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Corrosion Definition

Corrosion is defined as the chemical or electrochemical interaction between a
metal surface (i.e. pipe wall) or solder and water

 This interaction causes the oxidation of metals

* Once oxidized, metals are transferred to the water
(metal release) or another location on the pipe

Surface as metal |OnS Gohvonic Comosion Cell

Anode Metollic Path (othade

The type and rate of metals release depends on many factors:
physical, chemical, and biological properties of the water and the metal surface



Oxidation/Reduction of Metals

When exposed to Oxygen or corrosive conditions:
« Metals that are more reactive (Magnesium, Zinc, Aluminum) lose electrons before

the metals that are less reactive

« Metals that are more reactive protect metals that are less reactive

« The metals that are more reactive have higher oxidation potentials
Magnesium is more reactive than Zinc
Zinc is more reactive than Aluminum
Aluminum is more reactive than Cadmium
Cadmium is more reactive than Cast Iron
Cast Iron is more reactive than Carbon Steel
& Carbon Steel is more reactive than Stainless Steel
Stainless Steel is more reactive than Lead
Lead is more reactive than solder
Solder is more reactive than Tin
Tin is more reactive than Copper

. Old Anode Rod

New Anode Rod




« Corrosion can be a concern because it can lead to the leaching or RELEASE of
metals from the inside of pipes, service lines, or plumbing fixtures into the drinking

water supply.

Ductile Iron, Cast Iron water mains

Copper Service Lines, Copper or Brass fixtures
Lead Service Lines, Lead Solder

Calcium from Asbestos Cement Mains




Corrosion Types
e Uniform

* Non-uniform

« Galvanic




Problems Corrosion Can Cause

Premature failure of water mains or service lines
Discolored water
Complaints

Pinhole leaks in pipes




Regulatory Perspective

From a regulatory perspective, corrosion can be a major concern because of the
potential for the release of Lead and/or Copper

» Action Level Exceedances of the Lead and Copper Rule
« Health Effects of Lead and Copper
* Erosion of Consumer Confidence

Corrosion No Corrosion

Released forms of Lead and Copper

* Dissolved
« Colloidal
« Particulate (calcium, iron, manganese, aluminum)




The health effects of lead in children include:

* Impaired mental development.
 |Q deficits.
« Shorter attention spans.

Low birth weight.

=

An EPA civil engineer shows how corrosion control treatments can affect lead pipes. The one on the left was treated, the middle one was
not, and the one on the right is a new pipe. Lauren Chapman / IPB News, File Photo




Health Effects of Copper

« Stomach and intestinal distress
« Complication of Wilson’s Disease.

« Chronic exposure can cause liver disease in genetically predisposed individuals.




Methods of Corrosion Control

Precipitation

Adjusting the pH, Alkalinity, and/or Calcium Carbonate equilibrium so that Calcium
Carbonate precipitate forms

Passivation

Carbonate Passivation-Modifying the pH and/or Alkalinity to form less soluble
compounds with the metal on the pipe wall (metal carbonates)

Corrosion Inhibitor Passivation-Adding orthophosphates to form less soluble
metal complexes on the pipe wall (metal phosphates)



Problems Precipitation of Calcium Carbonate

Can Cause

» Calcium Carbonate scales via precipitation only rarely
form on Galvanized (zinc coated) Iron or Steel, Lead, or g
Copper pipe |

« Can create an uneven layer of precipitation and an
uneven layer of corrosion protection

« Can create Hydraulic Stress in over-precipitated areas

* Prevents valves from sealing properly

* Areas with very light coating of scale can be easily dislodged from pipe wall if there
is drastic change in flow volume or direction



Problems Oversaturation of Calcium

Carbonate Can Cause

Hard water reduces the life of clothes, decreases
the life of hot water heaters, toilet flushing units,
water faucets, dishwashers.

Leaves spots on dishes/glassware.
Studies show Copper adsorbs onto pipe scale, when

scale is dislodged copper particles get trapped in
aerator faucet screens.




How to Prevent Corrosion

Preventing or minimizing corrosion centers around several main strategies.

« Adjusting the water system’s pH and/or Alkalinity.
Increasing the scale forming potential of water to create a thin coating
iInside the pipe wall.

 Adding an Orthophosphate
Creating a passivating film inside the pipe
wall by adding chemicals at the treatment plant.

Ultimately want scale that is: Adherent
and
Insoluble




Is Your Water Corrosive, Scale

Forming, or Stable?

Non-carbonate hardness-Calcium & Magnesium Chlorides and Sulfates

Carbonate Hardness-Calcium and Magnesium Carbonates and Bicarbonates

it g

(Corrosive Water Scale-formmg Water

o lowpH o highpH
o soft or with primantly o hard with primantly
noncarbonate hardness catbonate hardness

o low alkalinty o hgh alkalmity
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The graph shown below is known as the Baylis Curve. It shows the relationship between pH, alkalinity, and water stability. Water

above the lines is scale-(orming while water below the lines is corrosive. Stable water is found in the white area between the lines.




Balancing Water Chemistry

There is a fine line between decreasing metal solubility and precipitating just enough
metal carbonate on pipe wall to prevent corrosion.

Need to find the right balance between the two, but first you need a basic knowledge
of water chemistry.

: * Low pH * High pH :
Corrosive . Scale Formin
* Soft-primarily * Hard-primarily g
Water non-carbonate hardness carbonate hardness Water
* Low alkalinity * High alkalinity




Chemical Factors Influencing Corrosion

Primary Factors that Influence Corrosion
o pH

« Alkalinity

* Dissolved Inorganic Carbon (DIC)

« Buffering Intensity

* Hardness

 Total Dissolved Solids (TDS)

* Chlorides and Sulfates

* Dissolved Oxygen

« Oxidation Reduction Potential (ORP)



pH affects almost every chemical process at a
water treatment plant.

pH identifies the intensity of acidity of a solution
but does not identify how much acid or base is
present.

At pHs <7 metal solubility (especially Lead &
Copper) increases.

At pHs >8 precipitation of CaCO3 increases.




pH stands for fotential lydrogen ion (H+) concentration
pH is a measure of the Hydrogen ion activity

Acids are those compounds that release a proton (H+ ion)

Bases are those compounds that accept a proton (H+ ion)
Aeration-one of the only non-chemical means of raising pH

CHEMICALS THAT LOWER pH CHEMICALS THAT RAISE pH

GAS CHLORINE SODIUM HYDOXIDE (Lye)

SULFURIC ACID CALCIUM HYDROXIDE (Lime)
MURIATICACID SODIUM BICARBONATE (Baking Soda)
CARBON DIOXIDE SODIUM CARBONATE (Soda Ash)
ALUM SODIUM HYPOCHLORITE

FERRIC CHLORIDE CALCIUM HYPOCHLORITE

HYDROFLUOROSILICICACID



pH is on a log scale.
A change of only 1 pH unit= a 10-fold difference in activity.
pH 7 to pH 6 is 10 times more acidic.
pH 7 to pH 5is 100 times more acidic.

The pH Scale

Sto ma ch Stomach Ammonia

Battery Coffee

-»@‘ .C“’-ﬂ Ne>.3 L

Water
Milk Blood Tablets  Solution

Cleane

Soap -

ACldIC Neutral Alkaline




Alkalinity

 Alkalinity is expressed in mg/L as Calcium Carbonate (CaCQ3).

 Alkalinity is the ability of a solution to resist changes in pH or its
buffering capacity.

« The more Alkalinity a solution has, the higher its buffering capamty
and its ability to resist changes in pH. ;




Buffer Intensity

» Buffering Capacity comes from: Carbonate ions
Bicarbonate ions

« Buffer Intensity is dependent on pH and Alkalinity.

« Buffer Intensity is lowest at pH 8-8.5



Dissolved Inorganic Carbon

DIC is Dissolved inorganic Carbon is expressed in mg/L of C

DIC is made up of: Free CO2 (gas)

Bicarbonate lons
Carbonate lons

DIC and Alkalinity are closely related-both have bicarbonates and

carbonates and influence buffering (acid) neutralizing capacity of water
EPA flow charts for optimizing corrosion control use DIC instead of Alkalinity

DIC can be determined by knowing the Alkalinity and pH



Bufer Intensity (mmolipH)

Exhibit 2.3: Buffer Intensity as a Function of pH at Different DIC Values [Clement and Schoclk,
19498, Figure 1)



Hardness

» Hardness like Alkalinity is expressed in mg/L as CaCOa3.

* Hardness is mainly made up of Calcium and Magnesium lons.

* Hardness can also be expressed as grains/gallon.
(1 grain/gal=17.1 mg/L as CaCQ3)

« SOFT: <17.1 mg/L (<1 grain/Gallon)

« SLIGHTLY HARD: 17.1-60 mg/L (1- 3.5 grains per gallon)

« MODERATELY HARD: 60-120 mg/L (3.5-7 grains per gallon)

« HARD: 120-180 mg/L (7-10.5 grains per gallon)
« VERY HARD: >180 mg/L (>10.5 grains per gallon)




Total Dissolved Solids

« TDS is the total concentration of dissolved substances in water. This

includes inorganic salts, and a small amount of organic matter.

Inorganic Salts: CATIONS Calcium Magnesium Sodium Potassium
ANIONS Carbonates Bicarbonates Nitrates Chlorides Sulfates

« TDS is closely related to conductivity.
What is the difference between conductivity and TDS? Conductivity tells you how well electricity
is passing through a substance. TDS indicates the amount of dlssolved solids within a I|qU|d
accounting for both conductible and non-conductible particles. r o

* In most cases corrosion rates increase
as conductivity increases.




Chlorides and Sulfates

« Chlorides and Sulfates are aggressive anions that
disrupt the internal protective surfaces of pipes.

* Chlorides are made up of the element of chlorine with a :k
negative charge CI- or any compound with chlorine in its |
chemical composition (salts or even acids).

« Chlorides can cause corrosion on passive materials
such as Aluminum or Stainless Steel (pitting), Brass,
Bronze, Copper (classic green staining).



Chlorides and Sulfates

« Sulfates are aggressive to Copper and can also be associated with
the staining of Brass, Bronze, Copper and zinc coated steel.

« Sulfates can also act synergistically with Chlorides to accelerate
corrosion on metal surfaces.

« Sulfates are a source of sulfate reducing bacteria.



Dissolved Oxygen and Oxidation

Reduction Potential

Dissolved Oxygen

« Dissolved Oxygen is low in soils containing clay or in stagnant water
« Dissolved Oxygen is higher in sandy soil and aerated water

« Water with higher DO forms more protective Lead Oxide scales
« Water with higher DO accelerates copper corrosion

Oxidation Reduction Potential

« Oxidation Reduction Potential varies with pH, temperature, and DIC
« ORP is driven mainly by the type of disinfectant used and the DO concentration

* Free Chlorine has higher ORP than Chloramines
« Reducing the pH or ORP can cause potential Lead release (Lead IV converts to Lead Il)



Making Water More Scale Forming

Chemicals That Raise the pH or Add Alkalinity

« Caustic Soda Adds 1.25 mg/L as CaCO3 per mg/L.

« Lime Adds 1.35 mg/L as CaCO3 per mg/L.

« SodaAsh Adds 0.94 mg/L as CaCO3 per mg/L.

« Sodium Bicarbonate Adds 0.6 mg/L as CaCOg3 per
mg/L.




Exhibit 2.1: Typical Chemical Processes for pH/ Alkalinity,/DIC Adjustment

Chemical Use Composition Alkalimity oic MNotes
Change Change'
Baking Soda, |Increases SB% purity, Dry 0,60 mg/L as 0.14 mg/L | Good alkalinity
MaHC alkalinity with staragea with CalCOa as C par |(adustmeant chamical
(=sodium moderate increase |solution feed = alkalinity per mg'L as DUt expensive =
bicarbonate} [in pH. mig/L as MaHCO;
MaHCOs =2 34
Carbon Lowers piH, Frassurizaed gas Maonea # 027 mg/L | Can be used to
Diowide, T | Comverts storage, Fed as C per |(enhance NMalOH or
hydroxide to either through ma/L as lime feed systems.=
bicarbomnate amd eduction or e
carbonate species. |directhy.?
Caustic Raizes pH, KOH is available 0,892 mg/'L as Pl v pH control is difficult
Potash, KOH | Converts excess as a 45% CaCOs when applied to poorly
(potassium carbon dioxide to solution.® alkalinity per ouffered water.®
hydroxide ) carbonate | £ . mig/L as FIOoH =+ I h o
alkalinity species. Hzts- a low freezing |4 s a hazardous
point and may bea chamical, requires
storad at higher safe handling and
concanirations, containmeant arsas,
Caustic Soda, | Raises pH. 93% purity liguid 1.25 mg/L as Mone pH control is difficult
MatH Converts excess oulk, but generally |[(Calls when applied to poorly
(sodium carban dioxide ta  |shipped and alkalinity per bulffered walsr,?
i ] = LE]
hydroxias) :ﬂ:rgl?nr}ta;eﬁpeci:aﬁ. itu.?rliﬁ.rdi:tprebu{;ft T“EEL =s NaoH Is a hazardous
freezing.? chamical, requires
) safe handling and
containmeant arcas,
Hydrated Raises pH. a5 o 98% purity 1.35 mog/L as Morne pH control is difficult
Lirme, Increasss as CalOMH)z. T4% |Cala wien applied (o poar|y
CalOH ) alkalinity amnd active ingredismt alkalinity per buffered water, Slurmy
fcalcium caloium content as Cal, Dry mgfl as fead can cause
hydroxide ) © (i.e., hardmness), storage with slurry |[Ca{CH): 3+ axcass turbidity, &M
fead,? is intensive ,©
Potash, Increasas Diry storage with 0.72 mg'l as 0,08 ma/L (More expansive than
[ el alkalimity with solution feed.® CalOs as O par |(soda ash but more
(potassium modarate increase alkalinity par mafl as soluble and aasiar to
carbomnate) in pH, gl BaCO 2 4| KOOy handla, =




Chemical Use Composition Alkalinity DIC MNotes
Change Change!
Soda Ash, Increasas 5% purity, Dry 0.94 mg/L as  |0.,11 mg/L |More pH increase
MazCy alkalinity with storaga with CaCQOsa as C par |compared with
(zodium moderate increase |solution feed, alkalinity per mgL as |NaHCOs;, but less
carbanate) in pH, mg/l as MazCly  |costly,”
. 1
NazCOs Has increased buffer
capacity over
hydroxides.
Sodium Modarate Svailabla in liguid |[Depands on Mone More expansive than
Silicates, increases in form mainly in formulation other options but
MazSiCs alkalinity and pH. |1:3.2 or 1:2 ratios aasier to handle than
of Naz0:Si0:.5 lime and other solid
feaed options, Has
additional banefils in
sequesiering or
passivating metals,®

Motes and adapted sources:

P Calculated by the formula DIC Change = 12 2 {males carbon/male compound) / molecular weight of compound.
T USEPA, 19923

Fwachinski, 2015

4 5imom, 1991

TIISERA, 2003

£ Caustic potash (KOH), or potassium hydroxide, is an alternative that does not add sodium to water.

7 Lime is available as hydrated or slaked lime (Ca{OH]:) and guicklime {Ca).

2 5chiock, 1996



Orthophosphates

* Phosphate based inhibitors can include orthophosphates, polyphosphates, or an
ortho/poly blend.

« Only orthophosphate inhibitors react with the pipe wall to form a metallic
phosphate scale Only dissolved (not precipitated) Orthophosphate reacts with
pipe wall to inhibit corrosion.

« Start-up concentration of 2-4 mg/L as PO4 for 3-12 months.

« Maintenance concentration 0.5-2 mg/L as PO4.



Polyphosphates

* Polyphosphates are used to keep dissolved iron or manganese in solution
by sequestering

* Polyphosphates must be added BEFORE Chlorine

* Polyphosphates are not meant to be used to prevent Lead or Copper
release

« QOver time, Polyphosphates break down into Orthophosphates



Lead and Copper Sampling

Where and How were Samples Collected?

 EPA mandates that sampling instructions
NOT direct customers to remove or clean aerators
prior to or during sample collection for lead and copper.

* Residential Sampling
Collect samples from COLD water tap in kitchen or
bathroom

* Non-Residential sampling
Collect samples from INDOOR taps




Optimal Corrosion Control
Treatment Evaluation Technical
Recommendations for Primacy
Agencies and Public Water Systems




iy
@
=
2 <
(1] o
2 - olo| || |n|{m|{a|e|n|lg|n|n|lo]l~|o
L ™
+ Q
m - Old|d|d|nlnN|n||m|a|d|gd|nlo|~|lo|lole
— u
I =] o|lo
a = olog|d|d|d|N|n|m|m|m|s || |||~ o|a|A]|d
.m 8 Ol-|m™
& -] olo|ld|d|n|n|n|mm| || |n|n|lo|~la|lalald]-
.w. o Ol m
s -] o|ld|d|n|n|a|m|m|g|s|s|n|ln|lo|mla|la|lad]=]-
= <
© A O |- | ™| =
I -] old|ld|d|n|n|mm s|s|(gs|njlnjlojo|~o|ald|d]d]-
g ™ o|ld|e|m|=
c o Old|dA|NN|Nmm|g|gn|njviolv|joa|ldd| -]
0 o
o . O = |||
a m Old|d|N|N|n|m|s |||~ d[d|d]—]|o
2, %
1 . o|le|m|s|n
0 o ol |a|e|mn|mis | g|ln|ln|ln|lo|jo|r|o|lala|d|=1]a]-
—
Ty
o . | m || n
7] o« GGG A A A A A R N I G G G A
1]
- WA Old|m|m|<s|n
..W ] olald ||l mis | g|n|ln|lo|lo|r|~|lolda|dd|=1]a]o
m (]
! old||m|g|w
— - ol n|em|m{s | g|ln|lnje|lo|n|~o|ldA|dA|dA|H][=] A
s o
Q : O|ld||(m|n|w
.m“.... - ol mmis g|ln|lnjelonno|AldAlA | H][H ] A
a-.
c..u-l B O|ld||= || WY
cw ™~ old|d|(n(n|mm|g | gl d|d|d(d]d] o
._m @8
'] . O|ldA|M ||| WO
nﬁf ~ old|mn|c|m|m|g|s n|ln|lo|lo|~rlo|o|la|dd1|a]d1]=
—Ia A
OQw ~ olnN|m|s O]~
=) I GIGIEIGAGI LI A A A R S A I I A - A
- L
dT o Sln|g|n|o|o| | &
W__.M M~ MGG G A A I R R I A A I = o
L o s
Q - oM (w|~|m F=
sc_ ™~ HlH(NNmm| gy njejlol~0o0|dldldd] A= o mm
(= . O|r|m|g|w|w|o|d m_.m
dm w Al m|mg|gs|(n oo~ d|d|ld|dd|d]d] N £8
T 0 ma
= 0 g olo|=|mwn|lolalo|a|s| |2
U5 HAldn|m|g|g|njo~rlola(dd|d|A|d|d|d | NN & U
.m_._.. < g2
= N 3 Old|d|nminnlolast|lvla| |E4
= old|m|m|g|gslnje(no|loldld|dd| | AN oSN N £ n
EO .&n
| @ = oo
| cC L
% 2 Z 83
X2 |5 £ 5
-Ia - e ug
c o - ua-u_,_
4 o - Ew
Wm Sin|lg v OO SO|O|NS (SN _Om
A.m ol 0| d J|dN|N|N(N{6jd| ;g 0|0 xm




Total pH

Alkalinity 64 66 68 70 7.2 74 76 7.8 80 8.2 84 86 88 90 92 94 96 98 10.0 10.2 104
70 31 26 |22 |20 |19 |18 |18 (17 |17 (17 |17 |16 |16 |16 (15 |15 (14 |13 |11 10 8
75 33 27 |24 |22 |20 |19 |19 (19 |18 (18 |18 |18 |17 |17 (16 |16 (15 |14 |12 11 9
30 35 29 |26 |23 |22 (21 (20 |20 |19 |19 |19 (19 (19 |18 |18 |17 |16 (14 |13 12 10
85 37 31 |27 |25 |23 (22 (21 |21 |21 |20 |20 (20 (20 |19 |19 |18 |17 (15 |14 12 11
20 40 |33 |29 |26 |24 |23 (23 |22 |22 |22 (21 (21 |21 |20 |20 (19 (18 |16 |15 13 |11
a5 42 35 (30 |28 |26 |25 (24 |23 |23 (23 (23 |22 |22 (22 |21 |20 (19 (17 |16 14 12
100 44 37 |32 |29 |27 |26 |25 |25 |24 |24 |24 (24 |23 |23 |22 |21 |20 (18 |17 15 13
125 55 46 (40 |36 (34 (32 |31 (31 |30 (30 |30 |29 |29 |28 (27 |26 (25 |23 |21 19 17
150 66 |55 |48 |43 |41 |39 (38 |37 |37 |36 (36 (35 |35 |34 |33 (32 |30 |28 |25 23 |20
175 77 |64 |56 |51 |47 (45 |44 |43 |43 (42 (42 |41 |41 |40 (39 |37 |35 |32 |30 |27 |24
200 88 73 |64 |58 |54 |52 |50 (49 |49 (48 |48 (47 |46 |45 (44 |42 (40 |37 |34 31 28
225 99 B2 (72 |65 |61 (58 |57 (56 |55 (54 |54 |53 |52 |51 (50 |48 |45 (42 |38 35 32
250 110 |91 (80 |72 |68 (65 |63 (62 |61 (KO |60 |59 (58 |57 |55 |53 |50 (47 |43 39 36
275 121 |100|88 (80 |75 (71 |69 |68 |67 (66 |66 |65 |64 (63 |61 |58 |55 (51 (47 |43 |39
300 132 |110|96 (87 |81 (78 |76 |74 |73 (72 |72 |71 |70 |68 (66 |64 |60 |56 |52 47 143
325 143 |119|104 |94 |88 |84 |82 (80 |79 |78 |77 |77 |75 |74 (72 |69 |65 |61 |56 51 |47
350 154 |128|112(101|95 |91 |88 |86 |85 |84 (83 |82 |81 (80 |77 |74 |70 |65 |60 |55 |51
375 165 |137(120]|109 102 (97 |94 (93 |91 (90 |89 |B8 (BF |B5 (B3 |79 |75 |70 |65 59 54
400 176 |146 (128|116 108 (104 |101 (99 |97 |96 |95 |94 (93 |91 (BB |85 |BD (75 |65 63 5B
Motes:

! This table is meant to help primacy agencies and water systems identify potential carbonate precipitation constraints when evaluating CCT alternatives
in Section 3.2. DIC values may be up to 20% higher at temperatures as low as 10 degrees C, and may vary slightly at higher and lower TDS.

I Shaded cells indicate chemically impossible conditions. May indicate analytical quality or total dissolved solids (TDS) assumption error,

3 See USEPA (2003) for information on the formula used to calculate the DIC values provided above. Equilibrium constants are referenced from Butler
and Cogley (1998); Plummer and Busenberg (1982); Schock (1980); and USEPA (2003).




Exhibit 3.3: ldentifying the Appropriate Flowchart for Preliminary CCT Selection

Is iron or manganese What is the What is the finished Use This Flowchart?
present in finished contaminant to be water pH?
water?* addressed?
| Lead only, or < 7.2 la
. Both Lead and F2-7.8 1b
| - Copper »7.8-9.5 lc
- No =95 1d
| < 7.2 2a
. Copper only 7.2-7.8 2b
=78 2c
Yes Lead and/or Copper < 7.2 3a
[ [ > 7.2 3b
Motes:

L Flowcharts 3a and 3b prezsent several treatment options for lead and copper that also reduce iron and
manganeése. Systems can also consider removing iron and manganese first, then using flowcharts 1a through 2¢ to

contral for lead and/or copper.

4 85 discussed in Section 3.1.1, the term “limestone contactor” generically identifies filtration processes where
calcite-containing materials are used to add pH, alkalinity, and DIC to water.




Flowchart 1a: Selecting Treatment for Lead only or Lead and Copper with pH < 7.2
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5-15 megflas <

v

Raise the pH in 0.5 unit 1. Raisethe pH in 0.5 1. Raise the pH in 0,25
incrarments and DICto unit incremeants Using unt incremearts Using
5-10 gl as Cusing one of the Following onz of the following:
ore of the followeing: P e R
gy ] = Potash = Potash
iy bl = Causiic Soda = Causkic Soda
* Limestone contactor o ABEREE e

® Lirmestome OR

1 ;
CEnkarEths 2. ~dd orthophos plste
= Sillcates andraicethe pH to 7.2
OR - T8

2. add orthophos phate
andralsethe pH to 7.2

— T8
EE™: Foctrote =
AL = Action Lewel : 1
CalEric soda= sockurn beed o de (1 s0H) 1. Limeston e contactors miay not beappropr i=te when DIC
DIC = Cisaolved lnorg=nic Carbon =10mzl &5 T

izl o C= milligram s per liter &= carbos

FOTEsh = potassiin carbonate (K2 GO 5]
Eoda @b = sodiurn carborsts (MNE200E )




Flowchart 1b: Selecting Treatment for Lead only or Lead and Copper with pH from 7.2 to 7.8

" Sy,
[ start here )

(. nere )

w
"

-~ s
-~ M
~7 What is T
: > = 25 mgfLas C
. theDic? -~

xj,;ﬂ_,-’
5-25 mgfLas C

1. J’ w

=5 mgfLas C

Raise the pH in 0.5 1. Raise the pH in 0.3 1. Add

unit mcrements and unit increme nts Orthophosphate
DIC o 5-10 mgfL as C using one of the

using one of the following:

followwing: . Soda Ash

* Soda Ash « Potash

S el » Caustic Soda

- rSsT
- s = Silicates

contactor®
= Asraticon
OR
2. Aadd
Orthophosphate

KEY- Foot note s:

AL =ﬂf.r_'|:i|:rn L] B 1 Carbon dioxide feed before the limestone
Castic soda = sodium bydroscide [MalH) contactor may be necessary.

DiC = Diissoebved Inorganic Carbon
mg/L a2 C = milgrams per liner 2= car bom
Potash = potassium carbonate [Ko0Dg)
Sods mh = sodium oo bonete (RagCi0 )




Flowchart 1c: Selecting Treatment for Lead only or Lead and Copper with pH > 7.8 to 9.5

o

o

x
- S,

[ sStart Here ,.j

-~ St
7 WWhat i
the DIC? -

H‘"‘H.
< S5 mgfLasC

!

=5 mgfL as C

!

Raica the DEC o 5-10
mE'L as C usimz one of
the following:

= Soda Ash
= Potash
= Baking Soda

Raisa thae pH in 0.3
unit increments
toward 9-9.5 using:

= Caustic Soda’

KEY:

Al = &rcrion Level

Bk iing sodis = sodium becer bomste [ M s-H00:]
Caustic soda = sodiesn pdrocide [NaD# )
DiC = Desssheed nor gamic Carbon

mg/L =2 C =miligrams per lrer as car oy
Fotash = potassium carbonate (K200 ;)

Sodda ash = sodium car bonate ([ MMapC0 )

Fieo noine=

1. Syshemswith copp er plumbing may

BN e ETesoe OO ey petting proodemn s s bem
operating &t pH % — 95 and O8C of 5 — 15
Omhophosphare may De a better opiion for
these sysems

2 Optimal pH rang = for ortdho phosgh ate is
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Flowchart 1d: Selecting Treatment for Lead only or Lead and Copper with pH = 9.5
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Flowchart 2a: Selecting Treatment for Copper Only with pH = 7.2
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Flowchart 2b: Selecting Treatment for Copper Only with pH from 7.2 to 7.8
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Flowchart 2c: Selecting Treatment for Copper Only with pH > 7.8
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Flowchart 3a: Selecting Treatment for Lead andfor Copper with lron and Manganese in
Finished Water and pH < 7.2
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Flowchart 3b: Selecting Treatment for Lead and/for Copper with lron and Manganese in

Finished Water and pH =2 7.2
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aggressive/corrosive=negative LSI
OR
scale forming=positive LSI

The LSl is based on a water’s calcium carbonate saturation point.

A water that is saturated with calcium has the potential to precipitate calcium/magnesium

carbonates.

A water that is not saturated with calcium has the potential to dissolve

calcium/magnesium carbonates.



Orthophosphates- Nutrient loading to WWTP or surface water discharge

Zinc Orthophosphate- Zinc in WWTP residuals
Surface water discharge
Inhibition of Nitrification/Denitrification at WWTP

Overfeeding polyphosphates/blended phosphates R
Can start to sequester Lead and Copper
Aluminum

Aluminum Phosphate precipitates
Reduced Head loss and pipe diameters
Aluminum Phosphate Scale prone to sloughing when disturbed




« QOther Treatment processes that could be Impacted by raising pH
Increase in TTHMSs
Increase in Disinfectant Contact Time Needed

« Calcium Carbonate Precipitation
High Hardness (calcium), raising pH or DIC

If raw water is high in Calcium
May need to remove with lon Exchange,
Membranes, Lime Softening




Two Main Forms of Corrosion Control
Carbonate Passivation
Corrosion Inhibitor Passivation

Goal of Passivation
Creating an insoluble adherent barrier (metal complexes)
between the water and the pipe wall

Understand your water’s chemistry and operate within optimal ranges

Use Multiple tools to correct unstable water
Make changes in small increments then measure effectiveness
Perform pilot studies and/or site-specific investigations



1.) Most lead action level exceedances originate from naturally occurring lead in the ground water? True/False

2.) If the pH of Bleach is 13 and the pH of an Ammonia solution is 11, bleach is times more alkaline than Ammonia?
3.) At what pH range is a waters buffering capacity the lowest?

4.) Why do regulators care most about corrosion?

5.) Water with an Alkalinity of 200 mg/L CaCO3 and a pH of 9 is likely to be: scale forming, or stable, or corrosive

6.) Water with an Alkalinity of 50 mg/L CaCO3 and a pH of 6.5 is likely to be: scale forming, or stable, or corrosive

7.) Polyphosphates are excellent corrosion inhibitors True/False

8.) Hardness is primarily composed of Calcium and Magnesium, or Chloride and Sulfate, or Iron and Manganese

9.) TDS is closely related to: Alkalinity, or pH, or conductivity

10.) Copper corrosion is easy to spot on exposed pipe due to its characteristic color?

11) Alkalinity and Hardness are both expressed as mg/L of CaCO3?

12.) Galvanized Iron pipe is coated with to prevent corrosion?

13.) The optimal pH range for Orthophosphates to work best is ?

14.) Name one way to increase your pH without adding chemicals.

15.) Polyphosphates should be added before or after chlorination?

16.) Why is Calcium precipitation rarely used as a means of corrosion control?

17.) Gas chlorine raises/lowers the pH? Sodium Hypochlorite raises/lowers the pH?

18.) What does pH stand for?

19.) Water with a Hardness of 16 mg/L CaCO3 would be considered soft.

20.) Immediately prior to collecting Lead & Copper samples for compliance it is important to clean the faucet aerator screens.







THANK YOU

Patty Baron

Environmental Specialist llI
Florida Department of Environmental Protection

Contact Information:
Phone (239) 344-5615
Email: Patty.Baron@FloridaDEP.gov
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