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ABSTRACT

Page ei A of

Basic'Stabilization is a training module for water treatment, plant Operators.
It is prepared in objec.tive form and is intended as a Quide for an instrvctor
familiar with,stabilization and corrosion control.. Upon' completion%of this

module the particiRant will have a better understanding pf the analysis of
these problems and be able to ideNtify and recommend control measures. PaYti-

Cipants should have some background-in water chemistry and analysis and know-

ledgeof water treatment and distribution 'systems. Total 'contact time will

be 10.0 hours. The instructor should have a blackboard, overho-di projector
and a.2 x 2 slidd projector.
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Module No:
.,

.
. ,

II2XWS .

.
.

Module Title.:
.

.

. .

. .

Basic 'Stabilization ',

.

,

Submodule Title:
.

2

_,
/

.

f_--

.Approx. Time:.

. ©

10 hours ,

-
.

Topic:

Summary' .-

Objettives:Upon completion of this module, the'participant will be able to
1. Describe the stability analysis of a water and depOsition control.
2. 'Describe the=common mechanisms of corrosion. .

.

3. Describe methods of corrosion detection ansd'evaluation.--.,
42 Describe methods of corrosion/Control. ,t .

.

5, Identify special,areas of concern regarding deposition and
.

corrosion control in water treatment.
.,. u .

f- .
.

0
,

,
. . .<'

.
.

.y
.

..

. .

:, .

Instructional Aids: , . .

Handouts
.

..

jrarisparencies , --
, .

Slides
1

k .
.

.
.

Pipe samples , .
. 4

, ,, k N
.

4.
.

. .

.

.

-

Instructfbnal Approach:_

Class Presentation

(

°

.

-

and Discussion .

.
:\

\ . ...

A{
.

References:

-1, New York Health
PlantOberators,

-
.

Depaftment; Manual of Instruction for Water Treatment .

Health Education Service.
2. American Water

Manual, AWWA
Works Association, Basic Water Treatment Operator's

No. M1B, 1971, :
. . .

for the Examination of Water & Wastewater, 14th Edition.3. Standard Methods
. 2

. .

. .

..' .

Class-A,ssignments:' ',

..
.

,

' -. . .

.

.

in references 1 and L. - '..

. .

.

, - .
.

, : -

, .
.

. .

Reading handout materials.
Read assigned Material

1,_

-
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Module No:.

II2XW

Page 5 of,

Module Title::

Basic StAbilization

ApprOx.

.

1.0 hour
(

Submodule Title;

. 1.

Topic:

Introduction
)

ObjectiVes:Upon Zompletion of this topic, the participant will be able.to:
.- \

1.' Describe stabilization end state the reasons°forie-pbSition concern.,
2. Describe corrosion and cite typical concerns. , .

3.' Identify problem areas in treatmenfplants, wells and distribution
systems. : /

InStrUttional

. Handout - Introduction

Pipe samples
'Slides - -.A110 -

Transparencies- Typical Problems

4
".

Instructional Approach:

Discussion

0

ts

.

References: f .

1.

2.

New York Health Department, Manual of Instruction for Water Treatment
Plant Operators, Health Education Service.

American Mater Works Assoiationi.Basic WaterTretment Operator's
Manual,'AWWA No./4418, 1971.

.

,9
Class Assignments: r3

Read hendouts'and reference assigned readings.,

:.
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1

Module No:

II2XWS
(.

Topic: Introduction
U

Instructor Notes: Instructor Outline:

TR NS - BS1

.Stability Deposition.

TRANS' - BS2

Corrosion

,

Note:

If pbsible, the instructor

shouid check with water utili-

ties and DEQ staff to obtain

any examples of pipe _that de-

monstrate corrosion or depo-

sition for use in the class

.and return,

a

416

Discuss stability of a water

a. Really i,s CaCO3 equilibria

b. Used to help analyze waters regrding

deposition arid,corrosve tendency

Discuss examples of depositiok problems

and note the reasons for concern with

ach example. , e.g. How doesthe depo-

si; tion interferd with a water supply

operation

3. Ask_ participants to relate typical de-

position problemSfrpm their 'experience

4. Discuss corrosion
\

a. Chemical interaction - water.rmetal

4s

or ehemiCal & metal

b. Cite and discuss examples .of corrosion

5. Ask participants to relate typical cor-

rosilon problems from their experience



f Page 6 of

Module No:

II2XWS '' .

-

..
. .-

Module Title: .:

Basic Stabilization
,

Submodule Title:
.

t
,

.
.

. 4

. /
4

.Appwox. Time: ._

.2.0 hours .

.

Topic: .

.

.

. .

.

Wa er CheRistry and Water Softening'` , _

Objectives: Upon completior1 of this topic, the participant.will be able to .
.

,

.
.

% .

1. List and describe significant water\qualitY parameters including
hardness, alkalinity, iron, chlorine, fluorides, etc. ...

`2. Describe stability indi.ces*and typicaj analytical approaches. , .

3. Identify chemical interactions of concern in scale .formation .

,

and corrosion. .

4: Describe lime-soda and ion ekchenge softening and the resultant.
water quality.

-

*
. - Langel4er and Ryznar (

1 .
.

Instructional Aids: .
.

.
.

Handout-Water Chemistry; Stability Indices
.

Transpatencies . .

NalcO Aquadraph. . -

.,

.

. .

, ..
. .

Instructional Approach:
. ,

.

\
.

.
. ,

.
-

Discussion . ?, ..

"
.

-.

.
.

.
.

f
. .

.

.

. ..._

References:
.

1. New York Health
PlantOperators:

. .

. . . ..

Department Manual- of'Inst,uction for Water Treatment'
Heal h Education Se ice.

i),a

,
.

2. American Water Works

- Manual, AMA
Associ tion, Basi . .ter Treatment Operator's

.

No, .1118,'-1971. *

for the E' .minat.,- ofWater & Wastewater, 14th Edition-3. Standard Methods

.
,

. .

.

. - '.
C

..
t f

. .

Class AsAignments:' Y. . - ,

:. .

Read handouts and assigned readings.
Use Nalco Aquagraph.

.5#
,.

.

. .
.

.

. 9 : . ,. :
. . ,

,

.
.
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Module Not:.

II2XWS'

Instructor ,Notes:

Page
6

o
0

Topic:
. Water Chemistry and Water Softening

Instructor Ntline:

'TRANS BS-3'

" Water Quality Parameter.

;

TRANS BS-4

Water. Softening Reactions

v. )

TRANS BS-5

SaturationipH

, TRANS BS-6

Saturation pH,

(Larson-Buswell Diagram) 1

lk
TRANS BS-7

Stabil ty Indices

1.' Present, define and discuss the primary

water quality parameters associated with

stability and'cor osion. .

a. Comment on th formation of precipi-

tates and solubility
.

b. Distinguish, between the carbonate and

and non-carbonate systems in hardness

reductipn

c. The emphasis should be on their mean-

ing, significance and units not on

Analytica) pisocedures.

*2. Desoribe the typical water softening

reactions.

a. Stress-the natureof\the treated ef-

fluent quality from the process.

b: Comment on the pH ranges, and excess

lime precipitation process

°c. Discuss the qualitative aspects,of

ion. exchange effluent and include

comments on blending to'achieve a fin -

ished water quality

.3. Define and discuss saturation pH

a. CaC0
3

equilibrium aspect

-, b. Factors affecting pHs

,c. Explain the ways in phich it sail be

calculated (Nalco aquagraph Larson

Buswell gStd.14ethods)

4. DiscusS stability indices

a. Note that the saturation index denotes

tendencies

10

.



Module No:

II2XWS
,

Ins*'uCtbr Notes:

Page'
7 of

Topic:
Water themistry-andWater Softening

ti

Instructor Outline:

t TRANS 8S-8

Ryzn

(1

r Index Experiences

.

Sample ProbleMs
,

1. Via Nalco Aquagraph:

pHs @ 50°F =
pHs @ 160°-F 6.2

Water is depoSi.ting by
Ryznar and Langelier
analysis at 160f.

2. Ans. 798 lbs using
,8.33 lbs/gal

-b. The Ryznar Indei is an attempt:to. .

quantitatively indicate scaling and

corrosion

c.The Ryznar IndOshis an emperical

development. Note experiences with

it in TRANS BS-8

d. These indices are. guide not,absolute

indieatorS: Use lab ator tests and

system samples to'eva atel what is

happening

5 Solve sample problems

a. Stability index analysis for heated

water commercial user. ,

b. Chemical requirements to feed a

corrosion inhibitor.

c. Analyze.data provided by student,:parti-
,

cipants for their plants.
4

\

-f)
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. - . . .. .

.

.

Module No: _Module
.

,

II2XWS
.

0

.Title: .

. . A
# %

Basic Stabilization , -

o

.

Submodule. Title:.
. .

.

.
_

.
.

.
.Approx.fime:

.

.'.

.

1.5 hours -
.

Topic: - . _

.

, .

.

, . .

Deposition Control ...
t_ i.

, .

Ob4e. ctives:Upon completion of ths topic,
.

the participant will beable.to ;...

, % . ., .` -

'"' 11 Describethe-factors affecting CaCO3 de osition. . , - .

2. 'Descri4e,the process of recarbonation f eposition control. . %

.3., Identify the'problems associated with deposition. : . .

4. Describe the use of chelattng chemicals in deposition control.
5. Identify special cases of depoiitidn, e.g. silicates. - ,,'

, .
.

.
. , . , it

. .

-
. . . %

___-- . .

.

. , . ,

. .

Instructional Aids':
. . ,..

-Handouts-Recartionation;
Transparencies'

,

.

.

.

..,

.

.
- .

, '
. . ,

Chelating Chemicals .
.

d' ,.
: ..

.
.

. .
-.

.

. - . ..

- .
.

. .
. ..

.
. .

.
. .

.,
. . .

L .

.. - .

"
. . -

. . . .
. .

. .

.
. .

.

. .

,

.
, ,

onal Approach:

. .

Discussion
.

.

,

.
, ,_

References: -
.

1. NewYfork' Health
' ---'c'- Plant Operators;

.

.# - . .

_. 4 _

Department, -Manual of instruction for Water Treatment °.
Education Service. ',

2: American Water.
Mutual', AWWA

Works Association, Basic Water Treatment Operator's.
No. M18, 1971. . .. .

i . .

..
.

. .

t
.

. . -

. ,

, , -

Class Assignments-:

Rad.handoutsand assigned

,..

4 .

/

.

- . .
.

-

.. .. .

readings. .
,

.

* -

.
..

.

. .

,
.

. ..
.

.

1 2 . .

.
,

,
, .

.
II It

St.
. ' . . .

. .



Module No: .

.112XWS

4

Page
9

__of

.1

DepositionControl

Instructor Notes: Instructor Outline:

TRANS. BS-5

RecarbOnation

tt

to.v4 ?.?

a.

-

See reference article

Raliton, P:H.I"Inhibitin

. Water Formed Deposits with

Threshold Oomposifiohs"

Materials Protection and
. .

.

Performance, p 39-44 June

1972

See N.Y..Manual- p.215

See M18 p.73

,

4 I. Discuss factors effecting Ca003 deposi-

tion including calcium concentration,

temperature, pH, alkalinity and loss. of

CO2.

.

2. Discuss the purposes of recarbonation and

the transformations that'tjke place.

1

a. React with hydroxtdfi§

b. pH Adjustment ,

c. Mi.nimize'CaCO3 deposition on filter

media

d. Comment on pH goals

'3.'-Discuss the probleMs ,associated with

deposItion

-. a: Clogging of plant eedlines and piPing

.b. Increase in resistance to' flow and

d4Ereaseflow coefficient, C.

c. Irregular deposition may seep cor-

rosion opportunities

d. Heat transfer' problems in`pri9ate

and commercial water heating systemS.

Energy &'failures:

4. Discuss the use of cheTating,chemitals,

5.

a. Polyphosphit.6 will tie up or hold

Calcium ,ions and Minimize the depo-

sition of Ca CO
3'

Comment on temper-

ature instability. *

b... Industrial' watefc practice uses phos-

phonates

Comment on s ial cases of deposition

a.- Silicates in fluosilftic acid feeding
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. -Page
10 of

-Module N*1.

I2XWS

Topic:
Deposi tipn Control

I ns.14) or Notes :
--

Instructor Outline: /

7",

See M18p.61

r

1

.b. Calcium or.magnesium fluorides
. .

c. Iron deposits due toxidation of

iron and/or combination,With hydro-1
/

4

fr

xiki de'. 4

d. Manganese deposits

e. Calcium carbonate, iron oxides

in well 'screens and use of acid$

e.g. muriatic acid. Chlorination

for iron bacteria.

$,

r

5
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Module No: ..

.II2XWS

Module Jiti

Basic StabilI. ation

Approx. Time:.

2.0 hours

Stbmodu1e Ti t1

-

-Page 11 of

V

Topic:

CorrO0on

Objpctives:URon completion of this to , the participant will be ablet&

1. De&cribe the common mechanism& Of cor.6sion including differntial r\

aeration, galVanic and stray curr nts.
1

2,../. Identify special cases of corrosi , e.g. CO2, fluoride and chlorine'.
. sys)e1. f

3. Describe factbrs affecting corrosion. . 4 . .

4. Identify methods of corrosion det ction including material ' checks and
water analysis.

.

1 ./

..,.. r '

Instructional Aids:

HS'ndotits-Corrosion Mechanisms; Detection Techniques
Transparencies

Instructional Approach:
.

Diicussion

R erences:.

New York Health Department, Manual of Instruction for Water Treatment
Plant Operators, Health Education Service.

2. American Water Works Assocjatibq, Basic Water Treatment Operator's
Manual, AWWA Nol--/1118, 1971.

-.LI

(49

Class'Assignments:

IF
Read handouts and reference assigpell

.1

o
,

15
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Page '12. of

Module' No:

Ii2X14S ,'
.Corrosioh

A

Instructor Notes: Instructor.butline:

TRANS .AS -1O

Types of Corrosion Cells.

TRANS BS-11

Cerrosibn Cell

Note: Go lightly on the 4e-

tailed chepistry. This is

covered. ip the advanced course.

TRAq BS-12

vairic. Series

!

p.57 M18

p.197 A.Y. Manual

p.215 N.Y. Manual

. Discuss the types of 41rrosion

Indicate examples of each of the types

in 'water Sup0y, practice

a. Galvanic

b. Differreotial Aeration

c. Concentration Cells

d. Differential Stress

e. Impressed Current

,Note: Ask partici'p'ants to cit+ersonal exaM!',-
.

pies ofthe corrosion cells in their

experierke.

Briefly comment on special cases of

corrosion..

(a. Handling of corrosive chemic als regard-.

ing storage & piping e.g.. acids, hypo -,

chlorite solutions

1 b./Copper corrosion from Soft waters con-
,

'41yining,CO2

c. Formation of aluminum oxide- deposits

, d. Corrosion of feed lines with fluoride-
,

salts

113

. Discuss factors that affect corrosion. '

a. Type of-metal & dissimilar aspects
,

b, pH - type of corrosion product and rela-

tionship to stability

c. ',Oxygen.- access to prints on metal su-

face

d., Flow velocity - oxygen availabi

movement of corrosion Products
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Module No:

IhI2XWS

a ie

.

13

Topic:
CorroSion

ristructorHNotes:. Instructor Qutlin :'

TRANS BS-13

106orepsion Couponp

-

+-a

I

441,

coatings
lig

e. Temperature
A
reaCtion rates, s-olubili

ity

. Discuss methods o corrosio\idetection

a. Observations a cl,,reports oPstainfhg

and "red Water'.

Analyze.the wat r supply at various

locations for i on concentrations

d: Remove pipe sec ions, valves and fit-'

tings for obser atiqn

d. Use Of coupons -,a device for monttor-
.0 .

ing corrosion or deposition rates

\ .

5
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Page` 14 oi"

Module No:

II2XWS

Module Title:
A

Basic Stabilization

Approx. Time:

2.0. hours

SubmOdule Title:
.

Topic:

Corrosion Control

Objectivgs:Upon Completion of this topic, the participant willbe able.to
. ,

1. LiSt various approaches of corrosion control.
2.. Describe techniques of corrosion control including water chemistry

',change, use of inhibitors, coatings, material selection,, and
protection. .

e,
- ,

0,

Instructional Aids':

Handouts-LontrOl Methods
Oase Studies
Transparencies

InstructiOnal Approach:

Discussion

References:

1.- NgWVOrk Health Department, Man al of .Instruction for Water Treatment
Plant Operators, HealthsEd cation Service.,

2. Am6rican Water.Works Associatio Basic Water Treatment Operator's
Manual, AWWA No. M-18, 1971.

Class Assignments:

Readvhandouts:and assigned refe'rence readings.
Case studies'.

18



Module No:

I12XWS

Instructor Notes:

,

Page
15

of

Topic:

1,

Corrosion Control

Instructor Outline:

TRANS BS-14

Approaches, to Corrosion Control

p.68 M18; p.206 N.Y. Man:.

See Mullen & Ritter, "POtable

Watercorrolion Control",

p.473-79JAWA, Aug. 1974

..

(

. ,

.

.19

1. Review the various approaches to corro-

sion control

Z. Describe and. discuss alternative techniques

of corrosion control

a. Use of corrosion resistant materials

e.g. stainless steel, aluminum, nickel.,

brass, .s-bestoscement, concrete, PVC:"

plastic,,fiberglass tanks & piping

. Use of coatings and linings -e.g:

izing, cement linings, coal tar enamels;

resins and paints,-zinc silicate paints

c. Deposition of CaCO3; pH adjustment e.g.

use of,lime, soda ash or caustic soda

raise S.I. to: 40.8 to 1.2

d. Use of protective chemical coangs'e,,.g.

cathodic inhbitOrs, phosphatesespecfal-

ly zinc phosphate

e. Cathodic protection. e.g. use of sadT

rificial anodes in water tanks and,

treatment units

a
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Module No: .

.

. II2XW
_

S .

.

,

..,

.

Module Title: , .

-

%.

(

Basic Stabilizationt .

Submodule Title:

,
.

. . .

. -.. ,
,

.

. .Appro5,. TiMe:

G
.

-1.0 dour
-

-

Topic:

Miscellaneous To,Topics and SumMari

Objectives :Upon completion of this topic, the participant wP1 be able .,to. :

. . n

,.1. Identify some speciallelated areas of concern including main flushing',
irbn bacteria, sulfate-breakdown, storage and hand]ing of corrosive
and .depositing chemicals.' ,

. ' .

2;.` Recognize the interrelationships of stabilizationmdeObsition and ..

.corrosion control and various water-treatment systems. ,

. ' .
. .

,

.
. .

,.

. . .

.

0.. . ..
.

Instructional Aids:
. 4

Handout
,

-Transparencies '.'

,

,
. . -

.

, .

..

. , ,.

/

Instruttional Approaph: . .

Discussion
. ,

,

,
,

.
. .

--

.

.

(

References
,

1. New York Health
Plant Operators,

, .,
.

Depactpent, Manual of Instruction for Water Treatment

,

Health EdbcatioeService. . .

:2. American Water Works
Manual, AWWA

..,

Association; Bast Water Treatment Operator's .

No. M18, 1971.

. ., ,

x%

.

<.. _

. ,

Class AsSignments:
. . .

.. Read handouts and assigned referenCe readings. .

. , . .
.

*

.

. , .

,

.
.

' ' 20 ., .
.

. -
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Page 17 of .

tt

Module No

II2XWS

TopiC:
Miscellaneous Topics and Summary

kr

Instructor Notes: Instructor-Outline:

a

-

21

t

1. Discuss some areas uf..related concern

a. Incidene of iron bacteria source,

filamentous nature,
6

and possible.treatment-measu s e.g.

chlorine and copper sulfate

b, 'Sulfate breakdoh in low.flowareas'-

releaseof H2S

c. Water main flushing - does not solve

problems. Dislodging deposits.

Purpo

,d. Storage &'handling of chemicals fluo-

ides, chlbrine re-corrosion & deposi --

tion ,

, .

2. Summarize the chemical-interrelationships 7

of CaCO3 depositiop and its role in-corro-

sion preventiori in chemical softening and

ion exchange treatment plants.
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Module No's:.

HMS- &.II3ADWS

Topic:
Reference Materials Utilized in Developing -

.The Modules,

. /
Instructor Notes: Instructor Outline:

11%

Chlorine Feeding, p.45-58

iron & Manganese Control, p.
59-62

Scaling & torrosiontontrol,
. p.6S-68

Fluoride feeding, p.72-73

Softening, p.171-78

Corrosion & corrosion control,
p.197 -207

Fluoride deposition, p.214-15

Operation& Maintenance of
Distribution SystemS, 219-20

Plant Structures, p.234

Marble test, p.281 -83

Filters in Softening Plants;
p.277-78

Corrosion Phenomena Causes
and Cures, p.295-312

Chemist* of the Lime-Soda.
gggcess, p.313-39

Iron and Manganese; p.378 -396

Hydrofluosilicig Acid, 419-20

Nuisance organisms, p.494,

'Wells, p.60 -67, 73-77.

Metallic Corrosion;,,p.274-88

.Recarbonation, p.514-88

Misc. methods oftreat., p.
572-77

.2

AWWA, Basic- Water Treatment' Operator's)
Nanuaj, AWWA No.M18,

of,HealthOlanual'of Instruction
for. Water Treatment Plant Operators,
Health E4uc. Service, N.Y.

N
a

AW4,'Inc. Water Quality and Treatment,
3rd .Edit. McGraws-Hi ll;171971

.3.

Babbitt, H.E:, _Poland? Cleasby,
-Water Supply Engineering, 1962

-
fw

Ir
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Module No's:

I 2XWS & II3ADWS

Topics
Reference Matenials Utilized
The Modules

Developing

Instructor Notes: Instructor Outline:

Calcium Carbonate Saturation,
p. 61 -63

Iron SylfunBacteria, 993-999

Chemical equilibria, p.31-3&,-
p.59

Alkalinity, p.327-39

Hardness, p.347-355

Water Softening, p.356-62

Iron & Manganese, p.446-52

Chemical Precipftation, Stabi-
lization and Ion- Exchange,
p.29-1 to 29 -34

Co osion, 30-15 to 30-26'

)

2 3

Amer, Public Health Assoc., Standard Methods
for thel Examination of Water, and-Waste-
water, 14th Edition', 1976

Sawyer:, C.N: & McCarty, P.L., Chemistry for
Sanitary Engineers, 2nd Edit. 1967

Fair,e0.M., Geyer, J.C. & Okun,
Water and Wastewater Engineering;
2. 1968

O

Xleberl John,P: "The Effett o1 Quality--
on' the Corrosion of Pipej_ines", p264-290
Proceedings of-the Second Annual Under
ground-Corrosion Short Course, Late 1950's

Larson, T.E. "Corrosion by Domestic Waters'
Illinois'State Water Survey,Study, 48 pages,
mid 1970's

RalstOn:P.W.., "Inhibiting Wat mined Depo-
soft witeThreshold-Compositions", p.39-44,
V.11 No6 Materials Protection and Perfor- .
mance June 1972

Mullen E.D'. & Ritter, J.A. "Potable Wateir
,.Corrosion Control' p.473-79, JAWWA, Au
1§74'

Corrosion Article Series - Aug 7410AWWA

Weers, W.A. & Middlebrooks, E.J.; "A.Review of
the Theory and Control of Corrosion", R18-R28,
'Water and Sewage Works, Ref. No: 1967.
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STABILITY OEPOSITION-.

STABILITY - CaCO3'EQUILIBRIUM., A cHARACTERI.STIC OF A WATER RELATED
.J0 ITS-TENDENCY TO DEPOSIT CaCO3 OR BE CORROSIVE TO. METAL ,
..SURFACES

DEPOSITION tONCONS ,

. .

DEPOSITION IN TREATMENT PROCESS EQUIPMENT AND PIPING - eg. CaCO3;
Iron oxides, CaF - Interference with flow and operations

DEPOSITION ON FILTER MEDIA - Media change, backwashing

°DEPOSITION 0 CaCO3 IN DISTRIeUTIONSYSTEM - Resistance
head loss
. -

DEPOSITION 'WHEATED .WATER'SYSTEMs - Heat transfer, failure

to flow, Inc.

IRON DEPOSIT
culdtion

'MANGANESE D

FROM OR NATURAL SOU
-Staining, 'Water flow

SITS FROM'NATURAL Mn SOURCES

kgs , Iron bacteria, Tuber-

- Staining

WELL SCREEN ENCRUSTATION AND WELL EQUIPMENT DEPOSITS - Restrict flow

-TRANS-BS-1

25

0

.4,
lL



CORROSION.'

21

.

-CORROSION - THE DESTRUCTION OF A METAL BY CHEMICAL OR ELECTROCHEMICAL
REACTION WITH ITS ENVIRONMENT

. ,

ORROSION CONCERNS

4,

LOSS OF META .UPING DUE TO WATER-METAL SURFACE ACTION - Pitting-
A

INCREASE IN IRON CONTENT OF WATER SUPPLY - Staining .

'.

DEVELOPMEUT OF IRON DEPOSITS - Tuberculation:staining; water floy/ -

DETERIORATION OF PROCESS S-EQUiPMENT IN CHEMICAL )FEEQ AREAS - eg..Hypochlori-te:

'H2SiF6
I

.

EXTERNAL CORROSION OF METAL SURF ES IN,PRO .SS AREAS, PIPE GALLERIES,-
. Interference, ApRedranc4, -

. ,

EXTERNAL COSION'OF BURIES PIPE

COPPER CORROSION WITH SOFT WATER Staining

WELL SCREENS, CASINGS, SHAFTS .

I.

4

z

.4"

I

.

NN k

. .

,

$-)

BS-2

? 26

4.
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WATER QUALITY PARAMETERS

pH - log
1 less than 7 - Acid

greater than 7 - Alkaline

ALKALINITY -

IRON 7

Hydroxide-(OH:)
Carbonate (CO) j

AcarbOnate (HCO3)

HARDNESS wium (CA-14); Magnesium,(Ag44)

rbonate (s= Alkalinity e.g. HCO3)

No carbonate (- ,,S074)
_

.,

Ferrous (F ); Ferric (Fe++ )

22

PHOSPHORUS Polyphosphate e.g. Na3(PO4)6.

Orthophosphate e.g. Na3PO4

, polyphosphates hydrolyze in aquew solution
to the orthO form - rate of reversion increases
/with temperature increases.

t

I /

4.0

A

TRANS B5-3

27
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WATER SOFTENING REACTIONS

Chemi cal, Precipitation

4,

Ca(HCO3)2-+ Ca(OH)2 = 2 CaC09 + 2 H2O (.4

.Mg(HCO3)2 4(011)2 = CaCO3 MgCO3 2H20

MgCQ3 Ca(OH)2 CaCO3 4-Mg(OH.)2

9.

MgS0
4

+ Ca(OH) = CaSO4 Mg(OH)9

.CaSO4 Na2CO3 = CaCO3 Na2q4

CO2 4 Ca(01-)2. = CACO3 + H2O

Ion Exchange

-Kg
Qa

Mg
Ca}} (HCO3) g'Na = + 2 NaHCO3

}M9
X04 Na2R

mC

Na2SO4

TRANS BS-4

28
°

a.
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:SATURATION pH

*244 ;

0.

THE'pk AT WHICH'WATER WOULD NEITHER' DEPOSIT NOR DISSOLVE

.CALCIUM CARBONATE

FACTORS AFFECTING pHs ARE: Calcium
.Alkalinity
Temperature
Total Dissobied Solids

CULATION:

1.USE NALCO AQUAGRAPH

2. USE LARSON-B1 PEt1 DIAGRAM

3. USE STANDARD AETHODS TABLES, (p. 62)
St

I

g

.

.

.'

filt`P
.

.

.

..tRANS BS-5 '4%

29:

o.
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4.

4

PAGE 25 "SATURATION PH LARSON-BUSWELL DIAGRAM"

REMOVED PRIOR TO BEING SHIPPED TO EDRS FOR.

FILMING DUE TO COPYRIGHT RESTRICTIONS.

30

Th
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STABILITY INDICES /

LANGELIER'S SATURATION INDEX,

S.I.,= pH Actual , pHs_

Where pHs is the pH of saturation

A plus value indicates:.
A lack of excess CO2
CaCO3 scale-forming qualities

.A minus value indicates:'
An excess, of CO2"

. Scale dissolving pr erties

Note: The S.I. is not quantitatiye ut shows

directional tendency

0

S

A

RYZNAR INDEX (R'.I.)

R.I. = 2 pHs -- pH

Values grealeAthah .0 indicate a corroive wat2r

Values 7.0 4`6dicate a scale-farming water.

Note:. The Nalco Aquagraph uses. 6.0 as a breakpoint. Alio,
see, figure.,

t

TRANS BS-7.

31, _

4 'I

4 /

4.-

4,
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rICRuSTADON

27

.,
VERY HEAVY SCALE

...

...

. . . .

-HEAVY SCALE AT 150F .

HEAVY SCALE AT 60F -
Pg'''' HEAVY SCALE IN HOT WATER HEATERS

HEAVY SCALE IN HEATERS ANO COILSp SCALE IN HEATERS .

SCALE IN HEATERS

SCALE IN HEATERS

SCALE IN HEATER COILS ..e-0, SOVE SCALE AT 60 F t .

SCALE IN HEATER UNLESS POLYPHOSPHATE AODEO .

SLIC.IT SCALE-CORTOSION HIGH TEMP.- POLYPHOSPHATE4 PRESENT
NO CITCIATIES EXPEFgENCED

11......._ COYFLA'NTS HECLG 31.E ...,\ 1
0 ---- HO SCALE OR CORROSION. .

1.- PRACTICALLY HO KO WATER COMPLAINTSNTS

ONLY SLIGHT CORROSION AT iso L
. , SCALE IN VAINSAm

PRACTICALLY NQ COARLAITS
CoRa3SION i -:L..

.
QUITE CORROSIVE AT 150 F c.

,. .LOVCSION IN HOT WATER HEATERS

CORROSION 'IN COLD WATER NES

O SEVERE CARRQSON -RED WATER
.SOW( CORROSION IN COLDWATER MAINS .

32' RED wATER CO:PIA:NTS IN ONE YEAR
'_ CO.ROS:ON IN COLD WATER MAINS

TOSIOH IN COLD WATER A'NS

NLIVEROUS COMPLANTS, OF RED WATER
Nil RED WATER

SEROUS CORROSON AT 140 F
.

O 234 RED RATER tOYPI.ANTS IN ONE YEAR
%Tay cor,possvE AT 150 f I

SEVERE CO BOSTON -RED WATER 'g .

30
-..

I
.

.i4

.A .
s. .., .

22 CORROSIVE AT 60 F

1 -I
. .....

.O CaRROSNE 70 COLD WATER MAINS. .
0 VERY CORROSIVE AT 60 AND 150. F * i9 CORROSION II MAL SYSTEM . .

120
SEVERELY CORROSIVE :10 MAINS AND INSTALLATIONS

...... I
.

J

X304 Reported

Complmnts !get ble .0 C.c.rovan.I

_a

a ,

TRANS I35.-8
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RECARBONATION

EXCESS. LIME (Hydroxide)

\

Ca
++

+ 2 OH -+ CO2 CaCO3 + H2O

SUPERSATURATION WITH CaCO3

CO2 + CO3 + 2 HCO3

,.

MAGNESIUM HYDROXIDE.

=
'Mg

++
+ 2 OH + CO2., Mg

++
+

a
+ H2O

TRANS BS-9

33
,

I

ti

28

so
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TYPES OF CORROSION

CORROSION CELL .

\

GALVANIC-K

DIFFERENTIAL

CONCENTRATION

29

AN ELECTROLYTIC CELL IN WHICH METAL
IS REMOVED FROM THO ANODIC (Negative)
AREA DURING THE PASSAGE OF DIRECT .

CURRENT BETWEEN THE/CATHODIC (Positive)
AREA AND NHE ANODICPREA.

TYPES E.CELLS

( DISSIMILAR METALS e.g. CAST IRON and
-COPPER

RATION TWO PORTIbNS OF THE AETACRECEIVE OXYGEN
AT DIfFERENT RATES

1

CELLS

DIFFERENTIAL STRESS'

IMPRESSED-CURRENT

THE VARIATION'INCONCENTRATIONOF DIFFER-
ENT SUBSTANCES IN SOILS CAN CAUSE1A COR-
ROSION CELL TO BE FORMED

STRESSES e.g. WELnING.CHANGE THE PHYSICAL
CHARACTERISTICS OF A METAL - CANEAFFECT
ITS,ELECTRO-POTENTIAL

41,

WHERE "GROUNDING" IS PRACTICED. THE
LOCATION. WHERE THE CURRENT LEAVES (Anodic'.
Area) MAY SHOW INCREASED CORROSION

a

IP

TRANS-BS-10

34
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tORROSION'CELL

H2O
IA+

-2v2A
2H+ 2e* 2H=

Water

.

30

COMMENT: AREAS OF ACTIVITY

THE AREA TO WRICH OXYGEN HAS EASIEST ACCESS
TENDS TO BECOME THE CATHODIC AREA.

Interior,

surface
,

THE AREA Tb WHICH OXYGEN HAS ACCESS WITH
DIFFICULTY BECOMES THE ANODIC AREA.

tr

EXAMPLES OF ANODIC AREAS OR AREAS SHELTERED AGAINST OXYGEN
ARE: ,

:PITS OR DEPRESSIONS IN THE METAL.

AREAS' UNDERLYING MILL' SCALE OR' PRODUCTS OF
CORROSION'

e

\

AREAS BELOW BIOLOGICAL GROWTHS

4

TRANS BS111

35

r

a-
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Galvanic Series of Metals and Alloys'

a

Corroded end

(Anbdfc or least noble) Magnestm -

Zinc.

Aluminum (cdmmercial pure)

$feel or iron

Cast iron

Lead

Tin

Brasses

Copper

Bron2e1

Chromfam PIL iron (passive)

Silver'
Protected end

...Graphite

(Cathodic or most noble)
Gdld

4 <4

TRANS BS -12

36.

Platinum

'

7

°

6
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COUPON EVALUATION in DISTRIBUTION

RetlSu.ntess
Steel

No.condveW
§woort

Holdng Sae.,

Co.0311-1010
WWUM

td

Rol

Front Vm".

0 ~1
Res Viers

Fig. 6. Distribution-System Coupon-Holder Assembly

Fig. 6. Corrosion Coupon Assembly

4

1

\

`Ref: Mullen-& Ritter,

"Potable Water Corrosion_...-

Control ", p.473-79, J-

AWWA,., Aug. 1974. /

AWWA WATER QUALITY GOAL:''90 daffy tests

Incrustation onie stainless steel not to exceed 0.05 mg/sq.cm.

Loss by corrosion of galvanized iron not to exceed 5.0 m g/sq.cm.

Ref: p.62 AWWA Journal .September 1973

TRANSBS -13

3.7
41.
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I
APPROACHES TO CORROS ON. CONTROL

-115E CORROSION RESISTANT,MATE6ALS'

USE.COATrkGS AND LININGS

.j DEPOSITION OF CaCO3 AND pH ADJUSTMENT

PROTECTIVE CHEMICAL COATINGS
.

CATHODIC PROTECTION

A

y

A

TRANS BS-14 ,

38
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TRAINING MODULE II2XWS
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PARTICIPANT INSTRUCTIONAL MATERIALS

, . . a

. Each participant will receive.an outline.of the module topiCs.with supple-

mental comments as.appropriate. This outline is to assist the participant
in preparing for class discussions and guiding the students in their study .

of ittference materials and transparencies.

II. 'Students .1011 receive a xerox copy of each transparency.' If desired, NALCO
aquagraphs can be obtained from the- NALCO Chemical Co., Chicago, Illinois.

III. The- Nett,Tork Manual and the AWWA M18 Manual should proAbly be required for

the modules. They should be owned by the participants as they are.of value
fOr other modules and as general reerces4fen

0 k i
.

If the participants do' not own these referencet then permission should be' '
,., ..

. obtained to provide them with xerox copies of the pi-imary, subject material.
%

IV. Someof the examination questions could be used as.clasS study questions ot",
a means for evaluation of the instruction. They could also be supple
based on the instructor's treatment of the topitt.

.

.

40

al

. 0.
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II2XWS BASIC 'STABILIZATION MODULE .

STUDENT OUTLINE

Note: Participants will receive a copy of each transparency used in
-the presentations. -rarticipants will receqe.appropOate refer.:
ence material from the New York Health Dept. Manual.of-Tnstruc-
tion for Water Treatment Plant Operators and from the AWWA M18,

°Basic Water Treatment Operator's Manual.

Participants are encouraged to bring documented examples of cor
rosion and deposition problems and solutions to the classor
group discussiori and analysis. Pipe or fitting samples and/or
photographs are especially of interest.

Introduction

A. Stability of Water (Trans BS-1) *
1. Relates to-CaCO

3
equilibria - is a water depositing or.not

regarding CeCO .

2. it Ps used to hip analyze water supply tendencies to be
depositing or corrosive. '

B. Examples of deposition. (Trans BS-1)
1. Note the types of deposition problems.
2. Observe the nature of the interference with a water supp1j

function
3. Describe examples of deposition problems in your water

'supply. and treatment system .

C. Oorrosion (Trans BS-2)
Nate the definition and chemical nature of corrosion

2. Observe'the'types of corrosion and note the water supply
Problem associated with each type

3. Describe examples of corrosion problemS in your water supply ,

and treatment system

II. Water Chwistry and Water Softening

A. 'Review and discuss typical water quality parameters (Trans BS-3)'
. 1. 'pH - alkalinity - precipitation relationships

2. Note types of hardness and how they rglate to each other

.
3. Note the forms of iron and the more insoluble ferric state

and theinore insoluble ferric state and its precipitates
. 4. Compaee'polyphosphates - Na3(P03)6 and orthophosphates --

Na
3
PO° -

B. Water softening reactions (Trans BS-4)
1,. Review the typical chemical reactions
2.- Note the higher pH requirements 'for magnesium removal.

The unreaCted lime and high OH- concentrations lead:to the
. need for recarbonation. Lime softened waters tend to be

depositing.'

_J.

41
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.3. In ion exchange note that there is no decrease in alkalinity.
Ion exchange waters need blending for optimum water quality
and stability. They tend to'be corrosive waters.

C. Sapration pH (Trans BS-5 &.BS-6)
1. .Note that the saturation pH refers to the CaCO equilibrium
2. Note the fadtors affecting, pHs. Observe changds in pHs as

you change the water quality factors. (Use Larson-Boswell
Diagram or Nalco Aquagraph)

D. Stability indices (Trans BS-7 & BS-8)
I. Note that the Larigelier (SA'.) Index indicates tendencies

and the numerical values do not denbte quantities.
2. The Ryznar Index was developed with the intent to quantita-

. tively predict scaling or corrosion. Trans BS-8 illustrates
some experiences with various R.I. values.

J. 'These indices are guides not absolute indicators. Laboratbry
tests and field water system samples sNould be used to fur-
ther evaluate the response of any water system.

III. Depbsition Control

A. Review the factors that affect CaCO3, deposition including calcium
concentration, temperature, pH, alalinity, TDS and loss of CO2.

B. Note the recarbonation reactions in chemical° softening (Trans BS-9)
I. The functions of the CO, addition include reaction with

hydroxide, pH adjustment and decreased CaCO
3
deposition

2. The purposes of recarbonation relate to the stability of the
treated water in the water plant e.g. minimize deposition of
CaCO

3
on filter media and in the distribution system.

C. What are the problems associated with deposition
I. Plant Piping and fittings may become clogged with deposits

and not:function properly.
i!. Piping systems may develop an increased resistance to flow.

This could result in increased head (pressure) loss and affect
I flow rates and pumping energy requirements.

3. Irregular deposition in piping could lead to the development
of.differential aeration corrosion cells.

4. Deposits on heating surfaces result in increased.energy re-
quirements in heated water systems. Severe deposition could'
result in failure of the system.

,

.... .D. Deposition rates can be affected bpthe use of, chelating (seque'-
tering) chemicals, , .--
1., Polyphosphates can be used to tie-up or hold calcium ions-in

solution and control or minimize 'their deposition as CaCO3.
- .2. -Polyphosphates `are used.ahead of rapid sand filters' and

. -

in distribution tystems:
3. Some polyphosphates revert back to ortho phosphatb form and

lose their chelating ability. This change increases with
temperature e.g. in a 140° F hot water system.

4. PolypIlosphates can also tie-up orhold soluble iron (ferrous)
in solution.

,
.

42.
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5. Industrial water operations have successfully used phos-
phates as'chelates.

E. There are many special cases of deposition in water syStemS%
Some examples include the following
1.. Silicates in fluosilcic acid feeding
2. Calcium and/or'magnesium fluorides
3. Iron deposits - oxides and hydroxides
4 Manganese deposits
5. CaCO

3'
iron oxides etc. in-well screens

IV. Corrosion 0 .

A.* Note the various types of corrosion cells (Trans BS-10)
1. Note the featdres of a typical differential aeration cell

(Trans BS-11)
2.- The galvanic series (Trans BS -12)' can be used to help pre-

dict potential for galvanic. corrosion due to dissimilar
metals

B. There are several additiobal types of corrosion occurrences.
They include .

1. Handling of corrosive chemicals e.gvcids, hypochlorife
solutions

2. opper corrosion due to soft waters containing-C42and
4/other anions e.g. chlorides

. Aluminum oxides
4. Feed,line corrosion with fluoride salts

C. Several physical and chemicalfactors affect corrosion and
corrosion rates
1. The nature of connecting metal surfaces in the galvanic

series can result in a corrosion incident
2. High pH values (>9.5) tend to.decreasecorrosion rates d4e,

to deposition otCaC01 and corrosion products
r.

3. Differential accessof dissolved oxygen to metal surfaces -

can lead to the development and continuation of corrosion-21
cells

4. Intreases in flow velocities can increase oxygen availabil-
ity, increase the removal of corrosion products and extend
the distribution of corrosion products and coatings:

5. Increases in temperature tend to increase corrosion rates
and also affect the solubility of compounds e.g. CaCO3.

D.. CorreAiop detection,
*-

1. The existence of corrosion of iron piping can be noted by
observing "red water" conditiod, staining and tuberculdtion
of, the interior surfaces of piping.

2.- Increases intiron concentration in the water supply disttibu-
tion system are indications of corrosion in the system

3. Pipe sections, valves or fittings can be removed for inspection
4. Coupons (Trans BS-13) can be inserted in piping systems to

monitor corrosion and deposition
so.
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V. CorrosiOn control

38

A. Review the approaches to corrosion control (trans BS-14)

71=1111

B. Many'laternate terAiques7can be used alone or in combination
'to achieve corrosion control
I. Cori-osion resistant materials e.g. stainless steel, aluMinum,

nickel', brass, asbestos cement, concrete, PVC plastic and
others can be used. Fiberglas's and rubber, - 'lined tanks for

chemicals are used
'2. -Metals can bp galvanized and cement linings are commonly

used. Various paints and chemical coatings can be applied
.e.g. coal tar enamels,, epoxy resinssind,paintgi zinc silicate
paints, etc.

3. The pH of the finished'water may be adjusted by alkali feed
(lime, soda ash, caustic soda) to raise the Langelier Index
to a positive value say 0.8 to 1.2. This procedure is an
attempt to have a CaC%. depositing water.

4. Protective chemical coftings may be created by adding catho-
dic inhibitors. Phosphate only feeds must be quite high and'
there is a probable EPA water quality limitation on phosphate
levels. Success with a zinc-ortho phosphate.compoundhas
been reported.

5. The concept of cathodic protection n be practiced., A sacri-a
ficial metal (anode), one that Wil corrode based on the
galvanic series, can be utilized e.g. magnesium in water
heaters. This type of has been successful for water
storage ta and water treatment units.

VI. Miscellaneous Topics and Summary
4

A. There are several areas of.concern in water supply treatment
and distribution that relaje to corrosion and dep4ition problems.,
Some example include - , .

I. Iron bacteria are associated with iron problems in wells and
distribution systems".::They can cause staining, iron.deposits
and interference with floW. Copper sulfate and chlorine have,

?

been used as treatment measures
2. In water distribution systems with low.flow.regiOns and high

P sulfate-levels, sulfate. can break down bacterially to release
. H S. The H,S can react further, to.form acid solutions and/or

Sblfide, depbsits.
3. Flushing of water mains is practiced to remove build-ups of

deposits,. It is also used to temporarily minimize "red
water" problems in local areas. Flushing is a temporary
solution, and can also cause problems with deposit movement.

4. Many chemicals must be'stored and handled with concern for
deposition and/or corrosion conditions e.g.' fluorides,
chlorine solutions

B. Note the Inter-relationships of CaCO deposition as a problem,
if in excess, and as a solation.to cdrrosiodcontrpl. Note the
differentoapproaches to chemically softened waters and-ion
exchange softened waters.

+.,

s

1.

4
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SAMPLE PROBLEMS

39

I. Your municipality is supplying water of the following quality
to a commercial ,user. They ark heating the water to 160°F for
use in a laundry operation. They dre losing,their water beaters
within.2 years and they have a 5 year warranty. By analyzing
the water stability indicate what You think may be the problem.
The water receives no treatment' prior to the heaters.

.CalciumHardness 2500 mg/1 Total dissolved solids 400 mg/1
Alkalinity ( Temperature 50°F
pH / 7.0

2.- A water treatment plant has decided to add 1.5 mg 1 of a corrosion-
inhibitor to its finished water. If the Average f w is 710,000
gpd, how many pounds of chemical would be needed fo a 90 day
supply?'

Of
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EXAMINATION. QUESTIONS

40

Note:. The sequence of qiiestions ,generally follows the pattern of topics
and objective 'presented in the module. .

1. When a'water is considered tobe stable

a. It will cause iron togo into solution readily
b. It will deposit CaCO3

(

c. Phosphates should be added to oxidize the iron
d. It will not deposit CaCO3

2. 'T or F

Tuberculation refers to a water borne bacterial disease.

'3. The deposition Of. ,CaCO3 i n ,piping systems

..,
a. Is associated with lime softening plants
b. Will 'increase the 'resistance to flow
c. Can limit the carrying capacity (flow)
d.' All of the above

hir

4. Depositsof CaCO3 can be extended further into. the -distribution system
by using

a. Carbon dtxide
b. Polyphosphates

Soda ash
d. Potassium 'perrnanga.nate

5. Two causes'of mell screen blockage or deposits are

a.

b., .

Jo
6. T -. or .F

o.

One of the primary fad-tors that affect external corrosion of pipe is
the soil- chemistry.

7. Two specific examples of deposition in a water treatment plant are

0. d o,
a.

b.

., 8. `T' or F

Hard 'waters' tan resul depositibn problems with some fluoride
feeders/4?

9. T or .F

Soft waters are 'espedially corrosive to:copper piping systems.

3.e 46
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.1. 10. T or

Cation exchange softened waters tenfl to be corrosive waters.

11. 'A positive Langelier Index indicates that a Water

a. Contains too much manganese
.b. Tends to ,be a depositing water.(CaCO3)
c. Tends to be corrosive` to iron
d. Has excess magnesium

12. The alkalinity of most ground water supplies .is primarily due to

a. Bicakonates (HC6)
b. Hydroxide (OH)
c. Carbonate (CO3)
d. iron oxides (Fe203),

13. T 'or F

In lime softening the alkalinity of the water supply is decreased,
the pH increased and the iron content decreases.

14. T or F

The calcium hardness of a water is normally equ,a1 to the total
hardness4inus the magesium'hardness.

"*

15. T or F
. .

.

Ion eXchange reduces the carbonate and non-car bonate harchess
whereas lime softeni(ng'Only reduce, the carbonate hardness.

4
4

16: T or F.

Iron is most insoluble in the ferric.(Fe
I-

44) state.

u.
17. The four water quality characteristics that are used to calculate the

pHs- (saturation pH)..are total dissolVed solids,
and c

18. The Langelier or SaturAion Index-is equal to the pH-pHst-

19. The Ryznar Index is equal to two times the pHs minus the actual, pH.

20. A laboratory test that can be utilized to analyze for calcyGm carbonate
deposition tendencies is

a. 'Oxidation-reduction
b. Marble
c. Crenothrix
d. The hydroxide/taibonate

47
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11. T or F

!

.Iron can precipitate as iron oxides and iron hydroxides..

22. T; or F

A_water with high pH, high alkalinity and.high calcium'content
would likely be'a depositing water.

42.

23: T or F

The process of recarbonation resultS in a decrease in the pH of
the water.

24. Recarbonation'of a water to protect filters

a. Reacts with.excess QH ions
b. Reacts with CaCO3_ 4C

c. Increases the HCO3 concentration
d. All of the above

25. Recarbonation.of water refers to the addition of

a. Soda ash, Na2CO3
b. Carbon.dioxide, CO2
c. Activated.carbon,
d. Ammonium bicarbonate,..NH4HCO3

26. T or F
4

4

Tie flow resistance of piping increases,, that is the C value decreases,
with increases in deposition.

27. Phosphates will tie up or chelate ferric (Fe
*IA-

) iron because it is
the most soluble form.

28. Phosphate added after recarfmnation and prior to filtration in a Water
-plant

a. Ties 'up (chelates) calcium and minimizes CaCO3 deposition
b. Provides a nutrient for the bacteria to aid the filter
c. Flocculates any bacteria or algae present
d. Causes iron to precipitate

29. T or F-

.

Higher temperatures in home and commercial water systTs will increase
deposition rates of CaCO3

;!.

30. rrosion of iron in piping can

a. Result in increases fn the iron conte of the water
Result in the development of tubercul Lion

c. Provide a Source of iron for iron bac ria

d. All of the above

.48
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31. T

0

.Galvani,c corrosion can result from the contact of dissimilar metals.

32. If a electro'chemical 'corrosion cell is established with copper and
cast iron which metal will corrode (anodic)

a. Copper
b. Cast iron

33. Blue-green Staining of enamel fixtures-could result' from

a. anganese
b. opper corrosion
c. ubercuTation

4r
34. What is pitting corrosion and how does' it develope?

35. TWo ways to analyze a cast iron distribution system for corrosion
are

a:

b.

36. For each of the factorsllsted indicate how it affects corrosion

a. Alkalinity
b. Carbon dioxide
c. Dissolved Oxygen
d. Flow velocity

37 . Ci tea an example of corrosion concern i n a

a. Fluoridation system

b. Chlorination system

38., List two chemical 4pproaches to corrosion control in 0-11stribution
system.

a.

b.
4L ,

39. ,Whit of the following is an example of a corrosion inhibitor

A ..

a.. Sodium al umi nate . le
,.

b. HOC1
/o. Zn- Phosphate

i'd. NH4HCO3 . <

-

4
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40. Whichof the following could be used to protect against steel or
cast iron corrosion via cathodic protection

a. Chromi-um .

b. Tin.
c.. Magusium

T or F:

Feeding,of alkali Aemicals is done to yield a water that-is detiostt-
Ing or n n-corrosive.

42. List-thc.e exampl-W-of the use of alternate materials for corrosion
control. ti

'v

a. 1

////

b.

T 'or F

Main flush4ng will permanently correct corrosion proyems,
: ......--

44. Main flushing could actually(cauie increase staining problems because
., ,...... '

\ S
A Sr

a.L.'--Lt,adds o);Stgen04 .

b. It woult)dislodge depositsc ,It incregski iron bacteria growth 15?

r

45. What are'two ma4erlals that can be used with corrosive chemicals to
prevefft cati-os4on -' . .ct,,

&
G

.

.
.;(...-

J
..a. , OF .

b. ,
, , J 4

46. T. or F, % 't - , (. I
AKt

.

Hydrogen sulfide formation ip a high sulfate watee will most.likely
occur in high flow distribution areas ne4r the water plant. .-

".,s,01
4721 or F f . .

-t%

44
s

Iron bacteria can.deve lopg deposits inlyfping systems.

4 4

48. List one control or teeatilient technique f4 i;ron bacteria 4n.a,water
. Isystem. .

a'

50

t

9

4


