plant (JDKWSP) at Pockwock
Lake was commissioned in 1977. Its current daily production of water isIBOnv

Litres(ML)/day, but has a maximum capacity of up to 220 ML/day.

The JDKWSP was used for the pikitales experiments due to the close relationship

bet ween the Halifax Water Commi ssion and D
Water Quality MastePlanthis research partnership is able to provide innovation into

water treatment to insure thatHalik 6 s popul ati on i s being pro
guality possibl&able3.1 provides a indication of the general water characteristics that

are being treated at the JDKWSP during 2009. This water is chaedtby low

turbidity, pH, and alkalinity; very typical of surface water in Nova Scotia.

Table 3.1 Raw water characteristics of Pockwock Lake during 2009

Parameter Raw Water
pH 5.16
Turbidity (NTU) 0.4511
Temperaturé°C) 8.85

The JDKWSP is a direct filtration water treatment plant, as seeman Reference

ource not found. . Waterwas pumped from Pockwock Lake to the plant. Lime and
potassium permanganateethen added for the oxidation of iron and manganese. Next
the pH is lowered with carbon dioxide to ensure proper coagulaith alum. During

the winter months, a polymer is added to assist with coagulation. Mixing and flocculation
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occurs next in threegpallel flocculation tanks. After flocculation, filtration occurs in dual
layer media (sand and anthracite), free chlorine is added prior to filtration. Directly after
filtration the water is stored in a cleaell. Right before the water is sent to the

distribution system, free chlorine, fluoride, sodium hydroxide (pH adjustment) and

polyphosphates (corrosion control) are added.

Thebulk of thedistribution system in Halifais made up of a combination of cast iron,

and ductile iron pipes, there is a shpeercentage of PVC pipingThe Halifax Water

Commi ssion has set out to replace | ead ser
house.

3.2 Experimental Setup

The pilot scale experiments were done in the basement of the (3PKMalifax, Nova
Scotia. The following section will describe how the pipe loops and copper pipe rigs were

operated.

On the fultscale level, assessing the impacts of corrosion is difficult and can be
impossible due to the unknown impacts to public health. On the otherphladcale
studies can determine what the full scale consequences of making changes to water
chemistry are. Pipe rigs aa@ effective tool to evaluate many alternated conditions for

corrosion control in a distribution system.

The pipe loops that areers in this study are used simulate the distribution system. They
have been used in many studi e2000iEsnoDr . Gagn
20(2; Rutledge2003). These studies have focused on just on the drinking water

distribution system.
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Copper pipe rigs were added to study the effect of corrosion in the home. Studying the
implication of corrosion in premise plumbing can be challenging, as stagtiat®oan

vary in households. The advantages of the copper pipe rigs are that variables, such as
stagnation time, can be controlled and eat#d against other conditions.

The copper pipe rigs used for this study were created for another thesis (DoBfi8)h
al so focused on |l ead in domestic plumbing.

which were designed for the upcoming Health Canada Drinking Water Guidelines.

3.2.1 Pipe Loop Set up

There were six recirculating pipe loops used for the pitate. The pipe loops were used

to simulate water aging that would occur in an actual drinking water distribution system.
The hydraulic retention time of the water in the pipe loops could vary up to 24 hours. For
this study it was set at a time of 12 hhelvelocity of the water is also a representative of

a real distribution systeis proven in this thesi®(tledge S. 2003 at 0.03m/s(1fgs).

To simulate premise plumbing in a home, once through copper pipe racks were
constructed for each pipe loop. Tepper pi pe racks were first
approximately one year. The design of the copper pipe racks was based on studies done

by Yannoni and Covellone (1998) and Churceilkl.,(2000). The copper pipe racks are

made up of seven, 13fobte ngt h of | o0di ameter Class M cof
four 5050 leadtin solder joints that connected the seven 12 foot pieces together. At each

end of the copper pipe racks there was a brass fitting to connect tubing from the reservoir

bins to the opper pipe racks and at the other end to collect samples. All six pipe loops

operated independently from each other. The pipe loops are arranged in 3 stacks of 2.
Figure3.2 showsthe actual set up of the pipe I®in the basement of the JDKWSP.
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Figure 3.2 Actual set up of pipe loop in the

basement of JIDKWSP

As described by Rutledge (2003)eDalhousiepipe loops are made up of five

components. These components. ghe test section, the reailation pump, the return

section, the transition section, and the steel support figignere 3.3 provides a detailed

drawing of these components. For this stu
the background dfigure3.2) was attachetb
effluent of thepipe loofs.

2. Recirculation Pump—

dy the addition thpecpipe racks (as seen in
reservoir bins that collected water from the

— 3. Return Section

i

‘ 1. Test Sectic‘)n‘

=

5. Aluminum Support Frame-!

4. Transition Sectio

Figure 3.3 Detailad drawing of pipe loop (Rutledge 2003)
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For this thesis e test sectiom the pipe loop waBVC pipe thahad a diameter dfO0-

mm (4o0andlp8pm (720) in Il ength. This can be
of the study; previous studies with thipe loops have used cast iron pipes. PVC was

chosen because this material limited corrosion to only that coming from the premise

plumbing of the copper pipe racks. To connect the test section to the rest of the pipe loop
Class 150 Flanges were mountedhte transition section of the pipe lodpgure3.4

shows the test section used for this study along with the flange connection.

Figure 3.4 Close up of PVC test skan of pipe loop

To recirculate the water through the pipe loop a Grundfos (Grundfos Camagda In
Burlington ON) centrifugal pump rated at 146 L/min (38.5gpm) at 2.1 m (7.0) of head
was usedFigure3.5). This pump had 3 speeds. The pump wasasé¢he lowest setting of
0.3m/s(1 fps), which is typical of drinking watedtistribution system velocities

(McAnally and Kumaraswany 199€amper 1996)
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Figure 3.5 Recircuation pump used in the pipe loops

The transition section of the pipe loops used a series of PVC coupling to change the size
from 25mm (10) to 100mm (40) pipe to provi
the return section. The transitionsecttoh s o cont ained a 250mm ( 1C
PVC pipe section with a Class 150 flange. This proved a located for attaching the effluent

port. The effluent port would then discharged water to the reservoir bins to be pumped in

the copper pipe rigs

The fundion of the return section was to move fluid from the test sectitdmetofluent

of therecirculationpumps, then from the pump back to the test section. The return
section was made up of 25mm (10) schedul e
port (Figure3.6) waslocated on the return section of the pipe loops. An external

chemical feed pump pumps the water through the influent port. The amount of water that

is flowing through the influent determine thednaulic retention time in the pipe loop.
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Figure 3.6 Influent port for the pipe loop

The steel frame of the pipe loop encases all sections of the pipe loop. It is painted in red
corrosion reduction painthe weight ofa pipe loop with no water in it is approximately
120kg (260Ibs). The steel frame can also be stacked, up to three pipe loops, to minimize

the footprint if necessary.

3.2.1.1 Pipe Loop Process

Before the use of the Dalhousie Pipe Loops @JibKWSP they were used for another
projectin theBridgewater, Nova Scotia Drinking Water Treatment Facility. Following

their pick up from Bridgewater, the pipe loops required minimal amount of maintenance
before they were operational. The same test@esivere usedecirculationpumps and

feed pumps were cleaned and tested before the installation for the current study. Filtered

water was send through the pipes to clean them out, and all the tubing was replaced.

Filtered water was used in this studytksat chemically could be added to the desire of

the student. This then required that each pipe loop have it own chemical feed tanks. Blue
20L water jugs were used as chemical feed tanks, peristaltic pumps were used to feed the
chemicals into the influentater line just prior to entering the closed pope loops system
(Figure3.7).
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Due to the seasonal variation in feed water and the nature of pipe loops the chemical
dosages were very difficult to maintaintial anderror system was used were used by
adjusting pump speeds and chemical stock concentrations. Chemical dosages were
adjusted until the desired treatment was observed at the effluent of the pipe loop and was

changed constantly due to the changing of filtavater.

Figure 3.7 Chemical jugs set up for pipe loops

Due to the 12 hretention time in the pipe loops, te#fluent of the pipe loops haslow
flow rate. Therefore holding tankBifure3.8) were attached to the effluent ports to hold

the water for the computer timed pumps to go through the copper pipe rigs.
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Figure 3.8 Reservoir bins

The overall pipe loop process seen itheFigure3.9. The feedvater, filter water from

the clear well, for the pipe loops firsts enters an over flow container. From the overflow
container water is brought to each pipe loop by a diaphpgnp with 1.91cnf 3/ 406) | D
flexible Tygon Tubing. This was done individually to allowing each pipe loops to be able

to be separately for flow control, which would be impossible under pressurized condition,

such as with a hose.

A brass vale was used toantrol the flow rate of the effluent of the pipe loopsat
44mL/min. The valves were installed before theated filtered watemnters the pipe

loops through the influent portTo control the flow of chemicals for disinfectant,

corrosion inhibitor, and plddjustment, &ariable speed peristaltic pump (Masterflex,
Vernon Hills, IL) with a 1 to 100rpm motor and L/S 14 PHMED tubing with an inner
diameter of 1.6mmvas usedThe flow rates for the chemical stocks were variable and
readjusted through trial drerror to achieve the desired chemical concentrations again by

a trial and error method.
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Drain 5

ppper Pipe o] r Pipe r Pipe r Pipe r Pipe r Pipe
ck ck ck ck ck ck
Reservoir Reservoir Reservoir Reservoir Reservoir Reservoir
Bin Bin Bin Bin Bin Bin

High-ChIorami'nes
Sodium Silicate

5

pH Control and High pH Control and High pH Contrel and Low pH Control and Low pH Contrel and  Chiorine pH Control and  Chlerine
Sodium Silicate Chioramines Phosphate  Chloramines Sodium Silicate Chioramines Phosphate  Chloramine Sodium Silicate Phosghate

Filtered
Water

Figure 3.9 Flow diagram of pipe loop set up

After the 12h retention time in the pipe loop, water was carried filoeneffluent port,

using I/P Masterflex ® Norprene timgy to modified 68.1L Rubbernhstorage
containers(reservoir bins). This dark tubing was used to limit bacterial and algal growth
as light could not enter. The reservoir container was modified usidg/aee store fitting

to allow water to enter from the bottom of the container. To pump the water from the
reservoir bins to the copper racks a Masterflex ® I/P ® precision brushless drive pumps
with motor sped of 33 to 650 rpm were used. These pumpsattaohed to a computer

that implemented a stagnant/flush cycle. /P 73 Norprene tubing was used to transfer the
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water from the reservoir bins to the copper pipe racks. At the other end of the copper pipe
racks water passed t Ibledygontubingthénlo the draifage/ 4 0)
system in the basement. From this point samples could be taken after the stagnation

times.

3.2.2 Determining Flow Rates

To have a retention time of 12 hrs in the pipe lo@pipe loops have an internal capacity
of 32L) a flow rate of 44mL per min was needed. The flow required for the copper pipe

racks was much faster than the flow rate out of the pipe loops.

A flow rate of 5.6 L/minthrough the copper pipe racks was chosen to simulate household
conditions.The pumpsvere controlled by a computprogramusing LabVew. The

computer program had a 24h cycle. The pumps would turn on for 5min, then off for
30min (allowing for a 30min stagnation time in the copper pipe racks). After this the
pumps would turn on for Sminheén off for 23hr and 20min(allowing for a 23hr and

20min stagnation time in the copper pipe rackb)s 24 hrcycle was choseto ensure

samples coulde collected at theame time each day.

3.2.3 Routine Pipe Loop Maintenance

On samples days the pipmops and copper pipe racks were visually inspected for any
damage or leaks. Circulation pumps were also felt to make sure they were not warm. If
the pump was warm it meant that it was not turning, therefore they had to be manual
turned so they would opagaagain. If that did not result in the pump turning again, the

pipe loop was empty the pump was open up, clean, and put back to work.

The L/S 14 PHAR_MED tubing from the peristaltic pump for the chemical feed had to be

regular changed. This tubing woulftem get clogged and would stop working.

3.2.3.1Stock Chemical Preparation

The chemical feed stock was held inl20lue water jugs for the pilot scale system. A
trial and error system was usages to achieve the desired chemical dosages. The peristaltic
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pumps and chemical concentrations until the effluent samples collected in the pilot scale

system displayed the desired results.

DisinfectantsVVR Sodium Hypochlorite Laboratory Grade from Fisher Scientific 6%
with a approximate concentration of 60,000ppaswliluted to a concentration of
900ppm. This was done by taking 15mL of solution and diluting it in 1L of distilled
water. The suitable volume of this stock solution was then added to the chemical jugs.

The Borate Buffer Method of monochloramine formatreas used throughtout the whole
pilot scale study. Concentrations were between 500mg/L to 800mg/L using this method.

For the Borate Buffer Method, 1.0M (1mol/L x 61.832 g/mol = 61.8329) of Boric Acid
(Certified ACE Crystalline from Fisher Scientific) wesmbined with 0.26M

(0.26mol/L x 39.9971g/mol=10.399¢) of Sodium hydroxide in 1L of distilled water then
mixed well. This begin the borate buffer stock solution.

To make 1L of monahloramines, 100mL of borate buffer stock solution was diluted

into 900mL d distilled water. The pH of this solution was adjusted to a pH of 9.4 using
Sodium hydroxide. T Then 4g of Ammonium chloride was added to 500mL of the diluted
borate buffer solution, while 18.7 mL of Hypochlorite 6% solution was added to the
remaining 50én: of diluted borate bugger solution. Once each solution was mixed well,

then were then mixed together.

Acid/Base Solutionditric acid (Fisher Scientific) was used to lower the pH to the
desired level. This was done using the stock concentration édardemall solutions to
the appropriate chemical feed jugs. A 4.0M solution of NaOH was used to increase the

pH . Small columes of the solution were addred directed into the chemical feed jugs.

Corrosion inhibitor Zinc orthophosphatéCarus 3180CarusChemical Corporationvas
used for the pilot scal@he JDKWSP uses25%zinc ortho phosphate /75% poly
phosphatdlend(Virchem 937, Caru€hemical CorporationPueto sequestering of
iron in the circulation pumps by polyphosphate in Joelle Doubrowggiglan zinc
orthophosphate was choserréduce corrosionontaminationThe zinc orthophosphate

(Carus 3180romes in liquid formwhich is diluted irdistilled water themdded to the
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chemical feed jugattached tdhe pipe loopsThe approximate conotation of the stock
solution was 36000ppm. A concentration of 3mg/L was used durirgptigitionperiod
condition the loops. It wathen lowered to 1mg/L for the duration of the stublye

condition period was not included in the data analyzed in chépte

Sodiumsilicate solution (National Silicates) with a 3.22 weight ration of sodium silicate
was used irthis study. The solution came in liquid form. It was mixed in 1L of distilled

water then diluted within the chemical feed jugs.

PQ Corporationthe company that made the sodium silicates for this project),
recommends thathen first introducing silicagto a water distribution syste a high
maintenance dosages of 24mg/l or gredtbe high dosages should be done for a period
of 30 to 60 days. fis insues that a protective coating form. The filnfifst formedin

the distribution system then in the premise géurg of homes. Once the concentration
of sodium silicatat the end of the linis the same as the concentration going in, the
protectie film of sodium silicate has been forméds recormended by PQ Corporation
that lowering to maintenance dosages should be done in steps. Firgtdotoerang/L,
8mg/L , and possible down to 4mg/However for this experimend,goal of
approximatelyl8mg/L at the effluent of the copper rack was chakento this

concentration being used in a plant in New England

In the New England area a drinking water treatment plant that uses low alkalinity, low
softness, and high pH surface water uses sodiucatei$ as the corrosion inhibitor.

Sodium silicate was chosen as the corrosion inhibitor implemented due to the
unfeasibility of other method of corrosion inhibition. Calcium carbonate required
expensive equipment. While poly orthophosphate required a jodMiethus increases

costs and with zinc orthophosphate there was a concern for zinc in the waste water plant
(EPA 1993). Currently the plant dosses the water at 18mg/L of sodium silicate. This

raises the pH form 8.3 to 9.0 and in addition solves the atérywroblems.
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3.2.4 PilotScale Experiment

Once the pipe loops were moved from Bridgewater, the pipe loops were set up in the
basement of the J.D. Kline water plant. The tubing was all replaces@rzulating

pumps were cleaned and tested. A ctowliperiod of approx. 1 month started. Filter

water, from the clear well was pumped through the pipe loops and copper pipes. This was
to flush out stuff from the previous thesis.

Next disinfectants and pH contnkreintroduced to the system. That wamd for a
month. Next the corrosion inhibitors (sodium silicatel phosphate) were introduced at a
higher concentration for approximately 3 weeks then brought down to the deserved levels

(Img/L for Phosphate and 18mg/L for silica).

3.2.4.1 Experimental Dsign

The intention of the experimental design is to enable utilities to compare corrosion
inhibitors amount different disinfection options. Changes to distribution systems, such as
the switch from chlorine to chloramines, are done to meet the disimfdxtiproduction

rule, but have caused unintended consequences such as the release of more lead.

For the disinfectant variable paramstwere chosen based on maximum amdimum
limits for chloramines and current condition at JDKSWRe maximum amount of
chloramines that are allowed in drinking water is 3.0nagitl the minimum is 1mg/L
(Ontario Ministry of Environmen006 Theconditionsat JDKWSP had a free chlorine
residual of Img/L.

JDKWSPuseda zinc polyphosphat® a concentration afpproximatelyd.8mg/L(Table
3.2). Zinc-orthophosphate was used in the pipe loops to reduce the amount of
sequestering of iron form the poly phosphate. Tésedsed of zineorthophosphate was
0.8ng/L. There is limited data of sodiunticate, and dosages vary greath.doseof
18mg/L was chosen due to a utilih New Englandising sodium silicke as a corrosion

inhibitor with similar raw water condition to Pockwothkke.
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Table3.3 displays evolution of the pilot scale expeeints over a ongear periodFrom
April to June 2009, there was a conditioning period. During the conitigj@eriod the
pilot scale system had filtered water flowing through it from April to May. In June, the
disinfectant, pH control (acid/bas@ndcorrosion inhibitors weradded. Fronduy

2009 to December 2008ata was collected fatatistical analysisFor a tweweek break
during the winter holidaym December 20Q%he pilot scale systeonly hadphosphate
and sodium silicate circulatirtgrough. In January 201@jisinfectant and pH control for
phosphate loops were along with the corrosion inhibitor added for conditioniragwBst

then collected for statistical analysis from Februzd¢0 to June 2010

Throughout the one year study, pipe loapsg phosphate as a corrosion inhibitor were
buffered with anacid/base to approximately pH of 7.3 at the effluent of the pipe loops

This was done tduplicatepH and phosphate concentrations at the JDKWSP.

For the pipe loops using sodium silicatepteonditions were used. From June 2009 to
December 2009, pipe loops using sodium silicageavibuffered with aacid/base to a pH
of 7.3. This was done t@producehe pH level at the JDKWSP. From January 2010 to
June 2010, pipe loops using sodium sikeséere not buffered with an acid/ba3éne pH
depended on the sodium silicate. Using sodium silicate to buffer pH is a cost saving
measure to utilities as no extra chemicals are ne@exphate at the IDKWSP needs
caustic (NaOH) to raise the pH of theterato optimize the use of phosphate as a

corrosion inhibitor
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Table 3.2 Experiments conditions for pipe loops

Pipe Loop Disinfectant Corrosion Inhibitor
1 High Chloramines(3mg/L) Sodium Silicate (18mg/L)
2 High Chloramines(3mg/L) Zinc Orthophosphate (0.8mg/L|
3 Low Chloramines(1mg/L) Sodium Silicate(18mg/L)
4 Low Chloramines(1mg/L) Zinc Orthophosphate (0.8mg/L|
5 Chlorine (1mg/L) Sodium Silicate(18mg/L)
6 Chlorine (Img/L) Zinc Orthophosphate (0.8mg/L

Table 3.3 Experimental timeline for pipe loop study

2009 2010
April

May | June| July | Aug. | Sept| Oct | Nov | Dec | Jan | Feb | Mar | April | May | June

Conditioning

Phosphate and
sodium silicate:
Buffered with
Acid/Base

Winter Break Just
Corrosion
Inhibitor

Conditioning

Phosphate:
Buffered with
Acid/Base

Sodium silicate:
Buffered with
Sodium Silicate
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Samples were taken from the pipe lstpice a week, on Mondays and Thursdays.

During these days the pipe loop would be inspected and chemical jugs refill. Chemical
levels were monitored and regulated based on their concentrations at the effluent ports of
the pipe loops. Due to time between sammplays, the chemical feed jugs would be

almost empty and the disinfect concentration would be low, influent samples were taken
after the chemical jugs were filled with corrosion inhibitor, disinfectant, and ph control.
Due to the 12h retention time in thge loops and wait time before entering the copper

pipe racks, the concentration of disinfectant was very difficult to maintain. It would not

be until the next sample day changes to the disinfectant could be seen.

3.3 Analytical Methods

A varietyof water quality parameters were measured on the influent and effluent ports of
the pipe loop and for the long and short stagnation time for the copper pipe racks.
Dissolved oxygen, temperature, oxidation reducpotential, pH, corrosion ratéee

and totalchlorine, turbidity, and silica were alwagsalysedit the JIDKWSP. Alkalinity,

total organic carbon, total nitrogen, heterotrophic plate ctnacteria phosphates,

ammonia, nitrite, nitrate, and total and dissolved lead and copper were analyzed at the
Centre for Water Resources Studies at Dalhousie University.

Due to the pipe loops being in the basement, many parameter requiring at least 50mL of
sample, and the slow flow rate of the pipe loops, samples were collected in 500mL bottle
for each influentand effluent. For the copper pipe kadhe water came out at a flow rate

of 5.6 L/min. Again 500mL bottle were used to make collection simple.

The 500mL samples were collected in plastic Nalgen bottles. Right after collections
samples were measure fassblved oxygen, temperature, oxidati@duction potential,

free and total chlorine residual, and pH. Parameters that were measured at the Center for
Water Resources StudiasDalhousieUniversity werdgrangorted in a cooler from the
JDKWSPto the laloratory. All parameters were measuredooeserved witim 24 hrs of

sample collection.

33



3.3.1 Bulk Water Quality

The water samples were measured accordigigndard Methods for the Examination of
Waterand Wastewater, foEdition. The parameters that weemeasured were oxidation
reduction potential, turbidity, temperature, pH, dissolved oxygen, alkalinity, free and total
chlorine residual, total organic carbon, total nitrogen, total phosphates, total and
dissolved lead, total and dissolved copper, h&t@pbic plate count, silicate, nitrate,

nitride, ammonia and disinfectant by products (DBPs).

Oxidation Reduction Potential (ORP)
A Platinum AC/AGCL combination electrode with BNC was used withacumat. The
probe was rinsed after each sample to pregentaminatin. This measure was done as

soon as possible.

Turbidity
Turbidity was measured with a HACH 2100 Turbidimeter at the JDKWSP. The samples

were measurewithin 24hr. The instrument of standardized each day by plant staff.

Temperature
Temperatire was measured simultaneously with dissolved oxygen by using a VWR
SP50D portable dissolved oxygen meter and temperature probe. Between each sample the

probe tip was rinsed with distilled water.

pH
pH was measured in the basement of JDKWSP with a g@t¢iretle (Fisher Scientific,
Accumet AccuCap, 1820-132) with anAccumat X60. The probe was rinsed between

samples with distilled water.

Dissolved Oxygen

Dissolved oxygen was measured with temperature using a VWR SP50D portable DO
meter and temperature jp@ Between each sample the probe tip was rinsed with
distilled water.

34



Alkalinity

Alkalinity was measured using Standard Methods 2320 B Alkalinity Titration Method.

The pH of a 100mL sample was measured before being brought down to a range of 4.3 to
4.7using 0.2N H2SO4. The volume o$$, was recorded anthenthe pH was

lowered by 0.3 units. The following equation was used to calculate the alkalinity
(N=0.2eq/L) and V = 100mL

[ %V, =V,) = (V; - V,) [X5000xN

Alkalinity= v

Free and Total Chlorine Residual

By using the DPD colorimetric method,thdree and total chlorine were measured at the
JDKWSP, the results were measured with the DR 5000/18/spectrophotometer

(HACH Co., Loveland Co).

Chloramines concentrations were determine by the difference between the total and free

chlorine then as saen the following equation.
Total Chlorinei Free Chlorine = Mnochloramine (mg/L)

The equipment had a measurement range of 0.0 to 2.0mg/L. Samples that were over this

ranger were diluted and reported at their calculated concentration from the dilution.

Total Organic Carbon(TOC)

Total organic carbon (TOC) was measured on the SHIMADSZU-VQ@@h Total

Organic Carbon Analyzer. The samples were preserved on location to a pH of less than 2
with concentrated phosphoric acid. Then the samples were takéatédoResources

Studies at Dalhousie Universitywhere a temperature of@ was maintained until

analysis.

Total Nitrogen
Total Nitrogen was measured on the SHIMADZU Total Nitrogen Measuring Unit
(attachedto the SHIMADSZU TOGV cph TotalOrganicCarbonAnalyzer. The

samples were preserved on location to a pH oftles®2 with concentrated phosphoric
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acid. Then the samples were taken to Center for Water Resources Studies at Dalhousie

University where a temperature of 4C was maintained until analysis.

Total Phosphates

From Phase A, controlled pH total phosphates were measured using the Total Phosphate
Test NOTube Reagent Set. Measurement occur
(Hach Co., Loveland Co). This method is able to measure phosphorus in thefrarige o

to 3.5 mg/L.

After January 201@n chromatography with a Metrohm 788 IC Filtration Sample
Processor and 761 Compact IC according to Standard Methods was used to measure
phosphate.

Total Lead

Within 24 hours of collection, samples were preservedbl of less than two using
concentrated nitric acid. Samples were then kept at 4C before being analyzed on the
Perkin EImer AAnalyst200 Atomic Absorption Spectrometer HGA900 Graphite Furnace
(Perkin Elmer, Waltham, MA) using the Pb lamp. The spectrophetemwas calibrated
with five standard solutions before the samples were measured.

Dissolved_ead
Before being preserved to a pH of less than two using concentrated nitric acid, sample
were filter through a Whateman O-#ficron filter, using standard filtepparatus. The

samples were then treated in the same manner as for total lead.

Total Copper

Within 24 hours of collection, samples were preserved to a pH of less than two using
concentrated nitric acid. Samples were then kept@txéfore being analyzewh the

Perkin Elmer AAnalyst200 Atomic Absorption Spectrometer HGA900 Graphite Furnace
(Perkin Elmer, Waltham, MA) using the Cu lamp. The spectrophotometer was calibrated

with five standard solutions before the samples were measured.
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Dissolved Copper

Before being preserved to a pH of less than two using concentrated nitric acid, sample
were filter through a Whateman O-dficron filter, using standard filter apparatus. The
samples were then treated in the same manner as for total copper.

Heterotropic PlateCount s ( HPCO s)
Water samples for HPC were collected in 15mL sterile disposable centrifuge Fisher
Brand Tube. The separate sterile container collected water separate from the bulk water

to improve quality control for plate counts.

Standard microbiological ethods spread technique on R2A agar, as described in
Standard Methods for Examination of Water and Wastewafte@ifion, were used for

the samples. Plates were incubated for 7 days°ax 2€fore being counted.

Nitrite (NOy)
Nitrite was measured usingn chromatography with a Metrohm 788 IC Filtration

Sample Processor and 761 Comp@catcording to Standard Methods.

Nitrate (NGs)
Nitrate was measured using ion chromatography with a Metrohm 788 IC Filtration
Sample Processor and 761 Compact IC acogrtti Standard Methaed

Sodium Silicate

Sodium dicate was measured using the Silicomolybdale Method high randge ( O
100mg/L) method. It was measured using the DR 5000M8/spectrophotometer
(HACH Co., Loveland Co). This method had a range from ®@€oriy/L,

Ammonia

Ammonia samples were analyzed within 24hr of collection. To determine the amount of
ammonia an Accument ® Ammonia Combination lon Selection Electrode from Fisher
Scientific was used. The probe had a range of 0.01mg/L to 17 000mg/L. Thlesam

were analyzed at room temperature. Boeumate was first calibrated using a set of 4
standards for ammonia (5mg/L, 10mg/L, 20mg/L, 30mg/L). 100mL of sample was
measured out and 2mL of pH lonic Strength Adjuster (ISA) was added to the solution.
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The sdution was stirred moderately while the electrode was immersed into it. The
concentration of the sample was recorded once the reading stabilized. The electrode was

removed and rinsed before the next sample

Disinfection By-Products (DBP)
Samples were catted for trihalomethanes and haloacetic acids at three different times
during the study. Once in October 2009, December 2009, and April 2010.

Haloacetic Acids (HAAS)
Every HAA sample was collected in a 20mL glass bottle, which was baked for at least 4
hours. Then each glass bottles was preserved with 1 drop of 50g/L ammonium chloride

solution. Samples were then stored at 4C until being analyzed using EPA method 552.2.

Trihalomethanes (THMS)

Every THM sample was collected in a 20mL glass bottle, the aartiee HAAs, that was
backed for at least 4 hours. The samples were preserved with 1 drop of 50g/L ammonium
chloride solution, 2 drops of 8g/L sodium triosulfate solution, and 3 drops of 0.1 N HCI.
Samples were then stored at 4C until being analyzed E$Agh51.1 and Standard

Method 6232B.

Corrosion Monitoring

The Rhorback Cosaco System 9030 Plus Corrater was used widhetwtmnde linear
polarization probes, Model 6112 (Rohrback Cosasco Systems, Stanta Fe Springs, CA)
probes for corrosion readings. Tthesign of the pipe loops had a location for linear
polarization probe@~igure3.10). The Corrator probes had carbon steel tips, to compare
the corrosion ratéor each pipe loop. Carbon steel electrodes were claiseother

research using this same material (Esinor and Gagnon, 2004, GagiQr2008) that it

could be compared to. Corrosion rate was reported as mil/year and readings were taken

each sample day
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Figure 3.10 Two-electrode linear polarization probe usegbipe loop

Flow Rate

The flow rate of the pipe loops were monitored by the amount of water that spilled out of
the effluent in 1min. For the retention time of 12 hours in the pipe loops, a goabt®w

of the pipe loops 44mL per min was needed.

3.4 Statistical Analysis

To determine if therevere any similaritiesr difference between conditions statistical
analysis was done. Basic statistical values were displayed by using the sample mean,
stardard deviation and 95 % confidence intervals. Analysis of variance (ANOVA) test

was used to test the three disinfectant conditions to see if the sample means were similar.
ANOVA works by estimating the amount of variation within one treatments and then
comparing it to the variance between treatmeBexrt{houex and Brown 2002)

Student-teds werealsoused tadetermine which significariteatments were

significantly similar or differencelndependent-tests were used to access the difference
between theverage®f different treatmengroups Pairedt-test was not used because

none of the treatments were paired, there many each pipe loops had a different corrosion
inhibitor, disinfectant, and the influent water was always changirgg% significance

levd was used. This corresponds to an alpha of 0.05. Two taiéstist results then

indicated that alpha of 0.02A&ll statistical analysis was done using Microsoft ® Excel ®
2008 fortheMac.
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For the lead and copper data, a box and whisker plot was uskeovidhe data. The box
was used to represent thé"2fnd 7% percentiles, whereas the whiskers represented the

5" and 9% percentile
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Chapter 4.0 Results

4.1 Feed Water Quality

The water used for the pilot scaeidywasobtained frontheclear wellatthe JDKWSP.
The cleawell water athe IDKWSP isfiltered water, with minimal amount of chlorine
from prechlorination at the flocculation tanki§o other chemicals are added to the water
in the clear well. At JDKWSP, chlorine, fluorineand the phosphate corrosion inhibitor

are added once the water goes to the distribution system. Using the clear well water at the

JDKWSP allows th@ipe loopdo be treated im similar way to the full scale hEere is

great flexibility for pH, corrosiomnhibitors, and disinfectiotype.

A summary of serage water quality parametésdocated inTable4.1. More detailed

resultsmay be found ilAppendix A

Table 4.1 Water quality parameters for the feed water for the pipe loops. Values are

reported by their mean then standard deviation.

pH Controlled at 7.3

June 2009 to December 2009

pH Controlled at 7.3 for
Phosphate pipe loops,
uncontrolled pH for Silica pipe
loops

January 2010 to June 2010

pH 57+0.5 5.9+ 0.7
Free Chlorindmg/L) 0.03+£0.02 0.03+£0.02
Dissolved Oxygertmg/L) 7.2+1.6 11.2+15
Temperaturémg/L) 16.1+4.3 75+2.1
Turbidity (mg/L) 0.172+0.002 0.361+ 0.342
TOC (mg/L) 2.14+1.44 224+0.27
Alkalinity (mg/L) 7.3£2.8 43+27
Sodium Silicat€mg/L) 1.8+£1.9 2.1+0.13
Total Lead 0.00 0.00
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4 2 Results for Sodium Silicates

The followingsectiondiscusgstheresultsof the pipe loops and copper pipe ratiat
usedsodium dicates as a corrosion inhibit@upporting datare available in Appendix
B.

4.2.1 Buffered with Acid/Base Phase
The following section analysis data from pipepsand copper pipe rackbat used
sodium siicatesas a corrosion inhibitor when pH was faewéd withanacid/baseThis

occurred duringthe period of June 2009 to December 2009. A condiitgoperiod was
done for June 2009, data was not included in the analysis.

4.2.1.1 Water Quality Parameters

42



Table4.2 shows the average of each water quality parameter. None of the treatments
showed a significant difference feodium silicatgp-value=0.31), turbidity(p
value=0.46), temperature¢@lue=0.34), dissolved oxygen{yalue=.38), corrosion
rate(pvalue=.24), and pH (fwalue=0.70). There wassgynificantdifference with ORP
between chlorine and the two doses of chloramjpeslue=7.61EL5). Chloraminesare
known tohave a lower oxidation potentialai chlorine. However the high chloramines

conditionsand low chloraminesonditionwere not significantly different walue=0.24)
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Table 4.2 Summary of water quality parameters of the effluent of the pipe loop for
sodium silicate win buffered with sodiuracid/base

Water Quality High Chloramines | Low Chloramines Chlorine
Parameter

pH 7.5 7.51 7.08
Disinfectant (mg/L) | 2.46 1.84 1.5
Corrosion Rate 2.92 2.39 2.72
(MPY)
Dissolved Oxygen | 8.05 6.5 6.75
(mg/L)
Temperature (°C) | 21.7 21.15 22.24
Corrosion Infbitor | 17.78 21.16 18.3
(mg/L)
ORP (mV) 458 481 650
Turbidity (NTU) 0.315 0.309 0.431
4.2.1.2 pH

From the ANOVA analysis, pH values entering the copper pipe racks (effluent of the
pipeloops) were not significantly different between the three tre@tigr@ups (p
value=0.10). The pH range for the three treatments groups was 7.1 TabléA.3
displays the target and actual pBiserved throughout tlexperiments

4.2.1.3 Disinfectant
The disinfectant in theigh chloramines and low chloramines treatment typs not

significantlydifferent(p-value=0.30). The high chloramines had an average oft2.46

3.30 mg/L and the low chloramines had an average of£123@4 mg/L. The large
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standard deviatioreflected tle variability of chloraminesn the pipe loop and

degradation in thetock solution.

Chlorine concentrations had an average of 1.5mg/L as free chlorine. The target was
1.0mg/L to relate to the conditions at the JDKWSP. Due to the trial and error méthod o
dosng chlorine, thedosagdended to bextremely high Thus affedng the overall

average.

Table 4.3 Target and actual pH and disinfectant residual values, measured at the effluent
of the pipe loop. Vales are displayed as their mean with standard deviation

Treatment Type pH Disinfectant Residual (mg/L)
Target Actual Target Actual

High 7.3 7.34+1.14 | ~3.0 246 +3.30 |As

Chloramines Chloramines

Low 7.3 7.53+0.68 |~1.0 1.84+204 |As _

Chloramines Chloramines

Chlorine 7.3 7.09+0.86 |~1.0 1.50+1.37 |AsFree
Chlorine

4.2.1.4 Lead

Long Stagnation Time

The box and whisker plot displayedfigure4.1 shows the total lead concentration
following the long stagrteon time (23 hours and 20 min) in the copper pipe ratks.
greatestead releasedccurs withthe high chloramines treatment followed by the low
chloramines, and then chlorine. The high chloramines condition has the most variability
shown in thdarge range of the whiskerall treatment conditions are above the 10ug/L
limit for lead in Canada.

During the long stagnation time when buffered with an acid/bdsst with statistical
differences being those of values less than 0.025, indicated thatiigzamines, low
chloramines, and chlorine are all statistically different.
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Figure 4.1 Box and whisker plot displayind™sand 95th percentile, 1st and 3rd quartile
range, and median of total lead comication for each treatment type using Sodium

Silicate during the long stagnation time

For the long stagnation timEigure4.2 displaysthe contribution of dissolved and
particulate lead to the overall total ledthere isno overlapn the95% confidence
intervalindicating thereas asignificantly difference for all treatment groups. The amount

of dissolved and particulate lead contritadapproximately the same amount of lead

towards the total average of lead.
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Figure 4.2 Particulate and dissolved lead contribution tottial leadconcentration with

sodium silicate during a long stagnation time. Error bars represent the 95% confidence
interval.

Short Stagnatio Time

Thebox and whisker plot iffigure4.3 shows total lead concentrations following the

short stagnation time (30min) in the copper pipe racks. The concentrations of total lead
areconsiderablyessfor the slort stagnation timéhan the long stagnation timeead

release for the long stagnation was nearly 100 times greater than for the short stagnation
time. The high chloramines condition has more variability then low chloramines and
chlorine. Forthe short gagnation timethe lead release fahehigh chloramines and low

chloraminesdoseswvere notstatisticaly different.
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Figure 4.3 Box and whisker plot displaying 95% percentile, 1st and 3rd quartile,range
and median of total lead concentration for each treatment type using sodium silicate
during the short stagnation time

For the short stagnation timieigure4.4 displays the contribution of dissolved and
particulde lead to the overall total leaBhere is naverlapin the 95% confidence

interval indicatingthere isa significantly difference for all treatment groups. The
dissolved portion seems to make up most of the totaldeadentrationwhere as

dissolvedand particulate concentrations are very similar for the long stagnation time.
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Figure 4.4 Particulate and diséved lead contribution to thetal lead Concentration
with sodium silicate during a short stegion time. Error bars represent the 95%
confidence interval.

Effect of stagnation time on total lead concentration

The difference between the long and short stagnation time was found to have statistically
significant impact on increasing lead conceinirat for each treatment conditiofrtests

are available in detail in Appendix Eor example theigh chloramine treatmeritad an
average lead concentration of G@AL and 5%g/L for the long and short stagnation time.
Similarly, the lav chloramingreatnenthad an average lead concentration ofl/28[Z

and 49g/L for the long and short stagnation tinferee tlorine had an average lead
concentration of 46g/L and {ug/L for the long and short stagnation tin@aerall, the

lead concentration atZzdhr stagation timewas béween6i 10 times greater than the

lead concentration for 20min stagnation timeThis iscongstentwith literature (Volket

al., 2000)that hasreportedthat ncreasd stagnation time results greatemetals release.
Effect of disinfectant concentration on lead

Long Stagnation Time
During the long stagnation time highloraminesandlow chloraminesada lead

concentration of 6Q4g/L, and237ug/L, respectivelyThe difference between thed
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treatment groups is statistically sigodint.Chlorine has an average lead concentration of
46ug/L.

Short Stagnation Time

During the shorttaignation time high chloramines and low chloramimag a lead
concentration of 59g/L, and49ug/L respectivelyThe lead concentrations undegln
chloramnesand low chloramines dosasenot statisticallydifferent. Chlorine had an

average of dg/L for lead, this is below the L@/L limit for lead in drinking water.

During the short stagnation tintherewas nd a significant differenin the lead
concentrationbetween the high and loghloraminedreatmers. Howeverfor the long
stagnation timgtherewas a significant differencen the lead concentratidretween the
high and low chloramineseatment For the short stagnation time of 30min the dosage
of chloramines did not have a significant impact on lead rel€ase¢he long stagnation

time of 24 hr, the dosage of chloramines did have a significant impact on lead release.

4.2.1.5 Copper

Long Stagnation Time
The box and whisker pldEigure4.5 illustrates theotal copperconcentration following

the long stagnation time (23 hours and 20 min) in the copper pipe racks. The high

chloramine conditiomas the most variabilitghown by the wideange of whiskers.
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Figure 4.5 Box and whisker plot showing the 95% percentile range, median and quatrtile
range of total copper concentrations during a long stagnation time using sodium silicate
as a corrosion inhibitor

Forthe long stagnation tim&jgure4.6 displaysthe contribution of dissolved and
particulatecopperto the overall totatopper
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Figure 4.6 Particulate and dissadd copper contribution to the total copper concentration
with sodium silicate during a long stagnation time. Error bars represent the 95%
confidence interval
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Short Stagnation Time

Thefollowing box and whiskeplot in Figure4.7 illustratestotal copperconcentrations
following the short stagnation time (30min) in the copper pipe racks. The concentrations

of total copperareconversablyess than the long stagnation time
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Figure 4.7 Box and whisker plot showing the 95% percentile range, median and quartile
ran of total copper concentrations during a short stagnation time using sodium silicate as
a corrosion inhibitor

For the short stagnation time, concentrationgasficulate and dissolved copper are
illustrated inFigure4.8. It is shown that most of the total copper is found in particulate

form.
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Figure 4.8 Particulate andissolved copper contribution to ttegal copper concentration
with sodium silicate during a short stagnation time. Error bars represent the 95%
confidence interval

Effect of stagnation time on total copper concentration

For each treatment conditiomore copper was released during the long stagnation time
than the short stagnation tinfeor instancehigh chloramines had an average lead
concentration of 218)/L and 441g/L for the long and short stagnation time
respectivelySimilarly, low chloramine had an average lead concentration of.5A8

and 223ig/L for the long and short stagnation tinnespectivelyChlorine had an average
lead concentration of 9Q@/L and 309Qig/L for the long and short stagnation time.
Overall, the copper concentrationsa24hr stagnation time wag 3 times greater than

the copper concentratiat a 30min stagnation tim&his is cosistentwith literature
(Fabbrinicioet al.,2005, and Merkegt al.,2002) that haassociatedhcreased stagnation

time with increase comp release.
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Effect of disinfectant concentration on copper

Long Stagnation Time

During the long stagnation time highloraminesand lowchloraminesad a copper
concentration of 216@g/L, and538ug/L, respectivelyThe difference between thed
treatment groups is statistically significarf@hlorine had a copper concentration of
90Qug/L. The total copper concentration for the high chloramines condition is above
Health Canadaesthetic objective of 1.0mg/L and the EPA action leafel.3mg/Lfor

copperin drinking water.

Short Stagnation Time

During the short stagnation time highloraminesandlow chloramineshad a copper
concentration of 44ig/L, and223ug/L respectively. High chloramines waret
statistically different from lovehloramines.Chlorine had a copper concentration of
90Qugl/L.

4.2 .2 Buffered with Sodium Silicate

The following section analysis data from pipeps that usedodium silicde as a

corrosion inhibitor for the uncontrolled pH phase, the period of January 2010 to April
2010 A conditioning period was done for Januafyhat data was not included in this
analysis. Three disinfectant treatments were used: high chloramines, low chloramines,

and chlorine.

4.2.2.1 Water Quality Parameters

Averages for water quality parameters ahown with their standard dations are
shown inTable4.3. There for not a significant difference for sodium siliogte
value=0.93), turbidity (value=0.80), or temperature-{falue=0.20)n all the treatment
condiditon There was a significant difference with ORPvglue< 0.01), corrosion rate

(p-value=<0.01) and dissolved oxygenv@lue=0.001).
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When doing separateestfor ORP, it was determine thall three treatmentare
significantly different.Thisis what is expected as OR#Pchlorine is greater than that of

chloramines.

For dissolved oxygen, using separatedt it was determinethat lowchloramines and
chlorine were not significantly different, while the rest were. This could be due facthe

thatlessdata was collected during this phase as compared to the one before.

Using separatetest for corrosion rate also show that they are significantly different. For

the corrosion rate, separateestindicatesall the treatment groups are diffate

Table 4.4 Summary of water quality parameters of the effluent of the pipe loop for
sodium silicate when buffered with sodium silicate

Sodium Silicate: Buffered with Sodium Silicate

Water Quality High Chloramines Low Chloramines Chlorine
Paramete

pH 8.0 6.87 6.33
Disinfectant (mg/L)  4.02 2.23 0.79
Corrosion Rate (MPY, 1.26 2.24 1.41
Dissolved Oxygen 8.35 8.77 9.2
(mg/L)

Temperature (°C) 17.8 16.86 17.0
Corrosion Inhibitor 22.10 20.73 21.43
(mg/L)

ORP (mV) 439 480 657
Turbidity (NTU) 0.041 0.05 0.061
4.2.2.2 pH

Using ttest pH values entering the copper pipe racks when buffered with an sodium

silicate were statistically different between the three treatment groups. High chloramines
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had an averageH of 8.0, low chloramines had an average pH of 6.7, and chlorine had

an average pH of 6.3.

4.2.2.3 Disinfectant

Chloramines concentrations for the high chloramines treatment group had an average of
4.05mg/L. For the low chloramines treatment groupad an average disinfectant
concentration of 2.4mg/L. Significant differences exisv@ue=0.019) between the high

and low chloramines groups.

For chlorine there was a disinfectant residual as free chlorine of 0.65mg/L.

Table 4.5 Target and actual pH and disinfectant residual measured at the effluent of the
pipe loops. Values are displayed as their mean and standard deviation

Treatment pH Disinfectant Residual (mg/L)
Type
Target Actual Target Actual

High Uncontrolled| 7.95+0.96 | ~3.0 4.48+3.89 As

Chloramines Chloramines

Low Uncontrolled| 6.70+0.48 ~1.0 2.42+1.92 AS

Chloramines Chloramines

Chlorine Uncontrolled| 6.30+0.82 ~1.0 0.65+0.48 As Free
Chlorine

4224 Lead

Long Stagnation Time

Figure4.9 box and whisker plot shows total lead concentration following the long

stagnation time (23 hours and 20 min) in the copper pipe rAgkdn thereis a greater

variability in the high chloramines condition. The chheritreatment released the least

amount of lead.
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Figure 4.9 Box and whisker plot showing the 95% percentile range, median and quartile
range of total lead concentrations during a long stagnation timeefantontrolled pH
phase using sodium silicate as a corrosion inhibitor

For the long stagnation timEigure4.10 displays the contribution of dissolved and
particulate lead to the overall total lead.
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Figure 4.10 Particulate and dissolved copper contribution tatdt@ lead concentration
with sodium silicate during a long stagnation time. Error bars represent the 95%
confidence interval
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Short Stagnation Time

Figure4.11box and whisker plots shows total lead concentrations following the short
stagnation time (30min) ithe copper pipe racks. The concentrations of total lead are less
than the long stagnation timeow chloraminesreleasedhe most lead, followed by high
chloramines and chlorinkow chloramines releasing the most lead is unusually as in all
other cases high chloramines releases the most followed by low chloramines and then

chlorine.
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Figure 4.11 Box and whisker plot showing the 95% percentile range, median and quartile
range of total lead concentrations during a short stagnation time for the uncontrolled pH
phase using sodium silicate as a corrosion inhibitor

The contribution of dissolved and particulate lead to the total lead is shdugure
4.12. The percentage of dissolved lead is greater in the chlorine then in both chloramines

conditions.
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Figure 4.12 Particulate and dissolved copper contribution to the total lead concentration
with sodium silicate during a short stagnation time. Error bars represent the 95%
confidence interval

Effect of Stagnation Time on Lad

Similar to when sodium silicate was buffered with an acid/base, the difference between
the long and short stagnation tilmad astatistically significant impact on lead release. T
test with statistical differences being less than 0gig@bifiesthe differences between the
long and short stagnation tinfeor example, higlehloramines had a concentration of

lead during a long and short stagnation time ofu25 and 1qug/L respectivelyln

addition low chloramines had a concentration of lead duringahg and short

stagnation time of Q&)/L, and 21ug/L respectivelyChlorine had a concentration of lead
during a long and short stagnation time ofi@/L. and Jug/L respectivelyOverall, lead
concentrations for the long stagnation time werd 3 times geater thaead

concentration for the short stagnation time. This is isterstwith literature(Schock

1990)that has reported increased metals release with stagnatiornnithoate
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Effect of Disinfectant Concentration on Lead

Long Stagnation Time

The @ncentration of lead during the long stagnation time for high chloranandgw
chloramines was 12)/L and98 pg/L , respectively. Ttest with statistical differences
being those of values less than 0.025 indidséléad concentration fdrigh
chloramines and low chloraminesvenot statisticallydifferent(p-value=0.14)Chlorine

hada total lead concentration of 2g/L.

Short Stagnation Time

The concentration of lead during the short stagnation time for high chloraiznudsyw
chloraminesvas10ug/L and21 pg/L respectively. ftest with statistical differences
being those of values less than 0.025 indita¢adifference between the twreatment
groups is statistically significanEhlorine had a total lead concentration pgA., this is

below the 1Qug/L limit for lead in drinking water

During the long stagnation time, there are no differences between the high and low
chloraminegotal leadconcentrations, while there is for the short stagnation time. This
shows that during a long stagnatittme the concentrations of chloramines do not affect
the release of lead. However during a short stagnation time the concentration of

chloramines @l affect lead release.

4.2.2.5 Copper

Long Stagnation Time

Figure4.13 shows thdotal copperconcentrations following the short stagnation time
(30min) in the copper pipe rack&€hlorine releases the most copper compared to the

chloramines conditionsyhichis the opposite trend to lead release.

60



4000

3500

3000

2500

2000 —
1500 —

1000 I

0 —_——

Total Copper Concentration (ug/L)

High Chloramines Low Chloramines Chlorine
Treatment Type

Figure 4.13 Box and whisker plot showing the 95% percentile range, median and quartile
range of total copper concentrations during a long stagnation time for the uncontrolled
pH phase using sodium silicate as a corrosibibitor
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Figure 4.14 Particulate and dissolved copper contribution to the Total copper
concentration with sodium silicate during a long stagnation time. Error bars represent the
95% confidence interval

For a long stagnatiotime, Figure4.14 showsthe contribution of particulate and
dissolved copper. Chlorine releases the most in the form of dissolved copper.
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Short Stagnation Time

Figure4.15 showstotal copperconcentrations following the short stagnation time
(30min) in the copper pipe racks. The concentrations of¢ofgerare less than the

long stagnation time.

During the long and short stagnation time when buffevith sodium silicate -test with
statistical differences beinpdse of values less than 0.0&%icated that high

chloramines, low chloramines, and chlorine are all statistically different.
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Figure 4.15Box and whisker plot showing the 95% percentile range, median and quartile
range of total lead concentrations during a short stagnation time for the uncontrolled pH
phase using sodium silicate as a corrosion inhibitor

For a short stagnatidime, Figure4.16 shows thecontribution of particulate and
dissolved copperThe total copper is mostly made of dissolved copphtorine releases

the most in the form of dissolved copper.
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Figure 4.16 Particulate and dissolved copper contribution to the Total copper
concentration with sodium silicate during a short stagnation time. Error bars represent the
95% confidence interval

Effect of Stagnation Time on Copper

There & a statistically significant impact between the long and short stagnation time on
increasing copper concentrations for each treatment condition. For indtahce,
chloramines had eopper concentratioturing a long and short stagnation tswé

88ug/L and 7Qug/L. In addition, bw chloraminegonditionhad a concentration of

copper during the long and short stagnation time ofigQ9 and 138g/L respectively.
Chlorine had a concentration of copper during a long and short stagnation time of
1566.9/L and438ug/L respectivelyOverall, the copper concentration at the long
stagnation time wasil4 times greater than the copper concentration at the short
stagnation time. This is casgentwith literature (Fabbrinciet al.,2005 and Merkegt
al.,2002)
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Effect of Disinfectant Concentration on Copper

Long Stagnation Time

The concentration of copper during the long stagnation time for high chloraiemes,
low chloraminesvas 88ig/L and409 ug/L. T-test with statistical differences being those
of values lesshan 0.025 indicate the differenicetotal lead concentratidmetween the

two chloramines treatmegiroups is statistically significan€hlorine had a copper
concentration of 156)/L, this is above thele a | t h &eathetc dlgettise of
<1.0mg/L fa copper.

Short Stagnation Time

The concentration of copper during the short stagnation time for high chloraamdes,
low chloramines wag0ug/L and133ug/L. T-test with statistical differences being those
of values less than 0.025 indicate the diffeeebetween thewo treatment groups is

statistically significantThe dlorinetreatmenhad a copper concentration of 448L.

4.2.3 Comparison of Buffered with Acid/Base and Buffered with Sodium Silicates

The following section with comparedswdts fran the controlled pH ahuncontrolled pH

phase with pipe loops using sodium silicate.
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4.2.3.1 Water Quality Parameters

Table 4.6 Comparison of water quality parameters averages between sodiune silicat
buffered with acid/base and sodium silicate buffered with sodium silisatg high
chloramines as a disinfecant

High Chloramines

Water Quality Sodium Silicate: Sodium Silicate: p-value: gatistical

Parameter Buffered with Buffered with differences being
Acid/Base Sodium Silicate values < 0.025

pH 7.5 8.0 0.00176

Disinfectant (mg/L) | 2.46 4.02 0.05

Corrosion Rate 2.92 1.26 6.67E6

(MPY)

Dissolved Oxygen | 8.05 8.35 0.835

(mg/L)

Temperature (°C) | 21.7 17.8 3.78E6

Corrosion Inhibitor | 17.78 22.10 0.151

(mg/L)

ORP (mV) 458 439 0.34

Turbidity (NTU) 0.315 0.041 0.00409
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Table 4.7 Comparison of water quality parameters averages between sodium silicate
buffered with acid/base and sodium silicate bufferét sodium silicataising low
chloramines as a disinfecant

Low Chloramines

Water Quality Sodium Silicate: Sodium Silicate: p-value: statistical

Parameter Buffered with Buffered with differences being
Acid/Base Sodium Silicate values < 0.025

pH 7.51 6.87 7.07E6

Disinfectant (mg/L) | 1.84 2.23 0.35

Corrosion Rate 2.39 2.24 0.36

(MPY)

Dissolved Oxygen | 6.5 8.77 1.59E6

(mg/L)

Temperature (°C) | 21.15 16.86 2.98E7

Corrosion Inhibitor | 21.16 20.73 0.9

(mg/L)

ORP (mV) 481 480 0.95

Turbidity (NTU) 0.309 0.05 9.93E05
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Table 4.8 Comparison of water quality parameters averages between sodium silicate
buffered with acid/base and sodium silicate buffered with sodium silisaitg chlorine
as a disinfecant

Chlorine

Water Quality Sodium Silicate: Sodium Silicate: p-value: statistical

Parameter Buffered with Buffered with Sodium differences being
Acid/Base Silicate values < 0.025

pH 7.08 6.33 0.0028

Disinfectant (mg/L) 15 0.79 0.0053

Corrosion Rate (MPY) 2.72 141 2.32E6

Dissolved Oxygen 6.75 9.2 2.7E10

(mg/L)

Temperature (°C) 22.24 17.0 1.24E8

Corrosion Inhibitor 18.3 21.43 0.63

(mglL)

ORP (mV) 650 657 0.78

Turbidity (NTU) 0.431 0.061 0.0013

4.2.3.2 pH

When comparing pH between when it was brgfl with an acid/base and when buffered
with sodium silicate there are differences in each of the three treatment groups. With high
chloramines there @nincrease in pHputwith low chloramines and chlorine there is a

decrease in pH.

4.2.3.3 Disinfectat Concentration

Differences between disinfectants residuals may be due to the stock trial and error dosage
system. This difference occurring in the disindetscould have also affected the

amount of lead released in the copper pipe racks. Samplestedlafter the long
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stagnation time had low disinfectant residuals; sometimes near zero. Disinfectant
residuals for the short stagnation time were greater than the long stagnation and closer to

what the effluent of the pipe loops had.

4.2.3.4 Corrosion Irhibitor

Using ANOVA, the concentration of sodium silicate between when buffered with

acid/basendwhen buffered with sodium silicateasnot significartly different

4.2.3.5 Effect of Buffered with an Acid/Base versus Buffered with Sodium Silicate on
Total Lead

During the long stagnation time, high chloramines when buffered with acid/base had the
greatest lead release, median value o0, following by low chloramines, median

value of 20Qug/L, and chlorine, median value of BfL. When buffered wit sodium

silicate, low chloramines had the greatest lead release, median valygtf,36llowed

by high chloramines, median value ofugflL, and chlorine, median value of| &YL.

A similar trend occurs during the short stagnation time. High chloramhen buffered
with acid/base had the greatest lead release, median valuggsk 3f®llowing by low
chloramines, median value of B/L, and chlorine, median value gfi&L. When
buffered with sodium silicate, low chloramines had the greatest leadeghaadian
value of 2Qug/L, followed by high chloramines, median value pfA_, and chlorine,

median value of (1g/L.

For the high chloramines, the decrease in lead release can be explainegrbgtérepH
increasevhen buffered from sodiumilicate pH of 8.0) thanfrom when buffered with an
acid/base(pH of 7.3A higher pH is associated with a reduction in metaelsaseThe
high chloramines had a higher pH when it was buffered with sodium siliaaterhen

buffered with acid/base.

For low chloramies and chlorine there is a pH decrease (from 7.5 to 6.7 for low
chloramines and from 7.1 to 6.3 for chlorine. A decrease in pH can leadnicrease in

metals release. For the long stagnation time, there is less lead being released at a lower
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pH for low chloramines and chlorine. For the short stagnation time low chloramines and
chlorine are not statically different between when buffered with a acid/base and when

buffered with sodium silicate.

4.2.3.5 Effect of Buffered with an Acid/Base versus Buffered i Sodium Silicate on
Total Copper

T-tests indicate that total copper is statistically different for all treatment types for the
long stagnation time. During the short stagnation time statistical differences occurred
betweerall the treatments groups.

Thecondition tratreleasd the most coppawaschlorine during the long stagnation time
when buffered with sodium silicate. This is opposite of the trentbfatlead, as

chlorine released the least amount. A reason for this could be the amount of sodium
slicate (at 18mg/L) was not enough to protect all of the copper pipe racks. If not enough

corroson inhibitor is used the areas that are not prei#will corrode aggressaty.

4.3 Results for Phosphate

This section will discuss all results associatétth wipeloops using phosphate. Detall

informationis provided in Appendix C.

4.3.1 Water Quality Parameters

Table4.9 is a summary of the water quality parameters for pipe loops using phosphate.
Using ANOVA, wate quality parameters that are not statistically diffefenthe various
disinfectant conditionsare dissolved oxygen {palue=0.65), and temperature (p
value=0.33)phosphatef-value=0.35). ORP is statistically differentyplue=0.51)
however betweehigh chloramines and low chloramines are statistically not different (p
value=0.51). Turbidity is statistically different between the three treatment groups,
however a-test between high and low chloramines are statistically not different (p

value= 0.04)Corrosion rate is statistically different between the three treatments groups,
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however between high and low chloramiaes notstatistically different (pvalue =
0.56).

Table 4.9 Averages of water qualitygpameters of the effluent of the pipe loops for
phosphate

Phosphate: Buffered with Acid/Base

Water Quality High Chloramines Low Chloramines  Chlorine
Parameter

pH 7.18 6.7 6.9
Disinfectant (mg/L) 3.14 1.25 1.3
Corrosion Rate 3.5 3.2 2.1
(MPY)

DissolvedOxygen  7.22 7.5 7.3
(mg/L)

Temperature (°C) 19.1 18.3 19.1
Corrosion Inhibitor 1.00 1.12 1.3
(mg/L)

ORP (mV) 487 478 650
Turbidity (NTU) 0.498 0.348 1.076
4.3.2 pH

Using ANOVA pH is statistically different between the three treatment groupasle =
0.0004). When doing separatests, only low chloramines and chlorine ao¢

statistically different (psalue=0.13).

4.3.3 Disinfectant Concentration

Chloramines concentrations for the high chloramine treatrgroup had an average of

3.14mg/L. Fa the low chloramines treatment group, it had an averagefelctant
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concentration of 1.28g/L. Through a-test, disinfectant residuals between high and low
chloramines were different {gpalue=0.0008)Even though the concentrations are not at
the targetthe most important aspect is that high chloramines has a greater concentration

than low chloramines.

Chlorineresiduals (measured as free chlorine) wleBng/L. This is greater than the free
chlorine measurement at the JDKWSP. This higher dosage te thegrial and error

dosageamethod for the pipe loops.

Table 4.10 Actual versus target pH and disinfectant values for pipe loops using
phosphate

Treatment Type | pH Disinfectant Residual (mg/L)

Target Actud Target Actual
High 7.3 7.2+0.8 ~3.0 3.14+4.3 As Chloramines
Chloramines
Low 7.3 6.7+0.8 ~1.0 1.25+1.9 As Chloramines
Chloramines
Chlorine 7.3 6.9+0.8 ~1.0 1.3+1.4 As Free Chlorine

The pH of the phosphate pipe loops never changed, unlike the ssilaate pipe loops.
The same conditions were run for one year over a variety of seasonal temperatures. When
comparing lead release with temperature, correlations were insignificant. Thus phosphate

data was grougdltogether and compared against sodiuncaié data.

4.3.4 Lead

Long Stagnation Time
Figure4.17 shows a boxand whisker plot for the long stagnation time. High chloramines

releasd the most lead followed by low chloramines dhenchlorine. High chloamines

also ha the most variatioshown byto the wide whiskers.
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Figure 4.17 Box and whisker plot displayind"sand 95th percentile, 1st and 3rd quartile
range, and median of total lead concentratioreémh treatment type using phosphate
during the long stagnation time

Figure4.18is a bamgraph showing the amount of particulate and dissolved lead.
Particulate and dissolvdead each approximately makgs 50%o0f the average total
lead.
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Figure 4.18 Particulate and dissolved lead contribution to the total lead concentration
with phosphate during a long stagnation time. Error bars represent the 95% confidence
interval
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Short Stagnation Time

Figure4.19 showsa box and whisker graphs for the short stagnation. Like the long
stagnation time, high chloramine relediiee most lead followed by low chloramines,

then chlorine.
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Figure 4.19 Box and whisker plot displayind"sand 95th percentile, 1st and 3rd quartile
range, and median of total lead concentration for each treatment type using phosphate
during the short stagnation tm

Figure4.19 shows theamount of particulate and dissolved lead making up the total

average lead. Again like the long stagnatiomiggproximately 50/50 split.
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Figure 4.20 Particulate and dissolved lead contribution to the total lead concentration
with phosphate during a short stagnation time. Error bars represent the 95% confidence
interval

Effect of Stagnation Time on Lead

There was a statistical significantrease in lead concentrations between the long and
short stagnation times for each treatment condition. For exanigiectioramines had a
leadconcentratiorfor thelong and short stagnation time of 3&IL and 431g/L
respectivelyln addition,low chloramineshad aconcentration of lead during the long
and short stagnation time of f@/L, and 1Qug/L respectively. Chlorine had a
concentration of lead during a long and short stagnation timeugflL2nd 2ug/L
respectivelyln general, the lead concerttom at the long stagnation time was between 6
to 8 times greater than the lead concentration for the short stagnation time. This is
consentient with literature (Volét al.,2000) that has reported increased metals release
with stagnation time.

Effect of Disinfectant Concentration on Lead

Long Stagnation Time

The concentration of lead during the long stagnation time for high chloraemdéswy

chloraminesvas 35ug/L, and73 ug/L respectively. Test with statistical differences
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being those of valuesde than 0.025 indicate the difference betweervilodreatment

groups is statistically significanEhlorine had a lead concentration ofugyZL.

Short Stagnation Time

The concentration of lead during the short stdigm time for high chloramineandlow

chloraminesvas 42ug/L and10 pg/L respectively. Ttest with statistical differences

being those of values less than 0.025 indicate the difference betweew theatment

groups is statistically significanEhlorine had a lead concentration @ig2L, this is

below the 1Qg/L limit for lead in drinking water

4.3.5Copper

Long Stagnation Time

Figure4.21 showsa box and whisker graph for copper during the long stagnation time.

High chloraminehad the greatesfariation as shown by the wide whiskers.
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Figure 4.21 Box and whisker plot displaying™sand 95th percentile, 1st and 3rd quartile
range, and median of total coppmmcentration for each treatment typmeng phosphate
during the long stagnation time
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Figure4.22 showsthe particulate and dissolved lead in the total average copper. Here

dissolved copper makes up most of the total average copper.
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Figure 4.22 Particulate and dissolved copper contribution to the total copper

concentration with phosphate during a long stagnation time. Error bars represent the 95%
confidence interval

Short Stagnation Time

Figure4.23 showsa box and whisker graégdor copper during the short stagnation time.
Again similar to the long stagnation time, high chloramine is more vagatdbdown by
the long whiskers.
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Figure 4.23 Box and whisker plot displayind"sand 95th percentile, 1st and 3rd quartile
range, and median of total copper concentration for each treatment type using phosphate
during the short stagnation time

Figure4.24 showsthe amount of particulate and dissolved copper in the total average
copper.For high chloramine, total copper is mostly made of particulate copper while for
the low chloramines and chloriftetal coppemainly consists oflissolved copper.
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Figure 4.24 Particulate and dissolved copper contribution to the total copper
concentration with phosphate during a short stagnation time. Error bars represent the 95%
confidence interval
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Effect of Stagnation Time on Copper

There was a statistidglsignificant impact on copper concentration between the long and
short stagnation time.-fests with statistical differences being those of values less than
0.025 indicate the difference betvethe long and short stagnation time is statistically
significant. For example,igih chloramines had a concentration of copper during a long
and short stagnation time of 444/L and 4671g/L respectivelySimilar to this, bw
chloramines had a concentratiof copper during the long and short stagnation time of
416ug/L, and 138g/L respectively. Chlorine had a concentration of copper during a long
and short stagnation time of 36J/L and 1044g/L respectively.Overall, the copper
concentration during themg stagnation time was between 2 to 4 sSigeater thaithe

lead concentration for the short stagnation time. This isisten$with literature
(Fabbrincioet al.,2005, Merkelet al.,2002) that has reported increased copper release

with increased stagtion time.
Effect of Disinfectant Concentration on Copper

Long Stagnation Time

The concentration of copper during the long stagnation time for high chloraamdes

low chloraminesvas 747g/L and416 pg/L respectively. Ttest with statistical
differenceseing those of values less than 0.025 indicate the difference betweawo the t
treatment groups is statistically significa@hlorine had a total lead concentration of
360ugl/L.

Short Stagnation Time

The concentration of copper during the short stagnétios for high chloramineand

low chloramines was 46ig/L, and133ug/L respectively. Ttest with statistical
differences being those of values less than 0.025 indicate there is not a statistically
significant difference between th&d treatment group<hlorine had a total lead

concentration of 104g/L.
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4.4 Comparison of Sodium Silicates and Phosphate

4.4.1 Copper Pipe Racks

Since all the copper pipe racks were independent from one another there is variability
within each rack. Each copper pipekacas soldered generously wii:50 leadtin

solder, however each copper pipe rack would have slight differences with solder.

4.4.2 Variation with Influent Parameters

There were fluctuations disinfectants concentration, pH, and corrosion inhihitiohin
thepilot scale systemDue to the 12 hr retention time of the pipe lqdpstrial and
error method of chemical adjustmentasaifficult. The dosage of stock chemicalsre
done at the influent of the pipe loop and chemical changes were notnatidlehe next

sampleday, 3 to 4 days later.

Many of the water quality parameters monitored remained stable throughout the study.
Temperature changes throughout the study were due to seasonal variations. The
temperature of the effluent of the pipepomas approximately the room temperature of

the basement of JDKWSP. The influent water of the pipe loop had a more pronounced
seasonal variation than the effluent. This is due to the 12 hour retention time of the water

in the pipe loops.

4.4.3 Phosphate @mpared to Sodium Silicate when buffered with Acid/Base

4.4.3.1 Water Quality Parameters

Table4.11, Table4.12, andTabe 4.13 comparewater quality parameters between high
chloramines, low chloramines, and chlorinevefues are also reported. Statistical

differences arehown by pvalues are less than 0.025.

For high chloramines, all the water quality parametersatrstatistcal different except
for temperature. For low chloramines, water quality parameters that are stétistical

differert are pH, corrosion rate, dissolved oxygen, and temperature. For chlorine, water
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guality parameters that aseatisticdly different are corosion rate, temperature, and
turbidity.

Table 4.11 Comparison of averages between sodium silicate buffered with acid/base and
phosphate of water quality parametessng high chloramines as a disinfecant

High Chloramines

Water Quality Sodium Silicate: Phosphate: Buffere( p-value: statistical

Parameter Buffered with with Acid/Base differences being
Acid/Base values < 0.025

pH 7.5 7.18 0.41

Disinfectant (mg/L) | 2.46 3.14 0.32

Corrosion Rate 2.92 3.5 0.31

(MPY)

Dissolved Oxygen | 8.05 7.22 0.55

(mg/L)

Temperature (°C) | 21.7 19.12 0.000691

ORP (mV) 458 487 0.12

Turbidity (NTU) 0.315 0.498 0.14
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Table 4.12 Comparison of averages between sodium silicate tadffeith acid/base and
phosphate of water quality parametesing low chloramines as a disinfecant

Low Chloramines

Water Quality Sodium Silicate: Phosphate: Buffereq p-value: statistical

Parameter Buffered with with Acid/Base differences being
Acid/Base values < 0.025

pH 7.51 6.7 1.6E8

Disinfectant (mg/L) | 1.84 1.25 0.12

Corrosion Rate 2.39 3.2 0.002

(MPY)

Dissolved Oxygen | 6.5 7.5 .0075

(mg/L)

Temperature (°C) | 21.16 18.3 5.34E5

ORP (mV) 481 478 0.84

Turbidity (NTU) 0.309 0.348 0.57
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Table 4.13 Comparison of averages between sodium silicate buffered with acid/base and
phosphate of water quality parametesing chlorine as a disinfecant

Chlorine

Water Quality Sodium Silicate: Phosphate: Buffere¢ p-value: statistical

Parameter Buffered with with Acid/Base differences being
Acid/Base values < 0.025

pH 7.08 6.9 0.23

Disinfectant (mg/L) | 1.5 1.3 0.43

Corrosion Rate 2.72 2.1 0.071

(MPY)

Dissolved Oxygen | 6.75 7.3 0.135

(mg/L)

Temperature (°C) | 22.24 19.18 1.5E5

ORP (mV) 650 650 0.99

Turbidity (NTU) 0.431 1.076 0.003

4.4.3.2 Corrosion Inhibitor

As presented in a previous chaptle concentration of phosphate and sodin the

effluent of the pipdoops is not different withithe three tratment groups.
4.4.3.3 Effect of Corrosion Inhibitor on Total Lead
The following will present the effect of corrosion inhibitor on total lead release from the

copper pipe racks for a long and short stagnation time. Comparisons are only made

between eachréatment group.

Long Stagnation Time

During a long stagnation timetess with statistical differences being those of values
less than 0.025 indicate results between phosphate and sodium silicate are statistically
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different Using phosphate as a cormsiinhibitor released less total lead than sodium
silicate. For exampldor thehigh chloraminesreatmentthe average concentration of

total lead using phosphate and sodium silicate buffered with an acid/base wagl319

and 604ug/L respectivelyp-value=8.7E5). For low chloraminesreatmentthe average
concentration of total lead using phosphate and sodium silicate buffered with an acid/base
was 71ug/L and 236ug/L respectivelyp-value=9.6E17). For chlorine, the average
concentration of totaklad using phosphate and sodium silicate buffered with an acid/base
was 11ug/L and 4Qg/L respectively |p-value=9.7E7)..

Short Stagnation time

During the short stagnation timetetsts with statistical differences being those values less
than 0.025 indiatestatistical differences betwedéme total lead release wiffhosphate

and sodium silicatd=or the high chloraminegondition the average concentration of
total lead using phosphate and sodium silicate buffered with an acid/basepgisaad
59ug/L respectively.T-tests with statistical differences being those of values less than
0.025 indicate results between phosphate and sodium sdieagtatistically not different
(p-value=0.028)However for the low chloramines and chlorine treatments,pitaie
releases less total lead than sodium silicate. For example fomtlolloramines
treatmentthe average concentration of total lead using phosphate and sodium silicate
buffered with an acid/base wasptL and 4Qug/L respectivelyp-value=0.022)In
addition, for the chlorine treatmeiite average concentration of total lead using
phosphate and sodium silicate buffered with an acid/basegdls 2nd 1ug/L
respectivelyp-value=6.2E14).

4.4.3.4 Discussion of the Effect of Corrosion Inhibitor on Tl Lead
For a long stagnation time, high chloramines, low chloramines, and chlorine disinfectant
conditions released less total lead using phosphate then sodium silicate. For the short

stagnation time, the amount of total lead release for the high chih@stneatment is not

statistically differenbetween phosphate and sodium silicate. However for low
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chloramines and chlorine treatment phosphate released less total lead than sodium

silicate.

Previousstudies done biyladdison et al.(2001) optimize polyphosphatat a dose of 0.8
mg/L for the JDKWSP. However, the dosage of sodium silicate was not optimized for the
JDKWSP. The dosage of 18 mg/L was used based on a utility in New England with
similar source water that uses sodium silicate. The optimizedalqshosphate for the
JDKWSP could explain why phosphate released less lead than sodium glicate.
increasd dosage of sodium silicate could result in less lead release, further studies are
required to find whatdose of sodium silicate is needed.

4.43.5 Effect of Corrosion Inhibitor on Total Copper

The following will present the effect of corrosion inhibitor on total copper release from
the copper pipe racks for a long and short stagnation time. Comparisons are only made
between each treatment group.

Long Stagnation Time

During the long stagnation time less total copper is released using phosphate as a
corrosion inhibitor than sodium silicafe-test with statistical differences being those of
values less than 0.025 indicate results between phospténdium silicate are
statistically differentor high chloramineseatmentthe average concentration of total
copper using phosphate and sodium silicate buffered with an acid/bes@9®ug/L and
2162ug/L respectivelyp-value=0.002)Forthelow chloraminedreatmentthe average
concentration of total copper using phosphate and sodium silicate buffered with an
acid/base wre382ug/L and 539g/L respectively(p-value=0.019)In addition brthe
chlorinetreatmentthe average concentration of tatapper using phosphate and sodium
silicate buffered with an acid/baseme348g/L and 901ug/L respectivelyp-
value=3.91Eb).
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Short Stagnation Time

During the short stagnation timetetsts with statistical differences being those values less
than 0025 indicate statistical differences between the total copper released with
phosphate and sodium silicakarthe high chloramines¢reatmentthe average

concentration of total copper using phosphate and sodium silicate buffered with an
acid/base wre430ug/L and 441g/L respectively.T-tests indicate thagthosphate and
sodium silicatare statistically not different {palue=0.97)However the oppositiors

truewith the low chloramines and chorine treatment conditibosthelow chloramines
treatmentthe average concentration of total copper using phosphate and sodium silicate
buffered with an acid/baseane124ug/L and 223ug/L, respectively.T-teds indicate
phosphate and sodium silicatee statistically different ¢(palue=0.00035)Forthe
chlorinetreatmentthe average concentration of total copper using phosphate and sodium
silicate buffered with an acid/basem101ug/L and 309Qig/L respectivelyp-

value=1.81E12).

4.4.3.6 Discussion of the Effect of Corrosion Inhibitor on Total Copper

The trend for total copper release is similar to that for total lead release. For a long
stagnation time, high chloramines, low chloramines, and chlorine disinfectant conditions
released less total copper using phosphate than sodium silicate. For the shdrbstagna
time, the amount of total copper released for the high chloramines treatment is not
statistically different between phosphate and sodium silicate. However for low
chloramines and chlorine treatment phosphate released less total lead than sodium

silicate.

4.4 Unintentional Consequences

4.4.1 Disinfectants byproducts (DBPSs)

To meet DBP standards utilities will oftewitchfrom chlorine to chloramines. As the
results indicate at the beginning of this chaptemgchloraminegesulted in greater
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releaseof lead ttan when dosed witlehlorine as a disinfectarfamples foinstantaneous
total trihalomethaes (THMs) andotal haloacetic acids (HAAs) were taken at the
influent and effluent of the pipe loops and following the long and short stagnatioimtime
the coppepipe racksThe limit from Health Canada for TH8and HAAs is 80mg/L and
100mg/L/ Halifax Waterwant achieve DBP concentration below the Health Canada
standarcand meet t heDEPAD swBOmgihfor aHM®and 60mgL

for HAAs. Samples were taken three timasOctober 2009, December 2009, and April
2010. Due to theensitivenature of DBP extraction some data from each sample day is

missing for the influent and effluent of the pipe loops.
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The total THMs are displayed Figure4.25, Figure4.26, andFigure4.27. The total

HAAs are displayed ifrigure4.28, Figure4.29, andFigure4.30. The lowesDBPs occur

with the chloramines. Froiie three samples day from DBP there does not seem to be a
difference between sodium silicatad phosphate, although more data is needed to be
sure. The highest level of DBPs occurred with chlorine during a 24 hr stagnation time.
The highest occurrence of both THMs and HAAs occurrethguhe October 2009

sample period

The averageoncentratios of total organic carbonTOC) are as displayed ihable4.14.
TOC is angaugefor water quality as it indicates the amount of NOM in the water that
could react with chlorine to form DBPBhe average TOC concenimtsduring the pilot
scale studyange from 1.9 to 2.7mg/L
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Table 4.14 Average TOC Concentration (mg/L)

High High Low Low Chlorine Chlorine
Chloramines | Chloramines | Chloramines | Chloramines | Sodium Phosphate
Sodium Phosphate Sodium Phosphate silicate
silicate Silicate
Influent of | 2.2+ 0.5 2.2+£0.2 2.1£0.1 2.2+£0.2 2.2+£0.2 | 2.1+0.1
pipe loop
Effluent of | 2.3+ 0.6 2.0x0.1 2.7£0.1 2.0+ 0.1 2+0.2 2.1£0.1
pipe loop
24hr 2.1+x0.3 2.1+0.3 2.2£0.3 2.1£0.3 2.0£0.2 | 2.0£0.2
stagnation
time in
copper
pipe raks
30min 2.1+x0.2 2.1+0.1 2.1£0.1 2.1+£0.1 2.1£0.2 | 1.9+£0.1
stagnation
time in
copper
pipe racks

4 .4.2 Nitrification

Nitrification occurs when ammonia is oxidized to nitrite and then totaitifar this

study,nitrification occursonly with pipe loops using chloramines as a disinfectast.

indicated before chloramines are a combination of aniaand chlorine. The

breakdowrof chloramines releasemanoniawhich ammonia oxidizing bacteria utse

convert ammoni#o nitrite and then to nitrateThe pipeloop that used high chloramines

with phosphate was not included because nitric acid was used to lower tivhipi,

would then interfere with the nitrate results.

Figure4.31 displaysthe data for the pipop using the low chloramines conditions

usingphosphate athe corrosion inhibitorThe rest of the data is in Appendix The

data is expressed as the amount of molar nitrogen in mgragiMl) for theamount of

nitrite, nitrate,ammonia and total nitrogeNery low levels of nitrite werdetectedthis

is expected because the reaction of nitrite to nitrate is veryAfate influent of the pipe
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loop to the 30min and 24hr stagnation timéhe comer pipe rackghe amount of

ammonia is relativelgimilar. This is not what is expected as ammonia is being converted
to nitrite and nitrate. Ammonia is also known to compigth lead to form lead
ammoniaThere is an increase in nitrate frohe influent of the pipe loops to th&min
stagnation time to the 24 hr stagnation timéhe copper pipe rack®ther results using
sodium silicates as awosion inhibitor did not showcrease in nitratéom the influent

of the pipe loop, to the 30min stageattime, to the 24 hr stagnation tingacteria can

use phosphate to grow and perhaps that is why there was an increase in nitrate between

the 30min stagnation time and the 24 hr stagnation time.

i Nitrite
10 - = Nitrate
Ammonia
8 | mTotal N
=

=
36
£
prd

4 -

) o i

Influent of pipeloop  30min Stagnation time in 24hr stagnation time in
copper racks copper racks

Figure 4.31 Nitrification data for lowchloramines using phosphatéror bars represent
95% percent confidence intervolves

Sampling was done for the heterotropic plate count (HPC) periodically throughout the
study.HPC is an indicator of the culturable organssthat are present assample.

However sampling resulted in a bacteria count of zero. This could be due to a variety of
reasons such as chlorine not begugnchednoughand the temperatukeeingtoo low.

The amount of bacteria that would growaplate isaround1% ofwhat is actually

present in the water. However the increase tirata from the 30min to 24hr stagnation

time doesndicate a presence of microb&ghat and how many bactease presenuill

have to be investigatedrough other micro lzteria techniques
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Chapter 5.0  Discussion

5.1 Sodium Silicates as a Corrosion Inhibitor

5.1.1 Dosage of Sodium Silicates

For this study, pipe loops using sodium silicates at concentration of 18mg/L released
more lead than using phosphate as a corrosion inhiliibh the limited literature and
limited full scale use of sodium silicates, the optimal concentration of sodium silicates
was difficult to attermine. The decision to dosedium silicates at 18mg/L for this study
was made taluplicatea water treatmenti@ant that uses sodium silicates in New England.
More studiesare requiredo determingheoptimal dose ofodium silicate in order to

reduce the lead concentratgdo less than 40g/L.

Sodium silicates contain an OH group that will increase the pbwoalkalinity water.

pH can also be controlled by adding an acid or base. In this experiment, two experimental
conditions were used: pH was controlled at 7.3 by an acid or base, and no pH control was
used, pH was dependant on sodium silicate concentratgang sodium silicate to

increase pHs a cost saving benefit to utilities agliminates the neeir extra

chemicals such as sodium hydroxide to increase the pH.

For the high chloramines treatment, when an acid/base was used for pH control the
avera@ pH was 7.3. Atrmaverage pH of 7.3 the median lead concentration wasgiD0

in the copper pipe racker a 24hr stagnation time. When no pH control was applied the
average pH was 8.0. At pH 8.0 the median lead concentration wg4_10 the copper

pipe racks. There was a statically significant decrease in lead release when the pH was

raised from 7.3 to 8.0 for high chloramines after the 24hr stagnation time

For the low chloramines treatment, when an acid/base was used for pH control the
average pH wag.5. At an average pH of 7.5 the median lead concentration wag/200

in the copper pipe racks for a 24hr stagnation time. When no pH control was applied the
average pH was 6.7. At pH 6.7 the median lead concentration ywgA 90 the copper
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pipe racksThere was a statically significant decrease id kedease when the pH was

decreased from 7.5 to 6.7 for lmhloramines after the 24hr stagnation time

For the chlorine treatment, when an acid/base was used for pH control the average pH
was7.1. At an aveage pH of 7.1he nmedian lead concentration wasi@flL in the copper
pipe racks for a 24hr stagnation time. When no pH control was applied the gvdrage
was 6.3. At pH 6.3hemedian lead concentration wagug7L in the copper pipe racks.
There was a stially significant decrease in l@aelease when the pH was decreased

from 7.1 to 6.3or chlorineafter the 24hr stagnation time

For the high chloramines treatment, when the pH increased there was a decrease in lead
release. For the low chloramines ahtbcine treatment, there was a decrease in pH but
also a decrease in lead release. The effect of pH control on the pH of the system was

different, but the effect on lead was the same for each treatment condition.

In Pinto et al., (1997) sodium silicate &tlth was compared against pH adjustment for
lead releasélater with atotal chlorine concentration of 0.5mgdnd an alkalinity of
2.0mg/Lwasused in a batch system. The batch system was made/ugcoflic sleeves

with 10 copper coupons that were palty coveredwith lead/tin sadler. One was a

control that usedntreatedyroundwater with chlorine, three were treated with sodium
silicate to provide concentrations of 15, 20, and 25 mg/L, and three wrgrels treated

with NaOH to provide similar plhcrease seen with each sodium silicate concentration.
After a 68 hour stagnation time in the batch system, there was greater lead reduction in
the systems that used pH adjustment rather than using sodium silicate. This suggested
that lower lead concentians are a result of pH increase and not sodium silicate.
However during the last month experiments (the experiments ran for six montthse

batch system at 20mg/L released less lead thaoritsspondingH adjustment system.

The decrease in leadease in the batch system using 20mg/L of sodium silicate near the
end of the experiments suggests that the passivation film of sodium silicates forms at a

slow rate.

In this study, the copper pipe racks treated with sodium silicate with no pH contra dur

the last 6 months of the 12 month study. During the first 6 months, the copper pipe racks
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treated with sodium silicate were buffered with an acid/base. Less lead was released
when sodium silicate had no pH contdaine during the last 6 months of thz month

study which parallal thefindings in Pinto et al. (1997), which suggest that sodium
silicate form a film very slowlyThe slow forming film of sodium silicate suggests why
for the low chloramines and chlorine treatment, there was a decreaséun also a
decrease in lead relea3éis is not consistent with general knowledge that a decrease in

pH will lead to an increase in lead concentration.

5.1.2 Sodium Silicate and Copper Release

When comparing phosphate buffered with an acid/base anthssdicates buffered

with sodium silicate, during a 24hr stagnation time, sodium silicate release more total
copper than phosphate for all three disinfectant treatments (high chloramines, low
chloramines, chlorine). During the 30min stagnation time| tmperwas statistically

not different for high chloramines treatment between sodium silicate and phosphate.
However for the low chloramines and chlorine condition total copper concentnason

greater with sodium silicate than phosphate.

In Chiodini, L1998 apilot scale study was done using sodium silicate on an isolated
section of thaVilbraham,Massachusetts distribution systefhe water quality expected
after chemical injection at the taps was calcium at 2.7mg/L, alkalinity at 5.0mg/L, and pH
at 97. The sodium silicate concentration was 20mg/L at the tap, it was then lowered to
12mg/L as a maintenance doSamples were tested for lead and copper after a
stagnation time of 6 to Bours inhouse plumbing. This study did not find extensive

copper redase, concentrations were below standards.

In pilot scale experiments using lead soldered copper plumbing coils disinfected with
2.5mg/L of chloramines in North Vancouvérgonditions were tested. Theconditions
were: 1.controlled, raw water, feata control at a pH of 8.0 and alkalinity of 20mg/L
3. pH 8.0, alkalinity of 20mg/L, TPC 223 (blend of silicate and orthophosphate) at
5mg/L, 4. pH 8, alkalinity of 20mg/L, sodium silicate at 12mg/L, 5. pH 8, alkalinity of
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20mg/L, Virchem 939 (1:3 zinc tchpsphate) at 1.5mg/L. 6. pH 8, alkalinity of 20mg/L,
Virchem 939 at 4.5mg/L, and 7. pH 7.5, alkalinity of12mg/L, Virchem 939 (1:3 zinc

to phosphate) at 1.5mg/L. After a stagnation time of 24 hours in the lead soldered copper
plumbing coils, extremelyigh copper concentration were seen in conditions 5., 6., and

7, all that used zinc orthophosphate (MacQuarrie.eiilB7). This is not consistent with

0 n estudy;greater copper release was encountered using sodium silicate than with zinc

orthophosphate

In MacQuarrie et al(1997) TPC 223 &blend of silicate and orthophosphateysed as

one of the corrosion inhibitorSodium silicate is an anodic inhibitor, while phosphate is
ancathodicinhibitor. In using only sodium sili&te, more copper calibereleased

because the sodium silicate is covering the anode (lead) and leaving the cathode (copper)
to corrode. While a blend of silicate and orthophosphate, a blend of a anodic and cathodic

corrosion inhibitoy would reduce the amount of copper coiwns

Sodium silicates treated copper pipe racks also released more copper than phosphate
treated copper pipe racks, which is not consistence with the wofkkoQuarrieet al.,
1997, Lytleet al.,1996, Pintcet al.,1997 & Johnsomrt al., 1993).Table5.1 compares
previous work with the results of this theditie study with the lowest alkalinity is from
the JDKWSP (this thesis). In addition, this thesis hadjtbatest lead and copper release
compared tMacQuarrie et al., 1997, Lytle et al., 199 dPinto et al., 199Avhich

implies that the low alkalinity at the JDKWSP has a great effect on lead and copper

release.

During the course of the studyimps shut off and/or there weslckages in tubing that
stopped the flow of sodium silicat&echnical difficultiescould have damaged the

protective film that sodium silicates formaxide the copper pipe rack§the protective

layer of the sodium silicate is no properly formed in the premise plumbing, tht co
accelerate corrosion in the unprotected places. The area where the lead/tin solder meets
the copper pipes minute compared to thareaof copper pipe exposed to the water. If

the anodic lead igrotected by sodium silicate atite rest of the coppg@ipe is not, the

copper may becomée anode and corrode
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Another possible explanation to the high copper concentration is that the sodium silicate
is reacting with a existing layer on the copper pipes. In the Pourbaix diagram for the
copper water systeffrigure5.1) at a pH of around 7.3, copper is passivaida

pourbaix diagram that is shown is only a guideline, as it only takes into account only for
copper in water. For the copper pipe racks other factorh, asicorrosion inhibitors,
disinfectant, and temperature, will change the pourbaix diag@opper will become
unpassivated when there ishaftedto a more acidic condition. Since the pH did not go
below 4, it is possible sodium silicate reacted witopper species that causes soluble

copper to be exposed. However more research is needed to determine this.
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Figure 5.1 Pourbaix diagram for coppevater system

96



96

Table 5.1 Summary of sodium silicate papers compared to thesis study

Author pH Sodium Silicate Dose Average Lead Concentration Copper Concentration Alk
Lytle et al., 1996 7.7 32mg/L dropped to 16mg/L| <10 pg/L to 25 pg/L <0.25mg/L 32mg/L
MacQuarre, D.M. 8.0 12mg/L 0.025mg/L to 0.12mg/L 0.01mg/L to 0.2mg/L 20mg/L
1997
Pinto et al., 1997 7.51 8.5 15,20,25mg/L 15mg/L Sodium Silicate = 15mg/L Ddium Silicate = 0.030 0.02.0 mg
2538 pgiL, mg/L, CaCQ/L
20mg/L Sodium Silicate = 20mg/L Sodium Silicate = 0.030mg/L
1086 pg/L, 25mg/L Sodium Silicate = 0.050mg/
25mg/L Sodium Silicate =
1345 pg/L
Woszczynski 7.5 18mg/L 2404170 pg/L 540+240 mg/L 7.3 +£2.8mg/L
Chloramines Low
Woszczynski 7.5 18mg/L 600+630 pg/L 210044200 mg/L 7.3+2.8 mg/L
Chloramines High
Woszczynski 7.1 18mg/L 47465 pg/L 900+1000 mg/L 7.3+2.8 mg/L
Chlorine
Woszczynski 6.9 18mg/L 100462 pg/L 410+114 mg/L 4.3 +£2.7 mg/L
Chloramines Low
Woszczynski 8.0 18mg/L 125+140 pg/L 88+36 mg/L 4.3 £27 mg/L
Chloramines High
Woszczynski 6.3 18mg/L 28+23 ug/L 1500+1100 mg/L 4.3 +2.7 mg/L

Chlorine




5.1.3 Health Concerns of Sodium Silicate

There is concern with the amount of sodium that sodium silicate would add to the
drinking water. According to PQorporation goproximately 0.23mg of Na/L is added to
the water with each 1mg/L concentration of Sodium Silicate type N. Therefore for a
sodium silicate dosage of 18mg/L this adds 4.2mgNa/L. The Canadian food guide
recommends 1.9L of water per day. If sodium silicats imahe water this would add an
addition 8mg of sodium per day. Health Canada has an tolerable upper intake limit of
2300mg per day of sodium, with 1500mg per day because adequate. However during a
survey done by the Canadian Community Health Surve@od 2CCHS 2.2) it found

that Canadian adults were consuming an average of 30@2mnagy of sodium. The
above average consumption of sodium in Canadian didets raise concern over the
amount of sodium in diets. But the amount of sodium coming from #teris only a

fraction of what one can get from food.

5.2 Chloramines and the Corrosion Control Program

Chloramines are an attractive alternative to chlorine as they form fewer DBPs. Halifax
Water currently meets Healwobldlikedomeatthed s DBP
more stringent EPA standards for DBPs. However, there are some concerns that

switching from chlorine to chloramines will affect water quality angimote lead

release.

In this study, the oxidation reductiontential (ORP) was irhe 400mVrange for
chloramines and in the 600mV range for chloritkinder high ORP conditions and in the
presence of chlorine, metallic lead (Pb(s)) andRtill oxidize to lead oxide (Pbg).

Lead oxide is insolubland willaccumulaten the insidef the pipe. In Lytle & Schock
(2005),lead oxidewas formedn chlorinated watef< 3mg/L) with a pH range of 6.6b
10.1n Lin & Valentine (2008), lead oxide was reduced to solubl&"Pénd the ORP of
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the system decreased when the system was exposddriamines(14.1-70 uM NH,CI)
atpH 7

Edwards and Dudi (2004pnducted a benescale study with a pure lead pipsing
synthesized water (82mg/L CaC89.6mg/L of CaS@ and 84.1 NaHC¢) at a pH of

8.5. Severatlifferent conditions were testesiyfitheszed water, synthesized water plus
ammonia, synthesized water plus chlorine, synthesized water plus chloramines, and
synthesized water plus chloramines anthophosphate). The condititimat released the
most amount of leaduring a 16h stagnation tim&vas synthesized water with
chloraminesdt a mass ratio df:3.7to N toCl,) andphosphate (at a concentration of
1mg/L as P with NakPOy)(Edwards and Dudi, 2004)[he high lead releasedicates
that phosphate is not always beneficial to corrosion itibibof lead when combined
with chloraminesin addition, lead concentrations were similar between the synthesized
water with chlorine anthe synthesized water witthloraminesSince the lead pipes
were cleaned befottbe experimentghere would be nouild up of lead oxidén the test

lead pipeghatcould react with the chloramines (causing increased lead release).

In this study, it was not possible determine if the copper pipe racks had a build up of
lead oxide. The inside of the copper pipe ragkse not analyzedefore or after
experiments. @ly filtered water was run throughe copper pipe racksr a monthat the
beginning of the studyl'he copper pipe racks were not cleaned with an acid. However
since the copper pipe racks that used chlaramas a disinfectant released more lead
then chlorineit is hypothesis that there was a build up of lead oxide. However more
experiments would be needed to determine what type of oxide layer has formed on the
inside of the copper pipe racks.

Switzeretal., (2006)found thata 0.5m lead filmwas almost dissolved key1mM

NH,CI, 4mM NH'" and 1mM Clsolution of chloramines at a pH of &hat study also
found thatthe same type of lead filwmaspassivated wittHHOCI/OCI (from a sodium
hypochlorite solubn with 1313% available chlorine (Switzeret al.,2006) Those
findingswere consistenwith results from thistudyin which chloramines released more

lead tha chlorine.
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In an experiment using coppssuponshalf coated with 50 tinlead solderfree
chlorine at adoseof 1.9mg/L over a pH range of 7.2 to 8.4 released more l@ad th
chloraminesat adoseof 3.2mg/L oer the same pH range (Lat al.,1997) This is not

consistentvith this currenstudy where chloraminegsleased more lead thahlaine.

Based on the findings of this study and the work@&dfvards and Dudi, 2004, Switzetr
al., 2006, and Renner 20Q5f Halifax was to switch from chlorine to chloramines,
increased lead release would be expediesvever the water utility in San fancisco
switchedto chloramines withat experiencing high lead levelBhisattributed to the
replacement of leaskervice linesn the systemmonitoringfree chlorine residual before
the switch to chloramigs and using a high piH their finished wate(Wilczak et al.,
2010).

5.2.1 Suspected Nitrification of Pipe Loops

Nitrification is the microbiological process that oxidizes ammonia to nitrite and then to
nitrate (Zhang, Y., N. Love, and M. Edwards, 2009). Due to the drastic difference in lead
releasaluring the short and long stagnation time, nitrification was suspected.
Heterotrophic plate count (HPC) bacteria were measured several times in the study;
however none were detected. HPCs are used as an indicator of nitrification (Wolfe et al.,
1990). Ammaia, nitrate, nitride and total nitrogen were also measured. Only during the
low chloramines treatment with phosphate inhibitor was an increased level of nitrate from
the 30min stagnation time to the 24hr stagnation time in the copper pipe rack effluent.
Since nitrate levels were higher this could indicate that nitrification was occurring;
however there may have been issues with the testing method. There are no results from
the high chloramines pipe loops because nitric acid was used to adjust the ps€of tho
pipe loops. Ideally, additional experiments would have daily sampling to ensure that
daily water fluctuations were accounted for in the results, measuring the same water that
is entering the copper pipe racks immediately before the stagnation pegins. be

Therefore, nitrification results are inconclusive.
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5.3 Current Plant Conditions for Halifax Water

To test lead in drinkingvaterthe protocol for Health Canada is to take a 1L first drawn
sample after a stagnation time for over 6 h@Hisalth Ganada 2009). With the pilot
scale experiments, there is a long stagnation time of 23hr and 30min, which is greater

than 6 hours and thus meets the requirements for a first drawn sample.

The current plant conditions for the JDKWSP has a pH of 7.3, tol@alice level of
1.0mg/L and a poly/ortho phosphate level of 0.8mg/L. For this thesis, foppeas
used to replicate these conditions. Over the course of the experimental timeline, the
average pH was 6.9+0.8, total chlorine residual was 1.3t1.4mullgréhophosphate
was 1.3mg/L. Due to the trial and error dosage method, the exact value that the
JDKWSP was operating at is very diffictdt maintain however the data is reasonably

close to actual plant conditions.

From data collected starting in 3B009 to June 2010, the average total lead
concentration for the 24hr stagnation time wasgtR(median of 0.9fdg/L), and for a

short stagnation timeu@/L (median of 0.9fg/L). The limit for lead is 1Ag/L. The

24hr stagnation time does exceed thisttilmowever the 12g/L is an average and is

greatly affected by the extreme values, that did occur throughout the study. When looking
at the median, the middle number not affect by the extreme values, itg/Q.9vhich

is well below the limit of 1Qg/L.

Similar pilot scale studiewere conducted byladdisonet al.,200Q where different
corrosion control options were compared for the Halifax regional distribution system.
Due to the pilot and fukcale data collection, polyphosphate was chosen andl issstil

by the utility today (Maddisoet al.,2000). Through unpublished data of lead testing at
Dalhousie University in Halifax, lead limits wenathin the Health Canada limit of
10ug/L. The pipe loops can be seen as an acceptable pilot scale se¢pipctde a full

scale system.
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Chapter 6.0 Recommendations

In this chapter, theecommendations aproposed tduture studies of lead release in
premise plumbingin addition experimentathangesare proposethat would make

futurepipe loopstudies easier.

6.1 Sodium Silicates as a Corrosion Inhibitor

The next steps in this research would be to determine the concentration of sodium silicate
needed to reduce lead levadshe belowlOug/L limit. This would require increasing the
concentration of sodium silicatintil the lead concentration whelow the 1Qg/L limit.

In this studygreater amount of copper releagere observewith sodium silicatehan

with phosphate. Analytical tools such agay diffraction would help identify the
chemical changes on the qmp pipe surface and help explain the interaction of cepper
water and sodium silicatel$.is important to determine if increased copper releaae
general trend with copper and sodium silicate or if it is just aiomeoccurrence
observed irthis stug.

6.2 Chloramines and the Corrosion Control Program

Chloramines are an attractive alternative tmdhk as they form fewer DBPspwever
increasedead release is associated with chloramines. Further investigation on how to
successfully switch from ¢brine to chloraminesvithout increasing lead releas®uld

be beneficiato HalifaxWat er t o comply with the EPAOGS

To determine theffect of nitrification in the copper pipe rackedditional experiments

are needed. This would involvaity sampling of the pipe loops and copper pipe racks to
ensure that daily water fluctuations were accounted for in the results. This would require
measuring the same water that is entering the copper pipe racks immediately before the

stagnation period béts.
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6.3 Pipe Loop Operation

To improve the operation of thmpeloops thefollowing changes have been proposed

e Many times during the study the circulation pump would shut down as it would
require cleaning. This caused thipeloopsto be out of comission for a short
period of time. Using a smaller circulation pumps wandure a shorter cleaning
time. Also the current circulation pumps are made of iron, which do coaratie
contribute to turbidityA smaller pump made of plastic would be beneficia

e The lead/tin solder was the only lead source for this study. Other lead sources
such adrassacets and lead service lines would be interesting to compdiens
silicates and phosphates, as corrosion inhibitors.

e Thetrial and error chemical dosage srstmade maintaining similar conditions
swch as pH between pipe loops difficudn automatic dosage and monitoring
systemwould improve the consistency between pipe loops.

e Chloramines for this study were made using a borate buffer. The solution was
made tle day beforeso there wasariability in the concentration of chloramines.
To mimic full scale plant conditions using ammonia gas would be ideal to

produce moreonsistenthloramines concentrations.
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Chapter 7.0  Conclusions

7.1 Sodium Silicates as a Corroen Inhibitor

In general, the pipe loop with sodium silicate released more lead than the pipe loops with
phosphate. Thikighest amount of lead was observed with high chloraminesaa®4inr
stagnation time when sodium silicate was buffered with antssd/ The lowest amount

of lead was seen with chlorirdtera 30min stagnation time withe phosphateorrosion
inhibitor. More lead was released whsadium silicate was buffered with an acid/base

than when it was buffered just with sodium silicate.

In addition sodium silicatesreated copper pipe rackiso released more copper than

phosphatdreated copper pipe rack®@st notably with chlorine as a disinfecant

7.2 Chloramines and the Corrosion Control Program

This study showthatmore leads released with chloramines as a disinfectant than with
chlorine. Howeverchloraminegproduce les®BPsthanchlorine.

7.3 Current Plant Conditions for Halifax Water

The pipe |l oops in this study have been use
waterresearch group. Even though there were some challenges in terms of trial and error
dosage, th pipe loops are still an effectit@ol to studythe full scale system. The pipe

loops that used chlorine as a disinfectant and phosphate as the corrosiainhibi

mimicked the conditions at the JDKW@Rd the Halifax distribution systerihe lead
concentrations of this pipe loop were consistent withublished daticom full scale

sampling at Dalhousie University.
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APPENDIX A i Filtered Water Data

Table A.1Raw data pertaining to the filtered water at the J De&Water Supply Plant
(JDKWSP) that was then chemical treated specifically for each pipe loop. Data is

presented in chronological order.

Total Free
ORP DO Temp Chlorine Chlorine | Turbidity Silica ALK | Phosphate
Date pH (mV) (mg/L) (°C) (mg/L) (mg/L) (NTU) (mg/L) | (mglL) (mg/)
02-Jul | 5.59 581 5.7 17.9 0.09 0.02 0.122 2.3 0.05
06-Jul | 5.93 366 51 191 0.04 0.04 0.269 1.7 0.04
09-Jul 6.1 341 51 18.5 0.1 0.03 0.165 0 0.09
13-Jul | 5.71 415 5.6 195 0.09 0.03 0.155 -0.9 5.3 0.06
16-Jul | 5.73 444 5 19.9 0.1 0.06 0.139 0.7 0.08
20-Jul | 5.64 401 4.6 19.7 0.09 0.02 0.096 0.9 0.09
23-Jul | 7.25 632 5.2 19.9 0.11 0.02 0.127 3.4 0.24
27-Jul 55 401 4.5 20.5 0.08 0.03 0.132 2.6 0.14
30-Jul 5.5 572 213 0.05 0.03 0.101 2 0.02
03-Aug 57 409 214 0.07 0.05 0.129 2.8 -0.02
06-Aug | 5.57 381 6.6 218 0.11 0.09 0.092 1.4 7 0.11
10-Aug | 5.45 7.3 22.1 0.08 0.05 0.103 -0.7 0.07
14-Aug | 5.87 379 6.9 22.2 0.09 0.04 0.112 3.2 0.08
17-Aug | 5.58 381 10.6 22.4 0.09 0.06 0.13 2.2 0.01
20-Aug | 6.56 467 11.2 23.7 0.08 0.05 0.177 1.7 0.02
24Aug | 5.64| 403 6| 225 0.11 0.04 0.114 0.5 8.7 0.09
27-Aug | 5.48 366 5.9 20.9 0.09 0.08 0.117 -1.2 0.06
31-Aug | 6.92 399 11.9 0.09 0.05 1.25 0.2 0.11
03-Sep| 5.63 399 11.8 18.8 0.02 0.02 0.117 13 0.01
14-Sep| 5.3 404 6.6 18.2 0.06 0.03 0.389 11 0.05
17-Sep| 5.8 407 7 18.2 0.04 0.02 0.101 2 0.11
21-Sep| 5.31 395 6.3 17.6 0.06 0.03 0.318 1 0.08
24-Sep| 5.32 413 7.4 17.1 0.04 0.02 0.416 2 0.08
28-Sep| 5.56 412 7.1 16.6 0.03 0.03 0.091 2 0.06
01-Oct 5.4 388 7 16.2 0.05 0.04 0.13 2 0.03
05Oct | 5.37 356 7.3 154 0.05 0.02 0.374 1 0.09
08Oct| 541 399 7.7 14.7 0.05 0.02 0.09 2 0.04
12-Oct| 5.79 382 7.4 13 0.06 0.02 0.097 2 0.09
15Oct | 5.31 404 7.8 13.9 0.05 0.02 0.344 0.05
19Oct| 5.35 419 7.4 13.7 0.08 0.05 0 2 0.09
22-Oct| 5.48 402 7.9 12.4 0.04 0.02 0.139 1 0.22
29-0Oct| 5.58| 4.05 7.9 12 0.07 0.03 0.12 0.05
02-Nov | 5.28 420 8 11.2 0.08 0.02 0.038 2 0.11
05-Nov 59 412 11.2 0.08 0.03 0.146 2 -0.01
09-Nov 5.3 407 10.8 0.04 0.04 n/a 0.01
12-Nov 5.3 391 101 0.04 0.02 0.163 2 0.1
16-Nov | 5.42 401 10.1 0.06 0.03 0.77 0
19-Nov | 5.25 416 9.9 0.03 0.02 0.533 2 0
23Nov | 5.34 9.9 0.04 0.02 1.03 4 0

111




Table A.1continued Raw data pertaining to the filtered water at the J D Kline Water
Supply Plant (DKWSP) that was then chemical treated specifically for each pipe loc
Data is presented in chronological order.

Total Free
ORP DO Temp Chlorine Chlorine Turbidity Silica ALK Phosphate
Date pH (mV) (mg/L) (C) (mg/L) (mg/L) (NTU) (mg/L) | (mg/L) (mg/)
26-Nov | 5.24 9.6 0.03 0.03 0.143 2 0
30-Nov | 5.34 10 0.158
03Dec| 5.34 8.8 0.05 0.02 0.163
07-Dec | 5.49 9 0.04 0.04 0.04
09-Dec 8 0.06 0.02 0.02
0l-Feb| 6.92| 430 4.8 0.06 0.02 0.261
04Feb| 7.93| 395 9.9 0.05 0.05 0.042
08Feb| 6.38| 396 10.4 0.04 0.02 1.079 1.9 9.8
11-Feb| 6.71| 491 5.3 0.06 0.02 0.193
15Feb| 4.78| 328 11.2 0.04 0 0.601 0
18Feb| 58| s598| 107| 48 0.04 0.03 0.709 0.14
22-Feb| 5.63| 367| 11.4| 58 0.07 0.06 0.333 0.069
25Feb| 7.17| s65| 124| 55 0.01 0 0.378 4.3 0.345
0-Mar | 522| 366| 108| 6.3 0.05 0.05 1.653 4.6 0.3
04Mar | 541| 359| 106| 6.4 0.02 0.02 0.417 0
08Mar | 597| 390| 102| 6.8 0.03 0.02 0.413 0
11-Mar | 5.99| 370| 104| 7.1 0.06 0.02 0.181 0
15Mar | 5.44| 463| 101| 7.1 0.03 0.03 0.558 0.036
18Mar | 5.39| 358| 105| 7.1 0.02 0.02 0.082 0.063
22Mar | 556| 328| 103| 7.8 0.03 0.02 0.534 0
25Mar | 6.73| 293| 109 7.3 0.03 0.03 0.062 0
29Mar | 5.27| 449 11 8.7 0.03 0.03 0.828 16 0.087
ol-Apr | 58| 335 105 8.3 0.04 0.03 0.141 0.091
osApr | 6.12| 310 108 7.4 0.03 0.03 0.148 2.2 0.11
09-Apr | 5.48| 360 11| 111 0.02 0.02 -0.04 2.2 0
12Apr | 543| 408| 102| 84 0.05 0.03 0.311 2.1 0.028
15Apr | 591| 392| 105| 9.2 0.04 0.03 0.061 0
19-Apr | 5.15| 651 10 9.9 0.04 0.01 0.135 0
22apr | 5.38| 436| 105 97 0.04 0.01 0.313 2.3 1 0
26-Apr | 5.34| 381 11| 117 0.06 0.05 0.109 2.1
29-Apr | 5.52| 407 9.7 0.08 0.06 2.7
10-May | 5.16 13 0.03 0.01
17-May | 5.43 20.9 0.02 0.01
25May | 5.48 17.8 - 2.1
31-May | 5.43 18.4 0.03 0
07-Jun| 5.45 18.3 0.02 0 -
14-Jun| 5.23 17.1 0.5 0.3 2.1
21-Jun| 5.02 20.8 0.04 0.02 2
28Jun| 5.62 19.7 0 0
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APPENDIX B 7 Sodium Silicate Data

Tables presented in thsection are the raw data pertaining to the pipe loops that used sodium
silicate as a corrosion inhibitor. Data is presented in chronological order from which it was
collected. Data is presented first for when the pH was buffered with an acid/baseravthém

it was buffered with just sodium silicate. For each section the data is presented first for the
influent and effluent of the pipe loops then for the long and short stagnation time.

Buffered with Acid/Base

Corrosion Rate (mil/year)

Table B.1Raw daa displaying corrosion rate value for pipe loops using sodium silicate
as a corrosion inhibitor which was buffered with an acid/base

High Low
Date Chloramines Chloramines Chlorine

16-Jul 1.97

20-Jul 4.62

23-Jul 5.05

27-Jul 4.43

30-Jd 2.36
03-Aug 1.98 2.08
06-Aug 1.74 1.98
10-Aug 2.52 2.48 9.69
14-Aug 45 2.39 3.68
17-Aug 5.47 2.03 2.8
20-Aug 3.63 2.79 2.85
24-Aug 9.2 1.75 2.65
27-Aug 4,74 1.6 2.97
31-Aug 2.59 2.55 2.42
03-Sep 3.67 2.17 1.93
14-Sep 2.2 1.35 2.32
17-Sep 5.09 2.33 1.82
21-Sep 2.02 2.32 2.28
24-Sep 7.93 2.39 15
28-Sep 2.83 1.59 3.86
01-Oct 3.98 2.46 4.5
05-Oct 2.36 1.98 2.66
08-Oct 2.04 2.87 2.74
12-Oct 1.48 1.64 2.97
15-Oct 1.49 1.97 2.28
19-Oct 1.14 1.43 2.37
22-Oct 2.12 1.41 2.98
26-Oct 1.31 1.52 25
29-Oct 1.59 1.62 2.93
02-Nov 2.3 1.62 2.28
05-Nov 1.94 1.6 1.76
09-Nov 2.03 1.2 1.56
12-Nov 3.01 1.71 1.93
16-Nov 1.6 2.31 2
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Table B.1 continuedRaw data displaying corrosion rate
value for pipe loops using sodium silicate as a caorosi
inhibitor which was buffered with an acid/base.

High Low
Date Chloramines Chloramines Chlorine
19-Nov 2.06 4 2.56
23-Nov 2.23 4.3 1.63
26-Nov 2.03 3.21 1.88
30-Nov 1.51 2.59 2.4
03-Dec 2.28 2.96 4.28
07-Dec 2.36 2.44 1.82
09-Dec 2.25 3.55 3.26

114




pH
Table B.2Raw data showing the pH values for the influent and effluent of the pipe loops using
sodium silicate as a corrosion inhibitor that was buffered by an acid/base.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine | Chloramines Chloramines Chlorine
02-Jul 6.62 9.25 6.6 6.35 8.49 6.71
06-Jul 6.57 7.11 6.7 6.71 7.78 6.29
09-Jul 9.14 9.35 7.17 9.05 8.86 7.9
13-Jul 8.65 8.48 7.28 8.67 7.4 7.4
16-Jul 8.6 8.39 9.01 6.01 7.68 9.12
20-Jul 8.22 7.09 6.73 8.53 7.91 7.39
23-Jul 8.69 8.31 7.95 8.7 7.6 9.22
27-Jul 8.34 6.28 6.46 7.82 7.61 9.4
30-Jul 5.87 8.23 8.87 9.66
03-Aug 6.37 9.97 6.14 7.03 7.98 6.71
06-Aug 7.46 9.07 6.64 7.61 8.31 6.77
10-Aug 6.1 7.43 6.43 6.07 6.84 6.68
14-Aug 4.7 8.59 6.38 6.42 7.88 6.16
17-Aug 8.63 6.06 8.52 6.21
20-Aug 8.45 8.06 7.69 8.43 6.99 6.78
24-Aug 6.04 6.94 6.06 6.25 6.89 6.66
27-Aug 7.45 6.79 7.45 7.32 7.79 8.23
31-Aug 6.65 9.09 7.2 7.62 8.64
03-Sep 8.43 7.52 8.03 7.21
14-Sep 8.01 6.92 7.61
17-Sep 6.1 7.5 6.12 6.5 7.24 6.44
21-Sep 3.15 8.3 9.12 5.32 7.31 7.42
24-Sep 3.45 8.31 7.16 4.72 7.69 7.1
28-Sep 6.03 8.37 6.89 7.6 6.69 6.77
01-Oct 8.32 8.73 7.43 7 7.29 6.68
05-Oct 8.71 6.91 6.89 8.51 6.8 6.22
08-Oct 8.49 8.42 7.65 8.45 7.84 7.6
12-Oct 6.91 7.15 6.6
15-Oct 8.65 8.76 6.88 8.7 7.89 6.56
19-Oct 8.17 6.81

22-Oct 8.7 7.71

29-Oct 5.65 6.33 6.94 6.1 6.09 6.83
02-Nov 3.96 5.94 5.89 7.09 7.25
05-Nov 8.7 8.41 6.72 8.53 7.72 7.05
09-Nov 7.24 6.64 5.98 742 7.37 6.67
12-Nov 8.7 8.25 6.51 7.02 7.23 6.87
16-Nov 6 6.44 6.7
19-Nov 6.16 8.38 7.04 6.82 7.51 7.56
23-Nov 7.6 7.02 6.27
26-Nov 8.23 9.04 6.64
30-Nov 6.19 7.01

03-Dec 8.59 8.23 6.55 7.33

07-Dec 8.46 7.62 6.5
09-Dec 6.8 7.2 6.7 53 7.2 5.6

115



Oxidation Reduction Potential (ORP) (mV)
Table B.3Raw data displaying the ORP values for the influent and effluent of the pipe loops
when using sodium silicate as a corrosion inhibitor and buffered with an acid/base

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 622 444 808 402 424 698
06-Jul 547 581 832 422 540 790
09-Jul 420 507 788 430 470 723
13-Jul 450 434 483 429 485 700
16-Jul 490 484 529 350 540 533
20-Jul 426 763 624 398 479 633
23-Jul 410 420 673 396 464 385
27-Jul 437 624 775 391 471 491
30-Jul 388 302 342 443
03-Aug 544 315 485 448 438 430
06-Aug 769 370 732 470 395 482
10-Aug 558 485 766 469 464 749
14-Aug 678 436 757 535 474 730
17-Aug 441 756 437 723
20-Aug 432 462 714 452 421 688
24-Aug 610 526 764 575 530 701
27-Aug 481 519 587 532 478 580
31-Aug
03-Sep 514 757 439 657
14-Sep 420 454 560
17-Sep 643 498 799 523 570 760
21-Sep 692 500 554 495 527 698
28Se 680 534 664 402 450 486
01-Oct 782 435 772 462 416 768
05-Oct 399 513 447 441 524 717
08-Oct 492 456 774 412 479 755
12-Oct 657 449 737
15Oct 516 450 756 388 451 751
19-Oct 422 450
22-Oct 408 447
26-Oct 382 424 467
29-Oct 515 547 738 602 525 712
02-Nov 606 730
05-Nov 346 399 750 604 545 757
09-Nov 368 438 789 661 605 707
12-Nov 353 426 752 589 500 645
16-Nov 362 337 664
19-Nov 394 372 728 649 522 580
23-Nov 378 435 821
26-Nov 341 378 516
30-Nov 363 377
03-Dec 339 403 692 549
07-Dec 340 437 722
09-Dec 345 405 710 232 514 480
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Dissolved Oxygen (mg/L)
Table B.4Raw data displaying the dissolved oxygen values for the influent and effluent of the
pipe loops when using sodium silicate as a corrosioibitor and buffered with an acid/base

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 6.9 6.6 8 7.3 6.6 6.7
06-Jul 7.5 8.2 8 7.5 7.6 7
09-Jul 6.9 6.5 7.3 6.2 6.5 6.4
13-Jul 6.8 7.2 6.9 6.5 6.6 6.7
16-Jul 7.3 7.4 7.3 6.8 7 7.5
20-Jul 8.4 7.9 7.9 7.6 7.1 7.4
23-Jul 6.2 5.9 6.2 5.6 5.8 55
27-Jul 5.6 6.7 6.3 6.9 6.3 6.3
30-Jul 6.2 6.1 7 6.5
03-Aug 5.8 5.8 5.9 6.8 6.4 6.5
06-Aug 5.2 54 57 5.9 5.2 5.8
10-Aug 5.2 5.8 5.3 55 5.3 5.6
14-Aug 51 4.8 54 5.2 51 5.2
17-Aug 6.1 5 6.6 7
20-Aug 51 4.8 4.4 4.8 4.9 5
24-Aug 4.9 4.5 4.6 4.7 4.5 5
27-Aug 57 5.3 5.6 5.6 55 5.9
31-Aug 4.7 4.8 4.5 5.6 4.6
03-Sep
14-Sep
17-Sep 6.6 7.1 6.8 6.3 6.1 6.4
21-Sep 10.3 9.9 10.5 7.4 7.5 7.6
24-Sep 6 6.7 6.7 5.8 6.3 6.5
28-Sep 10 9.9 9.1 10.8 9.2 9.7
01-Oct 10.7 10.7 12.1 11.1 10.7 10
05-Oct 5.6 5.8 57 4.7 54 55
08-Oct 57 5.3 55 6.3 55 54
12-Oct 11 11.9 10.6
15-Oct 11.8 10.1 12.2 12.6 11.7 113
19-Oct 6 6.5
22-Oct 6.7 5.9
26-Oct 5.6 55 6.4
05-Nov 7.7 6.9 7.4 7 7 6
09-Nov 7.5 6.2 7.4 62 5.3 6.9
12-Nov 7.7 7.4 7.2 57 55 6.6
16-Nov 5.8 4.8 6.7
19-Nov 7.8 6.2 7.3 7.1 55 6.8
23-Nov 57 6.5 7.4
26-Nov 7.2 6.3 7.4
30-Nov 7.1 5.8
03-Dec 7.3 7.7 6.9 4.9
07-Dec 5.2 6.8 6.2
09-Dec 6.8 7.2 6.7 5.3 7.2 5.6
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Temperature(°C)
Table B.5Raw data displaying the temperature values for the influent and effluent of the pipe
loops when using sodium silicate as a camoénhibitor and buffered with an acid/base

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 18.2 19 18.5 22.3 22.2 22.9
06-Jul 18.3 18.6 18.3 22.8 22.4 22.9
09-Jul 19 19 18.8 23.3 22.6 23.3
13-Jul 18.8 19.4 19.1 23.5 22.1 23.7
16-Jul 19.8 19.9 19.5 23.9 24 23.1
20-Jul 20.2 20.1 20.1 24.2 23.4 24.2
23-Jul 19.9 20.6 20 24.2 23.2 23.2
27-Jul 20.1 20.7 20.2 24.4 23.9 24.9
30-Jul 20.6 21 24.4 24
03-Aug 21.5 21.6 21.5 25.4 25.6 25.7
06-Aug 21.7 21.6 21.8 24.9 26 25.6
10-Aug 21.8 21.8 21.6 25.7 25.7 22
14-Aug 21.9 22.2 22.5 25.8 25.4 26.2
17-Aug 22.2 22.4 26 25.8
20-Aug 22.4 22.6 22.3 27 26.2 27
24-Aug 23.1 23.3 23.3 255 26.6 26.8
27-Aug 22.4 22.6 22.7 27 26.2 26.5
31-Aug 21 21.3 26.3 215 25.7
03-Sep

17-Sep 19 19.1 19.3 23.7 23.3 23.9
21-Sep 18.3 18.7 18.9 23.3 22.6 23.5
24-Sep 18.7 18.6 18.9 23.7 22.8 23.2
28-Sep 18.1 18.2 18.5 22.2 22 22.8
01-Oct 18.1 18.1 18.3 23 21.9 22.7
05-Oct 17.4 17.5 175 22 21.8 22.7
08-Oct 17.6 17.1 17.2 21.4 215 215
12-Oct 21.3 19.8 21.3
15Oct 16.2 15.9 15.7 20 19.8 20.9
18-Oct 20.4 18.5

22-Oct 19.3 19.7

26-Oct 20.8 20 20.3
29-Oct 14.3 14 13.8 19.9 18.8 19.7
02-Nov 18.8 194
05-Nov 13 136 13.5 18.2 17.6 17.7
09-Nov 12.5 12.7 12.9 17.2 17.5 18.6
12-Nov 12.6 12.8 12.8 17.1 17 18.6
16-Nov 12 12.4 12.6 15.6 16.5 18.7
19-Nov 12 12.4 12.6 15.6 16.5 18.7
23-Nov 17.5 16.9 17.6
26-Nov 16.9 18.5 19
30-Nov 17 18

03-Dec 12.2 12.1 13.3 15.9

07-Dec 17.8 16.5 17.7
09-Dec 11.3 11.4 11.4 17.4 15.3 17.4
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Total Chlorine (mg/L)
Table B.6Raw data displaying the total chlorine values for the influent and effluent of the pipe
loops when using sodium silicate as a corrosion inhibidriauffered with an acid/base

Influent Effluent
High Low High Low
Date Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
02-Jul 0.2 13 6.3 0.15 9.5 35
06-Jul 0.06 1.3 8 0.4 3.1 4.1
09-Jul 10 0.5 6.3 10.9 11.9 3.2
13-Jul 13.1 5.9 0.08 8.8 2.15 4
16-Jul 15.3 10.8 6 0.04 5.6 1.47
20-Jul 54 3.2 0.35 8.1 8.2 0.62
23-Jul 7.5 54 15 8.2 51 0.9
27-Jul 4.1 1.5 2 4 4.8 4.1
30-Jul 9.3 35 0.07 6.3
03-Aug 0.73 0.04 0.06 1.4 3.4 0.3
06-Aug 2.8 1.2 1.3 2.7 3.6 1.1
10-Aug 1.7 2.6 3.1 0.7 0.26 3.6
14-Aug 0.15 9.1 1.62 0.23 13 1.7
17-Aug 14.8 2.8 14.2 1.8
20-Aug 11.7 54 2.1 12.4 0.11 0.81
24-Aug 2.1 1.1 2 2.3 1.6 15
27-Aug 4.4 2.4 2.5 35 4.9 0.85
31-Aug 2.1 4.4 0.08 3.7 3.1
03-Sep 10.4 1.06 10 0.97
14-Sep 3.5 0.4 0.8
17-Sep 2 5.6 1.8 35 4.8 0.9
21-Sep 0.2 0.2 8.2 0.3 3.7 3.1
24-Sep 0.05 14.4 0.49 0.02 10.1 0.08
28-Sep 0.04 8 0.22 2.2 1.3 0.05
01-Oct 10.8 5.3 9.8 1.9 35 4.5
05-Oct 10.8 0.04 0.3 9.9 2.7 0.7
08-Oct 12.9 6.1 57 11.6 49 34
12-Oct 1.3 3.3 1.1
15-Oct 8 6 1.11 15.9 5.8 0.82
19-Oct 3.2 35
22-Oct 13.9 4.7
26-Oct 6 24 0.06
29-Oct 11.6 35 5.8 8.9 2.8 5.3
02-Nov 0.04 1 0.11 2.6 2.8
05-Nov 8.7 3.1 1.8 9.5 35 2
09-Nov 4.6 1.6 1.85 54 1.8 1.08
12-Nov 10.8 6.5 1.7 3.6 4.2 1
16-Nov 0.08 1.57 1.14
19-Nov 151 6.4 2.3 2.5 51 1.62
23-Nov 45 2.3 3.2
26-Nov 7.6 12.1 0.24
30-Nov
03-Dec 13.1 6.8 2.17 5.9
07-Dec 7 2.9 0.5
09-Dec 9.6 55 0.9 8.9 5.4 0.26
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Free Chlorine (mg/L)
Table B.7Raw data diglaying the free chlorine values for the influent and effluent of the pipe
loops when using sodium silicate as a corrosion inhibitor and buffered with an acid/base

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 0.02 1.1 6.2 0.14 8.3 35
06-Jul 0.02 0.81 8 0.02 3.1 3.9
09-Jul 9.8 0.05 55 9.2 11.9 3.21
13-Jul 1.3 0.12 3.3 3.7 0.8 0.06
16-Jul 2.9 0.11 1.3 0.01 2.9 1.36
20-Jul 4.5 1.9 0.21 15 7.8 0.52
23-Jul 1.8 51 1.2 2.9 1.8 0.08
27-Jul 0.8 0.6 1.6 0.3 0.2 3.8
30-Jul 4.5 0.6 0.05 0.12
03-Aug 0.69 0.03 0.03 0.7 2.8 0.02
06-Aug 2.4 0.7 0.8 0.6 1.3 0.08
10-Aug 1.3 1.3 3 0.15 0.1 2.1
14-Aug 0.06 4.2 1.46 0.06 4.8 0.93
17-Aug 1.2 2.6 3.4 0.69
20-Aug 10.3 4.3 1.8 0.34 0.08 0.75
24-Aug 0.9 0.12 1.9 1 1.1 1.2
27-Aug 2.9 1.2 1.8 1.1 1.6 0.67
31-Aug 1.9 3.7 0.05 3.3 2.6
03-Sep 5.8 0.91 2.7 0.88
14-Sep 35 0.3 0.7
17-Sep 2.4 4.8 1.7 3.3 4.7 0.9
21-Sep 0.03 0.17 8.1 0.2 3.4 2.8
24-Sep 0.02 13 0.42 0.02 6.3 0.04
28-Sep 0.03 7.4 0.21 1.8 1.1 0.03
01-Oct 9.7 51 8.1 1 0.24 4.3
05-Oct 10.6 0.05 0.2 7.9 2.2 0.2
08-Oct 10.3 6 54 8.5 4.8 3.2
12-Oct 1.3 3.1 1
15-Oct 10.3 55 0.73 10.3 55 0.73
19-Oct 0.13 0.21

22-Oct 0.34 0.9

26-Oct 2.2 0.09 0.03
29-Oct 0.24 1.3 4.7 3.4 0.65 3.9
02-Nov 0.02 0.88 0.1 0.09 1.3
05-Nov 3 1 1.55 2.6 2.2 1.84
09-Nov 2 0.08 1.71 1.8 0.7 1.09
12-Nov 6 2 1.6 2.2 1.07 0.92
16-Nov 0.08 1.54 1.19
19-Nov 1.01 0.12 2.09 0.21 1.8 1.57
23-Nov 1.49 1.36 3.1
26-Nov 7.2 10.6 0.02
30-Nov

03-Dec 12.9 6.4 2.16 1.4

07-Dec 6.6 3 4
09-Dec 9.6 4.6 0.7 7.4 3.6 0.24
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Turbidity (NTU)

Table B.8Raw data displaying the turbidity values for the influent and effluent of the
pipe loops when using sodium sédte as a corrosion inhibitor and buffered with an
acid/base

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine

02-Jul 0.12 0.435 0.294 0.115 1.991 0.629

06-Jul -0.038 -0.026 0.003 0.014 0.038 0.101

09-Jul 0.228 0.11 0.26 0.256 0.225 0.233

13-Jul 0.337 0.104 0.266 0.115 0.096 0.324

16-Jul 0.081 0.101 0.195 0.06 0.336 0.216

20-Jul 0.112 0.257 0.365 0.084 0.101 0.489

23-Jul 0.049 0.103 0.119 0.058 0.249 1.185

27-Jul 0.263 0.253 0.158 0.08 0502 0.977

30-Jul 0.148 0.187 0.212 0.153
03-Aug 0.12 0.19 0.237 0.072 0.246 0.247
06-Aug 0.112 0.067 0.404 0.076 0.165 0.124
10-Aug 0.282 0.065 0.594 0.017 0.125 3.609
14-Aug 0.219 0.381 0.06
17-Aug 0.821 0.175 0.067 0.086
20-Aug 0.056 0.238 0.102 0.289 0.17 0.027
24-Aug 0.653 0.181 0.367 0.233 0.185 1.448
27-Aug 0.196 0.128 0.302 0.087 0.008 0.477
31-Aug 0.08 0.368 0.103 0.41 0.048
03-Sep 0.097 0.323 0.042 0.073
14-Sep 0.066 0.287 0.045
17-Sep 0.234 0.11 0.118 0.065 0.132 0.165
21-Sep 0.122 0.052 0.197 0.086 0.235 0.069
24-Sep 0.408 0.361 0.15 1.458 0.275 0.157
28-Sep 0.308 0.118 0.527 0.31 0.134 0.868
01-Oct 0.242 0.285 0.376 1.31 0.072 0.385
05-Oct 0.228 0.09 0.295 0.129 0.361 0.338
08-Oct 0.36 0.326 0.263 0.243 0.299 0.355
12-Oct 0.096 0.13 0.141
15Oct 0.309 0.323 0.079 0.28 0.641 0.34
19-Oct 0.205 0.375

22-Oct 0.243 0.214

26-Oct 0.114 0.276 0.38
29-Oct 0.059 0.074 0.47 0.147 0.326 0.319
02-Nov 0.459 0.258 0.423 0.185 0.476
05-Nov 0.187 0.015 0.529 1.585 0.106 0.074
09-Nov
12-Nov 0.11 0.183 0.168 0.46 0.268 0.533
16-Nov 0.039 0.079 0.413
19-Nov 0.345 0.068 0.317 0.62 0.529 0.338
23-Nov 0.252 1.389 0.195
26-Nov 0.468 0.445 0.034
30-Nov 0.493 0.189
03-Dec 0.356 0.074 1.77 0.338

121



Sodium Silicate(mg/L)

Table B.9Raw data displaying the sodium silicate values for the influent and effluent of
the pipe loops when using sodium silicate as a corrosion inhibitor and buffered with an
acid/base

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 2.2 1.6 2.4
06-Jul 15.5 19.1 1.9 17.9 16.2 4.5
09-Jul 12.8 61.9 15.6 155 49.5 25.2
13-Jul -15 13.4 7.6 25.8 2.5 9.8
16-Jul 10 7.8 8.1 10.2 28.5 10.9
20-Jul 5.9 4.9 16.3 14.8 8.3 25.1
23-Jul 29 2.9 23.2 52 18.6 83.2
27-Jul 1.3 1.7 4 6 15 89.9
30-Jul 24.7 110 (Over) 3.9 2.6
03-Aug 10.5 110 (Over) 6.2 29.5 54.2 13
06-Aug 17.5 55.8 4.9 15.5 64.7 14.9
10-Aug 13.4 52 3.2 19.5 54.5 15.1
14-Aug 43.8 523 19.8
17-Aug 28.5 9 27 15.1
20-Aug 16.4 36.9 10.4 14 3.5 10.3
24-Aug 21.4 4.2 2.2 24 9.8 17.7
27-Aug 22 6.5 17.6 26.9 23.7 18.6
31-Aug 21.5 30.9 5.9 4.2 28.7
03-Sep 28.2 9.9 33.5 23.2
24-Sep 17 23 14
28-Sep 7 18 5
01-Oct
05-Oct 18 15 22
08-Oct 20 28 20
12-Oct 16
15Oct
19-Oct
22-Oct 25 24
26-Oct
29-Oct
02-Nov 12 18
05-Nov 15 25 15
09-Nov
12-Nov 8 13 14
16-Nov
19-Nov
23-Nov
26-Nov 12 3 6
30-Nov 11 10
03-Dec
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Alkalinity(mg/L)

Table B.10Raw data displaying the alkalinity values for the influent and effluent of the
pipe loops when using sodium silicate as a corrosion inhibitor and buffered with an
acid/base

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
27-May 11.3 33.2 8.1 10.6 35.8 6.3
08-Jun 36 7.8 11.8 31.1 14.2 7.2
13-Jul 40.2 27 14.2 50.3 21.8 21.1
03-Aug 11.7 131 19.6 51.8 19.3
24-Aug 35 8.9 9.9 5.7 12.6 20.3
11-Jan 75.7 34.1 125 35.4 33.1 14
25-Jan 8.7 54.8 19.7 24.5 131.2 20.1
08-Feb n/a n/a n/a 19.9 29.3 16.9
25Feb 128.4 31.5 13.9 51.2 47.3 11.2
01-Mar 112.9 25.7 16.2 31.6 15.8 11.1
29-Mar 103 25.4 9.7 36.9 9 12.3
20-Apr 47.6 n/a 14.4 19.3 13 134
26-Apr 45.4 38.3 14.1 30.1 18.7 11.7
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Copper Pipe Racks

pH

Table B.11Raw data displaying the pH values after the long (24hr) and short (30min)
stagnation time in the copper pipe racks using sodilicate as a corrosion inhibitor and
buffered with an acid/base

Long Stagnation Short Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 8.74 8.34 6.54 8.21 8.4 6.55
06-Jul 8.53 8.39 6.36 7.57 8.51 6.64
09-Jul 8.62 7.26 6.75 9.02 7.87 7.23
13-Jul 8.67 8.08 7.85 8.6 7.44 7.39
16-Jul 7.72 7.74 8.19 7.31 7.61 8.51
20-Jul 8.52 8.04 7.36 8.55 7.74 7.04
23-Jul 8.5 7.89 8.19 8.7 7.66 7.69
27-Jul 8.06 7.55 9.18 7.85 7.71 9.29
30-Jul 6.5 8.44 7.26 8.64
03-Aug 8.88 9.13 8.78 8.71 8.87 8.15
06-Aug 8.05 8.67 6.38 7.74 8.62 6.37
10-Aug 7 6.83 6.28 6.77 6.64 6.6
14-Aug 6.87 7.87 6.18
17-Aug 8.53 6.08 8.57 6.17
20-Aug 8.41 6.84 6.98 8.39 7.24 7.06
24-Aug 7.35 7.32 7.33 6.85 7.15 7.37
27-Aug 7.46 7.85 7.73 7.5 7.93 6.99
31-Aug 7.31 8.4 7.56 8.64
03-Sep 7.66 7.64 8.28 7.05
14-Sep 8.76 7.95 6.92 8.77 735 7.06
17-Sep 7.65 7.34 6.62 7 7.34 6.79
21-Sep 5.09 7.78 8.24 5.44 7.61 7.38
24-Sep 4.58 7.45 7.08 5.12 7.71 7.31
28-Sep 8.13 7.6 7.72 8.26 7.28 6.65
01-Oct 7.91 7.77 7.99 7.61 7.63 7.07
05-Oct 8.24 7.3 6.46 8.48 762 7.14
08-Oct 8.4 7.35 7.04 8.41 7.86 7.15
12-Oct 8.28 7.38 6.13 8.39 7.09 6.37
15-Oct 8.15 7.75 7.61 8.56 7.65 6.12
19-Oct 8.71 7.75 5.65 8.78 7.41 6.41
22-Oct 7.56 7.74 6.67 8.36 7.16 6
29-Oct 7.16 7.03 6.46 6.84 6.79 7.68
02-Nov 6.29 7.31
05-Nov 7.6 7.79 6.41 8.21 7.22 6.52
09-Nov 7.32 7.43 6.64 7.32 7.25 6.38
12-Nov 57 7.94 8.3 5.6 7.22 7.12
16-Nov 8.11 7.57 8.3 8.03 6.63 6.7
19-Nov 6.74 7.68 8.96 7.34 7.71 8.86
23-Nov 6 7.24 6.39 6.07 7.1 6.47
26-Nov 7.08 6.87 6.13
30-Nov 8.34 7.8 8.3 7.37
03-Dec 5.72 8.14 6.23 7.3
07-Dec 7.98 7.54 6.4 8.37 7.39 6.57
09-Dec 5.3 5.9 5.9 6 57 5.9
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Oxidation Reduction Potential (ORP) (mV)

Table B.12 Raw data displaying the ORP values after the long (24hr) and short (30min)
stagnation time in the copper pipe racks using sodium silicate as a corrosion inhibitor and
buffered with an acid/base

Long Stagnation Short Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 423 402 464 487 510 771
06-Jul 429 442 550 484 478 798
09-Jul 455 529 550 482 584 682
13-Jul 434 468 502 481 550 688
16-Jul 419 467 465 502 541 570
20-Jul 419 427 467 479 547 612
23-Jul 376 414 432 432 471 714
27-Jul 398 457 515 462 549 532
30-Jul 400 321 418 378
03-Aug 309 298 302 455 473 574
06-Aug 332 327 398 419 434 716
10-Aug 397 401 438 501 525 711
14-Aug 493 483 668
17-Aug 357 425 441 683
20-Aug 419 522 480 472 454 660
24-Aug 350 347 383 492 472 654
27-Aug 464 495 532 484 524 602
31-Aug
03-Sep 470 545 519 684
14-Sep 383 338 335 429 513 619
17-Sep 429 475 562 515 550 716
21-Sep 404 509 589 388 613 708
28-Sep 400 474 647 477 601 754
01-Oct 492 582 717 481 559 749
05-Oct 379 509 487 465 492 725
08-Oct 527 588 668 544 622 752
12-Oct 485 524 590 548 672 780
15Oct 550 635 785 522 646 744
19-Oct 426 405 428 439 453 442
22-Oct 394 390 479 487 511 662
26-Oct 377 357 405 422 431 443
29-Oct 567 629 665 604 653 728
02-Nov 714 676
05-Nov 525 564 608 516 557 692
09-Nov 542 557 680 548 562 707
12-Nov 644 610 576 618 592 598
16-Nov 501 561 578 513 588 558
19-Nov 589 569 558 574 622 515
23-Nov 638 605 687 581 681 772
26-Nov 444 384 405
30-Nov 429 424 405 434
03-Dec 515 473 594 545
07-Dec 485 510 575 520 625 710
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Dissolved Oxygen (mg/L)

Table B.12Raw data displaying the dissolved oxygen values after the long (24hr) and
short (30min) stagnation time in the ceppipe racks using sodium silicate as a
corrosion inhibitor and buffered with an acid/base

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 6.2 6.2 6 6.8 6.5 6.5
06-Jul 7 6.2 6.2 7.3 7.5 7.6
09-Jul 6.3 6.2 5.9 6.5 6.5 6.4
13-Jul 6.2 6.3 5.7 7 6.7 6.5
16-Jul 6 9.9 6.6 7 6.5 55
20-Jul 6.9 6.9 7.7 7.5 6.8 7.2
23-Jul 5.3 54 54 6.5 6.4 6.3
27-Jul 51 5 55 57 5.3 6.5
30-Jul 4.2 55 5.9 6.2
03-Aug 57 6.6 55 6.2 6.1 55
06-Aug 4.4 52 5 53 5.1 54
10-Aug 3.4 4.5 4.2 5 4.8 4.9
14-Aug 53 55 5.2
17-Aug 5.2 4.1 54 6
20-Aug 4.1 4.8 3.3 4.9 5 4.8
24-Aug 3.2 4.2 3.8 4.6 4.6 4.4
27-Aug 4 6 4.9 53 54 5
31-Aug 4.6 4.3 4.8 4.3
03-Sep

14-Sep

17-Sep 5 6.3 5.6 6.8 6.5 6.3
21-Sep 1.5 9.9 8.8 9.5 9.7 9.6
28-Sep 0.6 5.6 54 58 6.3 6.1
01-Oct 5.4 9.3 7.4 8.5 9.4 9
05-Oct 9.3 9.8 9.7 9.2 9.4 10.1
08-Oct 5 4.6 4.6 55 5.1 5.1
12-Oct 4.9 4.9 5 5.2 5.2 53
15Oct 8.3 9.9 9.1 94 10.1 10
19-Oct 9.7 9.6 11.3 11.1 10.3 10.1
22-Oct 51 51 4.4 59 5.2 5.1
26-Oct 5.4 6.5 4.7 51 5.4 5.4
29-Oct 5.6 52 4.7 5.8 53 5.6
02-Nov 51 5.6 55 6.2 6.7 6
05-Nov 5.6 5.9 5.8 6.5 6.5 6.2
09-Nov 5 5.8 6.1 6.3 57 6.1
12-Nov 55 5.6 5.6 54 57 5.8
16-Nov 53 6.2 6.4 5.8 6.4 6.1
19-Nov 5 6.2 5.8 6.2 6.3 5.9
23-Nov 6 5.4 5.9
26-Nov 6 5.8 5.8 6.3
30-Nov 4.3 5.9 6.3 6

03-Dec 6.4 6.3 5.8 6.1 6.3 6.2
07-Dec 5.3 5.9 5.9 6 5.7 5.9
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Temperature(°C)

Table B.14Raw data displaying themperature values after the long (24hr) and short (30min)
stagnation time in the copper pipe racks using sodium silicate as a corrosion inhibitor and
buffered with an acid/base

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 19.1 19 18.9 19.2 19 19
06-Jul 18.9 19 18.8 19 18.9 19
09-Jul 19 19.2 19.3 194 19.2 19.3
13-Jul 19.6 19.2 19.5 19.5 19 194
16-Jul 19.9 19.5 19.9 20 19.7 19.8
20-Jul 20.3 20.4 19.6 20.6 20.2 20.2
23-Jul 20.6 20.5 20.6 20.7 20.5 20.2
27-Jul 20.8 20.7 20.8 20.9 20.4 20.7
30-Jul 21.2 21.1 21.3 20.9
03-Aug 21.8 21.8 21.7 22 21.6 21.7
06-Aug 21.6 21.8 21.7 22 21.9 21.8
10-Aug 22.1 22 21.8 22 21.87 21.5
14-Aug 22.2 22.1 22.3
17-Aug 22.7 22.7 22.6 22.6
20-Aug 22.7 22.2 22.7 22.6 22.5 22.6
24-Aug 23.5 23.4 23.5 23.3 23.1 23.3
27-Aug 22.2 22.3 22.3 22.7 22.5 22.6
31-Aug 21.7 21.7 21.6 21.7
03-Sep

14-Sep 19.9 19.7 19.6 19.8 19 198
17-Sep 19.3 19.1 19.2 19 19 192
21-Sep 19.5 19.3 19 193 19.3 19.4
28-Sep 18.9 18.8 18.9 19 18.9 18.9
01-Oct 18.4 18.6 18.7 18.8 18.8 18.7
05-Oct 18.3 17.6 17.8 18.4 18.3 18.4
08-Oct 17.2 17.9 18.1 18 17.9 18
12-Oct 17.1 16.9 17 17.1 17.1 17.2
15Oct 17.7 17.6 16.4 17.5 17.4 17.2
19-Oct 16.8 16.3 16.5 16.3 16.3 16.3
22-Oct 17.2 17.2 17.3 16.4 16.6 16.4
26-Oct 17 7 17.4 17 16.9 16.6
29-Oct 17 16.3 16.8 16.3 16.3 16.1
02-Nov 15.7 15.5
05-Nov 16.6 16.1 16.6 16 15.9 15.9
09-Nov 15 14.6 14.7 14.8 14.6 14.5
12-Nov 16 15.6 15.9 15 15.2 15.1
16-Nov 15.7 15.5 14.7 15.4 15.4 15.1
19-Nov 15.7 15.5 14.7 15.4 15.4 15.1
23-Nov 14.3 13.9 14.3 13.9 13.3 13.5
26-Nov 15.1 15.3 15.6
30-Nov 16.5 15.7 15.5 15.4
03-Dec 16 15.7 14.9 14.7
07-Dec 14.8 14.6 14.8 14.4 14.3 13.8
09-Dec 15.5 14.9 15.4 14.4 14.5 14.2
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Total Chlorine(mg/L)

Table B.15Raw data displaying the total chlorine values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and bufferd with an acid/base

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 1.9 0.5 0.3 3.2 6.4 2
06-Jul 0.82 0.05 0.4 0.48 5.6 2.8
09-Jul 3.3 0.4 0.2 3.2 1.7 1.6
13-Jul 3.4 0.45 0.06 13 7.3 2.14
16-Jul 0.04 0.06 0.08 3.7 7.5 2.3
20-Jul 3.8 0.11 0.09 10.5 9.5 0.38
23-Jul 0.09 0.06 0.07 7.8 6.1 0.09
27-Jul 0.6 0.06 0.74 3.8 53 59
30-Jul 0.09 7.6 0.1 0.05
03-Aug 1.2 1.6 0.4 53 4.8 1.1
06-Aug 0.04 0.72 0.05 3 6.3 2.7
10-Aug 0.04 0.07 0.06 14 0.11 0.85
14-Aug 0.62 9.5 1.7
17-Aug 2.11 0.05 12.5 0.24
20-Aug 2.8 0.36 0.07 8.9 14 0.2
24-Aug 0.08 0.08 0.08 2.9 0.6 0.4
27-Aug 0.5 0.06 0.14 2.5 4.4 0.37
31-Aug 0.07 0.09 1.48 1.88
03-Sep 0.11 0.06 9.7 0.49
14-Sep 5 0.2 2 7.3 1.17 0.64
17-Sep 0.3 0.3 0.5 2.9 6.5 0.55
21-Sep 0.05 0.4 0.2 0.05 3.8 1.84
28-Sep 0.28 0.04 0.05 0.15 54 0.04
01-Oct 0.02 0.04 0.02 4.9 3.1 1.68
05-Oct 0.3 0.04 0.04 15 4.1 3
08-Oct 0.01 1.6 0.03 9.4 3.2 0.12
12-Oct 133 0.03 0.03 11.2 4.3 3.8
15Oct 7.5 0.03 0.04 7.9 1.6 1.84
19-Oct 2.1 0.05 1.33 1.42 0.37 0.96
22-Oct 8.6 0.07 0.06 11.6 4.3 0.05
26-Oct 0.4 0.06 10.8 3.3 0.28
29-Oct 0.02 1.31 0.03 5.8 2.8 0.06
02-Nov 0.03 0.05 0.03 6.1 2.6 55
05-Nov 2.3 18
09-Nov 0.03 1.1 0.03 6.5 3.8 0.8
12-Nov 0.03 0.24 0.02 3.8 3.9 0.64
16-Nov 0.04 0.08 0.2 0.8 4.5 0.71
19-Nov 0.06 0.13 0.03 3.5 3.6 0.92
23-Nov 0.05 0.14 0.55 1.81 4.2 1.48
26-Nov 0.05 0.19 0.04 2.2 3.7 2.4
30-Nov 0.32 0.04 0.04
03-Dec

07-Dec 0.02 0.29 1.28 4.3

09-Dec 0.01 0.44 0 6.4 4.6 0.8
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Free Chlorine(mg/L)

Table B.16Raw data displaying the free chlorine values after the long (24hr) and short

(30min) stagnation time in the copper pipe racks using sodium silicate as aotorros
inhibitor and buffered with an acid/base

Long Stagnation

Short Stagnation

High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 1.9 0.36 0.02 3.1 5.6 2.6
06-Jul 0.79 0.04 0.02 0.47 5.6 2.4
09-Jul 3.3 0.03 0.02 3.2 1.7 1.6
13-Jul 0.9 0.02 0.05 52 3.5 1.96
16-Jul 0.02 0.02 0.02 0.9 1.4 1.9
20-Jul 1.6 0.08 0.05 2.6 2.4 0.33
23-Jul 0.04 0.02 0.04 3.7 51 0.05
27-Jul 0.2 0.04 0.66 2.2 4.5 2.7
30-Jul 0.05 3.1 0.06 0.03
03-Aug 1.1 1.6 0.02 3.6 4.8 1
06-Aug 0.01 0.13 0.04 1.7 3.1 2.2
10-Aug 0.03 0.03 0.04 0.8 0.07 0.77
14-Aug 0.41 6.3 0.67
17-Aug 0.09 0.04 9.1 0.21
20-Aug 2.6 0.28 0.05 4.3 0.12 0.17
24-Aug 0.07 0.05 0.05 15 0.15 0.29
27-Aug 0.3 0.04 0.07 0.8 1 0.35
31-Aug 0.04 0.06 0.9 1.77
03-Sep 0.08 0.02 4.5 0.4
14-Sep 4.9 0.02 0.02 6.7 1.14 0.63
17-Sep 0.2 0.2 0.2 2.8 3 49
21-Sep 0.02 0.4 0.2 0.02 3.4 1.61
28-Sep 0.03 0.02 0.03 0.03 4.9 0.03
01-Oct 0.02 0.02 0.01 4.4 2.4 1.65
05-Oct 0.02 0.02 0.02 1.1 3.9 2.9
08-0Oct 0.01 1.6 0.02 6.2 3.3 1.1
12-Oct 9.6 0.02 0.03 9.2 4.2 3.8
15Oct 6.8 0.02 0.03 3 1.6 1.63
19-Oct 1.56 0.02 1.33 1.3 0.2 0.96
22-Oct 0.2 0.03 0.03 6.3 0.7 0.03
26-Oct 0.02 0.03 0.02 0.6 0.4 0.23
29-Oct 0.02 0.02 0.02 0.9 1.9 0.03
02-Nov 0.02 0.02 0.02 0.42 0.24 53
05-Nov 0.27 1.6
09-Nov 0.02 0.9 0.02 2.2 0.7 0.76
12-Nov 0.02 0.22 0.02 0.37 2.02 0.61
16-Nov 0.02 0.03 0.05 0.38 2 0.67
19-Nov 0.05 0.07 0.02 3.4 3.3 0.92
23-Nov 0.03 0.11 0.51 0.48 2.1 1.37
26-Nov 0.03 0.17 0.02 0.76 1.6 1.93
30-Nov 0.32 0.03 0.04
03-Dec
07-Dec 0.01 0.29 1.16 4.3
09-Dec 0.01 0.37 0 6.3 4.6 0.7
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Turbidity (NTU)

Table B.17Raw data displaying the turbidity values after the long (24hr) and short
(30min) stagnation time in the copper pipe suaking sodium silicate as a corrosion
inhibitor and buffered with an acid/base

Long Stagnation Short Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 0.305 0.523 0.356 0.26 0.313 0.475
06-Jul 3.246 0.477 0.072 0.259 0.399 0.022
09-Jul 0.446 0.427 0.223 1.486 0.788 0.346
13-Jul 0.917 0.475 0.122 0.108 0.322 0.172
16-Jul 0.047 0.638 0.152 0.092 0.444 0.163
20-Jul 1.188 0.692 0.636 0.106 0.367 0.632
23-Jul 0.814 0.884 0.278 0.137 0.317 0.763
27-Jul 1.627 2.327 0.287 0.326 0.294 0.37
30-Jul 0.131 0.693 0.075 2.233
03-Aug 0.564 0.82 0.708 0.069 0.414 0.259
06-Aug 0.114 0.425 0.543 0.041 0.067 0.367
10-Aug 0.134 1.029 0.316 0.136 0.24 0.422
14-Aug 0.405 0.285 0.424
17-Aug 0.56 0.122 0.101 0.081
20-Aug 0.434 0.41 0.034 0.139 0.42 0.149
24-Aug 1.118 1.008 0.088 0.205 0.529 0.091
27-Aug 0.389 0.7 0.229 2.062 0.394 0.208
31-Aug 0.564 0.043 0.139 0.071
03-Sep 0.53 0.079 0.418 0.244
14-Sep 0.266 0.196 2.554 0.08 0.283 0.332
17-Sep 0.144 0.555 0.344 0.408 0.521 0.158
21-Sep 0.638 0.768 0.061 0.206 0.126
24-Sep 6.678 0.47 0.097 1.078 1.208 0.206
28-Sep 1.318 1.118 0.185 2.268 0.319 0.374
01-Oct 0.98 0.661 0.56 1.52 0.483 0.199
05-Oct 1.475 0.359 1.145 0.166 0.373 0.632
08-Oct 0.405 0.299 0.263 0.146 0.234 0.366
12-Oct 0.739 0.5 0.074 0.074 0.275 0.253
15Oct 0.513 0.262 0.25 0.295 0.538 0.354
19-Oct 3.746 1.026 1.426 1.456 0.422 0.544
22-Oct 1.177 0.446 0.571 0.317 0.151 -0.022
26-Oct 0.534 0.494 0.123 0.742 0.2 0.147
29-Oct 0.68 1.859 0.109 0.319 0.367 0.347
02-Nov 1.047 0.341
05-Nov 1.775 0.566 0.132 0.506 0.482 0.223
09-Nov
12-Nov 3.006 0.402 0.097 1.256 0.976 0.19
16-Nov 0.9 0.545 0.574 0.646 0.097 0.567
19-Nov 1.706 0.742 0.32 1.296 0.257 0.273
23-Nov 2.739 0.63 0.027 0.521 0.344 0.488
26-Nov 0.761 0.717 0.324
30-Nov 0.473 2.396 0.516 0.25
03-Dec 3.86 0.083 1.6 0.512
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Sodium Silicate (mg/L)

Table B.18Raw data displaying the sodium silicate values after the long (24hr) and short
(30min)stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered with an acid/base

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine

02-Jul 2.3 2.7

06-Jul 14.8 0.4 19.2 15.6 16.9 12.5

09-Jul 2.2 24 27.1 2.8 2

13-Jul 1.1 -14 2.1

16-Jul 10.6 6.5 12.9

20-Jul 13.2 7.1 24.2

23-Jul 12 5.3 25.2

27-Jul 31.3 4.1 89.5

30-Jul 4.1 96.8 4.1 52.6
03-Aug 51 Over 64.5 53.1 Over 41
06-Aug 23.7 99.2 29.5 18.1 80 24.4
10-Aug 20.3 7.8 24.6 19.2 54 21.9
14-Aug 56.4 594 25.5
17-Aug 21.3 16.5 23.8 15.2
20-Aug 16.4 9.3 6.5 19.3 14.9 9.9
24-Aug 22.1 34.8 16.1 25.3 24.9 18.4
27-Aug 21.1 25.4 16.9 241 29.2 18
31-Aug 16.2 23.7 9.8 26.4
03-Sep 26.2 27 324 27.2
24-Sep 33 18 31 24 15 18
28-Sep 13 14 14 13 15 11
01-Oct 10 15 13

05-Oct 12 17

08-Oct 13 23 18

12-Oct 18 4 16 17 3 16
15Oct 17 18 13 19 21 13
19-Oct 22 23 3 32 16 4
22-Oct 8 17 19 9
26-Oct 16 27 10

29-Oct 17 23 18
02-Nov 12 19
05-Nov 16 20 14
09-Nov 16 25 15
12-Nov 12 21 11
16-Nov 14 12 14
19-Nov 21 12 19 21 14 14
23-Nov 13 24 9
26-Nov
30-Nov 26 28 29 22

03-Dec 22 16
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Alkalinity (mg/L)

Table B.19Raw data displaying the alkalinity values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered with an acid/base

Long Stagnation Short Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
27-May 10.6 19 4.8
08-Jun 27.7 19 2.7 29.4 13.9 10.2
13-Jul 51 59.5 12.3 60 27.3 23.6
03-Aug 35.1 48.6 102.2 28
24-Aug 19.1 25 20.8 13.8 18.3 20
11-Jan 35.8 33.7 14.1 355 33 11.9
25-Jan 91.1 65.1 24.2 66.3 68.2 21.1
08-Feb 56.5 29.5 n/a 45.1 29.2 185
25Feb n/a 49.4 18.1 n/a 36.8 11.9
01-Mar 50.1 25.7 15 47.1 21.5 12.4
29-Mar 52.3 28.4 16 50.1 19.3 10.9
20-Apr 37.8 23.9 15.6 34.8 19.9 15.2
26-Apr 16.1 27.9 16.1 35.5 21.9 11.1
29-Apr 35.4 29.1 10.7 41.9 28.4 11
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Total Lead (ug/L)

Table B.20Raw data displaying the total lead values after the long (24hr) and short
(30min) stagnation timenithe copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered with an acid/base

Long (24hr) Stagnation Tien Shot (30min) Stagnation Time

High Low High Low
Date Chloramines  Chloramines  Chlorine | Chloramines  Chloramines  Chlorine
02-Ju 69.8 68.34 7.916 10.27 29.61 0.918
72.24 59.37 12.8 10.93 31.81 0.256
62.65 62.58 8.458 12.47 31.81 0.54
06-Jul 52.12 66.85 19.04 10.89 32.45 5.397
55.69 72.8 19.43 11.74 32.53 5.627
65.91 69.76 17.54 8.935 33.44 6.013
09-Jul 38.01 92.09 30.93 8.023 32.14 3.236
38.09 93.61 29.93 8.226 34.49 2.56
32.66 91.04 28.78 7.706 34.35 2.727
13-Jul 89.52 40.81 6.887 7.02 16.83 0.97
84.43 40.87 7.527 7.067 18.45 0.97
72.28 39.93 6.63 7.965 18.89 0.97
16-Jul 89.72 92.51 0.97 21.24 62.34 0.97
92.™ 92.71 0.97 19.07 50.68 0.97
91.91 92.28 0.97 20.53 62.87 0.97
20-Jul 362.8 182.2 2.204 19.44 61.68 1.205
362.7 213.9 4.333 18.59 48.34 1.749
363.8 171.1 4.21 16.88 55.27 1.866
23-Jul 193.6 105.3 53.99 18.3 20.85 0.97
197.8 97.41 54.52 17.33 2159 0.97
200.1 109.9 54.63 17.85 18.63 0.97
27-Jul 704.8 1044 12.54 13.46 21.28 4.216
12.98 14.7 21.39 2.425
14.77 12.96 21.78 2.608
30-Jul 622 196.58 50.24 1949
648.4 196.44 48.63
614.2 174.3 47.66
03-Aug 190.56 764.6 15.83 12.62 18.97 2.999
218.2 746.8 16.55 10.48 26.47 2.877
203.4 941.2 16.84 11.08 20.12 3.359
06-Aug 257 201.6 166.9 16.07 8.362 16.9
315.6 214.2 212.8 17.37 8.865 16.72
289.4 193.46 168.9 17.62 9.889 16.42
10-Aug 344 190.12 76.17 67.99 36.36 15.72
362 192.02 74.31 64.87 37.88 16.35
343.2 180.78 77.66 66.66 39.12 15.6
13-Aug 108 46 20.02
114.4 45.86 17.76
17-Aug 158.28 42.85 26.09 n/a 12.1
151.46 48.41 37.21 nla 16.27
155.56 43.98 39.61 nl/a 15.94
20-Aug 337.4 40.42 87.72 33.54 74.16 0.97
241.6 42.54 92.48 35.46 70.18 0.97
356.6 38.74 92.86 32.9 67.24 0.97
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Table B.20 continuedRaw data displaying the total lead values after the long (24hr)
short (30min) stagnation time in the copper pipe racks using sodium siliGate as
corrosion inhibitor and buffered with an acid/base

Long (24hr) Stagnation Tien

Shot (30min) Stagnation Tim

High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines  Chloramines  Chlorine
24-Aug 779.6 24.6 2.729 5.799 4,192 1.397
727.4 22.68 2.748 5.284 4.161 1.079
707.4 22.38 2.747 5.693 4.218 1.248
27-Aug 842.6 400.2 31.48 55.47 60 4.108
701 451.6 29.42 54.56 57.5 5.785
563 409.4 34.8 55.37 60.46 6.079
31-Aug 287.8 6.875 23.83 2.003
284.4 9.199 21.62 1.558
283.8 9417 19.58 2.477
03-Sep 391.2 9.947 36.18 10.84
296.4 9.708 34.92 10.61
279 9.464 37 11.28
14-Sep 759.8 435.2 39.49 21.36 64.62 5.327
835.2 377 38.12 20.98 59.1 5.029
823.8 352 36.83 20.68 67.41 5.21
17-Sep 152.54 336.6 37.64 24.78 30.11 9.264
140.2 338.2 34.58 27.08 30.98 9.846
137.92 336.8 34.72 27.54 29.71 9.988
21-Sep 3170 239 26.33 309.2 27.79 2.45
3200 236.8 28.52 282.6 26.76 2.409
2006 234.2 29.45 292.8 26.81 2.183
24-Sep 2384 213.6 15.7 391.8 33.45 4.349
2556 2972 16.21 402.2 31.21 4,287
2388 225.8 16.09 417 32.93 4.338
28-Sep 243.6 266.8 40.13 17.25 24.36 11.7
246.2 295 43.47 15.88 25.22 11.76
235.8 285.8 38.55 16.02 30.7 14.39
01-Oct 205.2 328.6 247.7 26.13 26 19.7
205.4 331.4 348.1 37.22 24.33 18.75
194.16 343.4 313.7 41.2 24.73 21.24
05-Oct 284 60.42 84.77 33.75 34.62 7.927
265.8 100.64 89.95 32.87 32.81 7.895
285 100.94 87.76 33.08 32.32 7.018
07-Oct 635 334.8 48 16.29 34.86 7.825
656.2 317.4 56.67 16.81 46.96 8.776
581.6 320.2 56.16 16.@ 46.23 11.26
12-Oct 303.3 1925 29.73 39.76 50.52 8.634
313.8 215.3 28.79 37.73 62.23 8.156
298.1 190.4 29.27 37.73 70.29 8.967
15-Oct 170.98 75.32 6.263 20 23.94 8.029
166.24 73.14 6.462 21.15 25.72 8.327
176 78.74 6.505 19.59 27.13 8.452
19-Oct 703.4 119.44 185 29.33 16.42 15.46
642.4 123.76 190.6 34.11 16.75 15.14
626.2 122.64 162.9 29.3 16.48 14.3
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Table B.20 continuedRaw data displaying the total lead values after the long (24hr)
short (30min) stagnation time in thepper pipe racks using sodium silicate as a
corrosion inhibitor and buffered with an acid/base

Long (24hr) Stagnation Tim Short (30min) Stagnation Tirr
High Low High Low
Date | Chloramines Chloramines Chlorine | Chloramines Chloramines Chlorine
22-Oct 577.6 83.32 199 32.77 28.57 16.24
425.2 86 193.6 21.61 27.68 15.59
607.4 119.28 142.1 29.45 28.55 16.12
26-Oct 747.2 173.38 30.13 58.67 20.75 9.015
744.6 170.04 29.2 52.64 20.27 9.424
725 172.86 29.91 52.64 26.26 9.535
29-Oct 421.4 368.4 8.783 67.54 17.03 2.219
439.4 373.4 9.141 67.73 18.83 2.34
437.4 367.4 8.972 67.51 17.03 2.502
02-Nov 127.9 3.004
123.2 2.851
131.5 2.859
05-Nov 416.8 183.1 6.026 30.19 17 4.344
398.4 182.24 6.171 29.87 22.85 4,735
398.4 184.3 6.018 30.3 16.53 4.668
09-Nov 733 191.2 8.381 82.51 20.99 6.448
692.2 176.96 10.6 83.32 19.49 7.954
697.8 173.74 9.726 82.74 18.61 9.924
12-Nov 807.8 214.2 4.703 450 21.53 2.888
773.8 194.92 4.694 22.86 2.845
824.4 183.72 4.648 22.07 2.931
16-Nov 817.6 328.4 44.74 62.92 31.96 2.197
817.8 337.6 46.12 65.28 30.91 2.046
840.4 337 53.6 61.5 32.28 2.043
19-Nov 1342 320.8 2.464 72.89 33.89 0.977
1341 306.4 3.184 62.81 33.11 0.801
1339 318.6 2.428 71.01 35.72 0.646
23-Nov 1168 405.2 17.12 72.8 21.36 6.2
1152 385.2 17.49 60.73 29.04 6.496
849.8 469.4 17.91 67.59 22.02 6.186
03-Dec 1930 481.8 92.14 42.97
1965 435 96.19 51.3
1924 420.2 100.6 54.19
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Dissolved Lead(ug/L)

Table B.21Raw data displaying the dissolved lead valuesr dffte long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered with an acid/base

Long (24hr) Stagnation time Short (30min) Stagnation Time
High Low High Low
Date Chloramines  Chloramines  Chlorine | Chloramines  Chloramines  Chlorine

02-Jul 17.25 49.07 1.442 0.97 13.56 0.97
14.73 44.11 5.24 0.97 15.51 0.97
14.73 43.54 1.664 0.97 15.13 0.97
06-Jul 40.92 52.82 15.82 3.345 19.77 2.254
30.56 49.33 13.04 3.89 25.2 0.622
30.87 48.91 11.21 3.845 23.81 1.291
09-Jul 15.91 66.76 24.73 0.748 13.81 2.234
17.18 66.32 24.16 0.673 13.68 2.379
17.2 64.53 24.14 0.161 14.86 2.184
13-Jul 45,58 35.45 3.306 3.366 7.038 0.97
39.12 30.01 3.287 2.798 6.302 0.97
37.54 29.95 3.144 2.122 6.782 0.97
16-Jul 0.97 24.91 0.97 0.97 0.97 0.97
0.97 23.75 0.97 0.97 0.97 0.97
0.97 22.66 0.97 0.97 0.97 0.97
20-Jul 69.83 69.3 0.97 13.78 0.97 2.264
78.89 75.39 0.97 14.38 0.97 2.12
73.9 77.37 0.97 16.09 0.97 2.236
23-Jul 68.16 44.26 34.65 9.33 9.33 0.97
66.49 43.32 30.09 13.16 13.16 0.97
64.17 46.25 35.11 14.2 14.2 0.97
27-Jul 183.6 477.5 0.97 7.746 17.85 3.456
177.8 0.97 8.417 18.99 2.264
168.6 0.97 8.193 17.33 2.195

30-Jul 374.8 156.6 72.39

362.8 158.58 75.64

374.4 158.18 7395
03-Aug 72.24 287.4 8.865 12.01 19.54 1.583
49.62 479.6 8.048 9.006 16.04 2.243
65.1 429.6 8.556 9.234 17.25 2.211
06-Aug 97.78 125.3 86.87 11.44 9.59 18.57
94.46 113.54 101.9 15.07 10.23 18.05
102.02 11.96 169 10.46 9.548 10.63
10-Aug 196.(8 58.2 405 51.35 29.6 6.08
186.08 55.46 38.96 50.33 30.51 6.047
188.24 56.46 36.89 52.56 30.29 5.715
13-Aug 69.02 11.11 7.339
52.44 10.93 7.14
69.74 11.24 6.013
17-Aug 54.84 nla 45.38 18.52 nla 10.65
51.36 n/a 42.35 16.99 n/a 9.762
57.2 nla 45.97 17.54 nla 12.47
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Table B.21continued Raw data displaying the dissolved lead values after the long
(24hr) and short (30min) stagnation time in the copper pipe racks using sodium sili
a corrosion inhibitor anduffered with an acid/base

Long (24hr) Stagnation timi Short (30min) Stagnation Tim

High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines  Chloramines  Chlorine
20-Aug 73.82 22.58 79.46 385 57.42 13.87
76.24 13.1 77.66 37.61 54.88 13.84
77.86 14.02 78.2 34.23 54.56 14.56
24-Aug 285.4 11.866 2.446 3.441 1.329 1.038
295.6 11.464 2.382 3.278 1.489 0.974
281.6 10.806 2.451 3.337 1.525 1.013
27-Aug 393 164.26 18.84 48.34 50.17 2.699
362 180.2 19.52 50.07 43.17 2.609
360.2 169.58 19.97 51.18 44 2.515
31-Aug 160.8 6.216 17.94 2.163
156 4,972 18.17 2.039
151.2 4.476 18.41 2.181
03-Sep 204.8 9.311 29.39 8.33
210.6 8.452 30.62 8.656
207 10.1 28.49 8.087
14-Sep 40.2 308.4 28.37 15.97 46.01 3.708
41.76 267.6 28.09 16.53 44.04 3.21
42 270.2 26.4 16.47 42.73 3.744
17-Sep 141.38 190.12 29.86 24.3 26.82 7.626
129.5 181.14 27.74 24.47 29.53 7.543
132.86 182.64 29.07 23.76 28.58 7.395
21-Sep 2084 94.2 15.85 382.4 38.9 2.704
1343 132.12 16.06 270 37.82 2.376
1340 101.36 16.16 266.8 36.44 2.484
24-Sep 193.8 8.282 6.669 605.9 24.92 4,568
135.28 8.576 6.446 26.86 4.491
176.48 8.13 6.416 26.39 4.606
28-Sep 74.02 214.6 36.31 8.089 21.95 13.3
67.3 233.6 28.35 9.006 22.31 13.41
72.68 171 40.74 8.474 20.84 11.11
01-Oct 115.08 212.8 267.6 28.29 19.2 19.67
113.08 208.8 350.8 28.75 20.37 19.63
108.82 216 275.1 28.68 21.57 19.51
05-Oct 96.72 45.76 53.91 11.28 20.35 11.2
97.42 42.46 51.93 10.69 20.89 10.65
100.56 54.56 51.5 10.05 20.26 11.91
07-Oct 112.4 142.5 43.72 8.234 20.12 4.213
88.74 145.52 46.02 8.193 16.3 4,234
11.3 45.12 69.29 6.111 16.01 5.421
12-Oct 60.73 120.6 20.69 25.47 61.82 7.069
59.38 124.7 20.77 25.26 63.13 7.269
61.25 120.7 20.89 21.87 66.71 7.229
15-Oct 102.92 62.74 5.658 12.97 11 6.492
104.82 56.04 5.414 16.24 13.02 6.041
102.58 59.76 6.027 16.11 11.16 6.561

137



Table B.21 continued Raw data displaying the dissolved lead values after the
(24hr) and short (30min) stagnation time in the copper pipe rabkg sodium silicate a
a corrosion inhibitor and buffered with an acid/base

Long (24hr) Stagnatiofiime

Short (30min) Stagnation Tim

High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines  Chloramines  Chlorine
19-Oct 132.26 72.92 159.5 23.35 11.59 16.87
130.54 74.54 123.6 22.01 11.77 17.69
128.1 72.18 154.6 22.42 11.15 17.22
22-Oct 263 91.44 78 8.401 19.55 13.03
242.2 58.58 75.45 8.957 20.27 8.5
75.8 89.08 76.59 8.933 12.28 8.786
26-Oct 273.4 100.2 19.76 16.46 20.49 6.781
2808 97.92 19.53 20.18 20.23 7.036
284 99.98 17.48 19.87 20.54 7.065
29-Oct 102.18 238.8 9.843 64.78 15.81 2.469
101.8 247.4 9.447 71.04 15.89 1.962
102.24 246.6 7.927 50.74 15.28 2.076
02-Nov 35.58 2.48
35.26 2.505
33.46 2.417
05-Nov 251.4 122.04 4,533 30.24 19.44 3.757
198.7 117.64 4513 22.19 18.01 3.41
174.78 119.48 4.557 304 14.29 3.192
09-Nov 325.8 104.5 8.649 18.49 19.13 6.15
315 106.62 8.638 19.98 18.83 6.4
321.6 103.66 8.46 19.81 17.98 5.503
12-Nov 629.8 124.14 3.238 602.6 19.64 1.864
597.8 123.82 3.338 20.37 2.036
599.8 120.84 3.711 19.33 1.795
16-Nov 104.08 211.6 1.911 9.559 26.12 1.241
108.24 205 1.969 9.418 23.12 0.976
100.18 211.8 2.032 8.91 23.06 1.444
19-Nov 667 155.14 1.355 9.249 20.73 0.185
642.4 158.32 1.205 9.635 21.88 0.163
689.8 156.1 1.242 9.263 21.61 0.203
23-Nov 614.8 272.2 13.66 12.91 17.64 5.725
591.4 246.4 14.57 12.32 21.09 5.762
602.2 259.6 16.7 12.12 19.95 6.458
03-Dec 1645 350 44.78 41.12
1617 345 40.33 53.05
1650 334 43.76 41.11

138



Total Copper (pg/L)

Table B.22Raw data displaying the total copper values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered with an adizhse

Long (24hr) Stagnation time Short (30min) Stagnation Time

High Low High Low
Date Chloramines  Chloramines Chlorine Chloramines  Chloramines  Chlorine

02-Jul 645.8 645.6 1326.2 99.5 392.4 520.2
654.4 652 1345.2 88.78 397.2 507.4
650.2 651.6 1350.8 86.72 391.6 505.4
06-Jul 200.6 864.2 1909.4 150.48 333 695.8
205.2 866.8 1878.2 181.22 340.2 703.2
208.6 858.4 1937.2 118.5 340.4 703.4
09-Jul 682 1018.8 1288.4 89.32 322.8 142.2
711.2 1061.2 1272.2 82.12 322.6 128.96
679.8 1082 1274.6 83.74 331.6 127.32
13-Jul 460.4 483 255.6 70 112.54 70
5154 501 248.4 70 124.68 70
519 499 253.2 70 126.86 70
16-Jul 569.4 550.2 128.34 275.2 402.8 70
827.6 771.2 127.14 264 398.2 70
818.8 779.4 118.8 247.8 395.4 70
20-Jul 644.8 594 70 70 2464 70
657.6 605.4 70 70 212 70
659.8 582.6 70 70 215.8 70
23-Jul 1157 750.4 650.8 140.52 218.2 102.74
1177.6 785.4 672.6 140.46 199.04 100.52
1238.2 793 664.4 133.68 212.4 100.46
27-Jul 888.5 898.9 137.7 99.46 188.4 70
792.2 799.4 140.6 100.4 204.1 70
858.3 737.1 140 98.82 193.3 70

30-Jul 1099 279.4 426.2 1713

1038 299 414.1 1726

1068 275.1 412.6 1725
03-Aug 324.6 690.8 437.8 34.26 101 70
336.8 693.6 439.2 33.42 99.52 70
320.6 752.2 439.4 33.18 100.32 70
06-Aug 173.8 160.72 749.2 60.68 70 350.6
175.4 159.42 745 60.12 70 341
179.02 158.72 7342 59.74 70 351.2
10-Aug 737.9 216.1 831.1 215.1 161.8 268.1
761.5 2125 824.8 214.7 163.4 265.1
765 215.7 846.5 216.1 161.7 259.7
13-Aug 402.4 137.74 382.8
403.4 134.22 380.8
400.2 134.22 378.8
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Table B.22continued Raw data displaying the total copper values after the long (24
and short (30min) stagnation time in the copper pipe racks using sodium silicate as
corrosion inhiltor and buffered with an acid/base

Long (24hr) Stagnation timu Short (30min) Stagnation Tim
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines  Chloramines  Chlorine
17-Aug 205.6 1963 70 717.6
217.6 2038 70 754.2

212.8 2090 70 760
20-Aug 273.4 70 3466 70 70 326.4
276.2 70 3466 70 70 299
264 70 3480 70 70 289.4

24-Aug 686 491.2 2488 366.6 156.72 216.2
689.4 466.2 999.2 389.8 155.56 236.2

628.4 460 1003 399.8 158.28 233

27-Aug 485.2 404.2 482.4 160.4 167.9 96.71
570 408.2 468.2 159.8 170.3 95.74
525.6 439.4 461.2 162 168.4 96.64

31-Aug 321.4 69.8 171.6 70
265.2 69.3 149.2 70

239 68.52 155.4 70

03-Sep 1196 70 212.3 196.6
1194 70 217.5 230.3

1210 70 212.6 233.2

14-Sep 70 586.8 195.2 27.49 178.6 70
70 579.8 195.2 27.56 181.8 70

70 571.4 191.6 26.21 182.8 70

17-Sep 216.4 520.8 976.4 217.4 276.3 385.2
215 527 980.4 215.4 272.9 383.2

156.56 530.2 988.3 199.4 273.4 390.3

21-Sep 10766 449.6 783.9 1758 205.5 70
10714 417.2 777.2 1872 181.8 70

10160 399 703.4 1929 205.9 70

24-Sep 19690 426.8 488.9 7532 164.1 141.8
19554 442.2 495.3 7230 165 140

19828 444.8 477.4 7256 154.2 147.6

28-Sep 365.4 496.8 2338 161.6 162.6 780.3
366.6 481 166.4 158.2 7816

372.6 489 160.2 155.5 797.7

01-Oct 342.6 456.2 1736 153 161.5 502.4
345 464.6 1511 151.6 166.3 507.4

333.6 475.6 1545 147.8 164.4 537.4

05-Oct 251.8 125.92 916.6 70 97.59 89.8
253.6 118.94 912.3 70 97.24 91.28

255.8 118.3 864.6 70 96.07 91.92

07-Oct 76.7 646 1383 73.02 207.6 306.9
74.64 629.6 1436 74.56 225.9 320.1

79.1 681.2 1363 75.87 220.2 309.8

12-Oct 317.2 333 70 504.7 418.6
320.9 339 70 484.9 460

318.6 336.6 70 477 456.1
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Table B.22continued Raw data displaying ¢éhtotal copper values after the long (24hr
and short (30min) stagnation time in the copper pipe racks using sodium silicate as
corrosion inhibitor and buffered with an acid/base

Long (24hr) Stagnation timi Short (30min) Stagnation Tim
High Low High Low
Date Chloramines Chloramines  Chlorine Chloramines  Chloramines  Chlorine
15Oct 204 273.4 192.1 87.05 146.2 723.4
205.6 273.8 192.4 87.08 142.2 735.2
162.36 271.2 193.2 86.15 143.1 737.9
19-Oct 554.84 406.2 2425 55.59 88.11 1009
553.6 422 54.85 88.26 985.7
607.4 403.6 56.02 87.62 995.5
22-Oct 627.6 427.2 2726 174.5 181.5 1030
654.6 399 180.2 187 988.4
629.8 421.6 203.8 185.8 1061
26-Oct 965.8 603.2 2387 174.1 180 724.2
976 607.6 177.2 180.8 719.4
974.4 582.4 178.2 177.3 719.4
29-Oct 1034 775 1030 504.7 187.1 188.4
948.2 766.6 1005 517.5 187 187.6
1062 733 990.2 499.2 182 185.9
02-Nov 790 70
788.9 70
784.2 70
05-Nov 658 446.2 212.4 96.77 96.38 158.4
657 444.8 204.7 97.03 100.3 156.4
661.8 445.8 209.5 95.36 99.65 156.2
09-Nov 1013 373.6 520.3 209.3 87.41 2125
1019.6 2954 513.9 210 88.67 212.4
1010.8 291.2 505.9 212.2 87.13 205.9
12-Nov 16640 413.2 92.11 2802 195.9 70
15980 412.2 92.43 191.5 70
15340 407.8 93.17 191.2 70
16-Nov 634.6 560.2 76.2 84.04 108.7 70
653.6 584.6 74.49 83.35 109.3 70
652.8 580 75.51 82.63 108.2 70
19-Nov 3580 593.4 70 408.4 194.5 70
3508 603.2 70 413.5 190.6 70
3640 590.8 70 403.8 193.9 70
23-Nov 3154 855 778 342.7 166.3 396.5
3014 855.4 733.9 319.9 159.5 410
3100 857.6 770.8 338.6 147.9 408.9
30-Nov 3410 638.2 70 104.9
3300 666.8 70 105.5
3290 670.2 70 106
03-Dec 10600 815 1067 151.7
11020 801.2 1047 150.7
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Dissolved Copper [ig/L)

Table B.23 Raw data displaying the dissolved copper values after the long (24hr) and
short (30min) stagnation time in the copper pipe racks using sodium silicate as a
corrosion inhibitor and buffered with an acid/base

Long (24hr) stagnation time Short (30min) stagnation time

High Low High Low
Date Chloramines  Chloramines Chlorine | Chloramines  Chloramines Chlorine
02-Jul 70 489.8 1191.6 335.6 291.4 455.2
70 488.4 1197.2 329.2 291.8 441.6
70 487.2 1210.2 271 285.6 440.4
06-Jul | 145.66 623.2 1645.8 112.44 184.74 462
147.1 616 1691 91.82 202.6 486
144.7 619.8 1381.2 87.26 212 508.8
09-Jul | 188.68 535.4 690.2 12.36 178.48 94
195.28 535 687.4 8.42 182.76 95.48
187.08 534.4 700.8 7.04 178.96 95.9
13-Jul | 165.64 292.8 160.34 70 70 70
194.12 288.6 143.3 70 70 70
194.08 267.8 154.28 70 70 70
16-Jul | 434.8 451.4 112.9 42.24 376.2 70
610 447 70 16.58 357.2 70
633.2 616.6 6 109.44 361.2 70
20-Jul 261.8 309 70 70 167.34 70
257.6 311.8 70 70 177.32 70
292.6 310.6 70 70 172.16 70
23-Jul 546 538 441 97.1 143.42 109.36
606.6 562.4 453.6 89.68 164.36 79.16
619.4 574 453.6 90 163.38 94.56
27-Jul 246.8 336.9 48.58 67.28 164.1 11.15
227.5 325.8 48.78 67.45 165.7 13.08
241.7 340.1 48.53 68.94 168 12.9

30-Jul 909.8 189 338.2 313.8

909.5 189.7 338.2 1100

911.5 251 347.8 1099
03-Aug 314 631.6 82.24 29.5 91.1 20.84
315.6 633.8 81.4 28.3 90.34 18.196
317.6 626.8 82.3 27.7 89.96 20.58
06-Aug | 125.72 141.58 437.4 45.34 70 219.8
125.88 137.44 431.8 43.72 70 219
126.6 138.14 436.4 41.56 70 220
10-Aug 398.8 106.3 512.3 201.1 1455 194.1
387.8 101.8 491.7 199.6 141.9 186.6
387.6 103.3 488.5 201.2 143.2 187.3
13-Aug 362.8 70 333.6
370.4 70 3294
70 325
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Table B.23 continuedRaw data displaying the dissolved copper values after
long (24hr) and short (30min) stagnation time in the copper pipe racks using
sodium silicate as a corrosion inhibitor and buffered with an acid/base

Long (24hr) Stagnain Time Short (30min) Stagnation Tim
High Low High Low
Date Chloramines  Chloramines  Chlorine | Chloramines  Chloramines Chlorine
17-Aug 149.72 1587 70 70 548.4
150.8 1648 70 70 544.6
155.58 1695 70 70 552.8
20-Aug 70 70 2060 70 70 296.2
70 70 2160 70 70 279.2
70 70 2028 70 70 278
24-Aug 433.6 178 754.6 284 70 162.32
429 185.38 749.4 292.2 70 165.46
437.4 159.12 817.8 287.8 70 165.46
27-Aug 258 190.84 249.8 135.9 140.4 70.43
257.8 188.66 256.4 129.3 139.5 71.33
268 184.4 257.2 133.9 137.2 71.32
31-Aug 70 70 101 70
70 70 98.61 70
70 70 98.01 70
03-Sep 743.8 21.98 164.2 179.5
757.6 31.53 161.2 172.8
772 31.22 160.1 176.2
14-Sep 70 459.8 107.8 22.04 97.95 70
70 446.2 108.5 20.94 95.63 70
70 479.4 110.3 20.67 96.21 70
17-Sep 199.02 311.4 789.2 182.9 196.7 345
193.38 326.4 800.2 182.5 202.6 348.2
176.92 322.2 749 182 197.3 324.3
21-Sep 9786 356.2 487.5 2056 155.2 70
10220 256.2 479.1 2072 159.3 70
10294 344.6 478.8 2064 154.2 70
24-Sep 1870 70 185.3 2917 98.99 94.11
1835 70 179.5 102.2 96.06
1856 70 179.3 100.8 96.24
28-Sep 199.42 389.2 2012 93.16 151 762
201.2 386.8 2032 90.92 144.4 794.4
204 357.8 1895 90.14 149.1 788.7
01-Oct 228.8 348.8 1408 109.7 142.1 5104
224.8 361 1537 101.1 142.8 478.4
226.4 363.2 1631 109.2 142.1 480.7
05-Oct 133.18 95.04 854.7 70 80.82 212.8
132.7 92.42 862.7 70 94.14 186.3
126.76 94.54 849.4 70 80.72 228.4
07-Oct 90.82 787 1013 70 171.7 279.5
87.32 797.8 1015 70 171.9 278.7
87.52 201.8 1038 70 166.2 279.2
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Table B.23 continuedRaw data displaying the dissolved copper values afte
long (24hr) and short (30min) stagnation time in the copper pipe racks usin
sodium silicate as a corrosion inhibitor and budtewith an acid/base

Long (24hr) Stagnation Timi Short (30min) Stagnation Tim
High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines  Chloramines  Chlorine
12-Oct 201.8 219.7 1715 70 355.7 405.2
201.2 218.6 1670 70 352.4 440.3
200.8 218.8 1724 70 384.7 440.8
15Oct 140.98 264 172.2 79.74 150.1 509.3
141.92 260.6 180.3 79.02 107.2 508.9
139.84 255 177.3 70 142.8 524.6
19-Oct 416.4 252.8 2325 70 74.72 939.2
370.8 2514 70 76.71 950.7
448.8 247.2 70 78.02 935.3
22-Oct 321.8 405.2 2562 140.2 167.1 965.5
328.4 402.2 136.9 165.7 936.8
329.2 385.6 119.8 183.6 958.5
26-Oct 526.2 459 1898 106.2 165.3 548.7
537.4 454.4 1758 106.2 164.5 547.1
532.8 462.2 1881 106.5 162.6 544.5
29-Oct 426.6 612.4 919.1 365.3 162.4 175.5
396 603.2 939.1 334.2 158.5 165
376.6 532 808.3 398.5 159.4 164.6
02-Nov 417.1 70
423.5 70
425.9 70
05-Nov 372.4 355.2 184.9 84.56 91.48 107
380.4 317.6 186.4 79.18 94.56 108
381.6 325.2 186.3 79.48 96.24 107.5
09-Nov 669 196.1 416.6 158.2 85.63 202.7
682.4 193.86 414.2 162.8 83.32 201.5
659 191.22 409.2 163.7 88.33 201.8
12-Nov 1480 301.4 76.85 2748 177.4 70
1420 270 76.34 172.1 70
1420 274 76.74 172.7 70
16-Nov 284 421.4 70 70 101.2 70
284.6 411 70 70 103.7 70
287.4 368.8 70 70 99.5 70
19-Nov 3120 441.2 70 289.8 184.9 70
3100 499.2 70 291.1 171.1 70
3100 463 70 288.6 177.4 70
23-Nov 1944.6 728.8 509.7 176.2 102 3225
1921.8 589.4 502.6 178.7 107.1 316.2
1915.8 561.6 546.5 191.2 107.4 319.5
30-Nov 248.8 415.6 53.73 101
236.8 421.8 52.76 101
234 429.2 53.8 99.85
03-Dec 9800 707 949.2 97.43
9440 770.6 949.2 113.5
9300 711.2 959.6 113.5
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Buffered with Sodium Slicate

Pipe loops

Corrosion rate (mil/year)

Table B.24Raw data displaying corrosion rate value for pipe loops using sodium silicate as a
corrosion inhibitor which was buffered with sodium silicate

High Low
Date Chloramines Chloramines  Chlorine
01-Feb 1.49 2.47 1.36
04-Feb 1.42 1.96 1.51
08-Feb 0.94 2.02 1.24
11-Feb 1.57 2.62 1.22
15Feb 1.24 2.83 1.25
18-Feb 1.6 2.03 1.19
22-Feb 1.19 1.96 1.31
25-Feb 1.41 2.31 1.38
0l1-Mar 0.83 2.14 1.24
04-Mar 1.23 2.66 1.47
08-Mar 141 2.03 1.36
11-Mar 1.1 2.3 1.35
15-Mar 0.93 1.85 1.42
18-Mar 1.34 2.4 1.05
22-Mar 1.16 2.55 1.25
25-Mar 1.37 2.57 1.57
29-Mar 1.18 1.05 1.45
01-Apr 1.37 2.73 1.61
05-Apr 1.21 2.2 1.63
09-Apr 1.11 1.87 1.43
12-Apr 1.28 2.31 1.33
15-Apr 1.26 2.63 1.47
19-Apr 1.13 2.15 192
22-Apr 1.33 2.14 1.53
26-Apr 1.3 2.14 1.7
29-Apr 1.52 2.49 1.44

145



pH
Table B.25Raw data displaying pH value for pipe loops using sodium silicate as a corrosion
inhibitor which was buffered with sodium silicate

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 8.25 8.7 5.11 8.95 7.95 7.46
04-Feb 8.76 8.21 8.22 8.76 7.42 7.88
08-Feb 9.15 10.15 10.31 6.31 6.26 6.67
11-Feb 8.84 8.92 7.92 8.8 7.04 6.9
15Feb 9.16 8.74 8.31 7.15 7.01 6.16
18-Feb 9.05 8.72 7.3 8.63 6.86 5.89
22-Feb 9.12 8.08 8.32 7.39 6.51 6.64
25-Feb 9.02 8.58 5.93 8.69 7.01 6.19
01-Mar 9.69 8.49 7.27 6.89 6.25 6.14
04-Mar 8.89 8.46 7.28 8.35 6.46 6.98
08-Mar 9.23 8.13 8.01 8.71 6.35 6.23
11-Mar 8.72 8.39 7.25 8.57 6.75 5.93
15Mar 8.82 8.23 8.69 7.11 6.38 5.95
18-Mar 8.98 8.6 5.38 8.55 6.4 6.2
22-Mar 8.89 8.51 8.13 7.29 6.81 6.17
25-Mar 9.04 8.41 6.27 8.57 6.88 6.3
29-Mar 8.87 8.8 6.59 8.38 5.94 3.2
01-Apr 9.02 8.75 7.07 8.47 7.25 6.8
05-Apr 9.01 8.53 7.63 8.45 6.31 6.2
09-Apr 8.58 8.5 6.48 7.11 6.44 5.88
12-Apr 8.62 8.62 8.03 8.15 6.82 6.61
15-Apr 8.5 8.64 9.05 8.39 6.96 5.61
19-Apr 8.84 8.62 6.58 7.75 6.72 7.01
22-Apr 8.73 8.59 6.2 8.29 6.42 6.32
26-Apr 8.78 8.8 6.23 8.46 7.62 598
29-Apr 8.77 8.85 8.45 4.78 6.03 5.78
10-May 8.76 7.47 6.5
17-May 8.36 7.01 7.55
25-May 8.38 7.4 6.48
31-May 8.85 7.5 6.97
07-Jun 8.61 7.58 5.66
14-Jun 8.28 7.21 6.54
21-Jun 8.24 7.07 6.59
28-Jun 8.75 7.49 6.18
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Oxidation Reduction Potential (ORP) (mV)
Table B.26Raw data displaying ORP values for pipe loops using sodium silicate as a corrosion
inhibitor which was buffered with sodium silicate

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 464 528 603 386 466 487
04-Feb 368 360 415 439 456 591
08-Feb 463 376 469 557 584 634
11-Feb 450 412 748 427 414 672
15Feb 413 416 608 448 521 706
18-Feb 391 379 713 481 619 734
22-Feb 454 419 743 498 398 766
25Feb 439 565 720 450 469 669
0l1-Mar 771 502 722 422 561 692
04-Mar 522 504 760 456 407 677
08-Mar 485 406 643 498 353 650
11-Mar 458 448 736 463 482 684
15Mar 515 371 640 459 581 718
18Mar 456 509 723 464 483 681
22-Mar 430 393 583 377 523 710
25-Mar 474 406 641 437 466 434
29-Mar 422 486 716 467 435 451
01-Apr 425 543 697 413 416 694
05-Apr 400 550 736 483 414 720
09-Apr 428 484 728 390 532 661
12-Apr 469 559 741 468 434 714
15-Apr 474 502 460 483 548 725
19-Apr 489 512 785 402 593 710
22-Apr 444 344 689 326 398 654
26-Apr 430 395 704 415 514 699
29-Apr 404 377 671 528 392 735
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Dissolved Oxygen (mg/L)
Table B.27Raw data displaying dissolved oxygen values for pipe loops using sodicetesds
a corrosion inhibitor which was buffered with sodium silicate

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb

04-Feb

08-Feb

11-Feb

15Feb

18-Feb 9.7 10.2 10.3 7.7 9.9 9.1
22-Feb 10.7 10.6 10.7 8.1 10 9.2
25-Feb 10.6 10.6 11 8 9.1 9.1
01-Mar 10.1 9.6 10.2 9.2 8.8 9.2
04-Mar 9.8 9.8 10 8.3 8.4 8.9
08-Mar 9.7 9.8 9.8 8.1 8.5 8.8
11-Mar 9.7 9.4 9.9 8.3 9.8 8.9
15Mar 10 9.9 9.5 8.5 8.7 9.9
18-Mar 9.4 9.5 9.4 8.1 7.5 9.7
22-Mar 10 9.4 9.9 8.9 9 8.8
25-Mar 9.6 10.1 9.9 7.8 6.88 6.3
29-Mar 10.3 9.8 10.3 8.5 9.5 9.4
01-Apr 10.2 9.8 10.4 8.4 8.3 9.4
O05-Apr 11.2 9.6 10.5 8.3 8.7 10.1
09-Apr 9.6 9.2 9.4 8.3 8 8.8
12-Apr 9.8 10.1 10 84 8.8 9.2
15-Apr 9.6 9.3 10.3 8.3 8.9 9.4
19-Apr 10.1 9.3 9.9 8.2 9 8.4
22-Apr 9.1 9.3 9.5 8.4 8 9.9
26-Apr 9.9 9.8 10.7 9 9.9
29-Apr 10.4 10.1 10.5 9.1 9.4 11
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Temperature (°C)
Table B.28Raw data displaying temperature valuassdipe loops using sodium silicate as a
corrosion inhibitor which was buffered with sodium silicate

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 8.1 8.2 7.5 15.4 14.1 15
04-Feb 12.3 12.1 11.8 18.9 17.6 18.1
08-Feb 12.4 12.4 12.3 19.6 18 18.7
11-Feb 9.2 9.2 9.6 16.1 15.2 16
15Feb 14.1 13.8 14.2 21.1 19.6 20.6
18-Feb 8.6 8.6 9 15.4 12.3 14.9
22-Feb 8.7 8.9 9.8 16.2 13.5 15.2
25-Feb 8.3 8.4 9.1 15 14.1 14.7
01-Mar 9.3 9 9.6 14.4 14.3 15.1
04-Mar 8.8 8.6 9.9 15.5 13.7 4.7
08-Mar 9 8.9 9.1 15.6 14.5 15.1
11-Mar 9.3 9.1 9.3 14.3 12.9 14.4
15Mar 9.1 9.2 8.7 15.3 14.4 14.5
18-Mar 9.9 9.6 9.6 16.2 14.6 14.9
22-Mar 10 10 10.4 115.9 15.2 15.7
25-Mar 10 9.9 9.4 16.6 15.1 14.6
29-Mar 10.2 9.3 9.1 15.2 13.7 14.6
01-Apr 10.5 10.2 10.5 16.5 15.6 15.3
O05-Apr 9.8 9.8 10.4 16.3 15.5 15
09-Apr 11.4 11.5 1.7 17.2 16.1 16.8
12-Apr 11.5 11.1 11.4 17.9 16.7 17.2
15-Apr 10.9 11.5 11.7 17.8 16.6 17.1
19-Apr 12.3 12 11.9 17.9 16.1 17.4
22-Apr 11.6 11.5 11.5 16.6 16.9
26-Apr 12.6 12.1 12.4 17.7 16.8 17.2
29-Apr 20.3 19.1 20
10-May 22.5 22.3 22.3
17-May 20.3 20.8 20.9
25-May 21.1 21.3 20.9
31-May 21.6 21.5 21.5
07-Jun 22.7 22.5 21.3
14-Jun 23.5 22.7 23
21-Jun 24.2 23.6 23.7
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Total Chlorine (mg/L)
Table B.29Raw data displaying total chlorine values for pipe loops using sodium silicate as a
corrosion inhibitor which was buffered with sodium silicate

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 0.04 9.3 0.05 8.5 6.6 0.09
04-Feb 14 7 0.05 11.7 5.6 0.48
08-Feb 35 13.9 54 2.6 3.9 0.9
11-Feb 17.8 55 1.8 1.38 5.8 0.43
15Feb 36 4.8 3.6 2 5 0.06
18-Feb 19.9 7.5 3.9 7.4 4.7 2
22-Feb 85 4.9 1.82 4.1 1.3 1.88
25Feb 64 6.6 1.28 13.5 4.7 0.65
01-Mar 6.6 4.4 51 3.1 8.4 0.6
04-Mar 19.1 55 2.5 12.1 3.7 0.38
08-Mar 86 6.2 5.3 10.6 1.2 0.38
11-Mar 12.7 4.8 2.4 53 4.44 1.1
15Mar 19 6.6 0.25 4.3 1.8 0.89
18-Mar 45 6.2 1.62 15.2 4.3 0.47
22-Mar 99 4.4 2.06 4.6 5.1 0.78
25-Mar 21.2 5.9 4.9 11.5 4.2 0.56
29-Mar 65 6.7 1.96 8.1 1.1 0.06
01-Apr 40 6.5 2.3 14.2 4.6 1.1
05-Apr 19 5.1 2.6 7 2.4 1.2
09-Apr 19.2 4.8 1.9 2.2 0.7 0.4
12-Apr 16.4 5.8 141 10.3 4.3 0.51
15-Apr 6.6 10 6.3 13.4 53 0.98
19-Apr 14.4 3.9 3.4 5.3 1.29 0.96
22-Apr 14.7 9 1.68 6.5 3.9 0.55
26-Apr 9.8 9.7 141 6.2 1.4 0.79
29-Apr 11.3 7.3 2.8 9.1 3.5 0.9
10-May 3.1 1.4 1.6
17-May 55 3.3 1.7
25-May
31-May 8.5 3.4 1.43
07-Jun 5.8 3.7 0.61
14-Jun 8.1 3.3 2.8
21-Jun 6.3 3.4 1
28-Jun 8.6 3.1 0.79
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Free Chlorine(mg/L)
Table B.30Raw data displaying free chlorine values for pipe loops using sodium silicate as a
corrosion inhibior which was buffered with sodium silicate

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 0.04 8.8 0.05 5.6 6.4 0.06
04-Feb 135 6.2 0.01 11.7 5 0.47
08-Feb 2.7 0.29 5.3 0.13 0.17 0.28
11-Feb 15.2 2.4 1.4 0.3 35 0.36
15Feb 7 0.5 4.4 1.93 0.6 0.04
18-Feb 1.2 7 3.9 2.4 1.4 1.9
22-Feb 0.8 1.1 1.67 1.6 0.8 1.76
25Feb 41 0.5 1.15 3.2 4.6 0.61
0l1-Mar 4.3 0.4 5.1 0.8 0.9 0.58
04-Mar 12.5 4.8 2.5 4 2.5 0.33
08-Mar 9 0.2 4.9 3.3 1.2 0.31
11-Mar 3.3 2.1 2.3 53 0.6 11
15-Mar 1.6 4.5 0.25 4.3 0.4 0.8
18-Mar 4 0.7 1.53 1.5 0.5 0.46
22-Mar 36 0.3 1.68 0.9 0.4 0.72
25-Mar 0.4 2.9 4.6 7.6 0.3 0.52
29-Mar 34 4.1 1.85 5.9 0.4 0.06
01-Apr 35 4.2 2.3 3 0.8 1.1
05-Apr 15 0.3 2.6 5.2 1.7 1.1
09-Apr 2.6 1.1 1.8 0.3 0 0.2
12-Apr 2.2 5 1.27 7.2 0.5 0.49
15-Apr 2.9 5.9 6.3 1.6 15 0.83
19-Apr 8.7 3.2 34 0.7 0.94 0.93
22-Apr 1.6 5 1.7 0.4 0.2 0.47
26-Apr 0.5 1.1 1.37 2.9 0.4 0.69
29-Apr 1.9 0.6 2.6 1.9 0.4 0.9
10-May 2.4 0.4 1.4
17-May 4.1 0.6 15
25-May

31-May 6.7 1.8 1.38
07-Jun 3.8 2.6 0.59
14-Jun 53 2.7 2.7
21-Jun 6 2.6 0.8
28-Jun 1.5 0.2 0.73
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Turbidity (NTU)
Table B.31Raw data displaying turbidity values for pipe logging sodium silicate as a
corrosion inhibitor which was buffered with sodium silicate

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 0.136 0.02 0.947 0.174 0.074 0.08
04-Feb 0.138 0.2 0.638 0.058 0.133 0.086
08-Feb 0.596 0.482 0.511 -0.055 0.007 0.011
11-Feb 0.16 0.247 0.276 0.021 0.07 0.21
15Feb 0.006 -0.048 0.942 -0.03 -0.06 0.037
18-Feb 1.111 0.196 0.146 0.268 0.138 0.384
22-Feb 0.118 0.202 0.201 0.004 0.173 0.021
25-Feb 0.107 0.197 0.008 0.093 0.374 0.071
01-Mar 0.2 0.369 0.401 0.028 -0.007 -0.008
04-Mar 0.733 0.245 0.594 0.015 0.074 0.05
08-Mar 0.38 0.238 0.117 0.095 0.042 0.048
11-Mar 0.068 -0.078 0.13 0.021 -0.132 -0.091
15-Mar 0.191 0.074 0.151 0.003 0.1 0.106
18-Mar 0.357 0.131 0.19 0.018 0.133 0.185
22-Mar 0.355 0.42 0.526 0.185 0.198 0.087
25-Mar 0.097 0.312 0.169 0.012 0.015 0.036
29-Mar 0.256 0.382 0.153 0.269 0.167 0.438
01-Apr 0.104 0.084 0.14 0.016 0.054 0.083
O05-Apr 0.286 0.202 0.054 0.069 0.037 -0.013
09-Apr 0.301 0.103 0.413 -0.171 -0.126 -0.177
12-Apr 0.35 0.113 0.03 0.008 0.039 -0.005
15-Apr 0.028 0.004 0.108 -0.057 0.068 0.001
19-Apr -0.016 0.579 0.029 -0.024 -0.048 -0.047
22-Apr 0.076 0.044 0.066 -0.023 -0.274 -0.015
26-Apr 0.435 0.506 0.779 0.026 0.132 0.016
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Sodium Silicate(mg/L)
Table B.32Raw data displaying sodium silicate values for pipe loops using sodium silicate as a
corrosion inhibitor which was buffered with sodium silicate

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 39.2 25.6 8.8 27.9 29.1 2.4
04-Feb 21.9 16.8 8.4 21.7 16.5 19.1
08-Feb 20.5 over over 8.9 23.4 21.1
11-Feb 32.9 24.3 14.7 15.3 24.3 14.7
15Feb 59.7 22.6 32 27.7 24.2 18.6
18-Feb 34 24.8 24.2 23.1 22 22.6
22-Feb 42.5 23.9 19.5 15.9 20.2 19.2
25-Feb 53.5 27.9 19.6 21.8 24.6 16.2
01-Mar over 29.4 20.7 20.7 12.4 20
04-Mar 33.5 22 24.7 25.1 27.2 11.1
08-Mar over 24 30.9 23.5 18.9 12.1
11-Mar 20.8 26.3 19.7 62 22.8 13.6
15Mar 27.4 24.1 20.8 19 22.3 15.6
22-Mar 68.4 23.4 21.5 15.8 20.6 16.2
25-Mar 37 21.7 20.4 23.8 21 167
29-Mar 33.1 21.4 15.1 9.4 8.4 10.2
01-Apr 50.1 28.4 25.1 18.9 19.9 14.1
O05-Apr 30.7 24.3 17.3 20.8 7.8 17
09-Apr 21.2 19.9 17.7 22.9 9.6 17.7
12-Apr 16.1 24.3 18.9 20.1 20.6 14.8
15-Apr 14 26.4 17.1 14 26.4 17.1
19-Apr 30.2 24.3 19.7 8 15.8 19.3
22-Apr 30.6 24.3 18.5 29.8 25.4 15.2
26-Apr

29-Apr
10-May
17-May
25-May
31-May 25.3 25.4 15.7
07-Jun 25.1 24.9 15.2
14-Jun

21-Jun 25.2 24.2 16.8
28-Jun 25.1 21.9 16.2
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Copper Racks

pH

Table B.33Raw data displaying the pH values after the long (24hr) and short (30min)
stagnation time in the copper pipe raaksng sodium silicate as a corrosion inhibitor and
buffered withsodium silicate

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 8.88 7.84 6.72 8.89 7.38 6.07
04-Feb 8.82 7.92 7.6 8.8 7.35 7.03
08-Feb 8.84 7.62 8.08 8.53 6.73 5.98
11-Feb 8.66 7.38 7.71 8.78 7.33 6.3
15Feb 8.37 7.53 7.79 8.3 6.71 6.08
18-Feb 8.69 7.65 8.02 8.24 7.08 6.37
22-Feb 8.92 7.62 7.42 8.31 7.3 6.51
25Feb 8.69 7.95 7.23 8.74 6.92 5.92
0l1-Mar 8.11 7.38 6.77 8.08 6.64 5.72
04-Mar 8.23 6.92 5.96 6.65 6.13
08-Mar 8.44 7.11 7.67 8.6 7.05 6.27
11-Mar 8.48 7.68 6.33 8.52 6.76 6.58
15Mar 8.35 6.85 5.97 8.26 6.54 6.11
18-Mar 8.4 7.96 7.59 8.34 7.16 6.25
22-Mar 8.71 7.98 7.51 8.68 6.79 5.9
25-Mar 8.45 8.08 8.62 7.11 6.76 5.74
29-Mar 8.68 7.76 7.66 8.86 6.7 6.12
01-Apr 8.48 7 6.36
O05-Apr 8.79 7.79 6.8 8.68 7.34 6.33
09-Apr 8.68 7.8 6.29 8.6 7.54 5.93
12-Apr 8.28 7.76 7.42 8.21 7.42 6.76
15-Apr 8.4 7.86 6.67 8.29 7.62 6.53
19-Apr 8.62 7.89 7.99 8.44 7.08 6.61
22-Apr 8.48 6.96 6.51 8.18 6.88 6.05
26-Apr 8.46 7.18 59 8.45 6.64 6.1
29-Apr 8.49 7.77 7.67 8.48 7.59 6.45
10-May 8.69 7.62 6.54

17-May 8.48 7.5 7.35 8.17 7.53 7.43
25-May 8.31 7.4 6.21 8.33 7.41 6.37
31-May 8.74 7.69 7.33 8.74 7.47 7.45
07-Jun 8.5 6.97 6.23 8.58 7.43 6.71
14-Jun 7.99 6.79 6.03 7.96 7.48 4.9
21-Jun 8.53 7.39 6.6 8.43 7.4 6.97
28-Jun 8.49 7.66 6.73 8.75 7.57 6.64
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Oxidation Reduction Potential (ORP) (mV)

Table B.34Raw data displayinthe ORP values after the long (24hr) and short (30min)
stagnation time in the copper pipe racks using sodium silicate as a corrosion inhibitor and
buffered withsodium silicate.

Long Stagnation Short Stagnation
High Low High Low
Date Chloramines  Chloramines Chlorine Chloramines  Chloramines Chlorine
01-Feb 464 528 603 518 573 736
04-Feb 390 394 412 506 529 588
08-Feb 380 397 403 491 547 649
11-Feb 420 464 537 437 503 516
15Feb 372 406 450 373 503 650
18-Feb 506 615 442 489 609 700
22-Feb 431 482 532 535 603 746
25-Feb 414 486 508 459 601 713
01-Mar 513 527 513 481 493 636
04-Mar 488 499 555 555 618
08-Mar 463 488 533 452 511 524
11-Mar 490 464 564 457 495 642
15Mar 471 502 569 480 522 576
18-Mar 456 487 542 474 539 670
22-Mar 449 459 552 470 431 602
25Mar 447 456 454 474 497 489
29-Mar 416 489 542 453 542 720
01-Apr 475 581 737
O05-Apr 416 460 553 519 583 711
09-Apr 427 511 711 431 511 662
12-Apr 445 463 538 477 581 687
15-Apr 496 595 718 498 609 719
19-Apr 8.6 599 673 453 648 710
22-Apr 408 427 490 398 397 677
26-Apr 510 577 498 486 560 737
29-Apr 509 518 565 431 554 686
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Dissolved Oxygen (mg/L)

Table B.35Raw data displaying the dissolved oxygen values after the long (24hr) and
short (30min) stagnatiotime in the copper pipe racks using sodium silicate as a
corrosion inhibitor and buffered widodium silicate.

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb

04-Feb

08-Feb

11-Feb

15Feb

18-Feb 8.5 8.3 7.9 9.2 8.9 8.5
22-Feb 9.1 8.3 7.9 8.4 8.3 9
25Feb 10 9.4 8.1 9.2 8.5 9.2
0l1-Mar 9.4 8.2 7.7 9.6 7.9 9
04-Mar 9.3 8.3 7.5 7.8 8.6
08-Mar 9.3 8.4 8.8 8.2 8.6 8.7
11-Mar 8.8 9.2 7.3 9.2 8.5 8.8
15Mar 8.3 8.4 7.7 8.7 8.7 8.5
18-Mar 7.6 8.8 8.4 8.7 8.8 8.8
22-Mar 8.1 8.8 9.2 9.3 8.4 8.3
25-Mar 8.45 8.08 8.62 7.11 6.76 5.74
29-Mar 9.6 8.2 9.2 8.2 9 8.6
01-Apr 9.5 8.9 8.8
O5-Apr 9.2 8.3 10.3 8.6 8.7 8.9
09-Apr 8.5 9.3 9.2 8.2 8.3 9.4
12-Apr 9.5 8.2 7.9 8.3 9.1 9
15-Apr 7.4 8.3 9 7.4 8.3 9
19-Apr 8.5 8.1 9.4 8.6 9.1 9.7
22-Apr 9.4 8.1 7.7 8.6 8.8 9
26-Apr 9.3 8.7 8.3 8.8 8.5 8.7
29-Apr 9.6 10.4 10.1 8.6 8.5 9.1
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Temperature (°C)

Table B.36Raw daa displaying the temperature values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered witlsodium silicate.

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 13.1 12.8 12 11.8 11.9 11.3
04-Feb 16.6 16 15.8 15.7 15.6 14.6
08-Feb 16.9 16 16.2 15.8 15.5 15.3
11-Feb 14.2 13 13.6 12.8 12.6 12.1
15Feb 18.9 17.7 18.1 17.5 17.2 16.7
18-Feb 13.2 12.7 13.1 12.1 12.1 10.1
22-Feb 13.5 12.8 13.3 12.2 12.3 11.5
25-Feb 12.6 12 12.5 11.9 11.8 9.8
01-Mar 12.3 11.9 12.3 11.5 11.5 11.2
04-Mar 12.5 12.5 12.2 11.7 11.5
08-Mar 12.6 12.6 11.1 11.9 11.2 9.9
11-Mar 13.3 11.7 12.9 11.7 11.4 19.9
15-Mar 12.1 11.8 11.8 11.3 11.1 11.3
18-Mar 13.3 12.8 13 12.5 11.9 11.8
22-Mar 13.6 13.1 12.7 12.9 12.8 12.8
25-Mar 13.8 13.5 13.7 12.8 12.9 12.5
29-Mar 11.9 11.4 10.9 11.6 11.5 11.4
01-Apr 12.9 12.5 11.8
O05-Apr 12.5 12.6 12.2 12 12 11.8
09-Apr 14.6 13.9 12.4 13.7 13.5 12.9
12-Apr 14.7 14.6 14.7 14.1 13.8 11.9
15-Apr 14.6 14.6 12.5 14 13.8 12.4
19-Apr 15.3 14 13.4 14.3 13.7 13.5
22-Apr 13.1 13 13 13 12.8 12.7
26-Apr 14.1 13.6 13.2 13.9 13.8 13.7
29-Apr 17.6 17.2 18.1

10-May 21.6 21.1 215 21.4 20.7 21.4
17-May 18.5 17.7 19.4 18.3 18.4 19.5
25-May 19.3 194 19.3 18.9 19.1 18.9
31-May 20.5 20.3 20.3 20.2 20 20.2
07-Jun 19.6 20.8 19.3 20.4 20.7 20.5
14-Jun 21.5 21.3 21.1 20.9 20.9 20.7
21-Jun 21.2 20.7 21.2 21.1 21 20.8
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Total Chlorine (mg/L)

Table B.37Raw data displaying the total chlorine values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered witlsodium silicate.

Long Stagnatio Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 12.2 2 0.04 11 57 1.51
04-Feb 8.6 0.37 0.02 13.2 53 0.4
08-Feb 10.3 0.3 0.04 9.2 3.2 0.16
11-Feb 0.91 0.34 0 14 55 0.11
15Feb 6.9 0.36 0.03 10.4 5.6 0.22
18-Feb 7.7 0.38 0.04 10.7 0.44 1.01
22-Feb 13.3 0.63 0.01 13.5 3.9 1.53
25Feb 11.1 2.8 0.06 10.9 3.4 0.61
01-Mar 12.5 0.22 0.02 14.9 3.5 0.26
04-Mar 10.6 0.6 0.04 4.5 0.17
08-Mar 12.9 0.3 0.05 16.9 2.9 0.38
11-Mar 12.6 08 0.03 4.9 4.6 0.5
15Mar 11 0.38 0.04 11.3 3.9 0.22
18-Mar 11.8 0.25 0.03 15.2 4.4 0.25
22-Mar 15.4 4.4 0.5 12.3 0.44 0.41
25-Mar 12.6 0.34 0.01 15.2 4 0.29
29-Mar 14.1 1.2 0.03 14.1 2.7 0.54
01-Apr 10.6 5 0.8
O05-Apr 15.6 1.2 0.06 18.7 4 1.7
09-Apr 11.3 1 1 10.5 2.5 0.2
12-Apr 7.4 2.5 0.05 8 0.74 0.38
15-Apr 10 1.5 0.58 10.9 4.1 0.59
19-Apr 11.2 1 1.02 11.6 2.7 0.8
22-Apr 6.2 0.64 0.03 6.7 3.4 0.3
26-Apr 8.4 1.4 0.02 0.92 0.29 0.62
29-Apr 7.1 1.7 0.29 0.87 4.6 0.24
10-May 8.1 1.6 0.03
17-May 52 1.3 0.02 6.3 3 0.82
25-May
31-May 6.4 0.47 1.15 7.2 2.9 0.87
07-Jun 6.3 1.1 0.01 7.1 2.8 0.19
14-Jun 6.3 1.3 0.02 8.4 4.1 0.5
21-Jun 7.9 0.6 0.01 8.2 3.3 0.28
28-Jun 6.5 0.7 0.03 11.7 3.1 0.04
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Free Chlorine (mg/L)

Table B.37Raw data displaying the free chlorine values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered witlsodium siicate.

Long Stagnation Short Stagnation

High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 10.1 1.7 0.04 10.6 5.6 15
04-Feb 8.6 0.34 0.02 1.06 4.7 0.38
08-Feb 0.26 0.27 0.04 1 0.8 0.05
11-Feb 0.62 0.01 0 11.8 1.9 0.06
15Feb 6.8 0.08 0.03 2.2 0.46 0.17
18-Feb 15 0.06 0.02 1.1 0.05 0.89
22-Feb 8 0.42 0.01 1.1 0.8 1.3
25-Feb 51 0.9 0.03 0.5 0.3 0.57
01-Mar 1.9 0.17 0.02 13.2 1.5 0.19
04-Mar 9.7 0.2 0.04 0.1 0.17
08-Mar 0.3 0.9 0.05 1.3 14 0.3
11-Mar 8.5 0.6 0.03 4 0.8 0.5
15Mar 1.9 0.16 0.03 4.7 0.5 0.18
18-Mar 4.3 0.24 0.03 2.8 1.3 0.21
22-Mar 0.5 0.1 0.05 0.8 0.04 0.37
25Mar 0.5 0.22 0.01 12.4 2.4 0.26
29-Mar 2.1 0.7 0.03 7.4 1.2 0.45
01-Apr 6.9 4.1 0.7
O05-Apr 1.3 0.2 0.04 2.1 1.1 1.7
09-Apr 0.3 0 0.5 0.9 0.1 0.1
12-Apr 1.3 1.3 0.05 7.4 0.24 0.37
15-Apr 1.9 0.6 0.58 1.9 2 0.56
19-Apr 3.8 0.3 0.85 7 0.6 0.72
22-Apr 0.8 0.52 0.02 1.9 1.7 0.29
26-Apr 4.3 0.4 0.02 0.7 0.2 0.57
29-Apr 34 0.5 0.23 0.28 0.05 0.21
10-May 14 1.2 0.01

17-May 0.9 0.3 0.01 2.8 1.8 7.8
25-May
31-May 2.8 0.27 1.1 2.4 2.9 0.8
07-Jun 0.3 0.6 0 3.4 0.4 0.14
14-Jun 2.9 0.8 0.01 0.6 2.6 0.3
21-Jun 5.9 0.6 0 7.7 3.1 0.23
28-Jun 54 0.2 0.02 9.2 1.9 0.02
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Turbidity (NTU)
Table B.39Raw data displaying the turbidity vasi after the long (24hr) and short

(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion

inhibitor and buffered witlsodium silicate.
Long Stagnation

Short Stagnation

High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 0.149 0.106 0.052 0.142 0.136 0.077
04-Feb 0.118 0.131 0.093 0.114 0.133 0.066
08-Feb 0.037 0.538 0.147 0.008 0.025 0.055
11-Feb 0.45 1.06 0.112 0.026 0.309 0.078
15Feb 0.474 0.461 -0.034 0.028 -0.042 0.465
18-Feb 0.691 0.217 1.301 0.018 0.126 0.069
22-Feb 1.883 1.263 0.028 0.168 0.123 -0.002
25-Feb 0.098 1.266 0.008 0.075 0.199 0.005
01-Mar 0.058 -0.035 0.009 0.04 -0.057 2.863
04-Mar 0.951 0.045 0.069 0.026 0.088
08-Mar 0.737 0.047 0.186 0.125 0.268 0.047
11-Mar 0.995 -0.121 -0.125 0.205 -0.007 0.005
15Mar 0.739 0.036 0.074 0.049 0.009 0.142
18-Mar 0.605 0.312 0.111 0.111 0.074 0.039
22-Mar 0.199 0.116 0.108 0.127 0.224 0.757
25-Mar 0.236 0.027 0.075 0.006 0.206 0.018
29-Mar 0.233 0.075 0.067
01-Apr 0.055 0.069 0.424 0.113 0.065 0.006
O05-Apr 0.1 0.01 0.418 -0.029 0.281 -0.015
09-Apr 0.155 -0.051 -0.116 -0.201 -0.175 -0.152
12-Apr 0.088 0.252 0.01 0.033 0.017 0.006
15-Apr -0.057 0.122 0.065 0.042 0.648 0.008
19-Apr 0.001 0.05 -0.033 0.042 -0.041 -0.044
22-Apr -0.001 0.053 -0.005 0.024 -0.014 -0.027
26-Apr 0.138 0.069 0.105 0.056 0.033 0.062
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Sodium Silicate (mg/L)

Table B.40Raw data displaying the sodium silicate values after the long (24hr) and short
(30min) stagation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered witlsodium silicate.

Long Stagnation Short Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 24.7 25.4 23.7 7.2 24.6 17.2
04-Feb 27.5 19.1 24.5 23.5 16.3 26.3
08-Feb 20.7 20.9 20 16.9 23 20.4
11-Feb 14.8 22.9 19.3 15.7 23.1 36.8
15Feb 22.8 28.9 16.2 22 26.3 18.2
18-Feb 22.5 21.9 21.1 23.4 21.6 22.5
22-Feb 27.6 22.2 20.2 22.8 23.1 19.5
25Feb 21.1 21.7 17 22.1 23.3 17.1
0l1-Mar 26 23.1 17.5 25.8 23.7 17.6
04-Mar 24 23.8 13.7 27.3 11.6
08-Mar 22.2 23 14.6 22.7 23.6
11-Mar 23.4 20.7 14.5 37.4 21.8 13.7
15Mar 21.9 25.3 17 19.7 26.4 15.4
22-Mar 17.7 20.3 19.2 21 20.5 13.7
25-Mar 21.4 19.7 16.6 23.1 20 33.2
29-Mar 19.9 20.1 15.1 17.6 13.7 15.5
01-Apr 17.5 19.7 14.5
O5-Apr 21.8 23.2 16.4 25.3 16 16.2
09-Apr 21 23 14.2 20.4 18.3 13.9
12-Apr 194 18.5 15.5 19.2 20.1 15.7
15-Apr 15.8 23.3 20.1 15.1 23.9 19.5
19-Apr 22 21 19.9 194 20.7 19.8
22-Apr 19.3 22.2 17.6 25 23.7 16.3
26-Apr 24.6 25.3 19.2
29-Apr 25.4 29.4 17.3 9.8 30.4 16.2
10-May
17-May
25-May
31-May 22.5 23.1 17.1 24.6 24.2 16.7
07-Jun 22.4 22.7 16.7 24.9 24 16.5
14-Jun
21-Jun 24.1 23.3 15.7 24.1 23.1 15.9
28-Jun 24.6 19.3 14.7 25 22.5 14.6
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Total Lead (ug/L)

Table B.42Raw data displaying the total lead values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate assaorro
inhibitor and buffered witlsodium silicate This data shows all three firing of the atomic
adsorption measurements.

Long(24hr) Stagnation Time Short (30min) Stagnation time
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine

01-Feb 56.14 80.03 28.52 13.46 24.78 5.747
63.05 82.99 29.52 12.47 27.07 5.474

64.22 91.81 30.9 12.53 21.9 6.338

04-Feb 61.1 66.06 0.97 14.53 36.04 1.976
54.43 65.01 0.78 5.676 38.27 1.639

48.48 61.06 1.841 3.519 25.74 2.201

08-Feb 63.22 87.53 4.551 49.91 49.23 4.34
75.26 81.52 4.137 48.19 37.58 1.959

66.18 80.47 4.979 50.22 38.02 1.165

11-Feb 206.1 96.13 56.58 19.74 36.09 8.173
196.5 84.86 47.31 18.78 22.56 6.128

210.8 84.39 44,98 10.84 23.03 9.28

15Feb 362.5 96.84 50.83 15.14 27.81 2.952
310.1 92.94 47.99 17.49 32.39 3.478

319 100.5 46.53 15.91 22.79 3.147

18-Feb 101.9 94.94 14.63 6.91 25.24 0.97
101.1 94.38 14.33 11.44 23.75 0.97

101.9 94.18 14 11.53 25.26 0.97

22-Feb 509.2 374.5 27.33 32.41 45.46 6.582
6059 374.7 27.76 43.02 46.41 8.431

611.7 380.1 15.4 43.9 39.86 7.777

25Feb 68.15 89.25 49.53 2.069 9.003 0.97
69.77 91.82 46.33 4.796 8.948 0.97

73.1 92.15 46.69 3.453 10.48 0.97

01-Mar 39.61 66.63 53.23 2.18 3.788 0.97
39.17 72.21 46.23 2.364 4.841 0.97

34.61 71.26 50.52 4.058 9.38 0.97

04-Mar 211.9 53.8 22.32 15.48 0.97
210.1 53.25 19.13 16.61 0.97

226.1 54.88 20.81 16.53 0.97

08-Mar 1934 56.24 29.08 0.97 17.02 0.97
176 63.8 29.97 0.97 22.05 0.97

165.6 65.03 30.45 0.97 17.37 0.97

11-Mar 321.6 106.38 22.62 14.87 18.91 3.289
359.2 108.24 24.34 16.07 18.38 3.658

309.6 106.04 23.99 12.8 18.28 3.745

15-Mar 297 104.34 27.59 15.45 16.97 27.1
307.6 94.94 27.25 15.31 17.31 26.17

302.4 97.6 27.01 15.24 15.58 26.63

18-Mar 155.2 69.19 10.91 3.559 18.5 0.97
183.5 72.99 17 4.052 15.61 0.97

136.4 71.91 12.63 2.852 19.81 0.97
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Table B.42 continuedRaw data displaying the total lead values after the long (24hr)
short (30min) stagnation time in the copper pipe racks usitigrecsilicate as a
corrosion inhibitor and buffered widodium silicate This data shows all three firing of
the atomic adsorption measurements.

Long(24hr) Stagnation Time Short (30min) Stagnation tim
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
25Mar 49.17 123.66 8.39 1.46 16.13 0.97
67.74 125.38 7.144 1.364 17.46 0.97
68.94 128.08 7.178 0.264 14.99 0.97
29-Mar 62.68 70.36 80.3 0.97 11.48 2.221
38.32 69.9 78.25 0.97 12.19 2.065
58.7 68.94 76.16 0.97 12.72 1.88
01-Apr 2.771 8.599 2.912
3.685 7.453 0.892
4.21 7.768 4.032
O05-Apr 11.26 90.46 80.66 8.237 28.29 9.147
12.932 91.02 81.5 7.983 28.05 9.237
10.598 91.5 76.82 8.225 26.2 9.3
09-Apr 6.998 105.66 0.97 33.74 31.08
4.404 89.38 0.97 36.18 30.91
7.84 165.94 0.97 33.2 29.83
12-Apr 62.04 71 11.866 8.497 15.66 0.97
64.9 70.84 11.784 11.64 14.77 0.97
62.92 75.26 10.102 11.89 11.91 0.97
15-Apr 88.18 95.87 0.97 9.33 21.58 0.97
83.85 101.2 0.97 9.394 22.77 0.97
88.88 96.51 0.97 8.94 22.37 0.97
19-Apr 12.92 65.72 0.97 0.97 24.58 0.97
12.18 67.38 0.97 0.97 25.27 0.97
10.67 64.43 0.97 0.97 23.43 0.97
22-Apr 3.529 98.9 37.4 4.379 23.49 0.97
2112 100.9 30.59 2.792 24.34 0.97
3.615 103.2 32.4 3.943 23.49 097
26-Apr 10.98 7.7 35.96 1.156 16.26 0.97
10.01 79.55 34.84 0.564 13.49 0.97
9.633 77.15 34.04 -0.28 15.22 0.97
29-Apr 5.898 97.86 0.97 0.97 0.97 0.97
6.523 95.86 0.97 0.97 0.97 0.97
6.706 96.3 0.97 0.97 0.97 0.97
10-May 4.465 95.97 70.42
491 89.66 66.69
4.947 94 60.16
17-May 10.19 91.45 13.09 0 7.199 0.97
8.765 87.05 12.54 0 4.448 0.97
9.578 86.34 12.31 0 5.413 0.97
25-May 18.19 76.43 12.18 6.854 34.65 0.97
17.78 77.23 10.45 6.475 35.92 0.97
16.92 75.4 10.82 6.133 36.38 0.97
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Table B.42continued Raw data displaying the total lead values after the long (24hr)
short (30min) stagnation time in the copper pipe racks using sodium silicate as a
corrosion inhibitor and buffered wigodium silicateThis daa shows all three firing of
the atomic adsorption measurements.

Long(24hr) Stagnation Time Short (30min) Stagnation tim

High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
31-May 94.53 78.79 0.97 6.399 108.4 0.97
96.43 69.48 0.97 9.715 106 0.97
105.3 79.29 0.97 10.81 95.12 0.97
07-Jun 13.75 300 61.59 12.63 21.48 13.89
19.3 313.6 63.34 11.63 23.55 14.86
16.33 296.3 62.28 11.93 34.38 14.26
14-Jun 61.61 71.54 26.36 3.155 8.316 4.269
61.45 75.29 24.48 2.967 8.99 4.497
68.5 71.25 25.08 2.779 9.499 3.311
21-Jun 12.52 94.52 26.52 3.953 31.12 4.732
13.9 97.66 27.17 4.956 31.75 7.029
14.12 98.57 27 6.044 31.13 7.243
28-Jun 97.57 80.58 27.47 6.444 30.82 3.006
106.9 82.1 26.26 6.567 29.67 3.235
96.74 84.63 27.54 7.206 28.94 2.309
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Dissolved Lead (ug/L)

Table B.44Raw data displaying the dissolved lead values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered witlsodium silicate This data shows all three firing of the atomic
adsorption measurements.

Long(24hr) Stagnation time Short (30min) Stagnation time

High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 29.86 63.51 18.44 7.533 19.9 5.66
29.08 62.44 18.84 8.257 17.62 3.796
31.27 60.59 21.53 7.996 16.89 4.407
04-Feb 22.62 58.05 12.07 0.97 18.81 45.57
22.88 54.06 10.17 0.97 16.36 44 .44
21.94 51.91 3.271 0.97 16.15 40.45
08-Feb 36 83.47 15.48 3.656 21.66 0.97
33.45 81.98 15.71 1.93 10.92 0.97
22.77 85 15.28 1.628 10.22 0.97
11-Feb 37.8 17.6 17.9 0.97 14.41 0.97
36.25 12.55 17.7 0.97 14.73 0.97
34.79 18.67 17.5 0.97 14.83 0.97
15Feb 52.29 81.2 39.52 7.529 24.99 9.818
51.65 95.92 40.29 7.182 23.83 10.35
53.98 95.56 40.43 7.283 24.36 9.716
18-Feb 40.59 70.3 7.292 3.117 8.799 0.97
42.74 73.01 4.396 2.586 9.585 0.97
40.05 75.5 4.216 3.531 9.244 0.97
22-Feb 54.8 97.48 32.03 13.15 16.74 7.423
46.05 102.3 37.24 14.53 20.25 7.52
52.07 97.2 36.21 12.51 14.23 7.79
25Feb 21.26 64.74 40.03 0.213 2.645 0.97
21.64 61.64 37.86 0.92 4.084 0.97
19.07 64.01 40.32 -1.523 3.583 0.97
01-Mar 11.83 46.56 30.81 0.97 0.952 0.97
14.28 47.96 33.66 0.97 1.805 0.97
1557 51.96 33.72 0.97 1.328 0.97
04-Mar 56.93 44.07 14.14 9.691 0.97
55.34 41.15 13.75 10.43 0.97
55.38 40.26 15.03 9.783 0.97
08-Mar 45.62 53.87 20.1 1.246 21.08 0.97
43.19 60.57 20.43 2.315 21.15 0.97
47.81 58.89 19.74 2.305 21.03 0.97
11-Mar 54.66 64.27 16.12 10.69 0.937 3.22
57.63 63.84 15.88 11.13 0.685 3.407
54.8 70.91 16.94 11.37 0.673 3.477
15-Mar 58.74 56.2 7.774 8.293 14.46 17.08
57.42 55.66 7.794 8.061 14.5 17.01
56.2 58.46 7.928 8.379 13.66 16.79
18Mar 28.34 52.53 9.67 097 1.728 0.97
29.47 50.32 8.407 0.97 3.75 0.97
29.9 51.67 9.227 0.97 3.49 0.97
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Table B.44continued Raw data displaying the dissolved lead values after the long (2
and short (30min) stagnation time in the copper pipe racks using sodicatesis a
corrosion inhibitor and buffered widodium silicate This data shows all three firing of
the atomic adsorption measurements.

Long(24hr) Stagnation time Short (30min) Stagnation tim
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
25Mar 16.264 95.84 0.97 0.97 8.449 0.97
15.238 101.42 0.97 0.97 8.029 0.97
14.4664 92.96 0.97 0.97 7.791 0.97
29-Mar 0.97 22.91 26.52 0.97 9.079 0.97
0.97 22.56 24.75 0.97 8.996 0.97
0.97 20.62 25.07 0.97 8.062 0.97
01-Apr 0.97 3.652 0.97
0.97 4.15 0.97
0.97 5.054 0.97
O05-Apr 1.836 60.84 46.16 3.442 15.9 3.054
49.12 61.48 42.76 3.291 12.38 3.035
4.848 61.34 41.84 2.795 14.43 2.649
09-Apr 2.665 44.73 0.97 4.553 3.571
0.125 40.3 0.97 3.62 1.578
0.125 45.03 0.97 4.282 0.556
12-Apr 8.494 32.6 0.97 0.97 0.97 0.97
10.582 34.2 0.97 0.97 0.97 0.97
10.708 34.1 0.97 0.97 0.97 0.97
15-Apr 22.84 55.93 0.97 5.568 14.81 0.966
19.17 56.99 0.97 5.004 14.8 1.1
22.18 58.95 0.97 4.761 14.64 0.96
19-Apr 1.103 44.45 0.97 0.97 20.84 0.97
3.898 42.08 0.97 0.97 22.32 0.97
3.917 43.78 0.97 0.97 22.39 0.97
22-Apr 0.97 84.85 26.32 0.97 15.68 0.97
0.97 85.02 28.24 0.97 15.09 0.97
0.97 86.16 27.72 0.97 17.53 0.97
26-Apr 0.97 59.06 24.17 097 8.704 0.97
0.97 57.05 25.25 0.97 8.503 0.97
0.97 61.05 21.97 0.97 10.36 0.97
29-Apr 0.97 64.72 0.97 0.97 0.97 0.97
0.97 65.81 0.97 0.97 0.97 0.97
0.97 66.96 0.97 0.97 0.97 0.97
10-May 1.245 77.51 61.08
1.553 77.18 58.66
1.992 75.12 55.44
17-May 5.211 77.74 12.61 0.97 5.798 0.97
2.916 76.43 12.31 0.97 57 0.97
1.018 76.36 13.5 0.97 7.515 0.97
25-May 5.652 61.08 4.853 1.999 0.97 0.97
5.522 57.82 4.323 1.456 0.97 0.97
5.82 57.93 5.774 1.154 0.97 0.97
31-May 49.9 64.86 0.97 5.502 23.06 0.97
45,78 61.63 0.97 3.243 26.16 0.97
53.83 64.38 0.97 2.938 25.26 0.97
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Table B.44continued Raw data displaying the dissolved lead values after the long (2
and short (30min) stagnation time in the copper pipe racks using sodiuatesagca
corrosion inhibitor and buffered widodium silicate This data shows all three firing of
the atomic adsorption measurements.

Long(24hr) Stagnation time Short (30min) Stagnation tim
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
07-Jun 15.11 177.2 63.03 6.978 21.87 7.14
13.32 162.3 55.88 6.313 21.13 8.953
14.21 1745 65.47 6.387 20.3 9.107
14-Jun 34.99 60.83 14.86 3.905 12.25 2.162
35.08 71.39 16.94 3.331 11.49 2.663
35.76 69.3 17.95 2.771 12.84 5.473
21-Jun 7.486 86.67 17.88 2.181 20.52 1.202
9.982 93.34 18.27 1.211 21.56 1.948

9.82 93.58 19.12 1.308 22.57 2.13
28-Jun 42.05 68.4 6.223 0.486 18.6 1.643
51.16 67.94 5.404 1.799 18.04 0.97

49.41 67.72 4.614 1.84 18.29 0.97
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Total Copper (pg/L)

Table B.44Raw data displaying the total copper values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using sodium silicate as a corrosion
inhibitor and buffered witlsodium silicateThis data shows all three firing of the atomic
adsorption measurements.

Long (24hr) Stagnation Time Short (30min) Stagnation time
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 70 303.6 427.4 70 98.73 2107
70 303.2 412.2 70 97.07 217.9
70 307.2 413.3 70 98.88 211.5
04-Feb 70 401.4 402.1 70 150.9 106.1
70 390.2 423 70 140.7 112.2
70 374.6 402.1 70 155.1 108.3
08-Feb 76.01 332.7 880.7 70 107.3 177.4
78.9 3455 892 70 105.4 177.3
76.85 355.8 919.1 70 105.4 176
11-Feb 70.07 289.9 1514 70 90.54 311.8
70.63 313.1 1460 70 103.1 355.6
69.97 276.1 1423 70 101.9 333
15Feb 109.7 370.3 1448 70 106.4 483.1
103.4 363.6 774.2 70 107.1 481
102.7 346.8 780.4 70 103.9 468.7
18-Feb 84.7 334.8 1594 70 157.1 105.3
76.78 335.6 717.3 70 155.5 106.8
75.08 354.1 781.7 70 155.4 109.6
22-Feb 80.41 357.8 1006 70 150.5 549.2
79.31 374.4 1173 70 132.8 558.6
80.5 377.8 761.3 70 135.9 570.2
25Feb 52.55 328.8 1554 70 160.6 156.8
75.6 327 1538 70 163.1 149.8
73.22 334 1444 70 157.6 139.2
0l1-Mar 2115 836.1 2142 70 152.9 803.7
213.5 820.7 1766.6 70 179.2 816.2
209.2 836.5 2142 70 155.5 851.4
04-Mar 98.38 535.5 2280 188.5 908
100.1 535.8 3440 181.7 811.7
98.57 529.1 33 190.1 986.3
08-Mar 122.12 394.8 3682 70 107.1 151
123.36 392.6 3704 70 106 152.7
123.48 405.8 2754 70 106.8 152.9
11-Mar 187.76 571.2 3232 70 146.3 183.1
185.14 543.8 3524 70 141.1 188.3
177.6 536.2 2468 70 145.5 174.2
15-Mar 83.5 405.3 1471 70 145.4 1082
84.26 412.4 1590 70 161.5 1059
86.31 411.6 1701 70 157.3 1100
18-Mar 87.43 385 1769.6 70 145.7 388
82.61 364.6 1639.8 70 139.6 405.8
81.34 364.8 2096 70 150.5 390.2
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Table B.44continued Raw data displaying the total qugr values after the long (24hr)
and short (30min) stagnation time in the copper pipe racks using sodium silicate as
corrosion inhibitor and buffered widodium silicate This data shows all three firing of
the atomic adsorption measurements.

Long (24hr) Stagnation Time Short (30min) Stagnation tim

High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
25-Mar 76.78 439 2348 70 188.6 778.5
89.16 450.6 2196 70 187.8 740.8
79.42 466.2 3358 70 185.1 760.3
29-Mar 70 322.6 821 70 105.9 39.92
70 311.4 687.6 70 113.9 736.7
70 309.8 881 70 114.3 530.9
01-Apr 70 182.8 1048
70 177.6 1039
70 198.4 979.3
05-Apr 78.4 383.6 3482 70 142.8 817.9
77.92 394.2 3280 70 140.8 822.1
80.26 395.6 3388 70 140.9 804.6
09-Apr 70 352 70 92.35 989
70 353.4 70 90 974.5
70 349.8 70 89.65 912.2
12-Apr 70 575 3922 70 153 176.4
70 572.8 3694 70 151.6 175.7
70 575.2 3644 70 151.7 173.7
15-Apr 70 379 96.72 70 103.8 87.88
70 356 98.28 70 103.1 85.49
70 351.4 100.44 70 102 90.46
19-Apr 70 413 70 70 91.09 108.2
70 410.2 70 70 90.39 107.2
70 411.8 70 70 91.75 107
22-Apr 70 379.2 838.8 70 105.8 308.3
70 324.6 814.6 70 106.2 349.1
70 350 723.8 70 105.4 317
26-Apr 70 4296 1786.4 70 99.85 101.7
70 3984 17694 70 101 1115
70 395 1644.2 70 102.4 101.5
29-Apr 70 397.4 149.68 70 143.1 477.3
70 404.2 149.4 70 146.2 470.7
70 385.6 147.76 70 146.5 441.9
10-May 54.06 277.8 1865.2
53.96 274.8 2070
52.7 313.4 2082
17-May 86.16 3394 959.2 139.4 216
83 339.2 926.2 133.5 214.6
85.68 330.8 921.4 137.6 2125
25-May 56.4 394.6 2660 14.44 86.6 887.3
65.52 391 3336 19.72 88.93 917.6
57.8 390 3574 19.24 96.52 897.1

169




Table B.44 continuedRaw data displaying the total copper values after the long (24t
and short (30min) stagnation time in the copper pipe racks using sodium silicate as
corrosion inhibitor and buffered widodium silicate This data shows all three firing of
the atomic adsorfmn measurements.

Long (24hr) Stagnation Tim Short (30min) Stagnation tim
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
31-May 92.26 578.4 137.42 24.14 160.7 363.1
95.7 563.6 137.86 24.85 161.4 367.5
98.22 562.6 137.42 23.62 153.7 365.9
07-Jun 88.84 420 28.52 141.9 2018
89.7 373.2 27.13 140.1 2000
88.22 359.8 25.65 131.6 2143
14-Jun 102.04 331 3908 70 70 419.2
103.3 331.8 3848 70 70 418.2
98.46 331.2 3850 70 70 4194
21-Jun 89.62 501.8 4384 70 107.7 2069
74.46 514.6 4426 70 109.5 2130
92.98 568.8 4282 70 110.1 2112
28-Jun 252.8 359.2 4170 70 100.6 1463
273 355.8 4148 70 107 1573
266.6 352.4 4360 70 111.9 1933
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Dissolved Copper (ug/L)

Table B.45Raw data diglaying the dissolved copper values after the long (24hr) and
short (30min) stagnation time in the copper pipe racks using sodium silicate as a
corrosion inhibitor and buffered wiodium silicate This data shows all three firing of
the atomic adsorptiomeasurements.

Long (24hr) Stagnation time Short (30min) Stagnation time
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
01-Feb 70 195.28 401.4 70 89.02 200.8
70 198.54 394 70 88.38 207.9
70 195.42 385.8 70 88.36 201.7
04-Feb 70 313.8 382.7 70 98.59 105.4
70 302.4 381.1 70 98.53 107.7
70 286.4 368.2 70 102.2 104.4
08-Feb 70 309.1 789.6 70 96 184.5
70 288.6 727.4 70 91.73 173.8
70 321.4 672.2 70 90.51 165.8
11-Feb 70 141.7 882.4 70 84.94 266.4
70 144.2 898.2 70 77.37 263.6
70 152.9 925.5 70 77.19 2194
15Feb 89.75 300.5 631.1 70 99.98 397.5
94.44 308.7 1261 70 93.22 411.9
90.99 305.7 1334 70 98.95 415.3
18-Feb 70 272.6 1491 70 106.2 141.8
71 273.6 795.6 70 106.2 142.7
70.01 290.4 824.5 70 107.9 145.9
22-Feb 70 200.7 790.5 70 90.25 530.6
70 204.2 760.2 70 87.7 477.7
70 197.6 802.5 70 88.68 521.1
25Feb 70 197.2 1320 70 102.7 158.7
70 196.3 1530 70 99.69 162.6
70 200.9 1542 70 101 165.4
01-Mar 154.8 491.3 1936.2 70 127.5 659.9
156.6 493.8 1935.6 70 146.4 769.8
152.2 493.7 1907 70 124.9 776.8
04-Mar 75.76 390.3 2178 185.4 929.6
75.4 443.1 2170 185.9 966.8
74.22 450 2202 176.9 959.4
08-Mar 88.74 381.8 2778 70 102.4 148.9
87.36 379 2416 70 1037 136.8
84.32 79.6 3372 70 102.9 149.5
11-Mar 99.5 372.6 2410 70 139.2 190.6
100.54 376.6 2244 70 127.1 188.7
98.12 365.2 2528 70 139 179.9
15Mar 86.23 361.6 1429 70 148.3 1007
84.78 368.7 1317 70 143.4 1005
82.84 372.7 1184 70 148.5 965
18Mar 70 257.8 1378.2 70 109.5 401.6
70 283.2 1457.8 70 109.7 384.3
70 272.6 1410 70 113.6 389.9
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Table B.45continued Raw data displaying the dissolved copper values after the lon
(24hr) and short (30min) stagnation time in the copper pipe tetkg sodium silicate a
a corrosion inhibitor and buffered witodium silicate This data shows all three firing ¢
the atomic adsorption measurements.

Long (24hr) Stagnation timi

Short (30min) Stagnation tim

High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
25-Mar 78.6 424.8 2260 70 147.4 757.1
79.94 398.4 2330 70 156 764.5
78.2 442.2 2110 70 158.9 671.3
29-Mar 70 305 395.2 70 105.1 330.7
70 296.2 395.2 70 105.7 427.6
70 322.6 1570.8 70 107.3 4472
01-Apr 70 149.2 513.3
70 150 509.4
70 150.6 507.8
05-Apr 70 328.6 2094 70 106.8 530.6
70 329.2 2170 70 107.5 513.7
70 358.4 2086 70 107.2 516.7
09-Apr 70 299.6 70 93.56 836.5
70 294.2 70 83.29 828.8
70 296.4 70 91.62 8517
12-Apr 70 514 3580 70 106.3 198.9
70 537 3990 70 108.1 167.3
70 518 3544 70 109.7 167.3
15-Apr 70 216.2 87.5 70 93.05 74.56
70 218.2 86.84 70 91.6 74.04
70 221.2 89.3 70 90.96 74.78
19-Apr 70 374.6 70 70 91.9 101.6
70 375.2 70 70 89.6 100.3
70 376.6 70 70 92.42 99.79
22-Apr 70 285.6 730.2 70 90.9 272
70 290 733.2 70 94.51 287.2
70 283 751 70 91.2 269.7
26-Apr 70 370.8 1566.6 70 108.2 128.3
70 331.2 1465.8 70 105.2 109.3
70 315.2 1479 70 100.5 108.6
29-Apr 70 282.2 123.& 70 107.8 377.8
70 266.8 122.94 70 110.4 420.3
70 283.4 128.36 70 110.4 384.9
10-May 18.15 107 810.1
18.61 109 868.1
16.41 106 906.9
17-May 50.28 3354 802.2 30.85 169.6 277.2
48.74 333.2 837.6 30.03 162.5 270
48.54 340.8 819 3004 152.4 283.2
25-May 39.04 345.8 3124 10.37 86.93 907.8
40.62 344.2 3266 10.24 85.87 887.4
40.4 343.4 3658 9.367 84.91 890
31-May 171.84 530.2 135.02 23.63 103.9 331.2
173.84 540.2 138.14 22.63 106.8 325.7
178.16 534.8 12996 23.4 106.5 334
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Table B.45 continuedRaw data displaying the dissolved copper values after the lon
(24hr) and short (30min) stagnation time in the copper pipe racks using sodium sili
a corrosion inhibitor and buffered witodium silicate This data shows all threeifig of
the atomic adsorption measurements.

Long (24hr) Stagnation timi Short (30min) Stagnation tim
High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
07-Jun 78.86 191.82 3980 29.57 101.7 1725
74.54 192.08 4226 27.45 102 1585
84.98 198.44 4312 27.12 94.15 2109
14-Jun 63.6 359.8 5738 70 70 409.9
64.88 345.6 5944 70 70 413.5
82.44 363.4 5742 70 70 407.3
21-Jun 66.58 400.8 4290 70 87.03 1751
55.42 416.6 4226 70 91.83 1834
53.82 398.2 4188 70 89.06 1650
28-Jun 180.92 373.2 8
178.52 310
176.12 309
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APPENDIX C i Phosphate Data

Pipe loops

Tables presented in this section are the raw data pertaining to the pipe loops that used phosphate
as a corrosion inhibitoData is presented in chronological order from which it was collected. For
each section the data is presented first for the influent and effluent of the pipe loops then for the
long and short stagnation time.

Corrosion Rate(mil/year)
Table C.1Raw datalisplaying corrosion rate value for pipe loops using phosphate as a corrosion
inhibitor.

High Low
Date Chloramines Chloramines  Chlorine

16-Jul

20-Jul

23-Jul

27-Jul

30-Jul 7.15
03-Aug 2.98 4.54
06-Aug 5.9 3.14
10-Aug 1.86 3.03 1.84
14-Aug 2.98 8.63 3.22
17-Aug 2.76 3.31 2.91
20-Aug 29.1 4.25 2.94
24-Aug 2.32 3.38 2.63
27-Aug 5.91 5.3 2.87
31-Aug 1.97 4.36 2.83
03-Sep 2.27 4.99 3.14
14-Sep 2.32 3.73 2.58
17-Sep 3.27 4.32 2.72
21-Sep 6.95 4.46 2.55
24-Sep 4.06 3.58 2.06
28-Sep 3.45 3.45 2.76
01-Oct 3.92 4.43 2.35
05-Oct 2.76 2.71 2.15
08-Oct 4.89 5.97 2.11
12-Oct 3.56 2.43 1.84
15-Oct 6.91 2.32 1.64
19-Oct 4.25 2.56 1.48
22-Oct 3.69 2.41 1.53
26-Oct 3.14 2.14 1.45
29-Oct 5.6 1.73 1.65
02-Nov 3.92 1.85 1.53
05-Nov 1.79 1.18
09-Nov 1.66 1.16
12-Nov 1.96 1.72 1.13
16-Nov 2.19 1.62 1.13
19-Nov 2.65 1.53 1.1
23-Nov 2.64 1.54 0.41
26-Nov 3.66 3.19 1.73
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Table C.1continued Raw data displaying corrosion rate
value for pipe loops using phosphatea corrosion inhibitor

High Low
Date Chloramines Chloramines  Chlorine
30-Nov 2.25 1.72 1.09
03-Dec 1.35 1.76 1.12
07-Dec 3.14 1.49 0.89
09-Dec 2.7 1.82 0.96
01-Feb 2.33 2 0.82
04-Feb 3.01 1.65 0.8
08-Feb 2.14 1.83 0.81
11-Feb 4.36 1.45 0.99
15-Feb 2.05 1.66 0.85
18-Feb 3.34 1.7 0.79
22-Feb 2.03 1.62 0.86
25-Feb 2.39 1.56 0.85
01-Mar 2.11 2.52 0.67
04-Mar 2.64 2.97 0.82
08-Mar 2.38 3.38 0.95
11-Mar 2.62 3.56 1.3
15-Mar 1.9 3.85 0.78
18-Mar 2.6 414 0.91
22-Mar 2.12 6.58 13.66
25-Mar 2.51 3.79 2
29-Mar 1.85 3.05 1.67
01-Apr 2.32 3.17 1.42
05-Apr 1.66 2.99 1.3
09-Apr 2.07 3.12 1.36
12-Apr 2.27 3.17 1.2
15-Apr 1.7 3.05 1.21
19-Apr 1.86 2.81 1.21
22-Apr 2.97 8.89 13.4
26-Apr 2.34 | 31 | 2.32
29-Apr 9.71 3.09 1.87
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pH
Table C.2Raw data displaying pH values for pipe loops using phosphate as a corrosion
inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 8.64 6.38 7.1 8.8 5.9 6.6
06-Jul 6.32 6.07 7 6.81 8.57 6.45
09-Jul 7.51 8.75 7.39 6.68 8.03 7.29
13-Jul 8.72 7.91 6.51 8.3 6.3 7.14
16-Jul 8.78 6.95 7.08 6 8.1 9.01
20-Jul 8.74 6.8 6.65 8.53 6.99 7.25
23-Jul 8.78 7.32 9.64 8.55 7.31 6.93
27-Jul 6.42 7.23 6.11 7.93 7.91 7.81
30-Jul 6.3 8.04 6.07 6.92
03-Aug 6.42 6.61 6.82 5.8 6.23 6.4
06-Aug 7.55 6.2 6.43 7.06 6.97 6.51
10-Aug 8.59 6.15 6.26 7.2 5.9 6.68
14-Aug 6.82 7.96 6.25 6.99 7.61 5.99
17-Aug 6.6 6.1 6.08 7.01 6.38 6.29
20-Aug 6.22 7.82 9.97 6 7.13 8.39
24-Aug 6.92 5.8 10.01 6.72 6.19 10.14
27-Aug 7.75 6.67 6.72 8.1 6.49 6.88
31-Aug 8.64 9.69 6.67 8.1 9.39
03-Sep 7.09 6.68 7.7 8.12
14-Sep 6.72 5.94 6.72
17-Sep 7.06 6.01 6.93 7.1 6.32 6.65
21-Sep 551 7.47 7.21 6.98
24-Sep 3.28 5.53 8.27 6.95
28-Sep 3.74 64 8.02 6.67 5.43 7.46
01-Oct 8.42 7.34 6.93 7.15 6.7 8.9
05-Oct 8.56 6.42 9.59 6.1 5.59 8.32
08-Oct 5.57 6.57 8.64 8.36 7.25
12-Oct 7.98 5.63 6.98
15-Oct 8.52 7.13 6.76 8.4 6.6 7.35
19-Oct 6.77

22-Oct 7.91 6.71

29-Oct 3.22 5.97 7.24 3.48 6.06 6.83
02-Nov 5.99 551 6.07 6.2 6.84 7.11
05-Nov 7.37 7.25 6.43 7.63 7.3 7.02
09-Nov 5.76 6.05 6.83 6.74
12-Nov 7.1 6.4 6.47 6.04 6.6 7.15
16-Nov 5.63 571 6.75
19-Nov 5.56 6.97 654 7.33 6.78 7.45
23-Nov 6.98 6.32 6.94
26-Nov 8.52 7.79 9.41
30-Nov 6.62 6.75 7.03
03-Dec 6.87 685 6.49 6.22 8.15 8.31
07-Dec 8.41 6.58 6.6
09-Dec 6.8 7.2 7.2 6.6 5.7 6.4
01-Feb 7 551 7.36 8.92 7.96 7.55
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Table C.2 continuedRaw data displaying pH values for pipe loops using phaspsaa
corrosion inhibitor

Influent Effluent
High Low High Low

Date Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
04-Feb 8.06 7.69 7.07 7.72 7.47 7.71
08-Feb 3.9 7.89 11.31 6.36 6.62 6.16
11-Feb 7.52 8.83 10.26 8.77 6.04 5.95
15Feb 8.35 8.71 7.7 6.01 6.14 5.73
18-Feb 8.2 8.56 7.42 8.34 6.41 5.79
22-Feb 8.7 8.11 10.16 6.98 6.14 7.33
25Feb 3.27 8.81 9.71 7.74 6.16 6.5
0l1-Mar 2.59 8.53 10.94 6.56 5.89 6.32
04-Mar 3.16 8.43 8.64 7.72 6.5 7.41
08-Mar 3.21 9.21 10.37 7.63 6.36 7.94
11-Mar 8.06 10.12 7.62 6.16
15Mar 3.39 8.74 8.11 6.56 6.92 7.15
18Mar 6.16 6.05 2.72 7.91 7.12 7.5
22-Mar 7.99 9.73 11.2 6.34 2.96 3.06
25-Mar 8.06 9.63 10.73 7.67 6.6 6.56
29-Mar 8.17 9.78 10.37 7.47 6.13 6.58
01-Apr 8.4 9.65 9.96 7.58 6.71 7.35
O5-Apr 7.77 8.23 10.3 6.4 6.38 6.62
09-Apr 7.66 10.43 10.71 5.98 6.77 6.31
12-Apr 7.53 10.46 10.77 5.55 6.25 6.68
15-Apr 8.34 9.09 9.28 6.08 7.1 6.8
19-Apr 6.96 3.44 3.34 6.82 6.68 6.32
22-Apr 3.74 9.64 10.3 8.02 3.36 3.27
26-Apr 3.37 10.76 7.02 7.89 6.27 5.85
29-Apr 7.24 11.15 10.57 3.5 7.02 6.51
10-May 7.78 6.95 6.05
17-May 6.5 8.47 9.43
25-May 6.46 7.3 6.81
31-May 6.66 8.06 7.24
07-Jun 6.88 7.87 6.82
14-Jun 6.39 7.12 6.87
21-Jun 6.71 6.82 6.34
28-Jun 7.83 6.98 6.84
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Oxidation Reduction Potential (ORP) (mV)
Table C.3Raw data displaying ORP values for pipe loops using phosphate as a corrosion
inhibitor.

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 488 614 773 369 383 744
06-Jul 567 582 800 505 374 797
09-Jul 555 444 780 500 535 679
13-Jul 437 501 777 430 58 452
16-Jul 438 580 775 373 486 642
20-Jul 418 514 547 464 493 711
23-Jul 451 515 493 425 402 503
27-Jul 542 499 735 401 533 696
30-Jul 531 536 450 433
03-Aug 541 517 514 404 483 438
06-Aug 447 607 635 377 468 720
10-Aug 393 551 637 475 407 732
14-Aug 542 497 773 513 457 700
17-Aug 560 586 746 525 529 523
20-Aug 628 431 481 574 380 431
24-Aug 469 508 438 473 492 440
27-Aug 438 464 757 430 380 670
31-Aug
03-Sep 542 750 395 596
14-Sep 519 374 662
17-Sep 538 519 771 503 421 665
21-Sep 498 758 578 730
28-Sep 740 690 652 452 340 754
01-Oct 473 553 814 472 490 603
05-Oct 432 516 544 489 372 604
08-Oct 475 780 454 456 702
12-Oct 565 379 746
15Oct 508 612 789 434 489 731
19-Oct 509
22-Oct 484 476
26-Oct 385 467 463
29-Oct 733 554 762 609 688 767
02-Nov 657 577 768
05-Nov 469 495 810 588 514 750
09-Nov 471 471 580 750
12-Nov 425 519 799 621 514 723
16-Nov 337 373 732
19-Nov 427 456 793 600 524 715
23-Nov 437 473 784
26-Nov 380 444 399
30-Nov 222 432 566
03-Dec 472 470 795 653 480 573
07-Dec 391 476 726
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| 09-Dec 458 461 750 594 480 620
01-Feb 478 516 681 449 418 500
Table C.3continued Raw data displaying ORP values for pipe loops using phosphate as a
corrosion inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines  Chlorine
04-Feb 398 433 468 492 519 701
08-Feb 705 537 397 373 499 741
11-Feb 467 418 498 418 482 653
15Feb 418 503 569 589 564 678
18-Feb 432 380 742 454 574 735
22-Feb 493 414 435 546 615 711
25-Feb 745 426 483 498 408 731
01-Mar 782 499 392 469 491 687
04-Mar 761 456 565 505 628 691
08-Mar 752 458 434 512 445 671
11-Mar 595 384 486 558
15-Mar 776 391 710 529 519 483
18-Mar 643 754 868 534 487 614
22-Mar 473 430 468 499 581 490
25Mar 556 439 455 488 469 467
29-Mar 547 427 447 479 455 701
01-Apr 495 415 433 491 543 681
O05-Apr 547 461 411 488 504 748
09-Apr 518 355 412 529 422 506
12-Apr 552 426 379 577 396 743
15-Apr 481 385 448 563 372 727
19-Apr 649 829 912 613 466 727
22-Apr 724 462 413 483 574 473
26-Apr 693 276 580 376 602 702
29-Apr 470 252 452 612 452 698
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Dissolved Oxygen (mg/L)
Table C.4Raw data displaying dissolved oxygen values for pipe loops using phosphate as a
corrosion inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 6.9 7.8 6.9 6.9 7.3 6.6
06-Jul 7 8.4 7.7 7.1 7.6 7.1
09-Jul 6.8 7.3 7.3 6.4 6.3 6.1
13-Jul 6.9 7.2 6.6 7.2 6.3 6.5
16-Jul 7.3 7.1 7 6.7 6.8 6.5
20-Jul 7.1 8.3 8.6 7.1 7.3 6.9
23-Jul 57 59 57 5.8 55 5.6
27-Jul 6 6.2 6.5 6.1 6 6.1
30-Jul 6.3 6.2 6.5 5.8
03-Aug 7.1 7.4 6.5 7.4 6.2 5.9
06-Aug 51 5.3 54 53 5.6 5.1
10-Aug 53 55 5.6 5.1 53 5.2
14-Aug 4.8 4.6 5 4.8 5.1 4.9
17-Aug 57 55 54 5.6 6.3 57
20-Aug 4.9 4.7 45 4.7 5.1 4.7
24-Aug 4.8 4.7 5.2 4.9 4.8 4.5
27-Aug 5.6 57 5.2 57 53 53
31-Aug 5 4.5 4.8 4.6 4.5
03-Sep

14-Sep

17-Sep 69 61 6.7 6.1 6.9 6.5
21-Sep 10 10 7.4 8.5
24-Sep 5.9 6.8 6 6.6
28-Sep 10.1 9.9 10.1 9.2 10.9 9.7
01-Oct 10.9 104 10.3 10.7 10.7 10.4
05-Oct 54 54 6.4 5.2 6 5.2
08-Oct 5 5.3 57 5.6 55
12-Oct 11 11.1 10.6
15-Oct 11.3 14 104 10.9 11.5 11
19-Oct 6.2

22-Oct 5.9 6.1

26-Oct 5.8 57 55
05-Nov 6.6 6.8 6.4 6.5 6.4 5.2
09-Nov 6.7 6.5 6.2 5.8
12-Nov 6.8 6.7 6.5 6.8 5.9 6.3
16-Nov 5.8 6 5.9
19-Nov 6.7 7 6.8 5.6 6.1 6.3
23-Nov 6.4 6.5 6.9
26-Nov 6.7 6.1 6.4
30-Nov 54 6.3 5.7
03-Dec 7 7.3 7 6.9 6.9 6.9
07-Dec 6.8 6.2 6
09-Dec 6.8 7.2 7.2 6.6 5.7 6.4
01-Feb
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| 04-Feb

Table C.4 continuedRaw data displaying dissolved oxygen values for pipe loops using
phosphate as a corrosion inhibitor.

Influent Effluent
High Low High Low
Date | Chloramines Chloramines Chlorine | Chloramines Chloramines Chlorine

08-Feb

11-Feb

15Feb

18-Feb 10 10 10 8.4 9.8 8.8
22-Feb 9.9 10.5 10.5 8.3 9.6 9.8
25Feb 10.5 11 10.4 9.2 9.5 9.8
0l1-Mar 10 9.7 9.9 8.1 9.9 9.1
04-Mar 9.3 10.1 9.7 8.7 9.3 9.1
08-Mar 9.7 10.4 9.6 8.2 9.6 7.9
11-Mar 9.7 9.5 8.8 8.2

15Mar 9.4 9.3 9.9 8.8 9.2 8.7
18-Mar 9 9.1 9.1 8.7 8.7 9
22-Mar 9.5 9.4 9.4 7.7 9.2 8.6
25-Mar 10.4 9.5 9.2 8.5 6.6 6.56
29-Mar 9.8 9.8 10.4 8.2 9.1 8.9
01-Apr 9.3 10 9.9 8.7 8.9 8.6
O5-Apr 9.8 10 9.3 8.2 8.9 8.7
09-Apr 9.2 9.2 95 8.2 8.4 8.1
12-Apr 9.6 10.1 10.1 8.4 9.9 9.1
15-Apr 9.4 9.6 9.2 8.5 9.8 8.8
19-Apr 9.1 9.5 10.8 7.8 8.9 8.5
22-Apr 9.8 9.1 9.3 8.7 9.3 9.4
26-Apr 9.7 10.2 9.9 8.9 9.8 10
29-Apr 10.5 9.6 10.1 9.9 10.1 10.1
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Temperature (°C)
Table C.5 Raw data displaying temperature values for pipe loops using phosphate as a corrosion
inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 8.1 18.2 18.6 22.8 18.7 22.7
06-Jul 18.2 18 18.4 22.7 23.1 22.6
09-Jul 18.1 18.5 18.6 22.9 22.8 22.9
13-Jul 18.7 18.8 19 22.8 20.5 23.5
16-Jul 19 19.1 19.5 23.7 21.3 23.5
20-Jul 19.6 19.7 19.8 23.9 21.5 22.7
23-Jul 19.6 19.7 19.8 24.4 21.4 23.1
27-Jul 19.9 20 20.1 24 24 24.6
30-Jul 20.4 20.7 21.9 21.9
03-Aug 21.8 21.5 22.4 21.6 21.5 23.3
06-Aug 21.2 21.4 22.3 26.1 23 23.4
10-Aug 21.2 21.5 20.8 25.3 21.3 23.3
14-Aug 21.3 21.9 21.8 25.5 23.2 24.8
17-Aug 21.8 21.7 21.8 26.4 22.6 26.5
20-Aug 22 21.9 21.8 26.6 22.3 25.5
24-Aug 22.5 23 23.3 26.2 23.1 27.2
27-Aug 21.9 22.3 21.7 25.7 23.7 26.5
31-Aug 20.9 21.4 25.3 24.6 25.7
03-Sep

17-Sep 18.7 18.8 18.9 23 18.8 22.9
21-Sep 17.7 18.3 22.4 22.4
24-Sep 18.6 18.7 23.3 22
28-Sep 18 17.5 18 22.2 21.4 22.1
01-Oct 18.1 17.5 17.9 22.7 22.4 22.2
05-Oct 17 17.2 17.5 22 21.9 21.2
08-Oct 17.1 17 21.7 21.9 21.9
12-Oct 20.9 20.2 20.5
15Oct 15.7 15 15.5 18.7 20 20.5
18-Oct 15.3

22-Oct 20 19.5

26-Oct 20.2 19.2 19.4
29-Oct 14 12.9 14 17.3 18.3 19.1
02-Nov 15.7 18.7 18.3
05-Nov 13 12.6 13.2 14.1 18.1 19.3
09-Nov 11.8 12.7 17.4 16.6
12-Nov 11.8 11.6 12.6 14.1 17.2 16.9
16-Nov 11.7 11.2 12.3 15.1 17 17.3
19-Nov 11.7 11.2 12.3 15.1 17 17.3
23-Nov 17.2 16.9 15.7
26-Nov 17.3 181 17.8
30-Nov 16.2 17.5 16.2
03-Dec 10.9 11.4 12.3 14.6 14.8 13.4
07-Dec 12.7 16.3 16.5
09-Dec 10.3 10.7 11.3 12.3 16 14.9

182



| 01-Feb]|

5.8

7.3

7.3

154

13.8

12.6|

Table C.5continued Raw data displaying temperature values for pipe loops usinglpatesas
a corrosion inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
04-Feb 11.1 11.3 11.3 17 17.5 16.8
08-Feb 12.2 10.6 12.4 17.4 17.1 17.9
11-Feb 8.9 8.3 9.2 14.2 14.3 14.9
15Feb 12.2 12.9 13.6 19.6 19.1 19.8
18-Feb 8.9 8 9.1 14.3 13.5 14.3
22-Feb 8.7 7.8 8.7 14.6 13.7 13.2
25-Feb 8.7 7.9 8.4 13.2 13.3 13.4
01-Mar 8.9 8.1 9.2 14.5 11.4 14.1
04-Mar 8.6 7.9 9.2 14.3 11.4 13.4
08-Mar 8.8 8.3 9 14.4 11 11.9
11-Mar 8.7 8.6 13.6 11.6

15Mar 8.6 8.5 8.8 14.1 11.2 13
18-Mar 9.2 9.7 9.4 14.7 11.9 14
22-Mar 9.6 9.3 9.9 15.7 11.8 14.8
25-Mar 9.6 9.1 9.5 15.7 12.4 15.3
29-Mar 8.8 8.7 9 14.1 13.6 14
01-Apr 10.1 9.6 10.7 15.5 15.2 15.2
05-Apr 9.9 9 9.7 15.8 15.4 15.7
09-Apr 10.9 10.8 11.3 16.3 15.9 16.4
12-Apr 11.1 11 11.3 17.1 16.4 17.1
15-Apr 11.2 11 11.2 17.1 16.3 16.9
19-Apr 11.7 11.3 11.6 16.4 16.7 16.9
22-Apr 11.4 11.3 11.3 16.7 16.5 15.7
26-Apr 11.9 11.7 12 17.7 16.9 17.1
29-Apr

10-May 18.7 165 19.7
17-May 22 21.8 22.5
25-May 20.4 21.2 21.7
31-May 21.5 20.8 21
07-Jun 21.3 21 20.4
14-Jun 22.6 21.9 22.5
21-Jun 23.3 22.9 21.8
28-Jun 22.9 23.2 21.3
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Total Chlorine (mg/L)
Table C.6Raw data dislaying total chlorine values for pipe loops using phosphate as a corrosion
inhibitor.

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 5.2 0.95 6.1 5.1 0.35 1.3
06-Jul 1.37 0.4 15.6 1.1 4.9 6.5
09-Jul 0.6 7 3.5 0.5 54 1
13-Jul 12.4 4.7 3.4 15.7 0.52 0.09
16-Jul 17.7 3.6 6.5 0.14 6.1 5.8
20-Jul 21 2.8 1.66 8.4 4 1.31
23-Jul 13.7 3.9 4.1 8 4 0.17
27-Jul 1.7 2.7 1.1 3.5 3.9 2.5
30-Jul 3.2 3 0.38 9.8
03-Aug 1.75 0.05 0.12 0.4 0.6 0.05
06-Aug 8.1 0.11 0.31 5.6 3 2.8
10-Aug 8.6 2.1 0.22 11.5 0.13 4.5
14-Aug 9.3 9.3 1.9 15.1 5.2 0.21
17-Aug 11.5 0.43 0.68 8.9 0.39 0.1
20-Aug 4.5 4.6 3.4 3.4 15 1.95
24-Aug 5 0.27 3.4 4.2 0.11 3.1
27-Aug 7.8 1.4 4 10.1 0.67 0.25
31-Aug 2.3 55 0.1 2.4 4.2
03-Sep 5.1 1.2 53 1.29
14-Sep 0.3 0.3 0.02
17-Sep 2 0.02 1.54 5.2 15 0.46
21-Sep 0.06 7.3 0.8 3
24-Sep 0.04 0.45 11.2 0.13
28-Sep 0.05 0.04 15.1 0.14 0.03 10.1
01-Oct 19.3 0.22 6.9 4.1 1.8 55
05-Oct 11 0.05 3.8 0.2 0.03 4.4
08-Oct 21 0.78 19.9 12 0.34
12-Oct 4.7 0.03 14
15Oct 18.4 0.06 2.7 17.2 0.42 2.08
19-Oct 2.6
22-Oct 11.3 1
26-Oct 1.8 0.05 0.05
29-Oct 3 0.05 7.4 1.47 0.36 6.5
02-Nov 3.4 0.4 3.5 1.9 0.05 5
05-Nov 7.1 0.06 2.3 7.7 0.5 1
09-Nov 0.03 2.18 0.2 1.36
12-Nov 7 1 2.2 0.68 0.7 14
16-Nov 0.01 0.04 1.1
19-Nov 0.06 0.12 1.89 4 0.25 1.02
23-Nov 1.9 0.07 2.5
26-Nov 9.9 5 0.63
30-Nov
03-Dec 2.8 0.07 2.11 1.67 3.5 1.6
07-Dec 10.9 0.6 0.17
09-Dec 7.8 4.1 1.3 9.6 4.2 0.5
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| 01-Feb]
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3.4

0.41 |
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5.9
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Table C.6 continuedRaw data displaying total chlorine values for pipe loops using phosphe
a corrosion inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
04-Feb 9.8 4.8 0.06 7.3 4 1
08-Feb 14 57 12.8 0.38 4.6 1.11
11-Feb 11.9 6 0.18 32 3.7 0.11
15Feb 9.3 5.2 2.7 1.85 3.4 0.41
18-Feb 18.2 8.8 6.4 10.5 4.5 1.3
22-Feb 5 4.1 2.4 2.8 2.12
25Feb 14.2 8.3 1.85 13 3.1 0.15
0l1-Mar 16 4.1 2.1 4.2 1.1 0.37
04-Mar 12.6 4.9 3.1 13.8 4 0.73
08-Mar 4 4.4 10.5 6.1 4.4 0.53
11-Mar 21 3.9 10.7 6.9

15Mar 8.2 4.7 1.14 4.9 4.6 0.06
18-Mar 10.8 3.5 1.51 12.1 4.1 0.46
22-Mar 17.6 5.6 4.6 5 0.02 0.01
25-Mar 22 6.1 44 14.9 4.6 0.32
29-Mar 20.8 5.6 3.3 1.4 2.4 0.19
01-Apr 16.6 6.4 4.5 7.6 4.4 1
O5-Apr 19 3.4 0.02 8 2 2.1
09-Apr 2.7 5.2 5 1.4 1.6 0
12-Apr 12.8 54 3.3 7.4 4.6 1.75
15-Apr 16.6 11.5 5 53 1.6 1.24
19-Apr 135 2.5 2.4 0.49 1.91 1.28
22-Apr 7.1 5.1 2.14 13.3 0.04 0.02
26-Apr 4.8 4.5 1.51 7.1 4.3 0.19
29-Apr 12.5 5.9 3.1 1.7 4 0.6
10-May 6.6 2.9 0.55
17-May 4.8 3.7 2.2
25-May

31-May 6.5 2.5 1.72
07-Jun 5.8 3.5 1.19
14-Jun 1.7 2.4 0.15
21-Jun 0.8 2.6 2
28-Jun 6.8 3.2 1.33
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Free Chlorine (mg/L)
Table C.7Raw data displaying free chlorine values for pipe loops using phosphate as a corrosion
inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 4.8 0.9 5.9 4.3 0.34 1.01
06-Jul 1.27 0.03 14.3 1.1 4.4 4.8
09-Jul 0.06 6.1 35 0.2 5.1 1
13-Jul 135 0.03 0.03 0.5 0.03 3.1
16-Jul 2.8 3 4.1 0.06 3.7 5.2
20-Jul 4.7 0.8 1.5 1.9 14 0.18
23-Jul 1.5 35 3.7 2.8 3.3 0.11
27-Jul 0.9 0.9 0.6 0.2 1.8 1.7
30-Jul 1.1 1.7 0.08 0.17
03-Aug 1.2 0.05 0.02 0.2 0.1 0.03
06-Aug 7 0.05 0.26 2.1 2.5 2.4
10-Aug 5.8 1.1 0.09 3.3 0.09 4.3
14-Aug 6.8 4.7 1.19 4 0.15 0.18
17-Aug 5.9 0.17 0.56 2.5 0.11 0.06
20-Aug 1.6 2.9 2.5 0.17 0.16 1.94
24-Aug 1.3 0.2 2.8 1.8 0.1 2.7
27-Aug 4.1 0.45 2.1 35 0.44 0.15
31-Aug 0.3 4.8 0.07 2 3.3
03-Sep 1.4 1.13 1.22 1.06
14-Sep 0.2 0.3 0.02
17-Sep 1.6 0.02 1.46 4.9 1.4 0.44
21-Sep 0.03 6.4 0.5 24
24-Sep 0.03 0.38 10.9 0.05
28-Sep 0.02 0.04 13.1 0.1 0.02 9.1
01-Oct 17.3 0.21 6.5 1.3 1.6 5.2
05-Oct 10.1 0.03 3.6 0.1 0.01 3.2
08-Oct 19 0.68 35 11 0.27
12-Oct 4.5 0.02 1.3
15-Oct 14.9 0.36 2 14.9 0.36 2
19-Oct 0.1

22-Oct 0.41 0.4

26-Oct 0.07 0.04 0.02
29-Oct 0.61 0.02 7.4 0.05 0.32 5.6
02-Nov 1.63 0.03 34 0.15 0.02 4.8
05-Nov 2 0.02 2 2 0.16 0.77
09-Nov 0.02 2.09 0.07 1.3
12-Nov 2.1 0.53 1.93 0.58 0.23 1.24
16-Nov 0.01 0.02 1.05
19-Nov 0.03 0.03 1.69 1 0.23 0.93
23-Nov 1.54 0.03 2.4
26-Nov 9.7 5 0.6
30-Nov

03-Dec 2.7 0.02 2.1 1.61 2.6 1.6
07-Dec 10.4 6 1.7
09-Dec 7.8 3.6 1.3 8.4 0.41 0.4
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| 01-Feb] 4.2 1.1 0.37 1.3 5.9 0.13|
Table C.7continued Raw data displaying free chlorine values for pipe laggiag phosphate as
a corrosion inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
04-Feb 9.4 4.6 0.03 7.3 3.5 0.82
08-Feb 4.9 3.5 11.3 0.19 0.17 1
11-Feb 10.2 1.8 0.17 9.9 0.9 0.06
15Feb 1.2 4.1 2.7 0.07 0.5 0.39
18-Feb 1.7 0.5 5.8 11 0.4 0.13
22-Feb 1.3 1.6 0.2 2.3 2.04
25Feb 2.6 5.9 1.75 12.4 0.7 0.12
0l1-Mar 0.3 1 1.9 3.5 0.3 0.31
04-Mar 2 3.3 2.6 11.5 3.5 0.73
08-Mar 0.2 0.8 10.3 2.1 2.3 0.49
11-Mar 12.8 1 1.5 0.6

15Mar 4.3 0.3 1.1 2.9 0.4 0.04
18-Mar 1.7 0.8 1.51 1.9 3 0.43
22-Mar 1.7 0.6 4.6 1.7 0.02 0.01
25-Mar 0.5 1.7 3.7 12.2 1.7 0.28
29-Mar 0.8 2.4 3.4 0.4 2.4 0.16
01-Apr 3 2.4 4.4 2.8 0.8 0.7
O5-Apr 1.8 0.3 0.02 1 0.3 2
09-Apr 5.8 0.6 4.1 0.2 0.5 0
12-Apr 1.8 0.6 3.1 0.8 1 1.71
15-Apr 7.4 3.3 4.9 1.5 0.1 1.06
19-Apr 8.1 0.4 2.3 0.05 1.19 1.25
22-Apr 1.2 3.1 2.08 0.6 0.04 0.02
26-Apr 0.5 0.8 1.42 2.2 0.4 0.12
29-Apr 2.6 0.4 3.1 0.3 0.6 0.6
10-May 4.5 2.2 0.5
17-May 1.9 0.8 2
25-May
31-May 53 0.8 1.65
07-Jun 3.8 1.3 1.17
14-Jun 1 2.4 0.11
21-Jun 0.6 2.5 1.8
28-Jun 0.8 1.8 1.32
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Turbidity (NTU)
Table C.8Raw data displaying turbidity values for pipe loops using phosphate aaicor
inhibitor.

Influent Effluent
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 0.309 0.129 0.203 0.517 0.244 4.831
06-Jul -0.027 0.176 0.427 3.086 0.07 4.396
09-Jul 0.106 0.456 1.376 0.042 0.28% 2.966
13-Jul 0.241 0.168 0.103 0.943 0.27 3.323
16-Jul 0.36 0.384 0.198 1.781 0.657 5.001
20-Jul 0.166 0.557 2.498 0.449 1.108 0.489
23-Jul 0.14 0.259 2.705 0.581 0.2075 3.915
27-Jul 0.148 0.234 0.242 0.443 0.282 4.587
30-Jul 0.11 0.387 0.11 0.38
03-Aug 0.181 0.137 2.622 0.209 0.468 0.531
06-Aug 0.195 0.29 0.611 0.363 0.26 0.552
10-Aug 0.149 0.289 0.604 0.599 0.086 0.716
14-Aug 1.966 0.092 0.199
17-Aug 0.272 1.171 0.137 1.211 0.099 5.281
20-Aug 0.24 0.045 0.575 1.088 0.158 0.799
24-Aug 0.149 2.188 5.268 1.258 0.227 0.403
27-Aug 0.07 0.861 0.982 0.763 0.161 1.092
31-Aug 0.256 0.693 1.115 0.023 0.19
03-Sep 0.572 0.654 0.104 0.24
14-Sep 0.197 0.212 4.224
17-Sep 0.272 0.182 147.961 0.194 0.394 0.648
21-Sep 0.131 4.177 0372 2.417
24-Sep 0.079 0.195 0.096 0.338
28-Sep 0.115 0.082 0.42 0.221 0.159 0.545
01-Oct 0.478 0.345 0.231 0.76 0.465 0.533
05-Oct 0.269 0.241 4.225 0.161 0.379 0.407
08-Oct 0.396 0.414 0.073 0.449 0.145
12-Oct 0.076 0.454 0.2
15Oct 0.146 0.338 0.247 0.295 0.147 0.197
19-Oct 0.333
22-Oct 0.564 0.098
26-Oct 0.228 0.372 0.332
29-Oct 0.372 0.472 0.719 1.079 0.235 0.206
02-Nov 0.101 0.383 0.201 2.047 0.472 0.627
05-Nov 0.173 0.18 0.179 0.389 0.063 0.414
09-Nov
12-Nov 0.363 0.331 0.328 0.355 1.426 0.63
16-Nov 0.377 0.2 0.4016
19-Nov 0.385 0.21 0.343 2.456 0.402 0.381
23-Nov 1.389 0.03 0.696
26-Nov 0.439 1.461 0.389
30-Nov 3.906 0.216 0.642
03-Dec 0.305 0.123 0.665 0.643 0.216 0.246
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07-Dec
09-Dec

Table C.8 continuedRaw data displaying turbidity values for pipe loops using phosphate as
corrosion inhibitor.

Influent Effluent

High Low High Low
Date Chloramines Chloramines  Chlorine Chloramines Chloramines  Chlorine
01-Feb 0.281 0.457 0.717 0.871 0.571 2.027
04-Feb 0.339 46.913 1.023 1.273 0.243 1.153
08-Feb 0.202 0.393 3.439 0.636 0.206 0.689
11-Feb 0.93 0.252 0.99 0.679 1.12 0.293
15Feb 0.501 0.499 0.747 0.731 0.146 0.074
18-Feb 0.172 0.099 0.203 0.199 0.263 0.185
22-Feb 0.471 1.273 1.733 0.122 0.201 0.231
25Feb 0.592 0.363 1.526 0.099 0.35 0.281
0l1-Mar 0.419 0.655 2.093 0.225 0.603 -0.002
04-Mar 0.077 2.331 2.491 0.308 0.338 0.492
08-Mar 0.138 0.471 2.358 0.38 0.233 1.018

11-Mar 0.397 0.179 -0.019 0.256
15Mar 0.674 0.488 0.726 0.407 0.55 0.286
18-Mar 0.14 0.677 1.525 0.365 0.664 0.098
22-Mar 1.272 0.762 1.342 0.34 0.87 1.472
25-Mar 0.261 1.051 0.509 0.151 0.855 0.756
29-Mar 0.355 0.748 2.353 0.135 0.657

01-Apr 0.248 0.252 1.306 0.128 0.645
O5-Apr 0.486 1.806 0.196 0.031 0.258
09-Apr 0.087 0.2 5.701 -0.03 0.132 -0.108
12-Apr 0.399 2.55 1.45 0.191 0.174 0.21
15-Apr 0.141 0.037 0.781 0.067 0.215 0.055
19-Apr -0.036 0.139 0.532 0.056 -0.001 -0.003
22-Apr 0.144 0.609 0.57 0.093 0.203 1.833
26-Apr 0.666 1.952 1.862 0.08 0.016 0.673
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Phosophate (mg/L)
Table C.9Raw data displaying phosphate values for pipe loops using phosphate as a corrosion
inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
06-Jul 2.69 0.39 1.52
09-Jul 7.98 OVER OVER 0.27 4.84 4.55
13-Jul 0.2 1.06 341 1.14 2.54 OVER
16-Jul 0.07 5.17 1.81 3.6 3.77 2.97
20-Jul 0.16 OVER OVER 0.54 4.07 3.85
23-Jul 0.05 4.96 OVER 1.34 4.58 3.68
27-Jul 0.12 1.23 3.154 0.79 0.51 OVER
30-Jul 2.2 3.9 0.46 Over
03-Aug 2.32 1.86 Over 0.6 2.17 3.03
06-Aug OR OR OR 5.37 OR 4.63
10-Aug 0.62 1.56 OR OR 1.23 2.99
14-Aug 3.51 1.97 1.5
17-Aug 2.96 1.91 1.55 2.63 0.55 2.36
20-Aug 1.75 0.41 5 2.3 0.83 1.87
24-Aug 1.27 1.96 1.19 1.21 0.3 1.18
27-Aug 0.91 4.6 OR 1.39 0.51 0.47
31-Aug 1.7 1.46 0.58 1 1.19
03-Sep 2.67 3.27 0.98 0.49
14-Sep 0.22 over over
24-Sep 0.35 0.39
28-Sep 0.12 0.4 1.62
01-Oct
05-Oct 0.42 0.32 0.82
08-Oct 1.27 over 0.44
12-Oct
15Oct
19-Oct 0.56
22-Oct 3.23 2.97
26-Oct
29-Oct
02-Nov 0.23 0.39 0.53
05-Nov 0.13 0.68 over
09-Nov 0.04 0.92
12-Nov 0.06 0.3 0.77
16-Nov
19-Nov
23-Nov
26-Nov 0.72 0.05 0.77
30-Nov 0.1 0.8 2.01
03-Dec
15Feb 2.17 1.138 3.233 0.117 0.544 1.44
18-Feb 1.165 1.43 3.7 1.044 0.534 0.682
22-Feb 1.21 1.685 2.456 0.429 1.19 0.616
25Feb 0.99 1.33 1.13 0.982 0.665 0.552
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| 01-Mar 3.11 1.826 4.37 0 0.428 0
04-Mar 7.159 2.136 1.827 0.936 0.915 0.398
Table C.9continued Raw data displaying phosphate values for pipe loops using phosphate
corrosion inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
08-Mar 4972 1.42 4.379 1.027 1.77 0.541
11-Mar 2.211 1.99 n/a 1.954 1.021 n/a
15Mar 10.097 1.047 1.756 0.307 0.217 0.393
18-Mar 1.402 51.9 18.49 1.482 1.017 1.165
22-Mar 1.266 1.049 2.099 0.431 1.247 0.047
25-Mar 0.595 0.554 1.487 0.295 0.546 0.586
29-Mar 0.248 0.261 0.183 0.006 0.194 0
01-Apr 0.391 0.29 0.429 0.088 0.228 0.113
O05-Apr 2.516 0.639 3.126 0.251 1.275 1.584
09-Apr 1.587 1.638 4.459 0.809 0.855 0.57
12-Apr 1.859 1.222 2.07 1.497 1.101 0.583
15-Apr 1.438 1.387 2.138 0.603 1.024 0.215
19-Apr 2.398 8.082 12.036 0.201 0.969 0.513
22-Apr 4.215 2.188 0.985 0.39
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Alklinity (mg/L)
Table C.10Raw data displaying alkalinity values for pipe loops using phosphate as a corrosion
inhibitor.

Influent Effluent
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
27-May 4.9 19.6 10 8.6 18 5
08-Jun 14.4 7.2 7.6 12.8 7.9 7.3

13-Jul 53.3 13.9 16.6 78.6 21.6
03-Aug 11.3 29 11.3 8.1
24-Aug 20.8 15.3 53.6 20.8 114 56.5
11-Jan 12.5 5.3 n/a 7 4
25-Jan 4.6 34 23 6.6 28.6 10.9
08-Feb 16.8 86.2 9.9 20.4 12.1
25Feb 40.8 55.1 39.9 22.6 15.2
01-Mar 35.4 66.3 16.3 6.6 10.1
29-Mar n/a 34.3 13 n/a 14.5
20-Apr 5.5 n/a n/a 9.7 12.9 15.3
26-Apr 102.3 22.1 22.2 8.9 3.7
29-Apr
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Copper Pipe Racks

pH

Table C.11Raw data displaying the pH values after the long (24hr) and short (30min)
stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 8.85 6.11 6.49 8.85 6.64 6.58
06-Jul 8.13 8.53 6.32 7.4 8.64 6.5
09-Jul 8.9 8.72 6.86 8.23 8.85 6.76
13-Jul 8.68 6.85 7.07 8.7 6.45 7.2
16-Jul 8.43 8.31 8.4 7.5 8.38 7.64
20-Jul 8.56 7.24 6.5 8.56 7.04 6.39
23-Jul 8.57 7.31 7.42 8.44 4.58 7.1
27-Jul 8.05 7.7 8.31 8.01 8.04 7.2
30-Jul 6.03 8.23 6.31 8
03-Aug 7.08 7.85 6.49 7.07 7.01 6.33
06-Aug 7.06 7.02 6.5 7.2 6.7 6.17
10-Aug 7.25 7.22 6.57 7.15 6.53 6.39
14-Aug 7.15 7.92 6.08
17-Aug 7.38 7.74 6.01 7.17 6.65 6
20-Aug 6.6 8.68 8.63 6.65 8.62 9.75
24-Aug 7.12 7.88 10.05 7.11 6.89 10.12
27-Aug 8.01 8.68 8.27 8.07 8.62 6.59
31-Aug 8.19 9.01 7.88 9.22
03-Sep 8.71 8.08 7.95 7.75
14-Sep 8.57 7.65 6.06 8.24 7.32 6.04
17-Sep 7.46 7.02 7.12 7.24 7.11 7.12
21-Sep 8.38 8.92 8.1 7.02
24-Sep 8.73 7.24 55 8.12
28-Sep 8.3 7.1 8.96 8.02 6.33 7.65
01-Oct 7.72 8.47 10 7.37 7.08 9.79
05-Oct 7.81 6.54 8.16 7.37 7.06 8.41
08-Oct 8.31 7.13 8.54 6.72
12-Oct 8.47 7.49 6.34 8.37 7.53 6.35
15Oct 7.93 8.04 8.64 8.23 7.51 7.8
19-Oct 8.18 8.66 7.97 7.94 6.62
22-Oct 6.52 8.03 7.24 6.92 7.77 6.1
29-Oct 6.04 7.35 7.12 5.18 6.69 7.31
02-Nov 6.07 6.7 7.13
05-Nov 8 8.8 6.2 7.89 7.88 6.41
09-Nov 7.7 6.55 6.61 6.24
12-Nov 6.46 8.73 7.94 5.67 7.99 6.72
16-Nov 6.5 7.37 7.8 7.4 6.14 6.29
19-Nov 7.58 8.52 7.53 7.59 8.02 6.35
23-Nov 7.34 7.15 6.5 7.17 6.71 6.64
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26-Nov 8.34 6.54 6.34
30-Nov 8.77 8.57 9.3 7.14 8.5
03-Dec 6.24 8.63 9.03 6.08 7.86 6.45

Table C.11continued Raw data displaying the pH values after the long (24hr) and s
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion in

Long (24hr) Stagnatiorilime Shor{30min) Stagnationrime
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
07-Dec 8.12 7.7 6.32 8.03 6.52 6.44
09-Dec 6.1 54 57 6.7 6.2 6.1
01-Feb 8.23 8.43 7.78 8 8.4 6.38
04-Feb 6.86 7.85 7.5 7.4 7.48 6.87
08-Feb 7.49 7.53 7.72 6.95 7.06 6.07
11-Feb 7.29 8.02 7.14 6.29
15Feb 7.29 7.24 7.58 6.74 6.67 6.1
18-Feb 8.06 7.63 8.2 8.31 6.61 6.07
22-Feb 8.59 7.45 7.31 8.76 7.07 6.65
25Feb 7.48 7.23 7.81 7.91 6.2 6
01-Mar 7.54 6.76 8.48 7.7 6.38 591
04-Mar 6.96 6.43 6.33 6.63 6.25 6.22
08-Mar 7.52 6.58 7.86 6.3 6.19
11-Mar 7.1 7.88 7.95 7.07

15Mar 7.36 6.29 6.02 7.22 6.68 5.98
18-Mar 7.53 7.88 8.4 7.77 6.73 6.15
22-Mar 7.94 5.99 5.38 7.73 4.11 3.83
25Mar 7.18 7.59 8.3 7.64 7.01 6.04
29-Mar 8.15 7.73 8.59 8.07 6.49 6.3
01-Apr 7.96 6.73 6.43
O05-Apr 8.25 8.4 7.26 7.68 7.24 6.23
09-Apr 7.72 8.24 6.15 7.22 7.76 6.04
12-Apr 7.32 8.15 7.98 7.33 7.54 6.88
15-Apr 7.19 8.12 6.6 7.13 7.72 6.44
19-Apr 8.02 8.21 7.97 7.68 7.82 6.38
22-Apr 7.48 6.05 5.68 7.67 5.16 4.26
26-Apr 7.7 6.71 541 7.89 6.24 5.72
29-Apr 6.35 8.23 8.03 5.06 7.86 6.58
10-May 7.19 7.71 6.4
17-May 7.11 8.3 9.06 6.96 8.26 9.29
25-May 6.74 7.93 7.73 6.54 7.62 7.2
31-May 7.1 8.58 8.01 6.92 8.33 8.35
07-Jun 7.07 7.53 6.91 7.37 7.63 6.72
14-Jun 7.62 7.82 7.11 7.21 7.35 6.35
21-Jun 7.79 7.38 7.24 7.41 7.25 7
28-Jun 8.05 7.74 7.54 8.08 7.52 7.47
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Oxidation Reduction Potential (ORP) (mV)
Table C.12Raw data displaying the ORP values afterltimg (24hr) and short (30min)
stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.

Long (24hr)Stagnation Short(30min) Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 414 482 475 478 638 741
06-Jul 447 440 540 550 522 807
09-Jul 443 458 538 491 513 704
13-Jul 433 469 542 480 587 702
16-Jul 434 424 443 493 493 588
20-Jul 423 441 480 484 561 710
23-Jul 375 415 484 444 491 447
27-Jul 442 450 535 454 517 630
30-Jul 435 350 506 447
03-Aug 395 347 373 552 540 695
06-Aug 400 388 430 514 516 744
10-Aug 375 395 458 514 514 718
14-Aug 512 467 372
17-Aug 414 379 421 531 523 610
20-Aug 485 398 388 584 440 472
24-Aug 361 332 274 485 493 424
27-Aug 442 442 525 466 450 628
31-Aug
03-Sep 439 450 514 558
14-Sep 380 354 369 437 500 661
17-Sep 445 497 520 523 620 688
21-Sep 467 600 550 714
28-Sep 446 512 586 495 618 714
01-Oct 534 529 532 541 547 540
05-Oct 449 547 459 521 514 606
08-Oct 535 668 557 724
12-Oct 479 502 561 533 595 751
15Oct 567 602 654 560 623 610
19-Oct 441 374 478 409 417
22-Oct 452 368 450 553 506 622
26-Oct 406 360 382 450 414 424
29-Oct 632 594 688 701 677 720
02-Nov 644 606 746
05-Nov 512 498 628 541 551 748
09-Nov 568 661 646 724
12-Nov 615 539 660 628 584 679
16-Nov 555 583 609 600 634 650
19-Nov 541 557 656 559 580 663
23-Nov 579 628 677 575 737 750
26-Nov 380 409 391
30-Nov 423 393 360 435 375
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03-Dec 516 438 526 597 538 581
07-Dec 492 521 568 559 610 730

Table C.12 continuedRaw data displaying the ORP values after the long (24hr) anc
short (30min) stagnation time in the copper pipe racks using phosphate as a corros
inhibitor.

Long (24hr) Stagnation
Short(30min) Staghation
High Low Chlorin High Low  Chlorin

Date Chloramines Chloramines e Chloramines Chloramines e
09-Dec 489 485 578 525 511 562
01-Feb 478 516 681 539 584 728
04-Feb 463 393 466 533 536 607
08-Feb 412 406 432 525 572 705
11-Feb 496 525 533 438
15Feb 402 444 449 387 533 615
18-Feb 512 580 430 511 581 719
22-Feb 455 507 523 525 677 722
25Feb 530 520 449 494 581 698
01-Mar 511 605 614 497 511 642
04-Mar 533 518 559 561 583 640
08-Mar 492 525 480 535
11-Mar 515 471 480 495
15Mar 527 505 553 536 540 547
18-Mar 590 510 488 491 542 604
22-Mar 464 503 540 534 559 454
25-Mar 474 462 489 466 481 451
29-Mar 466 466 500 488 520 693
01-Apr 512 554 703
05-Apr 435 431 500 538 524 712
09-Apr 485 466 627 533 458 614
12-Apr 514 424 442 571 527 665
15-Apr 586 544 721 609 555 717
19-Apr 416 392 633 503 573 686
22-Apr 471 469 508 435 473 469
26-Apr 514 669 513 502 595 718
29-Apr 620 476 556 611 516 664
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Dissolved Oxygen (mg/L)

Table C.13Raw data displaying the dissolvexlygen values after the long (24hr) and
short (30min) stagnation time in the copper pipe racks using phosphate as a corrosion
inhibitor.

Long (24hr) Stagnation Short(30min) Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 5.9 4.6 55 6.1 6.8 55
06-Jul 6.7 6.7 6.1 7.8 7.6 7.5
09-Jul 6.2 6.3 5.9 7.1 6.9 6.6
13-Jul 6.1 5.2 5.9 6.5 6.8 6.8
16-Jul 6.3 6.2 6.4 6.7 6.8 6.6
20-Jul 6.5 6.4 6.4 6.5 8.2 7.2
23-Jul 5 5.1 3.6 57 5.9 6
27-Jul 57 5.2 54 5.8 6.5 6
30-Jul 4.6 55 6.1 5.6
03-Aug 4.8 54 54 6 5.6 6
06-Aug 4.3 4.3 4.3 4.9 57 51
10-Aug 4.3 4.1 4.3 4.9 55 4.7
14-Aug 5.2 5.6 53
17-Aug 4.7 4.9 4.5 5.8 5.8 53
20-Aug 3.5 4.2 4.3 4.5 4.5 4.5
24-Aug 3.7 4.3 4.3 4.8 4.9 4.6
27-Aug 4.9 4.8 5.3 5.2 55 51
31-Aug 4.4 4.1 4.4 4.2
03-Sep

14-Sep

17-Sep 6 5.8 6.6 6.3 6.5 7.2
21-Sep 9.5 9.5 10 10
24-Sep 5.6 5.8 6.3 6.2
28-Sep 9 8.4 9.5 9.1 9.5 9
01-Oct 8 9.5 10.1 8.7 10 9.9
05-Oct 4.8 1.9 55 4.9 4.8 4.9
08-Oct 51 5.6 5.3 5.2
12-Oct 9.6 9.2 9.5 9.4 9.7 10.1
15Oct 9.4 10.5 104 10.7 104 10.1
19-Oct 51 51 5.3 5 5
22-Oct 4.9 4.9 54 5.2 51 55
26-Oct 5.3 5.3 57 59 5.9 55
05-Nov 5.9 5.6 6.2 5.6 55 6.4
09-Nov 6 6.4 6.1 6.5
12-Nov 5.6 5.9 6 6.3 5.7 5.8
16-Nov 4.7 5.8 55 57 5.8 55
19-Nov 54 6.1 6.3 6 6.5 5.8
23-Nov 5.6 5.6 6.7 55 57 6.5
26-Nov 5.9 5 5.9
30-Nov 5.8 6 6.6 5.8 6.1
03-Dec 6 6.2 6.4 6.3 6 5.9
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| 07-Dec 6.6 5.6 5.7 6.3 6.3 6.2
09-Dec 6.1 5.4 5.7 6.7 6.2 6.1
Table C.13continued Raw data displaying the dissolved oxygen values after the lor
(24hr) and short (30min) stagnation time in the copper pipe racks using phosphate
corrosion inhibitor.

Long (24hr)Stagnation Short(30min)Stagnation
High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine

01-Feb
04-Feb
08-Feb
11-Feb
15Feb
18-Feb 8 8.4 10.1 8.5 9.3 8.9
22-Feb 9.7 8.8 8.7 8.8 9.1 8.9
25Feb 9.3 8.7 9.4 9.2 10.6 9.8
01-Mar 8.5 55 9.9 8.7 9.6 8.7
04-Mar 8.3 8 10.1 8.6 8.4 8.8
08-Mar 8.1 9.4 nla 8.5 9.1 nl/a
11-Mar 9 8.9 8.4 8.8
15Mar 9.5 8.4 9.2 8.5 8.5 8.8
18-Mar 9.3 8.7 9.7 10.1 9.1 8.3
22-Mar 8.3 5.2 14 8.2 8.6 7
25-Mar 7.18 7.59 8.3 7.64 7.01 6.04
29-Mar 8.4 7.9 8.2 8.5 8.4 8.6
01-Apr 8.3 9.5 9.4
O05-Apr 8.7 8.2 7.6 8.3 9.1 9
09-Apr 9.1 8.4 8.4 8.5 8.9 8.2
12-Apr 8.1 8 9.4 8.7 10.4 9.4
15-Apr 8.4 9 8.6 8.4 9 8.6
19-Apr 8.4 7.9 9 8.3 8.7 9.4
22-Apr 8.2 6.6 4.9 8.7 8.2 7.7
26-Apr 9.1 7.3 5.3 8.4 8.6 8.5
29-Apr 9.2 10.1 10.5 8.4 8.3 8.7
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Temperature (°C)
Table C.14Raw data displaying the temperature values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.

Long (24hr) Stagnation Short(30min) Stagnation
High Low High Low

Date Chloramines  Chloramines Chlorine Chloramines  Chloramines Chlorine
02-Jul 18.6 19.1 19 18.8 19 19.1
06-Jul 18.4 19 19 18.7 18.7 18.9
09-Jul 194 19.3 19.3 19.2 19.1 19.2
13-Jul 19.1 19.6 19.5 19.2 19.1 19.4
16-Jul 19.7 20 20 19.8 19.1 19.7
20-Jul 20.1 20.3 20 20.4 20.2 20.2
23-Jul 20.1 20.7 20.5 20.4 20.2 20.3
27-Jul 20.4 20.8 20.9 20.8 20.4 20.7
30-Jul 20.4 21.3 21.1 20.7
03-Aug 21.7 21.9 21.8 21.9 21.4 21.5
06-Aug 216 21.7 21.4 22 21.8 21.7
10-Aug 21.9 22 22 21.9 21.8 21.8
14-Aug 22.1 22.2 22.6
17-Aug 22.5 22.6 22.8 22.5 22.3 22.6
20-Aug 22.5 22.9 22.8 22.6 22.2 22.5
24-Aug 23.4 23.5 23.4 23.3 23 23.4
27-Aug 22.3 22.3 22.4 22.4 22.5 22.6
31-Aug 21.8 218 21.4 21.4
03-Sep

17-Sep 194 19.9 19.8 19 19.9

21-Sep 18.9 19.3 18.8 19.3
24-Sep 19 19.6 19.1 19.5
28-Sep 18.5 18.9 18.9 18.6 19 18.9
01-Oct 18.8 18.8 18.9 18.6 18.8 18.8
05-Oct 17.9 17.7 18 18.2 18.5 18.3
08-Oct 17.3 18.2 177 18.1
12-Oct 16.7 16.9 17.3 16.9 17.1 17.1
15Oct 17 17.8 16.1 16.9 17.4 17.4
18-Oct 15.5 16.5 15.5 16.2 16.3
22-Oct 16.4 17.6 17.6 16.1 16.6 16.6
26-Oct 16 17.3 17.8 16.3 7 17
29-Oct 16.1 16.5 17 15.6 16.4 16.3
02-Nov 15.6 16.2 15.8
05-Nov 15.6 16.7 16.6 14.7 16.1 15.9
09-Nov 14.6 15.3 14.8 14.8
12-Nov 14.2 16 16.3 14.2 15.3 15.1
16-Nov 14.5 15.9 16.1 14.6 15.6 15.2
19-Nov 14.5 15.9 16.1 14.6 15.6 15.2
26-Nov 14.1 15.6 15.8
30-Nov 14.9 16.4 16.2 15.4 15.6
03-Dec 15.1 15.6 15.9 14 15.1 15
07-Dec 13.5 15 15.1 13.2 14.3 14.2
09-Dec 13.9 15.4 15.7 13.3 14 14.5
01-Feb 11 13 12.9 10.4 11.7 11.6
04-Feb 14.7 15.7 16.5 14 15.7 15
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Table C.14continued Raw data displaying the temperature values after the lor
(24hr) anashort (30min) stagnation time in the copper pipe racks using phosplt
as a corrosion inhibitor.

Long (24hr) Stagnation Short(30min) Stagnation
High Low High Low
Date Chloramines Chloramines  Chlorine | Chloramines Chloramines Chlorine

08-Feb 14.9 16.9 16.8 14.6 15.3 15.8
11-Feb 13.7 13.8 12.7 12.7
15Feb 16.6 18.5 18.5 15.9 17.6 17.4
18-Feb 11.6 134 12.5 11.1 12 9.9
22-Feb 11.7 134 13.7 10.7 12.2 11.9
25-Feb 10.6 12.5 13 10.8 11.6 9.9
01-Mar 10.9 12.1 12.2 10.1 11.6 11.6
04-Mar 11.2 12.7 11.8 10.6 11.5 11.6
08-Mar 11.2 12.5 11 11.2
11-Mar 11.1 13.1 11 11.4
15Mar 10.6 12 11.8 10.4 10.9 11.2
18Mar 11.7 12.9 12.7 11.5 11.7 12.5
22-Mar 11.8 13.6 13.7 12 12.7 13
25-Mar 12.6 13.9 13.1 11.7 12.6 13
29-Mar 10.9 11.8 11.5 10.6 11.5 11.5
01-Apr 11.5 12.2 11.9
O05-Apr 11.4 12.6 125 11.3 12.1 12
09-Apr 12.9 14.4 11.9 12.6 135 12.9
12-Apr 135 14.8 14.7 13.2 135 125
15-Apr 13.6 14.2 12.3 13.2 13.6 13.1
19-Apr 13.3 14.7 12.6 12.9 14.2 13.9
22-Apr 12.3 13.1 13 12.3 12.9 125
26-Apr 135 14 12.4 13.4 13.9 13.8
29-Apr
10-May 16.9 18.2 18.2 20.9 21.1 21.9
17-May 20.7 21.3 21.6 18.1 18.2 19.1
25-May 19.5 18.7 19.7 18.6 18.2 17.8
31-May 18.8 19.7 17.9 19.5 19.7
07-Jun 20.1 20.4 20.1 20.5 20.8 20.5
14-Jun 18.2 20.3 19.6 20.4 20.9 20.9
21-Jun 20.8 21.4 21.4 20.8 21.1 21
28-Jun 20.5 21.2 20.8
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Total Chlorine (mg/L)
Table C.15Raw data displaying the total chlorine values after the long (24hr) and short
(30min) stagnatiotime in the copper pipe racks using phosphate as a corrosion inhibitor.

Long (24hr) Stagnation Short(30min)Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 3.1 0.07 0.03 6.5 0.23 1
06-Jul 59 0.02 0.03 1.27 51 4.1
09-Jul 2.4 3.8 0.02 8.3 11.1 1.2
13-Jul 10.1 0.04 0.05 13.6 8.2 0.67
16-Jul 6.5 0.21 0.23 6.2 6.3 3.5
20-Jul 10.6 0.04 0.05 8.1 3.3 0.95
23-Jul 1.36 0.05 0.09 8.2 3.1 0.08
27-Jul 2.7 0.03 0.15 3.9 3 3.2
30-Jul 0.11 0.97 0.33 6.9
03-Aug 0.06 0.2 0.02 0.6 0.8 0.8
06-Aug 0.07 0.11 0.09 4.1 4.3 5.6
10-Aug 0.12 0.08 0.05 6.1 1.21 1.79
14-Aug 15 6.4 1.1
17-Aug 0.45 0.61 0.07 7.8 1.28 0.08
20-Aug 1.2 1.52 0.11 3.6 1.52 1.39
24-Aug 0.23 0.23 0.42 4.1 0.42 2.02
27-Aug 1.4 1.24 0.07 8.1 2.05 0.26
31-Aug 0.42 0.5 1.54 3.2
03-Sep 3.8 0.14 5 1.08
14-Sep 7.2 0.53 0.02 4.8 0.85 0.06
17-Sep 2.3 0.2 0.4 8.3 2.5 0.31
21-Sep 15.3 141 10.3 2.9
24-Sep 49 0.04 36 0.04
28-Sep 11.9 0.02 54 5.8 1.3 10.1
01-Oct 1.3 1.3 3.7 3.4 3.2 6.1
05-Oct 9.1 0.05 0.63 55 0.8 0.48
08-Oct 0.04 0.14 18.5 1.1
12-Oct 11.7 0.04 0.06 12.5 4.3 1.38
15Oct 10.7 0.39 2.19 1.51 2.1 3.5
19-Oct 10.6 4.2 9 2.2 0.02
22-Oct 1.42 1.84 7.8 3.4 0.05
26-Oct 1.8 0.27 0.03 6.2 0.5 0.06
29-Oct 0.04 0.03 0.36 1 1.7 5.2
02-Nov 6.5 0.8 2.9
05-Nov 0.8 1.85 0.03 8.7 15 1.9
09-Nov 0.29 0.04 0.25 1.19
12-Nov 0.03 1.86 0.04 0.4 2 1.32
16-Nov 0.01 0.06 0.04 0.7 0.21 0.92
19-Nov 0.08 1.93 0.06 5.2 2 0.89
23-Nov 0.31 0.34 0.29 54 0.68 2.1
26-Nov 8.5 0.02 0.03
30-Nov
03-Dec 0.3 1.44 0.54 1.44 3.1 1.48
07-Dec 3.7 0.7 0 8 1.9 14
09-Dec 4.7 0.49 0.04 10.5 3.5 0.71
01-Feb 6 4.1 2.6 7.8 6.1 3.6

201



Table C.15continued Raw data displaying the total chlorine values aftetdhg (24hr)
and short (30min) stagnation time in the copper pipe racks using phosphate as a ci
inhibitor.

Long (24hr) Stagnation Short(30min)Stagnation
High Low High Low

Date Chloramines Chloramines  Chlorine Chloramines Chloramines  Chlorine
04-Feb 0.1 2 0.05 5.8 3 0.85
08-Feb 0.03 0.62 0.05 4.2 4.1 0.94
11-Feb 0.43 0 2.6 0
15Feb 1.7 0.26 0.03 7 3.1 0.29
18-Feb 3.6 0.27 0.05 10 0.4 0.91
22-Feb 12.1 0.28 0.07 7.7 3.2 1.86
25-Feb 10.2 0.05 0.04 12 1.8 0.96
01-Mar 9.8 0.08 0.02 9.6 2.2 0.34
04-Mar 4.6 0.11 0.02 8.9 3 0.06
08-Mar 9.8 0.12 13.9 2.9
11-Mar 3.4 0.6 10 3.1
15Mar 5.9 0.5 0.05 10.8 3.2 0.07
18-Mar 55 0.85 0.04 10 3.4 0.44
22-Mar 2 0.6 0.6 51 0.98
25-Mar 7.1 0.04 0.04 12.9 3.9 0.08
29-Mar 12.6 0.04 0.02 13 3.5 046
01-Apr 14.7 2.7 0.8
O05-Apr 12.3 1.5 0 8.1 4.6 14
09-Apr 11.8 1 0.5 8.4 3.2 0
12-Apr 7.8 1.07 0.04 1.07 0.38 1.44
15-Apr 12.4 2.2 1.1 10 3.7 0.85
19-Apr 7.8 0.07 1.04 5.6 4 0.79
22-Apr 9.9 0.03 0.06 11.1 0.37 0.02
26-Apr 6.2 0.07 0.03 1.09 0.24 0.08
29-Apr 1.3 0.06 0.1 0.27 3.3 0.03
10-May 2.4 0.06 0.03
17-May 2.5 0.8 0.01 6.1 1.8 0.18
25-May
31-May 4.2 0.83 1.14 6.5 2.6 1.51
07-Jun 2.5 0.02 0 5.3 2.7 0.58
14-Jun 4.9 0.2 0.02 6.9 3.2 1.27
21-Jun 5 0.04 0.24 4.4 2.3 1.47
28-Jun 6.2 0.09 0.04 8 1.82 1.02
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Free Chlorine (mg/L)
Table C.16Raw data displaying the free chlorine values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.

Long (24hr) Stagnation Short(30min)Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 2.8 0.04 0.02 6.5 0.21 0.67
06-Jul 0.57 0.01 0.03 1.21 4.5 4.1
09-Jul 2 35 0.02 8.2 11.1 0.9
13-Jul 0.7 0.02 0.04 6.6 0.11 0.59
16-Jul 0.9 0.1 0.12 1.5 1.8 2.8
20-Jul 3.7 0.03 0.03 2.5 2.3 0.87
23-Jul 0.79 0.01 0.06 6.8 2.6 0.06
27-Jul 1.3 0.01 0.09 1.7 1.7 2.8
30-Jul 0.04 0.23 0.25 4
03-Aug 0.02 0.2 0.02 0.22 0.59 0.66
06-Aug 0.06 0.06 0.05 35 1.7 54
10-Aug 0.08 0.03 0.02 5.2 0.09 1.69
14-Aug 7.6 2.53 0.55
17-Aug 0.39 0.28 0.05 6.4 0.86 0.04
20-Aug 0.08 1.08 0.07 2.1 1.27 1.31
24-Aug 0.05 0.07 0.38 3.3 0.11 2
27-Aug 0.08 0.11 0.03 7 0.13 0.17
31-Aug 0.12 0.4 0.5 2.9
03-Sep 0.9 0.06 4.7 1.02
14-Sep 6.9 0.46 0.02 46 0.81 0.04
17-Sep 2.2 0.2 0.3 6.5 2.46 0.2
21-Sep 13.3 0.36 6.3 3 2
24-Sep 47 0.01 32 0.04
28-Sep 11.6 0.02 4.6 55 0.4 9.2
01-Oct 1.1 0.63 2.4 3.2 3 5.9
05-Oct 8.6 0.07 0.58 55 0.8 2
08-Oct 0.02 0.12 16.3 1.1
12-Oct 2.4 0.02 0.05 0.3 3.8 1.15
15Oct 8 0.37 2.18 1.21 2.1 34
19-Oct 0.2 2.2 8.2 1.5 0.02
22-Oct 0.78 1.23 0.7 0.2 0.03
26-Oct 0.95 0.27 0.07 1.6 0.3 0.02
29-Oct 0.03 0.02 0.25 0.2 1.4 4.8
02-Nov 5.9 0.67 2.7
05-Nov 0.4 1.42 0.02 1.7 0.06 1.75
09-Nov 0.27 0.02 0.21 1.12
12-Nov 0.02 0.44 0.02 0.12 1 1.23
16-Nov 0.01 0.04 0.02 0.52 0.18 0.92
19-Nov 0.04 1.04 0.04 0.26 1.72 0.81
23-Nov 0.29 0.33 0.23 2.4 0.61 1.97
26-Nov 8.5 0.02 0.01
30-Nov

03-Dec 0.01 1.15 0.48 1.38 3.2 14
07-Dec 3.2 0.64 0 7.6 1.9 1.2
09-Dec 4.7 0.19 0.03 8.7 3 0.69
01-Feb 5.2 3 2.6 6.9 1 2.7
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Table C.16 continuedRaw data displaying the free chlorine values after the long (2¢
and short (30min) stagnation time in the copper pipe racks using phesgghatorrosior
inhibitor.

Long (24hr) Stagnation Short(30min)Stagnation
High Low High Low

Date Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
04-Feb 0.06 0.6 0.02 4.8 3.4 0.85
08-Feb 0.02 0.63 0.03 1.2 3.4 0.89
11-Feb 0.06 0 0.9 0
15Feb 0.7 0.06 0.02 1.1 0.06 0.22
18-Feb 3.3 0.05 0.04 0.3 0.09 0.84
22-Feb 1.3 0.2 0.01 1.1 0.5 1.55
25-Feb 3.9 0.02 0 11.2 0.1 0.87
01-Mar 1.6 0.07 0.02 1.4 0.8 0.26
04-Mar 4 0.08 0.02 3.8 1 0.06
08-Mar 2.7 0.08 n/a 0.8 1 nla
11-Mar 0.4 0.5 6.8 2.8
15Mar 1.6 0.09 0.04 1.9 0.8 0.02
18-Mar 2.7 0.29 0.03 0.8 0.8 0.39
22-Mar 1.4 0.03 0.06 1.2 0.36 N/A
25-Mar 2 0.03 0.03 2.3 0.3 0.07
29-Mar 10.1 0.04 0.02 2.2 2.7 0.41
01-Apr 6.5 2 0.6
O05-Apr 0.7 0.7 0 0.4 3.6 0.7
09-Apr 0.2 0.1 0.2 0.8 0.2 0
12-Apr 57 0.93 0.04 1 0.38 141
15-Apr 6.3 0.1 1 6.7 0.2 0.79
19-Apr 1.2 0 1.04 0.8 0.6 0.76
22-Apr 2.3 0.02 0.05 4.3 0.09 0.03
26-Apr 0.6 0.05 0.03 0.38 0.22 0.07
29-Apr 1.2 0.03 0.07 0.07 0.19 0
10-May 2 0.05 0.01
17-May 0.4 0.4 0.01 3 0.4 1.7
25-May
31-May 3.1 0.19 1.09 1.6 2.2 1.45
07-Jun 0.3 0.02 0 1.5 1.9 0.53
14-Jun 3.7 0.1 0.01 4.1 2.1 1.25
21-Jun 4.8 0.02 0.21 2.1 2 1.47
28-Jun 1.7 0.07 0.02 2 1.74 0.94
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Turbidity (NTU)
Table C.17Raw data displayig the turbidity values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.

Long (24hr) Stagnation Short (30min) Stagnation
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 1.441 0.094 3.801 1.531 0.164 5.141
06-Jul 1.926 0.116 4.516 2.706 0.085 5.786
09-Jul 0.405 0.211 1.776 0.488 1.88 2.306
13-Jul 0.865 0.303 0.622 0.863 0.295 1.343
16-Jul 0.91 0.971 1.261 0.815 0.971 4,731
20-dul 0.794 0.569 0.312 0.559 0.201 0.352
23-Jul 0.935 0.259 0.276 0.459 0.178 2.225
27-Jul 1.567 0.446 0.816 0.773 0.282 2.257
30-Jul 0.271 1.753 0.153 0.571
03-Aug 0.326 0.344 0.685 0.359 0.237 0.515
06-Aug 0.542 0.434 0.45 0.51 0.297 0.501
10-Aug 3.159 1.519 0.2 0.856 0.23 0.33
14-Aug 2.426 0.331 0.986
17-Aug 0.456 2.061 1.421 0.183 3.541
20-Aug 1.988 0.159 1.588 0.831 0.119 1.228
24-Aug 1.678 0.177 0.156 0.769 0.153 1.258
27-Aug 1.982 0.209 1.252 0.809 0.137 0.6
31-Aug 0.099 0.146 0.09 0.15
03-Sep 0.333 0.116 0.876 0.156
14-Sep 0.666 0.879 3.824 0.208 0.405 2.444
17-Sep 0.785 0.347 1.001 0.545 0.361 1.351
21-Sep 0.444 0.112 0.418 0.301
24-Sep 0.621 0.162 0.457 0.151
28-Sep 0.166 0.42 0.259 0.233 0.542 0.703
01-Oct 0.805 0.383 2.27 0.817 0.342 0.279
05-Oct 1.065 1.365 0.455 0.586 0.298 0.341
08-Oct 0.742 0.414 0.344 0.346
12-Oct 0.586 0.302 0.098 0.351 0.38 0.277
15Oct 1.38 0.515 0.248 0.27 0.329
19-Oct 0.656 0.458 0.582 0.674 0.916
22-Oct 1.247 0.309 1.747 0.171 0.324
26-Oct 0.605 0.215 0.186 0.424 0.273 0.85
29-Oct 2.489 0.263 1.219 1.629 0.226 0.289
02-Nov 0.55 0.092 0.364
05-Nov 1.995 0.033 0.484 0.459 0.033 0.446
09-Nov
12-Nov 0.379 0.211 0.287 0.378 0.226
16-Nov 0.8 0.406 0.57 0.578 0.308 0.141
19-Nov 2.016 0.338 0.113 1.886 0.33 0.347
23-Nov 3.459 0.339 0.385 2.019 0.291 0.299
26-Nov 0.882 0.018 0.123
30-Nov 1.126 0.052 0.454 0.045 0.293
03-Dec 0.227 0.02 0.071 0.423 0.317 0.122
07-Dec
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Table C.17continued Raw data displying the turbidity values after the long (24hr) ar
short (30min) stagnation time in the copper pipe racks using phosphate as a corros
inhibitor.

Long (24hr) Stagnation Short (30min) Stagnation
High Low High Low
Date | Chloramines  Chloramines Chlorine Chloramines Chloramines Chlorine

09-Dec

01-Feb 2.567 0.324 0.521 0.502 0.253 0.957
04-Feb 1.703 0.292 0.203 2.243 0.341 0.34
08-Feb 1.489 0.298 0.026 1.989 0.034 0.109
11-Feb 0.345 0.243 0.162 0.311
15Feb 0.972 0.002 0.03 0.397 0.156 0.041
18-Feb 1.381 0.234 0.081 0.342 0.098 0.402
22-Feb 1.533 0.162 0.387 1.383 0.092 0.4
25Feb 0.589 0.154 0.21 0.14 0.613 0.089
0l1-Mar 3.043 5.473 0.058 0.495 0.863 0.077
04-Mar 0.734 0.436 0.154 0.621 0.398 0.126
08-Mar 0.869 0.42 0.344 0.366

11-Mar 2.695 0.281 0.115 0.195

15Mar 0.584 0.338 1.005 0.219 0.5 0.406
18-Mar 0.38 3.365 6.605 0.224 2.475 0.781
22-Mar 0.628 0.962 2.462 0.432 1.272 4.282
25-Mar 0.211 1.801 1.051 0.185 2.241 0.891
29-Mar 0.337 0.933 0.844
01-Apr 0.694 0.854 0.53 0.122 0.511 0.488
O5-Apr 0.115 0.109 0.241 0.142 0.276 0.476
09-Apr -0.12 1.401 0.488 0.671 0.106 -0.075
12-Apr 0.053 0.675 0.392 0.109 0.324 0.478
15-Apr 0.743 1.203 0.128 0.258 0.145
19-Apr 0.541 1.083 2.383 0.217 1.403 0.427
22-Apr 0.819 0.544 1.803 0.15 0.645 1.573
26-Apr 0.51 0.794 0.535 4.182 0.275 0.509
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Phosphate (mg/L)
Table C.18Raw data displaying the phosphate values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using phosphatma®sion inhibitor.

Long (24hr) Stagnation Short (30min) Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
06-Jul 0.93 0.15 0.8 2.13 4.07 3.36
09-Jul 0.06 0.75 2.71

13-Jul 2.01 1.1 4.55

16-Jul 1.92 4.7 OVER

20-Jul 1.1 1.88 2.65

23-Jul 0.78 1.25 1.2

27-Jul 1.82 0.86 OVER

30-Jul 0.12 Over 0.39 Over
03-Aug 0.17 3.03 OVER 0.51 4.06 Over
06-Aug 2.92 3.52 OR 3.45 OR OR
10-Aug 2.69 0.86 3.47 OR 0.6 OR
14-Aug 3.9 2.1 1.93
17-Aug 1.43 1.26 1.6 2.36 1.02 2.31
20-Aug 0.99 1.31 4.05 2.34 0.86 3.03
24-Aug 0.86 0.47 1.62 1.27 0.34 1.27
27-Aug 1.13 0.91 0.75 0.76 0.54
31-Aug 0.74 1.45 0.89 1.19
03-Sep 1.21 1.12 1.05 0.75
14-Sep 1.5 0.57 1.49 2.04 over 1.29
24-Sep 0.85 1.61 0.58 0.81
28-Sep 0.5 0.14 0.6 0.32 0.47 0.83
01-Oct 0.15 1.01 2.89

05-Oct 0.44 0.19 0.88

08-Oct 1.11 0.34

12-Oct over 0.07 0.55 0.13 0.13 0.86
15-Oct 1.04 0.66 1.88 1.87 0.82 1.47
19-Oct 2.01 3.38 1.69 2.78 0.4
22-Oct 0.83 0.92 0.3
26-Oct 0.47 0.35 0.31

29-Oct 2.29 0.37 1.16
02-Nov 1.18 0.39 1.8
05-Nov
09-Nov
12-Nov 0.1 0.92 1.04
16-Nov 0.08 0.14 1.15
19-Nov 0.33 0.8 1.26 0.89 0.44 0.93
23-Nov 0.23 0.27 0.9
26-Nov
30-Nov 0.71 0.74 1.6 0.039 0.287
03-Dec 0.45 0.61 1.22

15Feb 0.123 0.486 1.123 0.352 0.519 1.521
18-Feb 0.391 0.228 0.952 0.954 0.441 0.979
22-Feb 0.869 0.207 0.612 0.996 0.541 0.619
25Feb 0 0.144 0.128 0.573 0.403 0.505
01-Mar 0.551 0.168 0.02 0.835 0 0.049
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Table C.18continued Raw data displaying the phosphate values after the long (24h
and short (30min) stagnation time in the copper pipe racks using phosphate as a ci
inhibitor.

Long (24hr) Stagnation Short (30min) Stagnation
High Low High Low

Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
04-Mar 0.075 0.079 0.153 0.768 0.568
08-Mar 2.302 0.726 n/a 1.073 1.213 n/a
11-Mar 0 0.799 n/a 1.737 1.142 n/a
15Mar 0.034 0.603 0.631 0.625 0.725 0.714
18-Mar 0.3999 0.808 0.814 0 0.236 0
22-Mar 0.034 0 0 0.769 1.99 1.367
25-Mar 0.198 0 0 0.394 0.402 0.28
29-Mar 0.171 0.091 0 0.178 0.131 0.1
01-Apr 0.105 0.55 0.177
O5-Apr 1.638 1.073 0.549 0.907 1.177 1.553
09-Apr 1.019 0.993 0.749 1.514 0.984 0.787
12-Apr 0.862 0.784 1.77 1.056 0.74 1.017
15-Apr 0.85 0.688 0.726 0.942 0.837 0.784
19-Apr 1.165 n/a 1.022 0.657 0.903 1.34
22-Apr n/a 0 n/a 0.024 0.502 1.7
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Alklinity (mg/L)
Table C.19Raw data displaying the alkalinity values after the long (2did)short
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.

Long Stagnation Short Stagnation
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
27-May 9.7 15.9 4
08-Jun 24.8 17.2 14.2 174 11

13-Jul 66 17.6 20.7 71.5 12.4 21
03-Aug 12.5 21.3 17.5 9.9 15.6 15.7
24-Aug 18.9 26.3 50 19.5 17.8 55.7
11-Jan 40.8 9.2 9.9 37.1 9.2 5.6
25Jan 19.1 34.5 27.8 10.5 29.8 9.4
08-Feb 24.1 19.1 19.3 18 38.3 17.3
25Feb 274 33.8 16.3 24.8 16.3 15.6
01-Mar 22.6 18 n/a 19.2 n/a 4.3
29-Mar 29.8 20.4 17.9 23.3 18.6 16.8
20-Apr 19.6 20.4 16.4 14.1 14.8 13.2
26-Apr 23.9 9.6 7.3 n/a 7.4 2.8
29-Apr 7.5 23.5 13.2 n/a 20.5 13.6
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Total Lead (ug/L)

Table C.45Raw data displaying the total lead values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.
This data shows all three firing of the atomic adsorption measurements.

Long (24hr) Stagnation Time

Short Stagnatio@B0min) Time

High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 72.72 71.04 7.435 14.76 12.29 0.97
73.07 75.04 9.083 12.13 12.04 0.97
74.14 74.54 4.712 14.1 9.609 0.97
06-Jul 140.9 29.91 32.36 14.28 0.97 0.97
143.1 27.15 38.4 14.27 0.97 0.97
130.7 25.31 33.06 16.71 0.97 0.97
09-Jul 58.53 25.39 9.765 8.149 2.621 0.97
55.89 23.19 9.686 6.478 2.394 0.97
56.94 26.04 9.983 6.886 2.327 0.97
13-Jul 80.51 20.39 1.528 6.885 0.97 0.97
82.6 20.11 0.674 5.469 0.97 0.97
94.2 18.09 0.836 5.057 0.97 0.97
16-Jul 171.7 20.05 0.97 8.943 0.97 0.97
144.1 19.55 0.97 9.344 0.97 0.97
160.4 19.17 0.97 9.719 0.97 0.97
20-Jul 258.8 10.42 0.97 17.05 1.348 0.97
345.8 13.31 0.97 22.92 0.97 0.97
323.3 9.509 0.97 20.96 0.97 0.97
23-Jul 186 46.93 29.48 8.052 0.97 0.97
170.9 46.56 29.92 11.85 0.97 0.97
185.9 46.93 15.24 11.51 0.97 0.97
27-Jul 1073 76.05 0.625 16.68 6.484 0.97
over 84.06 1.04 20.43 5.549 0.97
61.29 1.159 20.93 5.507 0.97

30-Jul 1095.6 135.18 88.62 9.97

over 135.86 94.23 8.488

139.42 97.36 8.648
03-Aug 451 96.24 4.567 73.86 5.937 6.4
658.2 37.82 3.798 75.86 7.077 6.35
442 39.22 3.85 71.14 7.592 5.883
06-Aug 224.6 78.96 2.371 15.21 3.596 0.97
255.28 81.88 2.418 15.84 3.84 0.97
249 78.36 2.09 15.93 3.287 0.97
10-Aug 500 393.4 3.235 37.96 32.1 0.97
544 397.2 3.844 37.84 28.78 0.97
619.4 378.3 3.834 37.92 30.59 0.97
13-Aug 30.96 6.903 0.97
28.72 6.425 0.97
28.27 4.715 0.97
17-Aug 130.26 83.75 3.858 63.76 9.705 0.97
144.48 86.38 4.103 61.32 10.73 0.97
131.04 88.9 3.459 59.32 9.186 0.97
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Table C.45 continuedRaw data displaying the total lead values after the long (24}
and short (30min) stagnation time in the copper pipe racks using phosphate as a
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Time Short Stagnatio@B0min) Time
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
20-Aug 464.2 42.62 0.97 28.9 14.64 0.97
490.8 41.38 0.97 24.7 8.32 0.97

459.2 38.98 0.97 22.66 7.08 0.97

24-Aug 300.6 5.944 0.97 2.454 1.397 0.97
312.6 5.166 0.97 2.523 1.147 0.97

318.4 5.614 0.97 2.458 1.206 0.97
27-Aug 272.6 30.84 0.97 33.32 6.39 1.151
239.4 30.34 0.97 35.1 6.048 1.11
253.4 29.34 0.97 35.11 6.425 1.052

31-Aug 29.82 0.97 6.946 0.97
32.26 0.97 6.805 0.97

32.52 0.97 6.799 0.97

03-Sep 15.972 0.97 5.085 1.66
17.846 0.97 5.082 1.563
17.564 0.97 5.264 1.612

14-Sep 1032 153.4 4,773 19.14 20.62 0.97
over 156.18 4.76 20.88 20.97 0.97

157.2 4.44 21.53 20.79 0.97

17-Sep 216.2 71.74 1.616 28.8 11 0.97
242 69.16 1.771 28 11.47 0.97

245.4 69.44 1.694 27.05 11.15 0.97

21-Sep 325.2 0.97 21.99 0.97
300.2 0.97 21.06 0.97

322.2 0.97 22.85 0.97

24-Sep 119.4 0.97 18.22 0.97
99.2 0.97 11.46 0.97

87.4 0.97 14.04 0.97

28-Sep 273.6 32.36 1.152 35.2 11.53 0.97
267.8 36.62 0.99 35.87 9.255 0.97

259 31.02 1.269 37.61 11.03 0.97

01-Oct 3516 19.26 21.96 44.42 3.598 0.97
303 15.5 21.91 41.65 3.128 0.97
347 19.84 21.56 47.8 3.365 0.655

05-Oct 607.4 1.74 0.97 85.68 8.926 0.97
593.6 5.32 0.97 88.8 8.66 097

611 11.76 0.97 86.28 8.711 0.97

07-Oct 403 0.97 35.84 0.97
404.2 0.97 38.67 0.97

364.6 0.97 37.86 0.97

12-Oct 81.28 11.77 0.97 37.68 3.536 0.97
86.1 12.22 0.97 35.24 3.261 0.97

79.18 12.18 0.97 36.67 3.527 0.97

15-Oct 267.6 11.64 0.97 20.2 4.46 0.97
260.4 10.54 0.97 28.17 4.027 0.97

265.2 10.54 0.97 22.25 4.045 0.97
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Table C.45 continuedRaw data displaying the total lead values after the long (24}
and short (30min) stagnation time in the copper pipe racks using phoaplaate
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Time Short Stagnatio@B0min) Time

High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines  Chlorine
19-Oct 332.2 31.6 39.14 3.465 1.054
338 30.6 41.02 3.262 0.88
344 28.48 41.11 3.438 0.903
22-Oct 974.8 6.04 101.6 3.685 1.352
975 2 98.96 3.6 0.955
949.4 2.86 101.8 4.176 0.812
26-Oct 559.8 22.96 2.037 54.88 6.489 1.091
546.4 22.22 2.132 59.93 5.915 0.927
541.8 19.74 1.789 55.24 6.337 1.032
29-Oct 1533 24.58 1.089 753.6 5.424 0.97
1404 21.3 0.97 5.28 0.97
1470 20.98 0.97 4.949 0.97
02-Nov 64.14 5.078 0.97
65.04 4.975 0.97
66.49 4.929 0.97
05-Nov 507.8 13.88 1.868 20.37 2.537 1.128
502.4 11.44 1.748 21.48 2.372 1.074
469.2 14.28 1.785 20.76 2.111 1.181
09-Nov 11.06 1.641 3.541 0.97
8.7 1.551 3.338 0.97
9.72 1.449 3.45 0.97
12-Nov 417.4 69.8 1.071 61.66 2.402 1.06
408.6 68.78 1.254 57.5 2.34 1.086
381.2 70.78 1.107 58.34 2.086 1.177
16-Nov 559.4 17.46 8.04 60.55 4171 0.97
5304 15.98 4.34 59.66 4.056 0.97
533.4 16.68 5.84 61.78 4.271 0.97
19-Nov 183.3 3.56 0.97 31.56 1.621 0.97
219.2 2.56 0.97 29.76 1.586 0.97
199.28 0.8 0.97 31.06 1.443 0.97
23-Nov 374.4 14.78 0.97 18.63 4.084 0.97
431.4 11.66 0.97 18.88 3.941 0.97
510 11.7 0.97 19.2 3.954 0.97
03-Dec 343.2 354 46.45 71.32 0.97 0.97
288 345.2 49.71 72.98 0.97 0.97
300.8 283.8 48.2 76.06 0.97 0.97
01-Feb 323.3 13.82 13.45 41.57 2.425 0.97
367 13.93 10.29 40.25 3.434 0.97
358.2 13.24 12.65 50.03 2.938 0.97
04-Feb 438.8 19.56 0.97 46.63 35.12 0.97
449.6 19.55 0.97 46.17 27.15 0.97
462 19.68 0.97 46.93 25.25 0.97
08-Feb 109.8 38.16 0.97 45.86 6.22 6.941
109.8 37.33 0.97 51.62 6.568 6.923
107.1 39.37 0.97 47.84 5.673 1.124
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Table C.45 continuedRaw data displaying the total lead values after the long (24t
and short (30min) stagnation time in the copper pipe racks using phosphate as a
corrospn inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Time Short StagnatioB0min) Time
High Low High Low

Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
11-Feb 46.18 4.246 0.97 0.97
49.37 4,412 0.97 0.97
48.45 5.405 0.97 0.97
15Feb 164.5 23.51 0.97 57.73 12.78 0.97
188.3 25.83 0.97 54.65 12.68 0.97
171.3 24.21 0.97 57.31 11.61 0.97
18-Feb 99.57 62.07 0.97 19.16 12.43 0.97
84.76 73.51 0.97 19.55 12.6 0.97
89.71 72.15 0.97 19.56 12.88 0.97
22-Feb 379.3 45.58 0.97 188.4 12.01 0.97
383.6 44.76 0.97 183.6 13.35 0.97
409.4 48.39 0.97 177.7 7.327 0.97
25Feb 75.9 79.67 0.97 24.05 5.058 0.97
80.18 80.56 0.97 18.85 5.083 0.97
76.32 75.56 0.97 21.26 3.816 0.97
01-Mar 380.9 216.8 0.97 33.43 48.18 0.97
373.1 217.5 0.97 32.92 50.18 0.97
374.9 221.7 0.97 33.13 50.33 0.97
04-Mar 83.97 73.38 0.97 50.51 0.97 0.97
88.18 73.01 0.97 51.59 0.97 0.97

08-Mar 73.01 57.48 6.347 0.447

78.38 5641 5.982 1.895

89.4 62.26 6.459 0.97

11-Mar 358.6 53.86 20.75 8.063

341.4 53.02 22.93 7.612

369.8 51.06 23.48 7.917
15-Mar 140.32 39.42 3.341 12.07 4.264 1.323
142 34.46 3.649 12.21 4.982 1.205
145.48 34.76 3.502 9.653 5.211 1.224
18Mar 102 39.54 0.97 32.71 0.97 0.97
98.72 335 0.97 32.54 0.97 0.97
109.3 25.99 0.97 31.77 0.97 0.97
25-Mar 68.6 421.2 32.83 21.33 34.14
75.94 423.8 33.15 21.75 35.2
67.52 416.2 32.02 25 38.05
29-Mar 0.97 215.4 9.297 31.68 8.319
0.97 209.6 11.65 29.91 8.874
0.97 216 11.32 32.41 8.554
01-Apr 2.169 2.99 0.97
1.808 2.909 0.97
1.938 4.064 0.97
05-Apr 216.88 185.98 50.4 7.546 14.79 3.42
2119.6 184.88 48.6 6.759 14.8 3.897
216.2 186.68 48.5 6.796 13.23 3.597
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Table C.45 continuedRaw data displaying the total lead values after the long (24t
and short (30min) stagnation time in the copper pipe racks using phosphate as a
corrosion inhibitor. This data shows all three firing of the atomic adsorption

measuremenst
Long (24hr) Stagnation Time
Short Stagnatio@B0min) Time

High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines  Chlorine
09-Apr 159.36 147.46 41.19 3291 3.095
169.58 154.02 41.84 34.89 2.475
165.94 159.44 43.5 36.68 2.155
12-Apr 26.72 69.58 30.26 84.4 0.97 0.97
27.2 67.28 2.12 84.01 0.97 0.97
26.78 70.6 29.92 81.45 0.97 0.97
15-Apr 33.8 59.29 0.97 29.69 18.15 0.97
33.03 57.05 0.97 28.22 18.01 0.97
32.06 57.4 0.97 27.76 18.61 0.97
19-Apr 205 68.57 097 19.92 16.29 0.97
205.7 74.61 0.97 19.75 17.63 0.97
214.7 69.24 0.97 19 17.42 0.97
22-Apr 213.8 17.16 349.9
208.2 18.27
215.9 16.11
26-Apr 32.52 188.6 355.3 7.468 5.668
40.78 196.9 318.3 8.075 44.84 5.346
40.15 203 3378 7.034 43.92 4.878
29-Apr 54.9 158.4 0.97 174.3 0.97 0.97
62.64 158.7 0.97 155.2 0.97 0.97
57.66 154.5 0.97 151.4 0.97 0.97
10-May 4.642 96.59 22.04 4.286 0.793 0.97
3.313 99.48 17.58 5.177 0.508 0.97
3.559 96.47 21.33 4.174 0.95 0.97
17-May 52.93 46.64 3.835 4.196 2.991 0.97
50.23 50.19 4.747 4.162 1.854 0.97
47.48 49.35 3.276 3.969 1.72 0.97
25-May 78.98 51.7 3.926 0.97 5.095 0.97
82.95 53.69 5.346 0.97 1.753 0.97
76.98 53.19 5.497 0.97 0.577 0.97
31-May 98.09 56.11 0.97 34.46 5.057 1.074
98.38 52.63 0.97 35.97 5.656 0.97
99.07 51.27 0.97 39.27 6.006 1.092
07-Jun 9.413 52.08 12.62 4.36 0.97 0.97
10.67 51.78 16.26 6.457 0.97 0.97
7.556 55.08 10.3 4.094 0.97 0.97
14-Jun 99.9 29.82 0.97 16.99 6.566 0.97
99.9 31.2 0.97 17.51 5.219 0.97
100.2 34.33 0.97 17.14 5.107 0.97
21-Jun 23.59 44.62 18.05 19.85 0.97 0.97
26.72 45.1 18.37 19.73 0.97 0.97
26.66 42.86 18.24 19.69 0.97 0.97
28-Jun 390.9 45.91 8.081
400.6 46 7.947
405 45.5 7.951
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Dissolved Lead (ug/L)

Table C.21Raw data displaying the dissolved lead values after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.
This data shows all three firing of the atomic adsorptioasueements.

Long (24hr)Stagnation Time Short(30min)Stagnation Time
High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine

02-Jul 13.46 68.43 2.327 0.97 2.007 0.97
9.347 67.38 0.97 0.97 3.881 0.97
10.97 59.83 2.396 0.97 2.888 0.97
06-Jul 78.65 9.797 24.25 1.605 22.71 0.97
64.76 10.79 26.95 2.408 21.87 0.97
77.48 15.06 22 4.777 21.77 0.97
09-Jul 30.77 23.65 8.037 2.423 1.753 0.97
31.76 22.57 7.508 2.524 2.148 0.97
31.26 23.97 7.515 2.438 1.354 0.97
13-Jul 10.17 0.97 0.97 0.97 0.97 0.97
10.16 0.97 0.97 0.97 0.97 0.97
9.856 0.97 0.97 0.97 0.97 0.97
16-Jul 76.57 72.47 0.97 1.085 51.25 0.97
76.18 73.33 0.97 1.839 51.81 0.97
76.02 72.21 0.97 2.297 49.5 0.97
20-Jul 37.27 0.97 0.97 9.135 1.761 0.97
35.01 0.97 0.97 8.616 1.36 0.97
34.65 0.97 0.97 7.686 1.25 0.97
23-Jul 46.69 7.747 0.97 0.97 0.97 0.97
40.63 5.54 0.97 0.97 0.97 0.97
39.23 5.667 0.97 0.97 0.97 0.97
27-Jul 218.8 18.69 12.28 11.67 2.243 0.97
219.3 20.83 10.07 10.31 2.364 0.97
222.9 21.2 10.23 14.54 1.981 0.97

30-Jul 924 3.756 38.62 3.699

over 3.884 32.67 3.699

3.928 34.87 3.818
03-Aug 641.4 10.35 2.699 27.88 1.654 0.97
593 8.676 4.35 29.25 1.779 0.97
581 7.412 2.738 28.92 1.39 0.97
06-Aug 120.62 2.314 0.97 9.657 3.762 0.97
113.54 1.926 0.97 9.826 2.529 0.97
111.96 2.408 0.97 9.287 2.621 0.97
10-Aug 36.72 146.6 0.97 13.46 15.99 0.97
37.1 156.7 0.97 13.5 19.56 0.97
36.2 142.2 0.97 13 17.91 0.97
13-Aug 2.274 0.97 0.97
2.67 0.97 0.97
3.111 0.97 0.97
17-Aug 126.7 9.306 3.165 19.53 4.09 0.97
126.68 10.92 4.08 20.04 4,124 0.97
124.28 10.18 3.561 19.96 4.052 0.97
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Table C.21 continuedRaw data displaying the dissolved lead values after the long
(24hr) and short (30min) stagnation time in the copper pipe racks using phosphate
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr)Stagnation Time Short(30min)Stagnation Time
High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
20-Aug 229 19 0.97 40.19 2.378 0.97
200.4 19.24 0.97 38.36 2.642 0.97
213 13.6 0.97 38.16 1.742 0.97
24-Aug 243 3.46 0.97 1.729 1.306 0.97
251 4,174 0.97 1.608 0.97 0.97
197.34 3.606 0.97 1.726 0.97 0.97
27-Aug 86.48 14.53 0.97 14.73 4.678 0.97
86.3 13.534 0.97 14.6 4.777 0.97
88.64 18.94 0.97 14.74 4.749 0.97
31-Aug 21.9 0.97 3.796 0.97
18.6 0.97 3.34 0.97
18.28 0.97 3.277 0.97
03-Sep 12.032 1.205 3.354 1.304
12.17 1.335 3.532 2.633
12.69 0.97 3.42 1.654
14-Sep 195.34 37.52 3.423 13.48 13.48 0.97
165.06 38.98 3.039 13.58 13.17 0.97
165.1 394 2.919 13.6 13.37 0.97
17-Sep 164.52 41.28 1.229 20.01 7.568 0.97
176.96 40.02 1.231 19.3 7.809 0.97
167.04 40.7 1.091 19.31 7.807 0.97
21-Sep 51.64 0.97 20.74 0.97
54.54 0.97 20.52 0.97
53.48 0.97 20.46 0.97
24-Sep 2.108 0.97 5.288 0.97
2.708 0.97 5.345 0.97
241 0.97 4.47 0.97
28-Sep 68.76 33.3 1.036 18.62 6.8% 0.97
74.14 35.28 0.97 22.38 7.828 0.97
82.88 29.82 0.97 19.85 7.488 0.97
01-Oct 195.64 11.18 1.967 30.12 1.287 0.97
207 10.24 1.985 28.81 1.25 0.97
206 12.24 1.868 38.22 1.225 0.97
05-Oct 409.8 9.52 0.97 54.88 4.054 0.97
449.2 15.14 1.27 50.19 3.891 0.97
421.4 54.56 1.125 49.8 3.89 0.97
07-Oct 89.58 0.97 20.18 0.97
97.9 0.97 11.91 0.97
72 0.97 15.87 0.97
12-Oct 356.5 9.202 1.203 26.23 1.28 0.97
297 9.671 0.97 27.57 1.542 0.97
323.7 9.272 1.111 22.09 2.64 0.97
15-Oct 125.74 9.5 0.97 7.47 2.898 0.97
130.68 7.36 0.97 7.514 3.11 0.97
131.22 7.76 0.97 7.399 2.637 0.97
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Table C.21 continuedRaw data displaying the dissolved lead values after the long
(24hr) and short (30min) stagnation time in the copper pipe teikg phosphate as a
corrosion inhibitor. This data shows all three firing of the atomic adsorption

measurements.
Long (24hr)Stagnation Time

Short(30min)Stagnation Time

High High

Date Chloramines  Chloramines Chlorine Chloramines  Chloramines Chlorine
19-Oct 116.18 7.56 10.98 0.97 0.97
119.34 5.6 10.03 0.97 0.97
118.08 6.96 11.27 0.97 0.97
22-Oct 568 496 n/a 38.47 0.551 0.97
714.6 7.44 nla 38.52 1.441 0.97
699.8 4.78 nla 35.08 0.785 0.97
26-Oct 283.6 15.64 1.262 29.74 3.406 0.97
297.4 13.54 1.198 28.89 3.222 0.97
2914 12.14 1.106 31.31 3.251 0.97
29-Oct 653.6 6.84 1.123 846.2 3.768 0.97
635.2 8.12 1.117 2.471 0.97
624.8 10.44 0.97 2.457 0.97
02-Nov 11.5 3.926 0.97
11.94 4.162 0.97
11.62 3.883 097
05-Nov 148.14 10.88 1.208 11.86 1.587 0.97
152.44 9.52 1.25 12.21 1.514 0.97
150.42 9.54 1.269 10.97 1.453 0.97
09-Nov 3.74 0.97 2.43 0.97
4.04 0.97 2.317 0.97
4.74 0.97 2.329 0.97
12-Nov 409 14.6 0.97 43.31 1.305 0.97
433.8 1558 0.97 42.67 1.265 0.97
441.2 12.48 0.97 42.05 1.282 0.97
16-Nov 336.2 7.32 0.97 41.61 3.206 0.97
320.4 8.9 0.97 41.12 3.205 0.97
323.8 9.36 0.97 40.69 3.301 0.97
19-Nov 51.9 0.97 0.97 12.73 0.97 0.97
54.92 0.97 0.97 13.7 0.97 0.97
53.5 0.97 0.97 12.84 0.97 0.97
23-Nov 199.66 15.56 0.97 17.24 8.088 0.97
200.4 9.94 0.97 18.3 8.692 0.97
210 13 0.97 18.56 8.095 0.97
03-Dec 400.8 752.4 0.97 54.04 0.97 0.97
366.8 830.4 0.97 55.55 0.97 0.97
385.4 827.4 0.97 54.86 0.97 0.97
01-Feb 78.86 4.958 1.859 53.38 0.97 0.97
89.18 4.448 1.857 52.13 0.97 0.97
89.48 4.207 1.867 57.82 0.97 0.97
04-Feb 396 13.61 0.97 30.71 14.06 0.97
399.6 11.54 0.97 28.42 5.615 0.97
401.6 10.65 0.97 22.12 4.123 0.97
08-Feb 93.73 19.57 0.97 16.4 4.129 0.97
86.77 22.19 0.97 14.72 2.85 0.97
85.44 20.3 0.97 15.2 1.572 0.97
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Table C.21 continuedRaw data displaying the dissolved lead values after the long
(24hr) and short (30min) stagnation time in the copper pipe racks using phosphate
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.
Long (24hr)Stagnation Time

Short(30min)Stagnation Time

High High
Date Chloramines  Chloramines Chlorine Chloramines  Chloramines Chlorine
11-Feb 32.88 0.97 0.97 0.97
33.18 0.97 0.97 0.97
26.33 0.97 0.97 0.97
15Feb 73.89 11.57 0.97 28.33 24.78 0.97
70.11 10.98 0.97 26.91 26.89 0.97
75.64 10.25 0.97 26.95 22.41 0.97
18-Feb 72.04 25.4 0.97 18.52 0.97 15.2
75.83 28.52 0.97 19.15 0.97 15.16
75.01 27.54 0.97 18.93 0.97 14.64
22-Feb 44.49 11.78 0.97 13.07 0.97 0.97
42.98 8.696 0.97 12.81 0.97 0.97
36.11 11.58 0.97 12.65 0.97 0.97
25Feb 31.77 48.19 0.97 4.448 0.97 0.97
32.03 48.44 0.97 2.279 0.97 0.97
32.45 47.41 0.97 3.397 0.97 0.97
0l1-Mar 48.92 2.435 0.97 3.616 0.97 0.97
51.8 4.462 0.97 1.687 0.97 0.97
52.67 3.118 0.97 2.168 0.97 0.97
04-Mar 42.48 20.89 0.97 0.97 0.97 0.97
43.32 21.63 0.97 0.97 0.97 0.97
41.3 21.86 0.97 0.97 0.97 0.97
08-Mar 52.49 8.845 0.97 0.97
51.55 7.471 0.97 0.97
52.89 8.877 0.97 0.97
11-Mar 90.15 4.093 13.89 2.76
88.8 4.123 14.28 3.542
100.3 4.041 14.59 3.28
15-Mar 33.44 4.135 1.15 3.9 0.688 0.759
32.26 4.328 1.031 3.944 0.571 0.749
34.2 4.181 1.205 4.065 0.733 0.745
18-Mar 57.72 0.97 0.97 0.97 0.97
66.93 0.97 0.97 0.97 0.97
59.48 0.97 0.97 0.97 0.97
25-Mar 16.094 210.2 3.816 0.97 0.97
14.758 209.8 4.876 0.97 0.97
14.366 209.8 4,578 0.97 0.97
29-Mar 0.97 36.02 0.97 0.97 0.97
0.97 40.86 0.97 0.97 0.97
0.97 38.74 0.97 0.97 0.97
01-Apr 0.97 0.97 0.97
0.97 0.97 0.97
0.97 0.97 0.97
05-Apr 26.3 42.82 7.706 0.97 0.97 0.97
28.5 43.34 7.692 0.97 0.97 0.97
30.06 43.54 8.65 0.97 0.97 0.97

218




Table C.21 conthued Raw data displaying the dissolved lead values after the long
(24hr) and short (30min) stagnation time in the copper pipe racks using phosphate
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Time Short(30min)Stagnation Time
High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
09-Apr 35.77 17.52 n/a 0.97 0.97 0.97
34.94 16.66 n/a 0.97 0.97 0.97
33.59 15.53 n/a 0.97 0.97 0.97
12-Apr 9.686 0.97 0.97 0.97 0.97 0.97
9.202 0.97 0.97 0.97 0.97 0.97
7.26 0.97 0.97 0.97 0.97 0.97
15-Apr 16.11 14.27 0.97 7.872 3.354 0.97
15.63 14.88 0.97 8.247 3.237 0.97
15.11 13.78 0.97 8.612 3.649 0.97
19-Apr 70.2 16.11 0.97 4.042 0.97 0.97
66.51 16.26 0.97 6.164 0.97 0.97
65.12 15.72 0.97 6.833 0.97 0.97
22-Apr 99.58 3.72
101.2 2.499
103.3 2.767
26-Apr 15.13 99.14 207.6 0.97 9.416 0.97
13.51 97.46 209.8 0.97 8.387 0.97
13.31 101.7 213 0.97 6.682 0.97
29-Apr 8.76 46.27 0.97 82.88 0.97 0.97
8.45 45.18 0.97 86.08 0.97 0.97
8.656 42.98 0.97 85.3 0.97 0.97
10-May 0.97 39.85 3.866
0.97 38.88 3.446
0.97 39.72 4,195
17-May 41.74 154 0.97 0.97 0.97 0.97
38.46 15.15 0.97 0.97 0.97 0.97
3881 15.81 0.97 0.97 0.97 0.97
25-May 23.98 25.78 0.97 0.97 13.96 0.97
22.09 21.34 0.97 0.97 16.51 0.97
22.56 22.98 0.97 0.97 16.26 0.97
31-May 33.78 4.144 0.97 0.97 0.97 0.97
28.65 2.713 0.97 0.97 0.97 0.97
31.83 1.542 0.97 0.97 0.97 0.97
07-Jun 2.472 26.34 0.97 11.01 0.97 0.97
2.937 23.02 0.97 12.93 0.97 0.97
2.635 27.26 0.97 13.03 0.97 0.97
14-Jun 22.31 5.082 0.97 0.97 0.97 0.97
26.47 4.061 0.97 0.97 0.97 0.97
22.43 4,554 0.97 0.97 0.97 0.97
21-Jun 0.97 8.452 0.97 2.792 0.97 0.97
0.541 9.33 0.97 3.537 0.97 0.97
1.738 6.712 0.97 4.466 0.97 0.97
28-Jun 22.35 10.99 0.97 3.954 0.97 0.97
21.62 12.5 0.97 4,301 0.97 0.97
21.07 7.933 0.97 7.137 0.97 0.97
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Total Copper (pg/L)

Table C.22Raw data displaying the total coppeiues after the long (24hr) and short
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.
This data shows all three firing of the atomic adsorption measurements.

Long (24hr) Stagnation Time Short (30min) StagnatioTime
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
02-Jul 465.6 5746 969.6 89.2 1293.2 471.2
465.8 5520 972.6 88.98 1305.8 469.6
463.6 5516 972 89.96 1302.2 470.6
06-Jul 346.6 350.6 1717 142.12 114.26 534.4
342 340.2 1799 136.46 111.42 541
349.2 344.6 1821.8 140.24 110.18 537.8
09-Jul 303.3 971.8 552.2 70 138.64 41.78
228.4 903 561.6 70 132.16 43.78
237.8 914.8 567.6 70 131.36 47.26
13-Jul 22.68 355.2 132.84 70 15.06 70
9.02 348.6 131.52 70 18.4 70
15 351.2 128.62 70 15.44 70
16-Jul 82.66 377.8 367.6 70 70 70
160.5 346.8 346.8 70 70 70
154.76 365.4 387.2 70 70 70
20-Jul 70 76.54 61.46 70 70 70
70 86.82 65.26 70 70 70
70 582.6 54.1 70 70 70
23-Jul 418.4 349.8 648.4 100.32 124.28 155
422 346.8 639.4 85.42 132.82 156.2
423.8 331.4 632.8 102.36 108.54 158.42
27-Jul 247.1 160 64.42 70 70 70
234.8 184.8 64.3 70 70 70
249.1 169.2 64.79 70 70 70

30-Jul 2982 134.7 n/a 616.9 70 nl/a
150.2 626.6 70
154.9 657.3 70

03-Aug 3666 145.82 307.6 679.2 91.46 95.3
3300 146.48 309.2 687.8 91.5 96.24
3456 147.12 306.2 648.4 91.88 96.5
06-Aug 848 292 357 165.84 94 104.68
833 291.2 352 168.06 93.24 105.56
833.8 293.4 343 169.24 93.42 103.22
10-Aug 347.6 189.6 151.5 81 70 70
329.7 183 151 81.1 70 70
328 188.5 149.2 81.97 70 70
13-Aug 96.2 70 153.44
96.24 70 155.4
98.8 70 151.38
17-Aug 526.4 117.62 754.6 70 70 191.94
526.4 130.72 759 72.34 70 189.4
521.4 102.7 784.4 71.42 70 19004
20-Aug 782 70 70 181.94 70 70
732.2 70 70 218.8 70 70
737.6 70 70 230.8 70 70
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Table C.22continued Raw data displaying the total copper values after the long (24
and short (30min) stagnation time in the copper pipe racks using phosphataasian
inhibitor. This data shows all three firing of the atomic adsorption measurements.

Long (24hr) Stagnation Tims

Short (30min) Stagnation Tim

High Low High Low
Date | Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
24-Aug 3326 60.56 70 70 70 70
351.4 57.1 70 70 70 70
327.2 40.22 70 70 70 70
27-Aug 260 19.52 70 85.63 70 70
250 16.5 70 85.23 70 70
254.8 41.78 70 86.47 70 70
31-Aug 20 70 70 70
33.44 70 70 70
30.46 70 70 70
03-Sep 92.46 70 70 70
87.76 70 70 70
85.18 70 70 70
14-Sep 34.34 299.6 348.8 70 70 147
40.32 285.4 356.8 70 70 145.3
43 296.4 342.4 70 43.44 146.4
17-Sep 136.24 263.2 164.9 70 103.5 70
150.72 255.8 166 74.47 101.3 70
168.82 246.2 163.5 73.94 103.4 70
21-Sep 112.12 43.82 70 70
122.68 43.7 70 70
132.56 42.4 70 70
24-Sep 138.6 26.31 70 70
1386 26.15 70 70
1386 26.1 70 70
28-Sep 61.5 339.8 81.23 70 171.2 70
55.78 352.2 83.45 70 165.4 70
54.36 352.8 83.18 70 170 70
01-Oct 265.4 65.34 96.02 83.2 70 70
264.6 69.42 95.33 82.95 70 70
273 67.9 98.61 84.34 70 70
05-Oct 131.99 70 70 70 85.88 70
132.44 70 70 70 87.69 70
135 70 70 70 87.53 70
07-Oct 328.6 109.8 70 70
323.4 112.4 70 70
324.2 111.9 70 70
12-Oct 98.72 297.1 191.8 70 70 70
98.69 310 183.7 70 70 70
99.56 297.3 190.5 70 70 70
15Oct 70 70 4.789 70 70 70
70 70 4.561 70 70 70
70 70 4.331 70 70 70
19-Oct 70 70 70 70 70
70 70 70 70 70
70 403.6 70 70 70
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Table C.22continued Rawdata displaying the total copper values after the long (24l
and short (30min) stagnation time in the copper pipe racks using phosphate as a ci
inhibitor. This data shows all three firing of the atomic adsorption measurements.

Long (24hr) Stagnan Time

Short (30min) Stagnation Tim

High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
22-Oct 1667 70 304.2 65.09 97.3
1656 70 3354 60.65 96.27
1695 70 326.8 61.68 101.8
26-Oct 1048 129.72 275.8 184.5 94.57 82.44
1050.2 132.28 275.9 185.4 94.25 81.47
1061.4 132.86 284 184.8 93.8 81.17
29-Oct 715.3 283.8 346.1 3246 91.1 70
762.3 280.8 339.2 91.39 70
748.2 229.4 340.4 91.25 70
02-Nov 414.7 81.89 70
399.6 81.88 70
399 82.63 70
05-Nov 543.4 70 218.8 91.33 70 75.63
543.4 70 211 92.23 70 74.92
547.6 70 217 92.24 70 75.81
09-Nov 70 208.7 82.52 70
70 207.1 81.84 70
70 210.8 82.48 70
12-Nov 4060 1110 177.6 18760 70 70
4080 1127 185.8 18240 70 70
4060 1122 182.1 18400 70 70
16-Nov 2046 188.42 178.1 434.6 160.5 70
2070 174.2 176.3 430.7 160.7 70
2042 186.3 174.5 428.4 160.4 70
19-Nov 753 134.56 104.7 175.4 70 70
743.8 130.16 106.3 172.8 70 70
7360 130.46 103.2 177.8 70 70
23-Nov 994.6 105.64 157.3 166.2 170.3 70
970.6 103.02 162.9 152.7 159.6 70
980.4 99.38 168.5 164.9 141.6 70
30-Nov 18.19 70 70
18.68 70 70
18.3 70 70
03-Dec 2182 166.34 31.6 1095 70 70
2166 155.38 32.15 1059 70 70
2120 155.16 31.63 1111 70 70
07-Dec 314.4 155.08 70 74.49 81.91 84.32
305.2 151.76 70 74.85 81.76 80.37
306.8 155.16 70 74.58 81.62 80.01
01-Feb 434 149.9 109.3 76.35 70 70
431.6 110.62 110.6 77.63 70 70
416 138.86 110.9 75.97 70 70
04-Feb 3570 116.52 193.5 180.3 70 70
3452 116.72 189.9 186.9 70 70
3564 110.98 196.5 191.7 70 70
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Table C.22continued Raw data displaying the total copper values after the long (24
and short (30min) stagnation time in the copper pipe racks using phosphate as a ci
inhibitor. This data shows all three firing of the atomic adsorption measurements.

Long (24hr) Stagnation Tim Short (30min) Stagnation Tim
High Low High Low
Date | Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
08-Feb 538.6 214.8 189.8 1993 76.66 105.6
580.2 216.1 217.5 194.4 77.37 109
573 213 189.2 198.7 77.2 108.3
11-Feb 196.2 374 85.28 100.1
194.4 396.4 86.5 101.7
182.9 366.6 85.84 107.3
15Feb 396.9 349.3 281.1 141.5 215.6 108.9
418.7 372 285.4 135.8 217.1 105.6
399.2 351.8 284.6 137.1 215.6 107.7
18-Feb 378.1 366.3 298.3 80.63 96.11 70
368.3 364.5 297.7 78.04 96.58 70
393.9 338.8 297.5 85.16 102.1 70
22-Feb 219 366.4 344.1 171.1 166.1 70
220 387.5 356.1 174.8 147.8 70
221.6 386.3 322.8 173 148.9 70
25Feb 164.6 498.3 404.6 70 196.2 70
180.9 477.3 436.9 70 196.7 70
189.2 519.2 433.9 70 192.4 70
01-Mar 857.5 1215 426 106.1 847.7 184.5
884.5 2430 423.8 110.3 856.5 161
881.1 1875.4 420.1 112.4 902 187.7
04-Mar 634 1878.6 489 209 357.5 125.8
583.7 702.6 514.9 195.3 345.4 127.9
901 961.3 494.2 229.9 314.2 126.8
08-Mar 205.6 717.2 70 169.5
203 697.2 70 171.3
209.8 709 70 161.8
11-Mar 710 252 95.59 75.92
778 255.8 97.77 75.39
732.2 264.6 97.61 75.04
15Mar 4249 208.5 186.2 106.9 98.23 81.28
398.1 209.6 173.2 100.6 106.6 81.07
407.6 213.1 184.2 107.6 106.9 80.18
18-Mar 787.7 102.88 162.9 106.6 70 70
753.8 97.12 157.2 109.4 70 70
730.4 110.7 150.5 111.5 70 70
25-Mar 322 1774.6 2870 176.6 354.6 3298
381.2 1747 2752 175.7 355.9 294.8
387 1688 2636 177.9 317.6 289
29-Mar 96.12 244 .4 427 70 136.2 158.7
104.04 266 462.4 70 126.1 148.2
104.98 254.4 483.6 70 137.4 168.9
01-Apr 70 91 78.78
70 91.17 81.66
70 90.04 76.81
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Table C.22 continuedRaw data displaying the total copper values after the long (24hr) and
(30min) stagnation time in the copper pipe racks using phosphate as a corrosion inhibitor.
data shows all three firing of the atomic adsorpti@asurements.

Long (24hr) Stagnation Tim

Short (30min) Stagnation Tim

High Low High Low
Date | Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
O05-Apr 91.02 163.78 345.2 70 70 104.5
91.2 163.24 355.8 70 70 109
88.2 163.12 346.6 70 70 107.5
09-Apr 186.28 208.6 106.3 70 72.04
192.76 205.2 105.7 70 71.71
192.38 200.6 108.6 70 74.22
12-Apr 618.2 156.9 102.82 172.3 70 70
633.2 152.82 101.08 176 70 70
623 152.1 101.52 171.4 70 70
15-Apr 298.6 183.6 70 166.9 70 70
313 188.8 70 168.2 70 70
302.2 190.78 70 168 70 70
19-Apr 135.86 333.4 70 70 100.6 83.56
134.5 327.2 70 70 101.3 84.65
135 338.2 70 70 101.3 84.63
22-Apr 350.8 70
350.4 70
333.2 70
26-Apr 216.6 1727.4 3992 70 400.1 178.4
226.2 1750.4 4176 70 430.2 166.7
225 1689.2 4134 70 419 144.5
29-Apr 3776 122.9 70 38.01 187.5
4148 129.3 70 42.65 183.3
4870 124.42 70 40.74 186.5
10-May 416.6 331.4 976.8
420.4 313.4 1105.2
381.6 325.4 1110.8
17-May 370.2 43.86 100.2 190.3 19.24
376.8 40.74 104.24 191.4 18.98
376 39.74 104.22 190.1 17.47
25-May 394.6 117.56 36.62 161.5 39.85 42.9
410.6 116.8 35.42 160.8 39.7 44.54
410.8 114.68 37.76 165.2 40.77 46.57
31-May 328.4 110.76 26.42 92.9 30.17 25.17
331.6 111.58 23.94 92.1 29.17 26.28
340.4 108.02 23 96.67 30.01 25.16
07-Jun 427.4 120.8 358.4 123.8 57.26 170.7
352.6 123.02 350 119.8 54.64 171.7
346.6 121.48 356.8 121.6 55.08 174.1
14-Jun 139.44 90.88 271.6 70 70 83.78
139.3 90.68 2658 70 70 87.69
143.4 90.98 268 70 70 82.24
21-Jun 115.22 129.32 70 32.18 54.87 29.53
115.16 128.56 70 31.83 54.33 27.92
119 131.42 70 29.56 55.37 26.99
28-Jun 142.96 109.66 171.02 70 325 20.47
132.2 116.98 175.62 70 32.23 32.39
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Dissolved Cqper (ug/L)

Table C.23Raw data displaying the dissolved copper values after the long (24hr) and
short (30min) stagnation time in the copper pipe racks using phosphate as a corrosion
inhibitor. This data shows all three firing of the atomic adsorption nneasnts.

Long (24hr) Stagnation Time Short (30min) Stagnation Time

High Low High Low
Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine

02-Jul 279 5374 814.8 47.9 1118 385.8
280.8 4194 815.8 44.1 1130.6 381.8
281 4272 809 441 1147 377.2
06-Jul 205.4 220.6 1461.4 73.24 217.8 363.2
2104 212.8 1504.4 74.02 220.2 370.6
208.6 212 1686.2 76.36 178.36 366
09-Jul 107.32 716.8 270 8.78 80.1 7.52
97.96 828.2 257.8 7.52 80.24 6.96
95.48 738 259.2 9.62 78.66 3.1
13-Jul 70 184.66 39.28 70 70 70
70 168.62 38.22 70 70 70
70 164.62 49.54 70 70 70
16-Jul 70 112.9 70 70 70 70
70 7.52 70 70 70 70
70 14.24 70 70 70 70
20-Jul 70 70 70 70 70 70
70 70 70 70 70 70
70 70 70 70 70 70
23-Jul 195.6 255.4 388.6 59.54 90.66 87.62
478 250.6 388 55.16 97.2 82.92
194.38 237.8 385.4 60.44 89.44 95.76
27-Jul 133 112.4 91.27 38.35 52.86 70
137.8 112.2 93.55 37.86 59.48 70
134.4 104.3 103.8 38.08 61.14 70

30-Jul 2323 66.7 524.5 35.13

73.61 479.7 35.58

75.07 521.2 35.58
03-Aug 2820 99.54 193.82 590.2 70.86 70
2796 99.12 193.66 594.4 70.8 70
2818 99.9 194.84 589.6 71.04 70
06-Aug 661.2 165.24 218.6 125.76 67.04 72.26
630.8 162.7 214 127.84 65.12 72.26
671.8 162.5 213.2 128.98 66.6 70.88
10-Aug 109.2 169.1 80.88 74.3 35.23 70
108.8 158.2 80.24 73.96 35.26 70
108 156.9 79.06 73.59 34.86 70
13-Aug 80.86 113.46 129.5
77.8 112.42 125.1
80.96 112.22 130.38
17-Aug 1825.2 70 462.6 70 70 70
1578.8 70 501.6 70 70 70
1656 70 517.6 70 70 70
20-Aug 557 70 70 94.98 70 70
472.8 70 70 150.32 70 70
542.2 70 70 159.84 70 70
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Table C.23continued Raw data displaying the dissolved copper values after the lon
(24hr) and short (30min) stagnation time in the copper pipe teikg phosphate as a
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Time Short (30min) Stagnation Time
High Low High Low

Date Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
24-Aug 341.8 70 70 70 70 70
349 70 70 70 70 70
326.8 70 70 70 70 70
27-Aug 70 70 70 37.52 20.73 70
70 70 70 37.27 21.29 70
70 70 70 38.1 20.9 70
31-Aug 70 70 29.68 70
70 70 28.58 70
70 70 29.1 70
03-Sep 70 70 31.16 70
70 70 30.75 70
70 70 42.54 70
14-Sep 70 70 217 17.86 27.06 89.99
70 70 214.4 16.8 26.52 89.12
70 70 2155 16.78 26.04 89.73
17-Sep 70 159.22 99.63 55.42 85.98 70
70 150.68 90.82 54.97 86.43 70
70 151.54 101.4 55.47 86.84 70
21-Sep 70 70 31.33 70
79.94 70 31.29 70
75.86 70 30.7 70
24-Sep 70 70 66.6 70
70 70 67.34 70
70 70 66.85 70
28-Sep 70 288.6 70 33.56 159.1 70
70 299.8 70 33.39 166.6 70
70 297 70 32.7 157.7 70
01-Oct 140.36 70 70 75.8 26.53 70
130.26 70 70 75.33 26.38 70
138.04 70 70 75.42 26.18 70
05-Oct 70 70 70 57.54 71.22 70
70 70 70 57.73 66.11 70
70 70 70 57.81 46.92 70
07-Oct 187.26 81.65 44.68 70
205.6 81.48 44.45 70
197.56 90.79 44.33 70
12-Oct 80.24 202.9 168.7 34.37 77.76 70
80.96 204.7 162.5 37.05 72.7 70
80.74 207.5 168.1 33.41 77.45 70
15-Oct 70 70 70 18.76 66.66 70
70 70 70 17.14 77.43 70
70 70 70 16.29 77.92 70
19-Oct 70 70 15.2 18.45 70
70 70 14.71 18.74 70
70 70 14.39 18.58 70
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Table C.23continued Raw data displaying the dissolved copper values after the lon
(24hr) and short (30min) stagnation time in the copper pipe racks using phosphate
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Time Short (30min) Stagnation Tim
High Low High Low
Date | Chloramines Chloramines Chlorine Chloramines Chloramines Chlorine
22-Oct 1554 70 306.9 54.33 95.42
1507 70 302 54.61 92.98
1562 70 300.4 54.7 94.77
26-Oct 898.4 84.48 210.3 161.6 93.66 80.15
894.8 80.14 209 163.3 94.94 80.63
883.8 79.56 208.9 163.5 95.02 80.41
29-Oct 505 140.24 304.6 3144 82.6 70
507 134.46 309.4 79.16 70
498 132.84 304 77.79 70
02-Nov 3314 66.25 70
332.7 66.16 70
333 65.46 70
05-Nov 133 70 203 70 70 70
140.24 70 201.2 70 70 70
137.14 70 203.8 70 70 70
09-Nov 70 188.1 83.46 70
70 191.1 85.48 70
70 191.8 85.86 70
12-Nov 3800 150.1 929.5 70 70
3760 146.5 912.4 70 70
3680 145.6 923.6 70 70
16-Nov 1803.8 140.72 165.1 416 109.3 70
1787.6 133.86 164.6 406.5 107.8 70
1797.4 140.1 165.4 413.4 108.5 70
19-Nov 470 70 99.18 102.9 70 70
454.8 70 97.43 104.4 70 70
422.4 70 96.08 104.8 70 70
23-Nov 580.2 124.4 148.8 145.3 97.08 70
511.8 55.78 147.1 148.1 98.63 70
521.8 42.66 159.1 150 99.36 70
30-Nov 70 70 70
70 70 70
70 70 70
03-Dec 2100 119.84 70 995.6 70 70
2200 124.34 70 942.9 70 70
2196 123.1 70 947.9 70 70
07-Dec 136.32 135.7 2609 70 84.19 74.03
135.08 131.22 269.5 70 83.6 74.08
132.1 128.22 270.3 70 84.29 74.9
01-Feb 120.94 19.48 96.38 70 70 70
116.06 15.58 101 70 70 70
114.8 195.42 99.3 70 70 70
04-Feb 3160 117.38 174.3 103.6 70 70
3186 103.52 170.3 104.9 70 70
3030 112.78 174.8 102.7 70 70
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Table C.23continued Raw data displaying the dissolved copper values after the lon
(24hr) and short (30min) stagnation time in the copper pipe racks using phosphate
corrosion inhibitor. This data shows altek firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Tim Short (30min) Stagnation Tim
High Low High Low
Date | Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
08-Feb 439.6 157.5 166.3 163.6 70 101
422.1 185 1799 135.9 70 103.5
417.1 180.8 176.9 135.7 70 101.9
11-Feb 155.1 322.9 70 89.66
160.4 274.4 70 90.28
143.5 281.8 70 88.3
15Feb 278.2 316.9 204.2 101.4 152.5 109.3
283.2 315.3 204.5 102.6 151 106.2
284.1 312.8 205.5 102 150.4 108.2
18-Feb 313 309.5 217.9 70.01 98.86 69.99
300.4 326.2 216.6 70.92 99.73 70.09
301.6 305.9 221.8 77.54 96.71 70
22-Feb 76.28 213 295.3 70 100.8 70
75.63 218.8 278.8 70 101.2 70
75.97 213.6 264.3 70 100.2 70
25Feb 99.23 419 385.7 70 166.6 70
93.68 421.2 388.7 70 148.6 70
94.15 419.6 386.1 70 158 70
01-Mar 226.7 1622 3014 72.93 331.1 145.2
248.4 1501 301.9 73.29 310.6 154.3
243.1 1338 300.5 72.12 290.7 148
04-Mar 1074 779.8 393.8 183 302.9 155.1
1109 771 418.3 184.8 338.3 153.3
1094 771.6 389.2 173.2 301.6 1535
08-Mar 160.62 422 50.73 146.5
160.64 422.2 45.4 150.8
159.44 435.4 51.15 143.9
11-Mar 279.2 157.26 97.9 55.97
270.2 156.58 97.67 60.99
274.4 158.92 91 57.72
15Mar 314.7 168.5 140.6 88.7 88.72 77.3
312.3 171.2 144.1 90.3 89.2 79.19
316.8 169.4 151.5 94.64 91.69 77
18Mar 378.9 84.22 136.6 75.5 70 70
418.5 83.81 136.6 83.43 70 70
370.3 85.41 126.5 82.42 70 70
25-Mar 259.6 1573.8 3316 133.3 200 171.3
261.4 1547.8 3216 144.9 218.9 162.6
262.6 1489 2456 1354 198.3 188.4
29-Mar 84.52 175.94 377.2 70 70 162.4
89.64 176.94 397.8 70 70 174.6
86.04 177.84 379.6 70 70 169.4
01-Apr 70 70 70
70 70 70
70 70 70
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Table C.23continued Raw data displaying theslolved copper values after the long
(24hr) and short (30min) stagnation time in the copper pipe racks using phosphate
corrosion inhibitor. This data shows all three firing of the atomic adsorption
measurements.

Long (24hr) Stagnation Tim Short (30nin) Stagnation Time
High Low High Low
Date | Chloramines Chloramines  Chlorine Chloramines Chloramines Chlorine
05-Apr 70 104.9 216.6 70 70 99.81
70 104.86 214.6 70 70 101.3
70 93.52 215.4 70 70 101.3
09-Apr 152.18 83.04 106.3 70 70
146.2 87.46 91.26 70 70
150.4 81.64 103.9 70 70
12-Apr 554 3140 98.12 164.4 70 70
556 3004 83.42 163.9 70 70
560.4 3196 80.88 161.9 70 70
15-Apr 285.2 89.76 70 154.2 70 70
276.6 90.4 70 145.7 70 70
279 93.16 70 146.7 70 70
19-Apr 88.54 153.16 70 70 85.01 66.41
86.8 152.14 70 70 93.26 58
84.08 151.58 70 70 83.01 57.98
22-Apr 356 70
344.6 70
344.4 70
26-Apr 182.56 3710 70 344.5 200
157.4 3348 70 316.4 189.2
145.38 3678 70 311.3 165.7
29-Apr 2792 70 32.58| n/a 24.35 162.5
2314 70 33.96| n/a 24.41 158.5
2656 70 47.32| n/a 26.96 152.1
10-May 107.2 126.9 430.1
114.8 143.9 437
111 139.6 448.3
17-May 368.2 76.66 56.26 207.1 39.41 23.33
369.8 76.76 54.54 200.7 39.32 23.84
363.6 76.96 55.86 199.6 37.75 17.26
25-May 325.4 105.96 38.68 141.3 32.62 50.05
329.6 106.2 36.94 144 32.85 48.72
346 105.8 35.26 131.9 33.01 50.56
31-May 185.86 67.16 7.802 87.24 25.39 23.71
187.18 64.4 6.452 86.49 24.54 24.04
186.86 65.56 6.066 86.35 25.24 2388
07-Jun 267.8 102.98 297.2 90.89 48.54 140.2
277.2 97.64 306 92.69 4551 129
276.8 105.58 294.8 98.6 46.64 141.1
14-Jun 79.48 143.1 325.4 70 70 72.25
103.3 140.98 331.8 70 70 83.32
102.79 146.44 323.6 70 70 80.83
21-Jun 52.38 86.62 15.58 42.71 3.539
51.06 78.52 14.08 40.72 2.612
54.36 83.4 14.6 37.28 2.818
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APPENDIX D 7 Unintentional Consequences Data

Nitrification Data

The following data is the average data used to determine if nitrification was happening in the
copper pipe racks

Table D.1Nitrification data for high chloramines and sodium silicate

High Chloramines using Sodium Silicate
Influent Effluent 24hrin 30min in
Unit as of Pipe of Pipe Copper Copper

N (mg/L) loop loop Racks Racks
Nitrite 0.010439 0.011696 0.029497 0.02358
Nitrate 1.794997 0.808366 1.227431 2.570398

Ammonia  23.00874 14.06793 15.29917 14.27136
Total N 22.61178 9.476762 14.55905 13.52184

Table D.2Nitrification data for low chloramines and sodium silicate

Low Chloramines using Sodium Silicate

Unit as Influent Effluent 24hr in 30min in
N (mg/L) of Pipe of Pipe Copper Copper
loop loop Racks Racks
Nitrite 0.004704 0.009421 0.033311 0.017113
Nitrate 0.364818 0.822336 0.322881 0.992265

Ammonia  7.672778 7.22037 8.937739 7.826519
Total N 6.641433 5.928905 6.467857 5.805476

Table D.3Nitrification data for low chloramines and sodium silicate

Low Chloramines using Sodium Silicate

Unit as Influent Effluent 24hrin 30min in

N (mg/L) of Pipe of Pipe Copper Copper
loop loop Racks Racks

Nitrite 0.005783 0.006365 0.035685 0.020156

Nitrate 2.949419 4.695861 2.973961 1.202563
Ammonia  7.808111 6.427556 8.337778 8.097289
Total N 7.640276 5.908395 7.16281 6.368476
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Disinfecting By producds(DBPs)

Total Trihalomethane (THMs)

Total trihalomethane concentration measured in the influent and effluent of the pipe loops and
after a long and short stagnation time are presented for each of the three sample dates (October
2009, December 2009, angb@ 2010).

Influent
of pipe Effluent of 24hr stagnation time in 30min stagnation time in
Oct09 | loop pipe loop copper pipe racks copper pipe racks

High
Chloramines
Si 27.97 34.36 31.41 29.14
High
Chloramines
P 25.84 32.58 30.02 27.19
Low
Chloramnes
Si 38.60 9.89 11.30 11.07
Low
Chloramines
P 29.31 25.67 25.66 28.41
Chlorine Si 27.98 59.09 97.95 80.78
Chlorine P 70.41 38.54 151.29 46.00
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Influent

of pipe Effluent of 24hr stagnation time in 30min stagnation time in
Dec09 | loop pipe loop copper pipe racks copper pipe racks
High
Chloramines
Si 23.26 16.24 17.10
High
Chloramines
P 17.60 25.15 24.80
Low
Chloramines
Si 20.25 11.97 10.85
Low
Chloramines
P 16.22 24.40 22.65
Chlorine Si 18.99 122.96 90.61
Chlorine P 49.85 28.04
Influent
of pipe Effluent of 24hr stagnation time in 30min stagnation time in
Apr-09 | loop pipe loop copper pipe racks copper pipe racks
High
Chloramines
Si 17.16 19.27
High
Chloramines
P 18.18 14.90
Low
Chloramines
Si 9.77 8.77
Low
Chloramines
P 19.10 17.75
Chlorine Si 48.87 43.11
Chlorine P 24.40 19.43
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Total Haloacetic Acid (HAA)

Total haloacetic acid concentration measured in the influent and effluent of the pipe loops and
after a long and short stagnation time are priegsefor each of the three sample dates (October
2009, December 2009, and April 2010)/

Influent of Effluent of 24hr stagnation time in  30min stagnation time in
Oct09 | pipe loop pipe loop copper pipe racks copper pipe racks

High

Chloramines

Si 12.20 22.00 36.55 43.31
High

Chloramines

P 28.14 16.90 50.96 22.62
Low

Chloramines

Si 21.26 22.93 37.48 28.18
Low

Chloramines

P 18.46 18.59 23.71 21.84
Chlorine Si 15.05 15.05 264.56 88.10
Chlorine P 43.94 43.94 246.12 110.06

Influent of Effluent of 24hr stagnation time in  30min stagnation time in
Dec09 | pipe loop pipe loop copper pipe racks copper pipe racks

High

Chloramines

Si 1.91 20.40 25.53 24.44
High

Chloramines

P 1.98 20.31 31.76 22.86
Low

Chloramines

Si 1.78 18.55 23.18 19.41
Low

Chloramines

P 1.52 15.93 17.30 19.09
Chlorine Si 27.28 37.62 67.70 47.45
Chlorine P 32.51 44.18 83.12 49,91
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Influent of Effluent of 24hr stagnation time in  30min stagnation time in
Apr-09 | pipe loop pipe loop copper pipe racks copper pipe racks

High

Chloramines

Si 20.11 16.56 21.81 20.42
High

Chloramines

P 27.50 32.96 22.38
Low

Chloramines

Si 18.19 13.39 15.67 15.73
Low

Chloramines

P 10.31 14.13 17.34 16.50
Chlorine Si 22.97 45.32 56.59 51.45
Chlorine P 32.96 7.04 9.64 9.10
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APPENDIX E T Reallts of T-Tests

Foralltt est s

a 95%

significance

| evel

between treatment groups are considered statistically different, due-taileebttests

significance.

Table E.1Results of #tests comparing average toliead values at the copper pipe rack
effluent usingsodium silicateas corrosion inhibitor buffered with an acid/base.

Long Stagnation Time Total Lead

p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 4.35079E08 3.82925E15
Low Chloramines 2.85418E20
Chlorine

Short Stagnation Time Total Lead
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 0.58638823¢ 1.28661E09
Low Chloramines 0.013099444

Chlorine

Table E.2Results of #ests comparing avaya totalcoppervalues at the copper pipe
rack effluent usingodium silicateas corrosion inhibitor buffered with an acid/base.

Long Stagnation Time Total Copper
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 0.00010412 0.00292024
Low Chloramines 0.00069982
Chlorine

Short Stagnation Time Total Copper
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 0.0478525 0.23052782
Low Chloramines 0.01184859
Chlorine

235

(U=0.

05)



Table E.3Results of #tests compang average totdeadvalues at the copper pipe rack
effluent usingsodium silicateas corrosion inhibitor buffered with sodium silicate.

Long Stagnation Time Total Lead
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 0.138876345 1.15963E07
Low Chloramines 1.55311E14
Chlorine

Short Stagnation Time Total Lead
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 1.64661E08 0.002828619
Low Chloramines 4.04117E20
Chlorine

Table E.4Results of #tess comparing average to@bppervalues at the copper pipe
rack effluent usingodium silicateas corrosion inhibitor buffered with sodium silicate.

Long Stagnation Time Total Copper
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 6.0175E38 4.0906E16
Low Chloramines 5.8277E12
Chlorine

Short Stagnation Time Total Copper
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 5.4841E28 1.8449E14
Low Chloramines 2.4049E11
Chlorine

Table E.5Results bt-tests comparing thHeng vs short stagnation time the copper

pipe racks with the average total lead values at the effluent of the copper pipe racks using

sodium silicateas a corrosion inhibitor.

Total Lead
High Low Chlorine
Chloramines | Chloramines
Buffered
with an
Acid/Base 1.18724E14 | 6.45391E14 | 3.12023E09
Buffered
with
Sodium
Silicate 1.1371E09 | 1.97121E16| 9.84961E12

236



Table E.6Results of #tests comparing average total lead from the copper pipe racks
from when sodium silicate was buféer with an acid/base and when buffered with
sodium silicate.

Total Lead
High Low Chlorine
Chloramines | Chloramines
Long
Stagnation
Time 6.14661E12| 1.7349E12| 0.000112793
Short
Stagnation
Time 1.03725E08 | 0.068086094 0.0368819071

Table E.7Results ot-tests comparing the long and short stagnation time in the copper
pipe racks with the average total copper values at the effluent of the copper pipe racks
using sodium silicate as a corrosion inhibitor.

Total Copper
High Low Chlorine
Chloramines | Chloramines
Buffered
with an
Acid/Base | 6.53068E05 1.39E19 1.11E07
Buffered
with
Sodium
Silicate 4.09067E05 6.33E33 1.88E11

Table E.8Results of #ests comparing average totapperfrom the copper pipe racks
from when sodium silicate was bufferedhvan acid/base and when buffered with
sodium silicate.

Total Copper
High Low Chlorine
Chloramines | Chloramines
Long
Stagnation | 1.09396E06 5.1707| 0.000169
Time
Short
Stagnation 0.000715 0.000715, 0.006311
Time
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Table E.9Results of #tests conparing average toté&advalues at the copper pipe rack
effluent usingphosphateas corrosion

Long Stagnation Time Total Lead
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 3.52847E10 2.01818E14
Low Chloramines 3.52847E10
Chlorine

Short Stagnation Time Total Lead
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 5.86796E10 4.00333E16
Low Chloramines 1.79768E05
Chlorine

Table E.10Results of #ests comparing average totappervalues athe copper pipe
rack effluent usingphosphateas corrosion inhibitor.

Long Stagnation Time Total Copper
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 0.000625 6.96435E05
Low Chloramines 0.000625063
Chlorine

Short Stagnation Time Total Copper
p-values High Chloramines | Low Chloramines | Chlorine
High Chloramines 0.050573 0.03442
Low Chloramines 0.071791
Chlorine
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Table E.11Results of #ests comparing the long vs short stagnation time in the copper
pipe ra&s with the average totldadvalues at the effluent of the copper pipe racks using
phosphates a corrosion inhibitor.

Total Lead
High Low Chlorine
Chloramines | Chloramines

Long vs.

short

stagnation

time 2.08672E12 2.07E19 0.003075

Table E.12Reslts of t-tests comparing the long and short stagnation time indpper
pipe racks with the average total copper values at the effluent of the copper pipe racks
usingphosphates a corrosion inhibitor.

Total Copper
High Low Chlorine
Chloramines | Chloramines

Long vs.
short
stagnation
time 0.12822 3.24E06 | 1.09232E07

Table E.13Results of #ests comparing average toledhdfrom the copper pipe racks
from usingphosphateand when sodium silicate was buffered with an acid/base.

Total Lead
High Low Chlorine
Chloramines | Chloramines
Long
Stagnation | 8.73278E05| 8.73278E05 9.722E07
Time
Short
Stagnation | 0.027515153 0.021669941 6.22735E14
Time
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Table E.14Results of #ests comparing average totalpperfrom the copper pipe racks
from usng phosphateand when sodium silicate was buffered with an acid/base.

Total Copper
High Low Chlorine
Chloramines | Chloramines
Long
Stagnation 0.002465 0.01925 3.9213E06
Time
Short
Stagnation 0.970156 0.000354 1.81E12
Time
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