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| . o ‘\ RBSTRACT IR

Bas1c Stabilization is a tra1n1ng'modu1e for water treatment p]ant operators.
o It is prepared in objective form and is intended as a jguide for an instryctor
) familiar with stabilization and corrosion control. Upon completionsof this

-module the part1c1gant will have a better understanding pf the analysis of

these problems and be .able to ]denﬁl
cipants shquld have some backgroun

fy and recommen
in water chemis

ledge of water treatment and distribution ‘systems.

% contro] measures. Parti-
ry and analysis and know-
Tota} tontact Time will -

be 10.0 hours. The instructor should have a b]ackboard overheaderogector
and a.2 x 2 slide prOJector
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Module No: Module Title: - L e
. ) ". - . ' ) ' . \ .
T1I2XWS . fBasic Stabilization '’ , .
’ ' Submodule Title: - . T ey s
~ T N . * o, °
Approx. Time: _ . ‘ T
i .9 - {Topic: ¢ T : T .
+ 10 hours o ; . ) S
. Summary > . o T

ObJect1ves Upon completion of this module, the: part1c1pant will be able to

1. _Describe the stability analysis of a water and depos1t10n contro]
2. "Describe the -common mechanisms of corrosion,
3. Describe methods of corrosion detection and’ eva]uat1on T~ ,
4; Describe methods of corros1on/Eontro] . ..
5. Identify special.areas of concern regarding depos1t1on and
' corrosion control in water treatment. ) e
f‘ . : ‘ ’. e . J ﬁ' ) . ‘
\ 4 ¢ ’
~ ( ) - "‘ P
s 'Y . .
Instructiona] Aids: - ’ ’
Handouts , a } .
,Transparenc1es , T : RN
~ Slides ’ s ) S - .
Pipe samples . . . a
. ’. R e . . . .-
Instructtonal Approach: = ¢ - - ' ' . L

CYass Presentat1on and Discussion

’
- . N
‘
3 .

( N\

References \ ' - ' . T

'1@ New York Hea] th Department, Manual of Instruction for Water Treatment
' Plant ‘Operators, Health Education Service.

' 2. American Water Works Association, Basic Water Treatment Operator's

Manual, AWWA No. M18, 1971. , : B
3. Standard He %ethods for the Exam1nat1on of Water & Wastewater, ]4th Ed1t1on

’ ‘
’

C]ass*Aséagnments.' ! - . .
Reading handout materials. = ° - .
Read assigned mater1a] in references ] and Z - e -

.
5 .. jt °
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\ .
wt L] .
» . ’
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Page 3 of
Module No:- ) Module IitTe{‘ ~:4 L - R
Izws, . | Basic Stabilization e e
. ] " |Submpdulé Title; : .
Approx. Time: s L if _j> . _
" 1.0 houtr °, . Tope: - LT

\ 0bJect1Ves Upon Tompletion of th1s top1c, the participant will be able.to:

A

1. Describe stabilization and state the reasons for~depe§1t1on concern.
2. Describe corrosion and cité typical concerns.

3.7 Identify prob]em areas in treatment plants, we]]s and d1str1but10n _
systems, ] <§ / ;;_ i
. S < / . : SO

. . -
- . -

-

| Instructional Aids:. . o , o

. Handout-Introduction ™ . . ] - ® \\
Pipe samples _ - '

Y 1=Slides S D ' S
Tnansparenc1es Typlca] Problems - . . '

[

-

Instructional Approach: =~ - = .. ' t
. » ’

N . ‘ o v . 4
Discussion ) . S

References: / ) '
1. New York Health Department, Manual of Instruction for Water Treatment
Plant Operators, Health Education Service.

American Mater Works Assoc1at1on, Basic UateroTreatment Operator S
Manual, AWWA No.,l.ms 1971,

. .
i - . -
. . - ~

2.

-/

-

Class Assignments: ' 3

L
,//

Read HdhdqutS'and reference assigned readings.

. L. "‘ro .
. ., v Lo . . ~ . - s
' - ' . ' . .
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ﬁodu]e,NO:" Topig: Introduction
12X0s - L. ,

-

Instructor Notes:

Instructor 6ut]ine:

- ) e

Note:

~ -
T TRARS - Bs1
_Stabi]itj\x.Deposition

~o
f .
- . «
3
3 - ' .
* TRANS - BS2
¢, Corrosion
»
(9
[}

/Lf Rossible, the instructor
should cpeck with water utili-

* #ies and DEQ spaff to obtain

any examples of pipe.that de-
monstrate corrosion or depo-
sition for use in the class

| and return

a »

RN

i~

3

1, Discuss stability of a water
a. Really is CaC'O3 equilibria -

b. Used to help anatyze waters reg¥rding
deposition ard,corrosive tendency

-

2. Discuss examples of dgpasitioi problems
and note the reasons for concern with

" pach example. . e.g. How does’ the depo-
sition interfere with a Méﬁér supply

° N -

operation -~

3

4

| © 3. Ask_participants to relate typical de-

position pkob]ems'fﬁpm thejn ‘experience

1. biscués.corrosion ' N -,
a. Chemical interaction - water & metal
" or chemical & metal
b. Cite and disFuss examp];s of corrosion
5. Ask participqnts to re]éte typié9] cor-
rosi%n problems from ibeir experienée
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Module No: * . |Module Title: = - ' ; s

| 112xms + - | Basic Stabilization - ' -

Submodule Title: " S K
.. " . . S ¢

Appwox. Time: .. o T ) .

T TopiC' ‘ S
2.0 hours w
at\r Chem1stry and Water Softening

. ObJeCt]ves Upoh comp]et1on of this topic, the part1c1pantpw1]] be ab]e to.

1. List and descrwbe s1gn1f1cant water\qua]1ty parameters 1nc]ud1ng

. hardness, alkalinity, 1ron, chlorine, fluorides, etc. - ..
‘2. Describe stability indices*and typica] ana]yt1ca] approaches .~ .
3. Identify chemical 1nteract1ons of cqncern in scale 'formation o

and corrosion.
4. Describe lime-soda and jon e&change soften1ng and the resu]tant
water quality. . &

T %
- Langelder and Ryznar ~ ¢

o . S - L) ¢
.

Instruct1ona] Aids:
Handout-Water Chemistry; Stab1]1ty Ind1ces

Transparencies v
Na]co Aquagraph . . N
s / L. I

Instructigna]'Approach: A : ' - SN
Discussion . o ’
A . . i Ae

“ . f

» .'\‘ i ' —

References: v , L
1. New York hea]th Department Manual of Inst/get:;n for Water Treatment '

LS

Plant Operators, Health Education Seyvice. -

2. American Mater Morks Association, Basic Water Treatment Operator s
L. Manual, AWVA Ho. #118,-1971. L3

3. Standard Hethods for the Exam1nat “Hater & Uastewater, 14th Ed1t1cr
Class Assignment5°' -/ X - )

" Read handouts and assigned read1ngs )

Use ha]co “Aquagraph. . A

.} L 4 '

Lt

N
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Modu]e No
IIZXWS

Tepic:

Water Chemistry and llatér Softening

.

*Instructor Notes:

IRstructor Out]%ne:

§ X

A

. TRANS BS-3°
Water Quality Parameters.

-

TRANS BS-4

* Waten Sqftening Reactions

’
TRANS BS-5
Saturation’ pH
TRANS BS-6
. Saturation pH.
(Larson-Buswell Diagram)

. ¢ r
e

<
TRANS BS-7

Stabi1(ti;lndices

2.

€

1.

-

3.

4.

-

Present, def1ne and d1scuss the pr1mary
water qua]1ty parameters assoc1ated W1th
stab1T1ty ‘and ‘corrosion. .

a. Comment on th%ﬁformat1on of precipi-

tates and solubility ’

. D1st1ngu1sh between the carbonate and .
and non-carbonate systems in hardness
reductypn . .

. The emphasis should be oo their mean-
ing, s1gn1f1cance and units not on

dnalytical- phocedures,
\ 2 .
Desaribe the typjca] water softening

react10ns
a. Stress the nature of\ the treated ef-
_ fluent quality from the procesugs ’
b: Comment on the pH ranges, and excess
lime prec1p1tat1on process
. Discuss the qua]1tat1ve aspects  of
.ion.exchangé effluent and include
_ comments on b]end{ng to'achieve a fin-

ished water quality S
o . T .
Define and dis¢uss saturation pH

. CaQO3 equilibrium aspect

. Factors affecting pHs )

. Explain the ways in which it/can ke
ca]cu]ated (Nalco aquagraphJ/Larson—

Buswell & Std. \Methods) ~

Discuss stability 1nd1ces
. Note that the saturat1on index denotes
tendenc1es
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Module No: Topic:
TT2XKS )

., - Water Chemistry and Water So%teniqg "

~
Instructor Notes:

N

A}

Instructor Outline:

. " TRANS BS-8
Rsz?r Index Experiences

2

_Sample Problems

1. Via Nalco Aquagraph:

pHs @ 50°F - 7:)

pHs @ 160°F - 6.2
Water is depdsiting by
Ryznar- and Langelier
analysis at 160°F.”

2. Ans. — 798 ]bs'using
.8.33 1bs/gal

——
-

.b. The Ryznar Index is an attempt.to fi.;L
quantitatively indicate scaling and

corrosion  * ot |
c.-The Ryznar Indé)&i_s an emperical -
development. HNote éxperfences with
it in TRANS BS-8
d. These indices are.guides not absolute
indieators. Use Tabgfatory tests and

" system samples to evaluate| what is

N .

happening

5. Solve samplé p;ob]ems \
a. Stability index analysis for heated -
water commercial user. . Qo
b. Chemical réduiremeﬁfs to feed a
. corrosion inhibitor. .
c. Ana1yzé,data provided by studen'tzparti-
* cipants for their plants.

N
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) Page. 8 - of T
. _ [Module HNo: ~ Module Title: - L o ©
. | r2xus ' Basic Stabilization . . . ' oo
| L, Submedule Title: . .
) ' Approx. - Time: - | ° R .
) . " {Topic: o ) LT
\' 1.5 hours o Depos1t1on Contro’l ot . ' - K ]
Y Ob,lectwes Upon comp]etion of this top1c, the part1c1pant wﬂ] be able. to g
4 “ ..
1. Descmbe -the factors affectmg CaCO3 deposition.
2. ‘Describe the process of recarbonation eposition -control. ‘
3, _Ident1fy theﬁmob]ems associated with depos1t1on e
. « 4, 'Describe the use of chelating chemicals in deposition control.
' 5. 1Identify special cases of deposition, e.g. siticates. . R
i - . . o - PR
) ° / o | . .‘ . . °
- ~ /J’ ) ?
‘ o1 - - . {\ N ,
< S Instruchona] Aids® - . : s -
Handouts Recarbonatmn, Che’latmg Chem1ca|s ' o, Vo
Transparencies’ o 4 .o oo “
Y, . . , Vo '
‘ L Y Y . . [N . -
) Instructional Approach: . ‘ , -
Nyt ~ Discussion ST L.~ S -
i . . ) . ) ) , . X \('-‘
¢ ' ;e ~ i M
References: | - et - ' ' . K
» \ . . - 4 ~ '
. 1. New .York Hea]th Department Hanua] of Instruct1on for Uater Treatment v
i Y "Plant Operators, Health Education Service. .
' | 2. American Water Vorks Association, Basjc Water Treatment Operator's. .
\ P Manua] AYUA No. M]8 ]971 ] e < . -
’: . > . ‘ s\(;” ‘ ‘., . ‘L’ -
Class Ass1gnments.w . :
~ Read .handouts*and ass1gned readmgs ) K . ‘ ,- .
. . .o Pl - -
o . ' _ , . .
¢ " t
o O ) . « ‘ -
’ ' ° hd .




. I - Page 9 o _of -
MOdU]evNO: Toﬁic bepos{tiogiﬁomtnoi ! o
T12XWS S co R ~
Instructor No\"cjesf Instructor Outline: ‘ ” *
' . (O
o~ s — I —
.~ . &)1, Pi;cuss factors affecting CaCO§ deposi- .
tion including tcalcium concentration,
- _ temperature, pH, alkalinity and loss of .
N . } coz, * : i
TRANS BS-9 - ?. D1scuss the purposes of recarbonatlon and
' Recérbdnatioh . 1&’ the transformat1ons that" take p]ace -
- a. React with hydrox1dé5
- — b. pH AdJustment .
c. Mipimizé CaCO3 depos1t1on on f1]ter
. . ~ media -
S d. Comment on pH goals »
- R " "3.¢.Discuss the prob]ems assocwated w?th 'f‘
~ ) ' deppsition - o
oy L foa ~ o
L e ; P a. C]ogg1ng of plant fEed]1nes and p1ﬁ1ng o
. s . b. Increase in resistance to-Flow and
x> _ N /| . decreased flow coefT1c1ent C.
’ T cZ‘Irregu]ar depo$ition may seE{yp cor-
. rosion opportunities -
T - d. Heat transfer problems inprivate *
' - and commercial water heEting systems.
i _Energy & failurest | ’
See reference art1c]e | 4. Discuss theLUSe of cheTatinQ'chemfcels”
Ra]ston, P:H. "Inh1b1t1ng . a. Po]yphOSphétgs wi]] tie up or‘hdjd:
Water Fonned Deposits with i ~ Calciup .ions and m1n1m1ze the depo- . )
Thresho]d Compos1f1onsa .‘f s1t1on of Ca CO3 Comment on temper- T
Mater1a]s Protect1on and ( p ature 1nstab1]1ty ) . Y
Performance , p 39-44 June ) b. Industrial water'pracfice uses phos-
1972 - ‘ phonates. - _
See N.Y..Manuat p.215 5. Comment on special cases of depositioh .
See M18 p.73 ' IH a.-Silicates in fluosilicic acid feeding
‘ . 13 ’ ‘
. & . % o N )
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; Module Ndz. = Topic: N .- s .
N ¢ Ny - JoP Depositipn Control ° -t
- , v LI2XWS - ~. g v , -
N ! . R 2, . )
* ' 4 . \ T . - .
Ins.‘&@ Lor Notes: Instructor Outline: /. .
y ‘l:r
~ * .‘ .;. - - Q : - , - - hnd ;r
. ' ) - >\‘,.
o . S - - b, Ca]cwm or.magnesium fluorides
. c. Iron deposits due to yx1dat1on of
. - , iron and/or combination, w1th hydro— -
- / .
See W/B p.61 2 que N PR : ,
{ . R A B Manganese depos1ts~ :
. » < ) .
- - e. Ca]cwm carbonate, iron ox1des'
. . . in well® screens and use of aC1ds
. . - . ‘ - e.g. mur1at1c ac1,d Ch]omnatwn
‘ . -~ . © for iron bacteria. N ?
» r\ > 4 ‘" . ..
.".. A * Y . . ,' . »
. » > . . . * e
N - . \ +
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Module No: ..

’

T12mMs . S

.

Approx. Time:'.

. .. [Topic: &= *N
2.0 hours - /. ’

- |Corrogion \ - - -. s

Objectives: Upen comp]et1on of this toé}c, the part1c1pant w111 be able-to -

2. Ident1fy special cases " of corrosi
-.sys;eM§

. 4. Identify methods qf corros1on det

- water analysis. . ) *
. . T i
* ! oo . - - &' ! R ‘ . *
/ | Instructional Aids: N X ‘
\ f

. Handoqts Corrosion Mechan1sms, Detect1on Techn1ques
Transp@renc1es

!
4 AT
.

. . ,
. ] \ : -
J 5 .. ‘ ‘
-~ .

L)

\
£

Instructional Approach: - . e

Discussion oL

-
s .
R .. . - .
C . . - . . 3
N S . K . R ) v .
. \ [ . ‘.

- P A RS

B » - - .

5 3 g

. . O

/i;/erences. L , :

.« New York Health Department, Manué] of Instruction for Water Treatment

] Plant Operators, Health Education Service. .

. 2. American Hater Works Assoc1at1on, Basic Uater Treatment Operator's
Manual, AWHA No—M18, 1971. ] . iy

. .
“ 4 . -
-~ - .

‘\.“ ¥ . - 3 . 8 N (/

Class™Assignments: .

-

Read handouts-and reference assignéd readings.':
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- Note:

' -
. N
- .
, -
ol a
i Lot t
.-:‘Y‘ A
B

“®

A Y

~TRANS B5-10
T¥pes'of Corrosion Cells
. TRANS BS-11 '
Coerrasibn Cell f
Go 1lightly on the de- °
tailed chemlstry This is
covered in the advanced course

e

b,

TRAN§ BS-12
Ga]vahic,Series
o 1 "

~ e

p.57 M18

©

p.197 fi.Y. Manual

‘ . i

p.215 N.Y. Manual

-

.

.Note:

L

& ‘ . . .
'\ ’ ~ » \ t\
. Page . 12 . of . .
o . y a -~
e . Vi ‘, —
1 Module' No: - ¢ |-Topic:. ) » v
N o > - Corrosioh . o
II2XNS & v oo ‘ o
A v R . B B ”. . .- 0 L i O A
Instructor Notes: ' { Instructor Qutlipe: .
~ - ' ’ - ‘ “‘/\ . ’ - \‘
.' - .t ° - s J:'

~( ' . . - > *
1. Dfscuss‘the tyoes of

irrrosion'ee]]s.
Indicate examples of

each of the fypes

in water éupb]y practice g o }
a. Galvanic ' s '
b. Differential Aerat1on
c.
d
e

' ’ |

.

"Concentration Cells -
. Differential Stress

- R i

. Impressed Current + . — ,
Ask particfﬁants to cite%persona] exam;~
ples of -the corrqs1on cells in thelr ’

exper1e4@e L
- ‘ . ] ) ‘;-/' .. 4

N . . / .
2. Brief]y com@ent oﬁ spectal cases of
corrosion. > ‘ . . -
T oA Hand11ng of corros1ve chem1ca]s regard-
ing storage & p1p1ng e. g acids, hypo—,\('

chlorite solutions

v

,7 b.”Copper corrosion from soft waters con-
‘\§a1n1ng CO T '
c¢. Formation of a]um1num .0xide- depos1ts
7 d. Corres 1on of feed ]1nes with f1uor1de

salts T . o

3. Discuss factors fhét affect'corros{on. "
a. Type of.metal & dissimilar aspects -
EflpH - type of ¢orrosion product and rela-
tionship to stability . ' -
>0xygen - access to points on metal sur-
face'
= d, Flow velocity - oxygen availabi
S movement of corrosion products
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Module No: . - | Topic: T {
) R . Corrosion . -,
" - . M T .
EI,ZXN,S N ) \ P
- . St l; 3
o - . 3 . - : L <., % . °
Instructor Notes:. v | Instructor Outline:
". ‘\ . l’
s * | . - . \0
, i . - : \
o . LY . . N -
.. T s S € - coatings \ S
. - 1 s - « ™ . " «
. v . . e, Temperature -?ﬂreac'twn \'ates, solubilz
-t - , ) . | .
\{ﬂ ‘_"‘,’ :1: - L4 \ 1ty - ]
. o » = s, | 4. Discuss methods 0 corrosw\'n detection )
. fq.,
S . T, a. Observatwns a[d/ reports of? stamfhg ‘
s N ) . ,
. " . “and “red water'l, o R
' L = 4 ' . A
o b.. Analyze.the watpr supply at various
* M\ locations for ifon cqncentrations
. TRANS BS-13 — °~ ¢. Remove pipe sec§ions, valves and fit- 4
” %orrﬁosjon Coupons tings for observation
: ) ' d.Use of coupons -fa device for momtor-’
~ j' < ing c\orreswn or{deposition rates
— , * 1 . L
’ . < R | « -
‘- . "\ 2
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. Module No: Module Title: * .
B T12XWS Basic Stabilization ., . . L
' . Submodule Title: , —_—
d “ [ - - "- )
Approx. Time: " i , C ’

2.0 hours

-

- |Topic:

-3

Corrosion Contro]

protect1on.

1. List various approaches of corrosion contro]
Describe techpiques of corrosion control including water chem1stry

2'.
vchange, use of inhibitors, coat1ngs, mater1a] se]ect}on, and -cathodic
W

Objectives :Upon tomp]et1on of th1s top1c the part1c1pant will be able. to

<

- | Instructional Aids: - ' A
Handouts-Contral Methods T
Base Studies < BN -
Transparencies Y

| C v '

13

-

Discussion

Instrugtional Approach: * =

References:

4

[ NeQ\?ork Health Depgrtment Mah&a]léf Instruction for Water Treatment

»
; o r .

. ¢

. 42. Américan Water -
‘ . Manual,

AXMA No.

Works Associatio
M18, 1971 s

Plant Operators, Hea]th’EdacatTon Service.

Basic Water Treatment Gperator S

i Case studies®

Class Assignments:

..

18

Read thandouts : and ass1gne8 reférence read1ngs.
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Page 15 of.
Module No: ! Topic . .
- | Corrosion Control

- TI2XWS \
Instructor Notes: Instructor Outline:

. B TRANS BS-1¢ 1. lieview the various aﬁproaches to corro- o
Approaches to Cocyosion Control sion control ~

“l2.

RN

p.68 M18; p.206 N.Y. Man.
See Mullen & Ritter, "Pgtable

Water. gorros1on Control",

p.473- 79,JANUA. Aug 1974

of corros10n contro]

Describe and. d1scuss alternative techn1ques

o~

a. Use of corros1on res1stant mater1a]s

e.g. stainTess stee], a]um1num, nickel;

. brass, asbestos.cement, concrete, PVC-*

-p]ast1c f1berglass tanks & piping

- b. Use of coatings and linings .e.g: ga]yay

izing, cement linings, coal tar ename]s,

resins and paints,-zinc silicate pa1nts

c. Depos1t1on of CaC0,; pH adjustment e.q.

‘use of lime, soda ash or caust1c soda

raise S. I to:

40.8 to 1.2 -

&t

’

d. Use of protect1ve chem1ca] coat ngs “e,g.

", cathodic 1nh1b1tdrs, phosphates

3,]y zinc- phosphate

e, Cathodic protect1oﬁ

€-g.

specfa1-

use of sac-

r1f1c1a1 aﬁodes in water tanks. and '

treatment un1ts

4%
.
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Module No: ' Module Title: ° l ”
N ':"; 113X”S T .|Basic Stabilization
. - - T Submodule Title: SRR
) Approx._Tine: ' L s - . ’ - SN
‘ By ﬁ . .o Topic: : :
o ) '_' »0 hour - . M1sce]]aneoqs Top}cs and Summary
o ) 0bJect1ves Upon completion of th1s top1c, the participant will be ab]e to

B | n
© . <. Ident1fy some spec1aT“rE%ated areas of concern including main f]ush1ng,
. iron bacteria, sulfate- breakdown, storage and hand]ing of corros1ve
e PR .~ and depositing chemicals. .
e ‘o Recognlze the 1nterre]at1onsh1ps of stab111zatlonadepos1t1on and
.corrosion contro] and various water -treatment systems ) .

L "

/' (. - o~
SN S \
AN . 4
—_—, e ’ ’
P " . . ."' G-
. Instructiopal Aids: \ T
, E Handout - -~ - ' o < . i
. “ . | Transparencies :: ' S
T 2 - = - . ~
v L 3
! 7 - -
2 ¥ . .
N IS & / »
o T Instructlona] Approagh:
. ,<: " Discussion - ‘
¥ --\, -
3 > Y N ;. R - A
. g A

) T - PR
= - |References:

1. HNew York Health Depastment, Hanua} of Instruction for Water Treatment
Plant Operators, Health Education™Service.
;2. Amerdican Mater VWorks Association, Basit Hater Treatment Operator's
O Manua] AUWA No. M18, 1971. .

i - N [3
. - .

. N
A
. - .o . 3
. . .

Class Assignments:

- . ‘ L.
.. Read handouts and assigned reference readings.
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. o . c. - A ~ ~ LI
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Module flo: © " _

IT2XWS
. A

Topic:

' Pabe . 17 of__. 7'

~ 4 - - ~

Misce]]épeOUS Topics and Suﬁmary

.
. ~ .

Instructor Notes: |

Jnstructor-Qyt]iné: 5.

v . -

- ¥ e—

P

1. niscuss some areés 6fqne1ated concern

a. Incxdence of iron bacter1a - source,
* filamentous nature, deposits, problems
and poss1b]e treatment- measuréz etg.
ch]orxne dnd copper, su]fate o

b, Sulfate breakdodh in Tow.flow-areas -
release*of HZS - o

c. Water main f]ushxng - does not solve

D1s1odg}ng_ depos1ts:.

. Purpo g.” T
.d. Storage & hand]1ng of chemicals f]uor-

prob]ems.

1des, ch]br1ne re- corros1on & depos1-

thn ] 7. ’ . . .
-y . -

2
<!

2. Summar1ze the chem1ca] 1nterre]at1onsh1ps
of CaCO3 depos1t1op and- its roTe in-corro-

sion preventior in chemical soften1ng and
. AV
" ion exchange treatmeﬁt‘plgnts.
e - &

—

yow
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) ! : .gi*;*" _ Lo Page .. 18" - of
Module No's: - §|.Topic: - - .- :
’ R ... Reference Materials Utilized in Deve]op1ng

. The Modu]es

t

Instrﬁctor Notes:

-

d Instructor Outdine: .. — - = ‘

r

2,

Chlorine Feeding, p.45-58

ron & Mandanese Contro] p.
59-62 . ’

Scaling & Coer§1on C0ntro]
. p.63-68

Fluoride feeding, p;zg-73

e
L

Softening, p.171-78

Corrosion & corrosion contro]
p.197-207

F]uor1qe deposition, p.214-15 .

0perat1oﬁ & Maintenante of

D1str1but1on Systems, 219-20f N i

Plant Structures, p.234
Marble Test, p.281-83

9

t

F1]ters in Soften1ng Plants;
p.277-78

Corrosion Phenomena - Causes
and Cures, p.295-312

Chemistry of the Lime-Soda .
angess, p. 3]3 39

Iron and Manganese, p.378- 396
Hydrofluosilicic Ac1d, 419-20
Nuisance orgaaisms, p.494.

z .
‘w§]1s, p.60-67, 73-77. H

Metallic Corrosion, p.274-88

- Recarbonation, p. 514-88

Misc. methods of . treat s Do
572 77 .

.

22

s

t’m

ANNA Bas1c water Treatment Operator S) -

anugg ANNA No.M18, 1971-
'y : )
4 . . ,
R '
- °L .
Qov f/

N Y. Beps of Hea]th, Manual of Instruct1oh
for, Hatér Treatmént Plant Operators,
Hga]t@ Educ. Service, N.Y.

v Cm e .

° - . L

¥
4 -

7!
-~

AWWA, Inc, Water Quality and Treatment,
3rd-Edit. McGraw-Hi]J;T]QZ]

Babbitt, H.E. béland% 3.J., C]easby, J“L
Water QQ Z ng1neer1ng, 1962 .
S~ » ’ .
' .. 4
c"‘
v )

o . B . .
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Module No's: Topics = paference Materdals Ut1]1zed bn o Devetoping
ngzst & II3ADMS . ' The Modu]es ~
. j - A

Instru&tor Notes:

.

Instructor Outline:

hd N

Calcium Carbonate Saturat1on,
p. 61-63

Wt

Chem1ca1 equilibria, p 31-38,-
p.59

eA]ka]1n1ty, p.327- 39
Hardness, p.347-355
Water Softening, p.356-62 -«
Iron & Manganese, p.446-52

Chemical Precipitation, Staﬁi-

lization and Iom Exchange, ®
p.29-1 to 29-34

Congosion, 30-15 to 30-26°

.

"
D

3

Iron & Sulfur. Bacteria, 993-999] .

Fair, G.M., Geyer, J.C. & Okun, D.A., ™

. the Theory and Control of Corrosion", R18-R28, -
‘Water and Sewage Works, Ref. No: ]967
)y ’
7 e )

Amér, Public Health Assoc., Standard Metho;Z\
For thej Examination of Water and -Waste- -~
water, 14th Edition, 1976

)
~

Chemistry for
]967

Saw&er' C.N. & McCarty; P.L.,
Sanitary Engjneers, 2nd Ed1t

s

\:

Water and Wastewater Eng]neer1ng, Vo1~
2. 1968 -~ 5 ] .

-

K]eber, John P~ ""The Effect of Water Qua]1ty
on the Corrosion of Pipe Lines", p264- 290
Proceedings of the Second Annua] Unde

ground Corrosion Short Course, Late 1950's

e

Larson T.E. “Corros1on by Domest1c Waters" .
I]]1no1s State Water Survey Study, 48 pages,
m1¢ ]970 s

N ’—/ -
Ra]stdn P, Ha, "Inhibiting watepfféi;ed Depo-
its with' Threshold- Compositions", p.39- 44,
V.11\No6 Materials Protection and Perfor-
mance June 1972

]

v’ .o

“Mullen E.D. & Ritter, J.A. "Pofable Watel’
,.Corrosion Control” p.473-79, JAWWA, QLSS

1974

Corrosipn Article Series,— Aug ?§?4,QAHHA ')
Weers, W.A. & Middlebrooks, E.J.; "A Review of
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- STABILITY - DEPOSITION- S

5

) STABILITY - CaCO3 EQUILIBRIUM. A QHARACTERISTIC OF A WATER RELATED
R .TO ITS TENDENCY TO DEPOSIT CaCO3 OR BE CORROSIVE TO. METAL
SURFACES — . .

. DEPOSITION EONCELRNS CN /‘\/

A

- DEPOSITION IN TREATMENT PROCESS EQUIPMENT AND PIPING - eg. CaC03°
Iron oxides, CaF - Interference with flow and opera%1ons 3

DEPOSITION ON FILTER MEDIA - Media' change, backwashing Py

*DEPOSITION OF CaC03 IN DISTRIBUTION SYSTEM - Reswtance to fTow, Inc.
head loss . :

S .
. ‘—--.» b4

DEPOSITION N HEATED MATER® SYSTEMS - Heat transfer‘ faﬂur‘e

IRON DEPOSIT FO\MCORROSION OR NATURAL SOURCES - Iron bacter1a Tuber-
cuTatwn “Staining, Water ﬂow _ _

° +

' MANGANESE DEPSITS FROM"NATURAL Mn SOURCES - Staining

] - L )
™~ : .
5 ‘ — - R /*‘ - . e
°
- i
e 2
Tw
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” " .
‘. -
: ¢
\
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CQRROSIQN. *

21

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

e

>

ébRROSION CONCERNS

LOSS OF METAb~EROH///

b

1

C P

" 4 J&
BZPING DUE TO WATER- METAL SURFACE ACTION - PIttIng ,54
w -~ A
'INCREASE IN IRON CONTENT 0F WATER SUPPLY - StaInIng s s
. ’ ‘1‘:_ . . i
’ DEVELOPMENT OF IRGN DEPOSITS - TuberculatIon, staIpIng, water fToy/ o ‘C‘ ’

v

DETERIORATION OF PROCESS EQUIPMENT IN CHEMICAL ’FEEQ AREAS - eg. HypochTor‘rte,
‘o HzSIFs - . .

vt - .

) EXTERNAL CORROSION OF METAL SURF ES IN PRO 55 AREAS, PIPE GALLERIES -
Interference Appearance . )

“w I

A 22 5 Lo
. «JRANS BS-2 * . P ¥
‘..[ ) 3 . o ' e :
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" ALKALINITY -

HARDNESS Wi um (Ca™t

. pdrbonate (== Alkalinity e.g. HCO3) o
’ Non-carbonate (fﬂSOZ) N

WATER QUALITY PARAMETERS

fess than 7 - Acid

pH 109[ ] greater than 7 - Alkaline

Hydrox1de (0R7) .
Carbonate (C03) I
Bicarbonate (HCO3) '

)s Magnesiumﬂ(ﬁg++)

IRON ; ) Ferrous (Fe+¥); Ferric‘(Fe+++)
. PHOSPHORUS - Polyphosphate e.g. Nag(P0,), ,
- ) Orthophosphate e.qg. Nar'3PO4 . o=
, ‘ . Polyphosphates hydrolyze in ajueogs solution
. to the orthd form - rate of reversion increases
g ) ‘with temperatdre increases.

[ AN
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- WATER SOFTENING REACTIONS

!

Chemical, Precipitation

" Ca(HCO3), + Ca(OH), = 2 CaCOs + 2 Hy0
“Mg(HC03)» + Ca(OH)2 CaCO3 + MgCO3 + 2 Hp0

5 A M
MgC03 + Ca(OH); = CaCO5 + Mg(OH), '

- . :
+ Mgs0, + Ca(OHJs = CaSO4 + Mg(OH)»
' CaSOg + NagCO3 = CaC0g + NapSQy . -
C0p *+ Ca(OH),, = €aCOy + Hy0

Ion' Exchange

. - Ca

* <

Ca

Mng + Nazs()?

L)




. :SATURATION pH . " SR T .

THE 'pH AT WHICH WATER WOULD NEITHER DEPOSIT NOR DISSOLVE
CALCIUM CARBONATE

FACTORS AFEECIING pHs ARE: Calcium \
AN .Alkalinity - ke
Temperature-
< Tota] D1sso]ved Sol1ds

Q2

CAGEULATION:

1. USE NALCO AQUAGRAPH ,
2. USE LARSON-BUSWEYL DIAGRAM

3. USE STANDARD METHODS TABLES (p. 62) ‘ °
] :'§; 7 :\: ‘
/} Vot -
5 C‘ o, y
@ N g '
:} f 1

TRANS BS-5, & IR . :

. 1
¢ ¢
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J

[

¥

"SATURATION PH LARSON-BUSWELL DIAGRAM"
REMOVED PRIOR TO BEING SHIPPED TO EDRS FOR-
FILMING DUE TO COPYRIGHT RESTRICTIONS.
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STABILITY INDICES , : | : .
LANGELIER'S SATURATION INBEX. (S.1.)

_S.I. = pH Actual - phs S

Where pHs_ is the pH of saturation

A p]us value indicates:. . * .
A lack of excess COp - ¢
CaC03 scale-forming qualities

A minus value indicates:"
". An excess of COs
— . Scale dissolving ppaﬁért1es

Note: The S.I. s not quantitative .
directional tendenqy

\/. \..« 1\ t .
RYZNAR INDEX (R.1.) _— e .
1. = 2 pHs — pH’ o o “5

Values greater_ than 7.0 indicate a coytgéive wafgr

-~ Values Tess’?g;% 7. O‘Tﬁaicate a sca]e-forming wéter.

.- Note: - The Na]co Aquagraph uses. 6.0 as a breakpo1nt A]so,'
see- figure. s L '
' N . . :y b ) . ¢ /
. » .)} . . R .
By ‘ ' - "
" s, ' .
L 7
1 ~ v \:’ ‘t\,’
¢ - g
PR : \
-t 3 .
LY ~ .
- - - ’
° - [N \
TRANS BS-7, - C oy ;
N »‘3 - . ™ .’ /
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P

d——noavy scaLe a1 150°F N .

v . . s

s

‘e

1

o ' INCRUSTATION ———————— |

S ‘
© RIWRINDEX .

L—VERY HIAVY SCALE

N

-~

A

] =1 HEAVY SCALE AY 60°F

. HIAYY STALE N HEATERS
- SCALE IN HEAIERS
‘ SCALE INHEATERS
- SCALE I HEATERS
> [ SCALE IN HEATER CGILS
1 SGE STALE AT 600 F

HEAVY SCALE IN HOT WATER MEAIERS

ANO COUS

- ‘. . N

FCOYPLANTS NEGLG aLE
I NOSSCALE OR COSROS.ON

SCALE i vAINS

coradsion | N

F SEVERE GOSRQS'ON-RED

o

=1 RED VAIER

[SCALE iN HEATER UNLESS POLYPHOSPHATE ADDZO ~ '
SUGHT SCALE - CORFOSION HIGH TEMP, = POLYPHOSPHATE , PRESENT *
NO CFFICULTIES EXPLRENCED

Y .

FPRACICALLY NO PED WATER COMPLAINTS
CNLY SUGHT CORROSICN AT 150° &

PRACHCALLY NQ COMPLANTS

-QUITE CCRRCSIVE AT 150° F
FLORRTSION IN HOT Y:ATER HEATERS
e COSROSION IN COLD VAATER f-n:s

SOWE CORROSION IN COLD WATER MAINS .
- 32°RED WATLR COMPLAINTS IN ONE YEAR
- COZROSION IN COLD WATER MAINS

- CCRACHIGH 1 COLD WATER Ma'Ng °

[ NUVEPCUS COMFLAINTS, OF RED WATER

YATER

bl

F SEVIRE COSR_OSION -RED

T
SER.OUS CORROS.ON AT 140° F
[ 234 RED WATER LOMPLANTS IN ONE YEAR X .
- VERY CORROSIVE AT 150° F

, .

¢ B *
WATER ~

4

- LY

I COAPOSIVE AT 60° F

- CBAROSVE 10 CCLD WATER WAINS .

FVERY CORROSIVE AT 60° KND 150° F : ' -
FCORROSIOY 1 ENT.RE SYSTEM . .
{

1
- SEVERELY CCRROSIVE JO

MANS AND INSTALLATICNS

~ ’

X scate Reported
® Complamts Neghgibia .
Oc’omnon ' ' LR

“

<o

e




t
Lo . RECARBONATION R
3 EXCESS. LIME (Hydroxide) , - . , .
T - \ .
/ Ca™* + 2 OH + €O, —» CaC03 + H,0 :
. : . T
- / SUPERSATURATION WITH CaCOs ’
..... v m\uﬂ‘f? . , T .
X , C0p + €03 + Hy0 —» 2 HCOj .
- v . ’ -
. \'Q
g MAGNESIUM HYDROXIDE ’
Mg 4 2 OHT + C0p—s Mg'T + €O + HAO
4 : e
3 _ /,
) A 7 .
$ ! -
‘ *
- . . - - r‘.’ 12 ———— -
¥ ‘ ! ¢$‘~.~
3 / , j - \ ’ Q ‘A
- v \ M %
. > . i
N
IM - . “*
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TYPES OF CORROSION CELLS , ' ¢

- CORROSION CELL — . ~ AN ELECTROLYTIC CELL IN WHICH METAL R
o« 1// , ~ - IS REMOVED FROM THH ANODIC (Negative) ‘

AREA DURING THE PASSAGE OF DIRECT
- " * . CURRENT BETHEEN THE/CATHODIC (Positive)
°. . / L AREA 1D THE ANODIC AREA.
“~ (V T

TYPES Q__ CELLS T

: GALVANIC‘}i , /' DISSIMILAR METALS e. g. CAST IRON and .
_ + - COPPER . .
- ..+ DIFFERENTIAL AERATION ~ TWO PORTIONS OF THE METAL RECEIVE OXYGEN
: L AT DIFFERENT RATES . . /
. . . . . P A\ A . .
. CONCENTRATION CELLS =  THE VARIATION IN CONCENTRATION OF DIFFER-
Y S ENT SUBSTANCES IN SOILS CAN CAUSE'A COR- ..
) T . ROSION CELL TO BE FORMED . . _
DIFFERENTIAL STRESS = STRESSES e.g. WELDING CHANGE THE PHYSICAL
: , - " CHARACTERISTICS OF A METAL - CAN*AFFECT
%  ITS.ELECTRO-POTENTIAL v
, INPRESSED-CURRENT — * WHERE "GROUNDING” 1S PRACTICED. THE .
. o ' . LOCATION- WHERE THE CURRENT LEAVES (Anodic”.
‘ : Area) MAY SHOW INCREASED CORROSION -

- > .
. . . IS K}
[ ’
. - .
f
. \n
. B .
. ) .
- )
) e . . ,'//
. . - . .
* . . . ~ . . : e
.
!

TRANS- BS-10 ¢

!- . A :../ e el ," t v ~ ot .
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c6§ROSIoﬁ‘EELL
- ’ - ‘“ -
Hy0 Co
rﬂz ;ﬂ+ Doy /2 N Water Fe'* © —Interior
2H + 2e —» 2H° ¥ : “ B syrf.ace-
//7/ //InonPw//'
Cathode
Area. «-”’Am :
(// /f//////// ,

~

COMMENT: AREAS OF ACTIVITY

. l* . —
-~ THE AREA TO WHICH OXYGEN HAS EASIEST AGCESS y

TENDS TO BECOME THE CATHODIC AREA.

—-  THE AREA TO WHICH OXYGEN HAS ACCESS WITH _ .
: DIFFICULTY BECOMES THE ANQDIC AREA. -

EXAMPLES OF ANODIC AREAS OR AREAS SHELTERED AGAINST OXYGEN
ARE ) \

-

R PITS OR DEPRESSIONS IN THE METAL

. == AREAS UNDERLYING MILL SCALE OR PRODUCTS OF
» .« CORROSION . . L

v. == AREAS BELOW BIOLOGICAL GROWTHS ;)Q

%
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Galvanic Series of Metals and Alloys™ . ~ (iji L N
N ‘o"_ .
. . - < h T S '
1." . & ' * "r
. . ; .S
. Corroded end / . . to

(Anbdit'or least noble) ' Magnesfdm “ ik

——n

1\

-

[ ]
Protected end

.
S
. N ¢
.
.
[
’
.
°
-
-
.
[N

-
3

\y// . r . . ‘7 . i .
Alupinum (commercial pure) e
L\\\,. Sfeel or iron .
. Cast iron . _ .
Lead T
ea ‘ . .
— . -
I Tin re o -
oo Brasses T .
. Copper - “ . . ) )
- ~ Bron2e§ L ‘ o Y. .-
' Chromium = jron (passive) .
Silver : . .
. : - + JGraphite e T :
athodic or most no ’ ‘ N . ' "
(Cath r most noble) Go1d - B . e
) Platinum e :
LY o .‘ .
.. : : . * °
’ * ° ' » ’ ¢
$ : . 3 ? . )
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. f_ COUPON EVALUATION in DISTRIBUTION
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‘Stddentslwi]] receive a xerox copy of‘each transparency.
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. S PARTICIPANI INSTRUtTIdNAL MATERIALS .

Each part1c1pant w1]] receive .an out]1ne .of the module top1cs with supp]e— N
mental comments as .appropriate. This outliné is to assist the participant
in preparing for class discussions and guiding the students in the1r s tudy
of !&ference materials and transparencies. . ‘ -

o

.v -
" If desired, NALCO
aquagraphs can be obtained from thé: NALCO Chemical Co., Chicago, I1Tinois.
The New .Yark Manual and the AWWA M18 Manual should probab]y be required for
the medules. They should be owned by the participants as they are. of value
for other modu]es and as general referencesg \ , o\ e
p ‘ N
If the part1c1pants do’not own these references then penn1ss1qn should be
obtained to provide them with xerox cqpﬁes of the pr1mary subJect material.

Sane of the examinatien quest1ons could be uséd as.class study qqest1ons or .

a means for evaluation of the instruction. They could also be supple T,

based on the igstructor's treatment of the topits. B N
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" II2XWS BASIC $TABILIZATION MODULE

3

STUDENT OUTLINE

Note: Participants will receive a copy of each transparency used in
the presentations. Participants will receive. approp( jate refer=
ence material from the New York Hea)th Dept. Manual of-Instruc-
. tion for Water Treatment Plant Operators and from the AWWA M18,
“Basic Water Treatment Operator's Manual. \

Part1c1pants are encouraged to bring documented examples of cor—~
rosion and deposition problems and solutions to the class™

group discussion and amdlysis. Pipe or fitting samples and/or
photographs are especially of interest.

’

<

I, Introduct1on 8
A. Stability of Water (Trans BS-1)
1. Relates to CaC03 equilibria - is a water depos1t1ng or. not
A regarding CaCO
2. "It ¥ used to Re]p ana]yze water supp]y tendencies to be
depos1t1ng or corros1ve

S

Examp]es of deposition. (Trans BS 1)
1.  Note the types of deposition problems.
2. Observe the nature of the interference with a water supp1y
function
3. Describe examples of depos1t1on prob]ems in your water
supply and treatment system . . .
c. Oorros1on (Trans BS- 2)
T.. Note the definition and chemical nature of corrosion
2. Observe‘the types of corrosion and note the water ‘supply
problem asseciated.with each type
3, Describe examples of corrosion prob]ems in your water supp]y .
and treatment system

II. Yater Qhemistry and Water Softening . "

*'A. ‘Review and discuss typical water quality parameters (Trans BS-3)°
. 1. -pH - alkaTinity - precipitation relatjonships - |,
T 2. Note'types of hardness and how they r&]ate to each other
3, Note the forms of iron and the more insoluble ferric state
> and the'more insoluble ferric state and its precipitates
4, Compare’ po]yphosphates - Na3(P03) and orthophosphates -
Na3P04 . _ ) _ .
Water softening reactions (Trans BS-4) . , :
> 1. Review the typical chemicat reactions , ’
2. Note the higher pH requirements for magnesium removal.
The unreacted lime and h1gh OH concentrations lead to the °
need for recarbonat1on - Lime softened waters tend to be
> depositing.: - . .

~

.
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C.

D.

~
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-

3. In ion exchange note that there is no decrease in alkdlinity.

Ion exchange waters need blending for optimum water quality
and stability. They tend to'be corrosive waters.

Saturation pH (Trans BS-5 & BS-6)

1. .Note that the saturation pH refers to the CaCO, equilibrium

2. Note the factors affecting pHs. Observe changgs in pHs as
you change the water quality factors. (Use Larson-Boswell
Diagram or Nalco Aquagraph) ;

Stability indices (Trans BS-7 & BS- 8) ' '

1. Note that the Langelier (S.I.) Index indicates tendenc1es
and the numerical values do not denote quantities.

2. The Ryznar Index was developed with the intent to quanti ta-

. tively predict scaling or corrosion. Trans BS-8 illustrates °

some experiences with various R.I. values.

3. ‘These indices are guides not absolute ipdicators. Laboratory
tests and field water system samples should be used to fur-
ther evaluate the response of any water system.

Deposition Control

A

B.

C.

D,

Review the factors that affect CaC0., deposition including calcium
concentration, temperature, pH, a]kgiln]ty, TDS and 1oss of CO2

Note the recarbonation reactions in chemicaT softening (Trans BS- 9)

1. The functions of the €O, addition include reaction with
hydroxide, pH adJustmen% and decreased CaCO3 deposition

2. The purposes of recarbonation relate to the stability of the
treated water in the water plant e.g. minimize deposition of
CaCO on filter media and in the distribution system.

What are the prob]ems associated with deposition )
1. Plant piping and fittings may become clogged with deposits
and not! function properly.

. :,2. Piping systems may develop an increased resistance to flow.

This could result in increased head (pressure) loss and affect
flow rates and pump1ng energy requirements.

é. Irregular deposition in piping could tead to the deve]opment

of .differential aeration corrosion cells. .
4. Deposits on heating surfaces result in increased. energy re-

quirements in heated water systems. Severe deposition could N

resu]t in failure of the system. ’ L

Depos1t1on rates can be affected byxthe use of che]at1ng (seque?-

tering) chemicals ~ —

1. Po]yphosphates can be used to tie-up or hold calcium ions- in
solution and control or minimize ‘their deposition as CaC03.

L2, ~Po]yphosphates are used.ahead of rapid sand f11ters and

in d1str1but1on Systems. | )
3. Some polyphosphates revert,back to ortho phosphate form and
lose their che]atlng ab1]1 y. °This change increases w1th
temperature e.g. in a 140° F.hot water system.
4. Po]yphosphates can also tie-up or hold soluble iron (ferrous)
in so]ut1on. ) A

.
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~




‘.. . o ' . : o 37

o 2 P

5. Industrial water opera?Tons have successfully used phos-
phates as’ che]ates ‘ X .
E. There are many spec1a] cases of depos1t1on in water systems
Some examples include the following
1. Sdilicates in fluosilfcic acid féeding
Calcium and/or magnesium flugrides ‘

<

2
3. Tron deposits - oxides and hydrox1des -
4. Manganese depos1ts S B
5. CaC04, iron oxides etc. in-well screens e

IV. - Corrosion .

~ . ~

© %
Q" 4

A.* Note the various types of corrosion cells (Trans BS-10)
1. Note the features of a typical d1fferent1a] aeration ce]]
‘ (Trans BS-11) "
2.- The galvanic series (Trans BS-1Z) can be used to he1p pre- .
dict potent1a] for galvanic-corrosion due to d1ss1m1]ar
metals
B. There are several additional types of corrosion occurrences.
~ They include
1. Handling of corros1ve chem1cals e. g\gac1ds, hypochlorite
solutions
2. fopper corrosion due to soft waters conta1n1ng CO2 and
other anions e.g. chlorides '
. \~\3 ATuminum oxides o ' s <
= 4. Feed, Tine corros1on with fluoride salts
C. Several physical and chem1ca] factors affect corros1on and
corrosion rates . ¢ ‘
1. The nature of connect1ng meta] surfaces in the galvanic
series can result in a corrosion incident

- 2. High pH values (>9.5) tend to.decrease .corrosion rates. due, ..+
to deposition ok CaC0, and corrosion products ~ [
3. Differential access of dissolved oxygen to metal -surfaces ’e

can lead to the development and continuation of corrosion - '
cells ’ * <
4, Increases in flow ve]oc1t1es can increase oxygen ava1]ab11- <
- ity, increase the removal of corrosion products and extend
the distribution of corrosion products and coat1ngs"
» 5. [Ihcreases inetemperature tend to increase corrosion rates
' and also affect the solubility of compounds e.g. CaCO3
< D.. Corres1on detection. ' M
) 1. The existence of corros1on of jron piping can be noted by
observing "red water" condition$, staining and tuberculation’
. ~of< the 1nterlor surfaces of p1p1ng .
- 2. 'Increases in‘iron concentration in the ‘water supply d1str1bu-
tion system are indications of corrosion in the system
Pipe sectiofs, valves or fittings can be removed for inspection '
Coupons (Trans BS- 13) can be inserted in p1p1ng systems to
- monitor corros1on and deposition

W

ot

v
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Corrosien contro]

- A Rev1ew the approaches to corrosion control (Trans BS-14) "

vi.

L4

B. Many ]aternate techh1ques ‘can be used a1one or in combination
"to achieve corrosion control . -~
1. Corrosion resistant materials e.g. stainless stee1, aluminum,
nickel, brass, asbestos cement, concrete, PVC plastic and
" others can be used. Fiberglass and rubber;1ined tanks for
" chemicals are used
"2. -Metals can bg ga]van1zed and cement linings are common]y
qsed Various paints and chemical coatings can be applied *
.é.g9. coal tar ename1s, epoxy resinss and pa1nts, z1nc s111cate
paints, etc. :
The pH of the finished water may be adjusted by a]ka11 feed -
(1ime, soda ash, caustic soda) to raise the Langelier Index
to a positive va1ue say 0.8 to 1.2. This procedure is an -
attempt to have a CaCQ, depositing water.
Protective chemical coiitings 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 .compound- has
been reported. ‘
The concept of . cathod1c protect1on n be pract1ced A sacri-
ficial metal (anode),’ one that will corrode based on "the '
galvanic series, can be utilized e.g. magnesium in water
heaters. \This type of control has been successful for water
storage e\hkg\and water treatment units. ,

" Miscellaneous Top{cs and Summary . .
A .

" A. There are several areas.of,concern in water supply, treatment

and distribution that re]a;e to corros1on and depogition problems.
Some example include
1. 1Iron bacteria are assoc1ated w1th iron prob]ems 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,
.- In water distribution systems with Tow flow. reg1bns and high
su]fate Jevels, sulfaté. can break down bacterially to release
. The H,S can react further to. form acid solutions and/or
: salf1de depbsits. o s .
Flushing of water mains is practiced to remove bu11d -ups of
depos1ts 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.
Many chemicals must be’stored and handled with concern for
deposition and/or corresion conﬁ1t1ons e.g. f1uor1des,
ch1ot1ne so1utJons '

Note the inter- re]at1onsh1ps of\CaCO8 depOs1t1on as a problem,
r

if in gxcess, and as a solution to cBrrosion contrpl. Note the
d1fferent5approaches to chemically softened waters and- ion
exchange softened waters. - .

]
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e SAMPLE PROBLEMS . - - .

T

. ' . ~N
Your mun1c1pa]1ty is supplying water of the following qua11ty

to a commercial user. They arg heating the water to 160°F for
use in a 1aundry operation. They dre losing.their water heaters
within 2 years and they have a 5 year warranty. By analyzing
the water’ stab111ty indicate what you think may be the problem.

-~

The water receives no treatment pr1or to the heaters.

'Ca]cium'Hardness

A}

\

Y

Total dissolved solids

. \250 mg/1 400 mg/]
Alkalinity /— 00 Temperature 50°F
pH 7.0 ' &

“2.° A water treatment plant has decided to add 1.5 m
inhibitor to its finished water.

gpd, how many pounds of chemical would be needed fo a 90 day ,

supply?*

7

45

-~

g1 of a corr651oﬁ
If the average fNw is 710,000

1%,
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EXAMINATION QUESTIdNS

THe sequence of quest1ons .generally follows the pattern of top1cs

-t
and ob3ect1ves presented in the module. . ¢ ;
1. When a water is cons1dered to-be stable o
- -
a. Itwill cause iron to: go 1nto solution read1]y
b. Tt will deposit CaCO3 \
c.- Phosphates should be added to oxidize the 1ron .
d. It will not deposit CaC03 T
. : ,
N\ 2."T or F ' B 2
’ Tuberculation refers to a water borne bacterial disease.
" 3. The depos1t1on of CaC03 in p1p1ng systems, »
: a.  Is associated with ]1me soften1ng p]ants .
b. Will “increase the resistance to flow * -~
c. .Can Timit the carrying capacity (flow) X -
* d. A1l of the above " '
N I~
4. Depos1ts of CaC03 can be extended further intq. the d1str1but1on gystem
by using
a. ~ carbon d xide ' - O
b. Polyphosphates - ' bR N
. ¢. Soda ash '
d Potass1um permanganate .
T e 5. Two causes of -well screen blockage or deposits are ‘
. ® o . ~ < -
6. T~or F P - « . K
. @ . 4 )
One of the primary factors that affect external corrosion of p1pe is ,_S;
- the soil- chemistry. > . )
7. Two specific examples of deposition in a water treatment plant are
’ > . ‘ © - - ~
- a. :
b L3
. b. ° . -
. 8. F or °F '
T Hard waters ‘can resul}zﬁﬁ'deposition problems with some fluoride °
feederé™ ™, T - - .
9. T or F oo )
¢ Soft waters are especially corrosive to:copper piping systems.

. i‘" ’
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16!

10.

11.

12.

15.

7.

18.
19.
20.

an oo

‘The calcium hardness of a water is norma]]y equal to the total
: d

41 : ..

T or F =

-

Cation exchange softened waters tehﬁfto be corrosive waters.

~

‘A positive Langelier Index indicates that'a water

Contains too much manganese

Tends to be a depositing water (CaCO3)
Tends to be corrosiye’ to iron -

Has excess magnesdum -

The alkalinity of most ground water supplies .is pr1mar1]y due to

.a. B1ca¢bnnates (HC03) . ' Ce B -

b. Hydroxide (OH) ’ .

c. Carbonate (CO03) ’ .

d.” dron oxides (Fep03) :

T ‘or F , ./ T } : X

L

.In 1ime softening the alkalinity of the water supply is decreased

the pH increased and the iron content decreased. .
s — 4 8

T or F . E -

. 0w

hardnessfhinus the magnesium hardness.

T or, F ’ ‘ 3
&

Ion exchange reduces the carbonate and non- carbonate hardness equTﬁy

whereas 1ime softenyhg ‘only reduces the carbonate hardness

-,

T or F Co v . !

Iron is most insoluble in the ferric. (Feﬁ:f) state.
The four water quality character1st1cs that are used to calculate the
pHs: (Saturation pH).are total dissolved solids, -

and . -

/ )
The Langelier or Saturation Index-is equal to the pH-pHs;

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

A ]aboratory test that can be utilized to anadyze-for calcyum carbohate
deposition tendencies is , ’

a. ¢ Oxidation-reduction )

b. Marble -

c. .Crenothrix

d. The hydrox1de/carbonate rat1o ot . . -~
- . ¢ . . /_ % | . .

Ay
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21.

22.
© 23:

24.

°

25.

26.

0,

27.

28.

29.

T or F . ' : :
*Iron can precipitate as iron oxides and iron hydroxides.

S

T; or F ] ‘ T ) w'

A‘water‘with'high pH, high alkalinity and.high ca]cﬁum‘éontent,
would Tikely be 'a depositing water.

Toor FO -_

The process of recarbonation re5u1ts 1n ‘a decrease in the pH of
the wateér. . Y
Recarbonation "of a water to protect filters

a. Reacts with.excess QH ions .

b. Reacts with CaC03_ < .
c. Increases the HCO3 concentration

d. Al1 of the above

Recarbonation, of water refers to the addition of

a. Soda ash, NasC \\\ —

b. Carbon,diox1§e Co2 © . X
C.. Activated.carbon Lo .
d.” Ammonium bicarbonate, NHgHCO3 - .. L

T or* F - ’ o

[ c® ' >
The flow resistance of piping increases, that is the C va]ue decreases,
with increases ‘in dep051t1en o ,

Phosphates will tie up or che]ate ferr1c (Fe ) jron because it is
the most soluble form. )

Phosphate added after recarbenation and pr1or to filtration in a water

“+«plant
a. Ties up (chelates) calcium and minimizes CaC03 deposition
b. Provides a nutrient for the bacteria to aid the fw]ter
c. Flocculates any bacteria or algae present
d. Causes iron to precipitate .
T . or F --

2

H1gher temperatures in home and commercial water systq@s will increase
dep051t1on rates of CaCOs.

o

?%?ros1on of iron in p1p1ng can ' -
a. Result in increases in the iron content of the water A
b. Result in the deve]opment of tuberculgtion
: c. Provide a source of fron for iron bacteria
d. Al]l of the above -

R (

-
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. 0 31, T "or F
. . e -
— .. “.Galvanic corrosion can resu’lt from the contact of dissimilar meta]s. .
f 32, If a e]ectrochem1ca] ‘corrosion qe’l’l is estabhshed w1th copper and
cast Tron which meta] will corrode (anodic) .
. a. Copper - I ~ ‘e
« b. Cast iron ) - '
33. ‘B]ue-green staining of enamel fixtures: could result’ from S
: . ‘ - ‘ s
. a. “Manganese K ' ®
b. Eopper corrosion ,
c. TubercuTation ° ' ' .
) . . "y' ~ N 2
34. What is pitting corrosion and how does it develope? - A
‘ 35. Two ways to analyze a cast 1ron dlstmbutwn system for corrosion
.+ are . . ,
.. "y A o Lo
<. a. . - . . .
b. ‘.'i’ N \ . N J S . ) l
o K2 ~ LR
36. For each of the factors-listed 1nd1cate how 1t affects corrosion ' ;
-~ a. Alkalinity L, ’
b. Carbon dioxide - . ’
.7 c.- Dissolved Oxygen ) ® )
d. Flow velocity , ,
i
2

37. Cite. an example of corrosion concern in a

x, a. Fluoridation system

|
o

.

b. Chlorination system - ' ' .
! > - X - . !
. ? . ¢ :

. 38., List two chemical Qpproaches to c\\‘roswn control in q“éhstnbutwn ¢ e,
sys tem. . o Sl . !
- L, : ‘ - . \
/ r N 3 : &. . - . C . : . {
‘/ = e 1 " i A ’ H

39. whic{of the fo]]oiving is an example of a corrosion <inhibjtor

- -

. . Sodijum a]umlnate . 4 .. ‘

a
b. HOCI R : ' ' N i
. In-Phosphate R o ~ . : ‘ .
o o) o /d: NH4HCQ3 4 0K ) ' ) .

SRR L
. o T~ i - !
| ' ;

B N i « B
\<\‘* N hd N > . ) “(«l- v
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a. “\liwadds oxygen%g L

.

)

&
)-8

rs

.1

1 4

o

44, Ma1n‘f]ush1ng could actua]]y(cause 1ncreas%d sta1nrng prob]ems because

v A ' * : -
’ 40. Which-of the fo]]ow1ng could be used to protect against stee] or  °.
. cast iron corrosion via cathodic protect1on .
' _a. Chromium . " S ' B
. b. -F.in . R hd : . %4 : *
’ c.  Magnesium . i .
i ! 7
241, T or F « R
Feed1ng of alkali élem1ca]s is done to y1e]d a water that is depos;t—
ing or non-corrosive.
42. List thre examplé//of the use of a]ternate mater1a]s for corros1on
© - control. . x _
. . .\ N 4
b. - ///?// ‘
. c. ) A
43. T ‘or F : .
Main fiushing wi]]_permanent]y correct corrosion preb]ems.
—M E' ’

b. It wou d1s]odge deposits "R
C, It incredses dron baoter1a growth '
: % . T -A E) 3 - - /
45. What are two ma&eﬁ1ajs ;hat can be used w1th corros1ve chem1ca]s to
. prevent c@rosion, T ) - r -
[} _&r - '('-,‘ ) ~ A .. !
a.' ';?;' . . o ' . .8‘; ;
b. ' N -, “‘ ?’ . !‘ - . )
8. T. or. F % S ”{?d\‘- S
. - 4 B S . -~
Hydrogen sulfide fonnat1on in a high sulfate water will most 1ikely
- occur in high flow distribution areas negr the water plant. ~ °
. [ -’&'. 9; - .‘a
47:°T or F o P I '
o
.Iron bacteria can develope deposits in'piping systems.
48._-List one control or treatment techn1que for iron bacter1a an a water
. qs_ystem. v SN,
— ' r . ) \L
P ) . . .
. - N Ve ! ’
- 1 ’ , 3 ‘z; B - [
,,qﬁ‘ .




