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Module No: ™ HModule Title:
_ _ Basic Ion Exchange Softening s
| Approx. Time: - .
Topic: . ) g
10 hours. - Sunmary ] .

?

12.
3. Describe the laboratory control necessary. for ion exchange.
4, [

Objectives :ypon completion of. this module, the partigipant will be able to:
1. Describe the operation of a basic jon exchange softener,
--Describe the maintenance of a basic jon exchange softener.

Describe the safety requirements for ion exchange softening.

—_—

Instructional Aids:
1. Handout - . - .
2. Transparencies #1-#20 B ] - : ~

Instructional Approach: . e o
Discussion and Class Problems 4

- -
A

References: - =

1. Manual of Instruction for Water .Treatment Plant Operators,
Health Education Service . . . .
Manual- of Water Utility Operations, Texas Water Utility Assoc..
Elements of Ton Exchange, Kunin - PP
>tandard Methods for the Examination of Water and Wastewater,. 14th Ed.
- Methods for Chemical Analysis. of Water and Waste, EEA,,"‘" '

™ , v <

/

Gr BN

‘Class Assignments: o T -

The participant will «+ - - :
1. " Read Handout . - _ -
2. Complete’ Problems-#1-#4 :




EAY

[odule No: Topic: ° . -
112SKWS - Summary - - L
Instruc}br Notes: Instruétor Outline: - . - -—Tp

1. Distribute Handout -

2. Present Transparencies

1. Discuss and identify the'purpose, operation,-
maintenance, laboratory control and safety

- requirements for ion exchange soften1ng\

2. Give evaluation. of 30 questions.




Page 4 of

|IModule No: ~ . |Module Title:
| 1Basic -Ion Exchange.Softening
112SKS Cubmodule Title:
Approx. Time: - . - : -
) Iopic:
‘1/2 hour Fntroductlon

Objectives: Upon completion of thls top1c, the participant will be ab1e to:
. Describé what hardness is. .
2 Describe what ion exchange softening .is.
3. State advantages of ion exchange softening.
4. State d1sadvantages of ion exchange soften1ng.

Instructional Aids:

1. Handout - Introduction - *

2. - Transparency #1-What is Hardness. )

3. Transparency #2-What is Softening. - ?

4. Transparency #3-Advantages of ion exchange. e ‘ PR
5. Transparency #4-Disadvantages of ion exchange ¥ .

6. Transparency #5-Review-of Term1no]ogy '

Instructional Approach: . T .

Discussion A

References: /

1. Manual of Instruction for Water Treatment Plant Operators,
Health Education Service

2. Manual of Water Utility 0perat1ons Texas Water Utilities Assoc

3. Elements of Ion Exchange, Kunin

x -

| The participant will

C]ass'Aesignments:-

°

1. Read Handout - Introduction:




Page 5 ____of

1odule No: e

) Topic: -~
¢// ‘
JI2SWS -7 - Introduction
Instructor Notes: -

Instructor Outlire:

1. Present Transparency #1

o

2. Present Transp%rency #2

<

-
°

3. Present Transparency #3
.and #4

1. Discuss What Hardness Is. -
a. Chemical Components of Hardness
b,  Types of Hardness
1) Carbonate
2) Non carbonate
Typical Hardnesses in the U.S.
d. Typical Hardnesses in lowa.

2. Discuss What Softening 1s.
‘a. Removal of Hardness
. b. Types of Softening
1) Chemical.
3 2) . Ion exchange

3. Why Soften :
-a. Advantages
1. .Consume less soap and detergent.
- 2, ,Increase the life of ctlothing
and other articles being cleaned.
3. Increase the life of pipes and
fixtures, heating systems, and
boiler shelis and tubes for
~ depositing water.
4. Certain industrial processes
require it.
5. Some indications that hard water
may ‘be the cause of certain *
, cardiovascular diseases.
6. -Remove radioactive nuclides.
b. D1sadvantages
With improper control, softened
water may be more corrosive or
- sealing than the raw water.

2. If ion exchange softening is
used, the sodium content of the .
water is greatly increased with
a potential cardibvascular health
hazard to certain- people.

*




_ _Page_ 6 of : -
1odule No: Topit:-. - -
II2SWS - Introduction
Instructor Notes: " Instructor Sutline:

———ad hd

A

b‘

Disadvantages (continued)

o

4. Present Transparency #5
Ask the class to. provide
the instructor with the
correct definition for
each term and write it on

the transparency.

o .

3‘

-ions” from the water.

If ion exchange softening

is used, the total dissolved

solids of the product water

is increased. . .o
With both processes, a waste 2
sludge or waste brine has to

be disposeq of. )

Hardness-The concentration of Calcium,
Magnesium and other divalent cations
found in water.

"Carbonate Hardness-That portion of

hardness -that is in combipation with
biocarbonate. .

Non Carbonate Hardness-That ‘portion

" of hardness that is in combipation

with sulfates, chlorides, nitrates
and othey anionsg -

Softening - The removal 6f hHar

-

dness
Chemical Softening~-,The removal

of hardness ions by precipitation
with 1ime and soda ash.

Ion Exchange Softening - The removal
of hardness ions by exchanging them

with sodium ions.

-
£

e
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Module. No:- - Module Title:

e : .
Basic Ion Exchange Softening

~

112SWS

" 1 hour

Submodule Title: \ ‘ o .

Approx. Time:
. Topic:

=

PrincipieS'of Ion Exchange Softening

Objectives: Upon completion of this topic, the participant will be able to:
1. Write the chemical reactions for jon exchange softening .

| 2. MWrite the regeneration reactions for jon exchange softening

-

o

Instructional Aids:-

Handout # Principles of Ion Exchange Softening
Transparency #6-Softening reactions -
Transparency #7 - Softening reactions in the resin
Transparency #8-- Regeneration reactions

- ~

Instruttional Approach:

Discussion and Class problem ‘ L v
, -, .
Q
S
" | References ¢! © <

1. Manual of Instruction for Water Treatment Plant Operators,
Health £ducation Service .

2. Manual of Water Utility Operations, Texas Water Utilities Assoc.

3. Elements of Ion Exchange, Kunin

-

‘1. "Read Handgut - Principles

Class Assignments: . )
The participant will .

-

of Ion Exchange,Softenihg
2. The participant will complete Problem #1 on chemical reactions.

10 .
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4odule No:

I12SWS

Topic:

-

Principles of Ion Exchange Softening

»

»

Instructor Notes;

9

14

instructor Outline:

=)

1.

12

3.

LI

- Work part A. with class

Present Transparency #6

Present Transparency #7

Present Transparency #8

) ~
Repeat Trar<parency #7

Present class érob]em #1

1. Discuss.the softening reactions.

Ca (HCO3) . . ‘
Mg 304" % 4 Nay R—> e T
Clz 2 v

=

‘ (HC03)2 T T .
Ca

Nap SO j‘{ ; R. .
{03 "o

2. Discuss the react1ons taking place inside .

the res1n.

-

3. Discuss the regeneration reactions..

Na2 R+ {g; Cl12

4, D1scuss the reactiocn taking p]ace 1ns1de
the resin.

5.

Part A

1.

2 mclés

participatiog.”

- Have

class work part B. on
their-own and help those
with prob]ems.

2. (250 mg/l?/(152 mg/m mole)

(2 moles) (23 mg/m mo]e) T

71 mg/1 Na increase
3“ (250 mg/”/(162 mg/m mole) (40 mg/m mo]e)
.62 mg/1 Ca ariginally

. o’ s01ids increase = 71-62 = 9 mg/1

-
- -

.
g A e




¥ ——

Page 9  of

{odule No:

T125KS

Topic:

-

Principles of Ior Exchange Softening

Instructér Notes:

8
v

¥

Instructor Outliné;

5. Part B
1. 2

(250 mg/])/(]zo mg/m mole)(z moles)
(23 mg/m mole) = .

95 mg/1 Na increase for Mg~

o’ total increase = 71 + 95 =
Na increase

“ 3. (250 mg/?)/(]zo mg/m mo]e)(zs mg/m mole)

= 50 mg/1 Mg originally:

.'; so]1ds increase for Mg wou]d be
45 mg/]

'snd total increase wuuld be:
9 + 45 = 54 mg/1

95- 50 =

106 mg/1

7 e

8




L Page_10 of _

Module No: ‘ Module Title: _

¢
-~ o

. Basic Ion Exchange Softening
T12SWS ] Suomodule Title:

Approx. Time: ™
. , Topic:

1 hour

-Components of Ion Exchange Softener

Objectives:Upon completion of this topic, the participant will be ab]e to
1. Identify-the basic components of an Ion Exchange Softener.

-9

Instructional Aids:

) 1. Handout - Components of Ion Exchange Softener

2. Transparency #9 - Basic Components of an Ion Exchange Softener
3. Transparency #lﬁ-Bas1c Components of a brine tank -

, o

Instructicnal Approach
Discussion

References :
Manual of Instruction for Water Treatment P1ant Operators,
Health Education Service

2. Manual of Water Utility Operations, Texas Water Utilities Assoc.
3. E1ements of Ion Exchange, Kunin

L

LY

Class- Assignments:
The participant will

1 _Read Handout - Components of Ion Exchange Softener
2. Comp]ete Problem #2 identifying components of a softener

°




- Page 1 of ’

“Module No: | Topic: ,
112SWS . “Components of Ion Exchange Softener . .
; Instructor Outline:

Instructor Notes: .

-

1. Present Transparéndy #9

-

2. Present Transparency £10

3. 'Present Class Problem #2

Have. class match name of
component with.number on
. their own. Then work the
- - . problem with class

o participation. o

1.

Dlscuss the Components of - the Softener.
" Identify each - .
h. Purpose of each

Discuss the components of the Br1ne
Tank
a. Identify each - e

*b.. Purpose of each

Rev1ew the components and purpcse in work1ng
the prob]em




. : i Pagel2 _of ~
Module No: Module Title:
- -|Basic Ion Exchange Softening - 5 L '1
112SKS “ Submodule Title:
Approx. Time: .
Topic: . ‘ ~
2 hour ' Basic Operation of Ion Exchange Softener =

Objectives: Upon completion of th1s toch, the participant will be ab]e -to:
1. State the steps necessary to regenerate a softener.

2. State the reason for each step of regeneration. -

3. Compute when a softener should be regenerated.

]

, < R
¢
. . - * . -
. N
. . ‘ ' . . ‘
« . P
- o . . - <
- . I .- - . . * .
= . . ~ 3 » N - . . d »
/ . * P . . Ve . N

. .

Instructionat Aidst i et i,

1. Handout - Bas1c Operatlon of Ion_Exchange Soften1ng ,

2: Transparency #]11- Softener regeneration X .

3. Transparency #12- Calculations for regeneration T
4 Transparency #13-Typ1ca] data, sheet .

3 . -

/

Instructional/Approach: o
Discussion. and class probl

.References : N

1. Manual of Instruction for Water Treatment Plant Operators,
Health Education Service

-2. Manual of Water Utility Operations, Texas Water Ut1]1t1es Assoc

3. E]ements of Ton~ Exchange, Kun1n

2 »
- - ¥

{ Class Assignments: | ‘ s

1. The participant W1]1 read Handout -.Basic 0perat1on of- lon Exchange
Softening

2. The participant W1]1 comp]ete Problem #3 calculating when a softenen
should _e.reg‘nerated and how much 'salt should be added to the softener.

L AR

o




-Page 13 of

jiodule NoO: Topic:

112SKS

| Basic Operation of Ion Exchange(Softeners

Instructor Notes:

nstructor Outline: ‘ - .

——

1. Present Transparency #11
v

é.

T

1. :D1scuss the Regeneration of a softener.. !
- Identify which vzlves are to be
opened and closed.’

€

b.

Discuss the reason-for each step.

Present Transparency #12

2. D1scuss the. pounds of salt requ1red to -

"

Have class work problem

-regenerate a softener.

[N -

3. Present Transparénqx #13

4. Present Clags Problem #3 .

-

3. Discuss the items on the data shéet and

their 1mportance - o

2 : ‘f

4. Review the salt dosage for regenerat1on in ' .
working the problem. ' :

on their own.

Then work

the probplem with class
participation. < - -

3%

ao‘

(174) (N 500)
water conta1ns 170/]7 = 10 grains .

1 000,000 gra1ns capa71ty

hardness o’ for fullsexhaustion capacity
is 1,600 000/10 -2300 000 gallons of water

b. (100 ooo) (2/3) =

c. (.‘5) (2000)

500 lbs of sa]t

’ 66 667 gallons of later

d. (.3) (667)

200 Tbs of salt = <

- f .
\ \ ' . N :
NS -
. ! -

16




v
ey ¥ ’
t T ——

——————

, . - Page_14 of _

Module No: Module Title:

‘ Bas1c Ion Exchange Soften1ng
1I12SWS . |Submodule Title:

Approx. Time:

Topic:
¢

2 hours : ther Stabi]izaﬁion

Objectives pon completion of thié topic, the participant will be able to:..

1. Determine.the proper water composition for the water distribGtion

’ system. - .
2. Determine the proper chem1ca] feeds to obtain the necessary water -,
' stab111i3t1on .

Ja_

Instructional Aids: N T . .o

1. Handout - Water -Stabilization , = ° e
2. - Transparency #14 - Factors affecting water stabilization.’ .

Z. Transparency #15 - Ryznar Index e . " -

Transparency #16 - Saturation. pH,

t . "

-

Instructional Approach: - . %; .

Discussion and class problem

e ¢ .. . . > —f
~ .

References :

-+
- i~

1. Manual of Instruction for Water Tﬁeatment Plant Opgrators,

. Health Education Service Co
2.. Manual ‘of Water Utility 0perat1ons} Texas Water Utilities Assoc.
3. Elements of ILon Exchange, Kunin . o :

o

~
v -
- - .. ) +
. X
LY

i ; ’ G
! -

"Class Assignments: / ’
.1.” The participant w111 read Handout- Nater Stab1]1zat1on

2. The part1c1pant will complete Prob]em #4-Hater Stab1]1zat1on

17

eyt




fodule No: Topic:

L3

I1esws .. Water‘Sj:aléi_]izati.on" L / '

3 o

Instructor Notes:

Instructor Qutiine:

1. Present Transparency #14

L4

2. Present fransparenby #15

. ’

3. Present Transparency #16

a

4. Present Class Problem #4
" Have c]ass work problem .
on their “own. - Then work
the problem with class
" participation. =

4

;:‘E"not abso]uﬂe -~ For cold water a S.I. of

& -

"b) Hardness = 360 X 27% = 80 mg/] as CaC03

Discuss the factors and their importance
in water stabilization.. Discuss by passing
water to ach1eve a 80 mg/] finished water.

7
Discuss the Re1zener curve and equation. - |
Point’ out the index is only ‘a guide and’.

6 01is a good starting point.

D1scuss the use of the diagram for use in
calculating pHs. Work prob?em at bottom
of d1agram

J

Review the. 1dea of bypaSS1ng to obtain the
desired water. Then calculate the proper
f1n1shed wate#@pH - s o

.80 .
3) - X 100? 274

\

+

Calcium = 180 X 27% = 49.mg/1 as CaC03
Alkalinity = 300 mg/1 as CaC03
hmwuwe-w% ;

pH = 7.3 '
Total Dissolved So]1ds = 1000 mg/] .3'

Note: DS has Tittle effect on pHs,‘
. therefore, assume a-vale s]1ght]y
higher than natural water.

€) PHs =9:30'+ .2+ 2.07 - 1.3 - 2.09 o
RN /A
pH = 2(7.77) - 6.0

[ o -

9.5
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3 - - Page 16 of .
» Lo . . _ ! A
e Module ‘No: Module Title: ) ) o
: i} Basic I6n Exchange Softening ’
- - 1iosHs Submodule Title: ) ' ’
| ’ . |Approx. Time: Yo J ]
- |Topic: ’ °
o oo - J
1/2 hour . Preventative Maintenance // .

- S Objectives: Upon comp]et1on of this top1c, the gart1c1pant will be-able to:

1. State those 1§ems necessary for a bas1c preventive maintenance program. -

I
- - . ) »

l' w
4 - .
N ) /’/ R N ’ ’ i X LI « To-
.o i/ lnstruct1ona1 Aids: ' t, . i . - o
<t 1a. Handout -:Preventative’ Ma1ntenance ) - ’

2. Transparenqy 17—Preventat1ve Maintenance - . <o

~ d

Instruct1ona1 Approach

Y l// )‘
Dgscg§Sybc‘ /7///

- - -
. /4 VI )
71 \ ~
V ‘ .
7 ./’,/ {1/' v *
N ;. "/‘/1, @
/\
References.:
4ot -1. Manual of Instruction for Water Treatment Plant Operators,

1 * Health Education Service
© |.2. Manual of Water Utility Operations, Texas Water Utilities Assoc.’

3. Elements of Ion Exchange, Kunin
2 . -

» -

Class AsS1gnments. - . - ’ . ‘
1 1. The participant will read Handout - Preventat1ve Ma1ntenance -

o . /// : ‘\‘ -
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3 o fodule No: %1 Topic: .. - /

112SHS - Preventative Maintenance ' !

N

" {Instructor Notes: Instrdctor'OUt]ine: -

1. Present Transparency #17 |1, Discuss Preventative Na1ntenance for a
’ . ' zeolite softener.

1/
R * . . /
. . b .

- »~
i3
vt [
P -
» -
.
> . -
N - » A3
LY
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B - o
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= L . vPage 18/ of - -
Module No:* Module Title: ‘ //' LA? )
" iéésic Io; Exchange~Softéning " °
1125HS. 7ubmodu1e Title: * oy
Approx. Time: ' ) /.

'/To 'I.c:‘ - - / : . — {; =
1/2-hour /| shfety - L 7f‘ - o

1

1. State the pdtentﬁa] haizards in operating é/ion exchange sof%ener.
-2. State the proper-corrective measurés to minimize safety hazards.
3. State the;prqper actions required after an accident. R

v -

¢
A
Y
*
PR
s
N
B
o

A3

Instructional Aids: fﬁ? ! B
¢ . i /
1. Handout - Safety 7 I
2. Transparency #18 - Safety R / .
- ] ’ _.3\—\? - .
SN X

:/
‘
.

~

3. 'Elements of Ion°Exchange, Kunin -/

-'. . >, s . ) ﬁ -
Instructional Approach: - A\ /
. . ’ \ .
Discussion . PR -
- I\
! r/ /' \‘\
References: / -

1. Manual of Instruction for WatenyTreétﬁent Plant Operators, _ -
‘. Health Education Service - //4 ‘
2. * Manual of Water Utility Operations/, Texis Water Utilities Assoc.

PR
-

Class Assignments: T o
1. The participant will read Handout - Safety

-

3

PR
4 2
- f




Page 19 = of
: Module No: — | Topic: ° .
112SWS Safety ‘
Instructor Notes: - Instructor Outline:
1. Present Transparency #18 1. Discuss safety in operating a zeolite
v . softener. .
~ ’ =~
~. .
o R F —am—
/ - i °
.
- - . - hd ‘/‘ kY
& Y
AN
oy ® :
(%4 -
‘ - —y ."\
) . A
LA ¥
;I -
, .
y . ’ e




\f\\\x Page 20. of _

. Module No: - Module Title: L .
) *\\\ asic Jon Fxchange Soff_:nma
TI2SHS ) Sh@modu]e Title:
' Appréﬁi Time: . \\ o
. N Topic?
1% hour . o Laboratoty Contro1 '

Objectives: Upon complet1on of this topic, the participant will be able to:
1. Select the proper analyt1ca1 tests for operat10na1 control.

-

2. Exp1a1n the necessary ana]yt1ca1 tests for operational contro].

) 3. Interpret the resu]ts of ana]yt1ca1 tests use in operat1ona1 control.

#

- 13

% . \ . .
b \ .
e N . - -
St kY hd P

rnstructiori‘al Aids: N, : o , o o

3

11." Handout- aboratory Control . ' ' g
2. Transpard ncy, #19 - Laboratory Control :
3. Transparercy #20 - Soup Test '

g

¢

- -~ = - \

Instructional Wppkoach: S _ ! \\\ 4
Qtscuss1on an c]§ s problem P : o
. ) [
, : g
References : : ' & :
1. Standard Me*hodL for the Examination of Nater and wastewater, 14th Ed.

2. Methods fori{Chehical Analys1s of Water and Waste, EPA .

3
-~

' C]ass Ass1gnments}
1. The part1c1pant i11 read Handout - Laboratory Control

v N -
\ PN N [

3

N
L)

E
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Insitructci Notes: Instructor Qutline: . -
1] Present Transparency #19 1. Discuss the various laboratory ana]yszs
7 ) .| - and the need for each. ..
2. Present Transparency #20° |2. Discuss the soap test. .
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Mbqﬁle No; ~  [Module Title: -
! Basic Ion Exchange \‘Softening
112SKS Submodule Title: . )
-| Approx. Time: ! l \
o Topic
1 hour “ ; EQaluation . \
ObJectives. ° ‘ '

The participant should be able to answer vorrect]y 30 of the 36
questions asked.

-4

' None - - . .

Instructional Aids}

~ . o

Instructional Approach: p

Examination : L

| References;

None ?

Class Assiggments:
" None




dudule No: | Tywic:
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Instructor Notes: . Instructor Outliqg:
4 : —

1. Distribute exam. Each
participant is to complete
the exam independently
and ‘with no books or
notes. Collect after

1 hour.




-

E

RIC

PR A 11701 Providd by ERiC

2

O

(S}

¥

TRANSPARENCIES #1 - #20

_for

_Training Module -II2SKS .

« . t .
.
¥
- N
*
&
B g
-
s
P2 “f
- 0 - -
¢
Q
,
.
’
//
/

2 o .
,"'
~ -
.
<
-
#
t
rd
-
o -
[




WHAT IS HARDNESS? °

1. CHEmicAL CoMPONENTS . .
° A) Ca**
‘ B) Me™t
c) OTHER

2 ~TYPES OF HARDNESS - _ ,
A) * CARBONATE : : -

_ " CACHCOZ)7 or Ms (HC03)o
- B) Non CARBONATE
CASO or - Me(CL),

' TRANSPARENCY 112SUS-#1 -




WHAT IS SOFTENING?

- ™

REMOVAL OF HARDNESS
Types /

A)  CHEMICAL PRECIPITATION
B) loN EXCHANGE

-

29 e

S S,

.. TRANspagency 1126HS - #2




« 1
L4 j :-'—_" )
Y SCFTE
. "1, fovantAcEs ., )
- A) CONSUME LESS, SOAP AND DETERGENT
j B) INCREASE THE LIFE OF CLOTHING AND OTHER ARTICLES
j BEING CLEANED, )
o C) INCREASE THE LIFE OF PIPES AND FIXTURES, HEATING
. Lo e SYSTEMS, AND BOILER SHELLS AND TUBES IN DEPOSITING
DU D) CERTAIN INDUSTRIAL PROCESSES REQUIRE IT,
- E) SOME INDICATIONS THAT HARD WATER MAY BE THE CAUSE
; OF CERTAIN CARDIOVASCULAR DISEASES. . e
: F) REMOVE RADIOACTIVE NUCLIDES, - o
F ° : ‘
23 Ji“r "';.: - ¥ .
* Fan . .
,‘“ /
- L . ‘
, 30 '
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-

T\‘ -~
t- .
1Y SOFTHLE?

+

2, DISADVANTAGES,

A/ NITH IMPROPER CONTROL, SOFTENED WATER MAY BE
MORE. CORROSIVE OR SCALING.THAN THE RAW WATER,

B) IF ION EXCHANGE.SOFTENING IS USED, THE SODIUM -
CONTENT OF THE WATER IS GREATLY INCREASED WITH

A POTENTIAL CARDIOVASCULAR HEALTH HAZARD TO.
CERTAIN. PEOPLE, -

C) IF 10N EXCHANGE SOFTENING IS USED, THE TOTAL .
DISSOLVED- SOLIDS OF THE PRODUCT WATER 1S INCREASED,

D) YhTH BOTH PROCESSES, A WASTE -SLUDGE OR WASTE BRING
. HAS TO BE DISPOSED OF, . 1

31
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2. CAmBONATE' HARDNESS -

3. NoNCARBONATE HARDNESS -.

4, SoFTENING - .

5. CHEMICAL SOFTENING -

K4

6. Ion-EXcHANGE SOFTENING - - ™" .

32
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Inlet valve
Backwash control valve

.- Outlet-valve

Backwash outlet valve
Brine. to waste valve
Brine control valve
Bottom manifold

Top manifold -
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1

SA

AGE FOR REGEIERA

fOI.‘

-

1,

FULL EXHAUSTION -

2. " 2/3 EXHAUSTION -

5 1Bs/1000 GRAINS REMOVED _

.3 1Bs/1000 GRAINS REMOVED

3

| ExAvPLE:

, . SOFTENER ESNTAINS RESIN HAVING A TOTAL CAPACITY oF 200,000 . .
. GRAINS. FOR FULL EXHAUSTION, THE SALT DOSAGE WOULD BE: b3

. G5 LBs/l(DO GRAINS) (200 O(I) GRAINS) A GRAIN/mm GRAINS») o

\\E T NG

T . l(IJ LBS OF SALT e
. \\\ B Yo P . '
' \\ . FoR 2/3 EXHAUSTION, THE SALT DOSAGE WOULD BE: ,
‘ \'\.
‘ .3 LBs/lUJO GRAINS) (200, (IJO GRAINS) 1 GRAIN/lmO GRAINS) (2/3) =
P \ 43 1BS OF SALT )
N\
‘,: ’ ) ~ .
X . ‘
\ %
| "t ¢
|
38— —
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"Cl ’\IO,JOFASO’:]E'!ER .

ASIC OPERATION oF -Toy Dcmues So-muz -

# '\EGENERATION -
DACKYASH SOFTENER FOR FIVE MINUTES OR UNTIL WASHWATER
IS CLEAR, WHICH EVER ONE IS LONGER,

" Apb THE R:QUIRED AMOUNT OF BRINE*TO THE SOFTENER FROM 1
THE ERINE SATURATOR .

CONTINUE ADDING WATER AT A SLOW RATE UNTIL A SALT TASTE
IS NOTICED AT THE WASTE,

DISCONTINUE WA ADDITION AND ALL(M BRINE TO REMAIN IN

SOFTENER FOR 1 MINUTES,
START SLOW RINSE UNTIL ALL SALT TASTE IS GONE.,
START FAST RINSE FOR 10—1‘5 MINUTES, '

PLACE UNIT INTO SERVICE.

\ | S n

A4
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Location e Week of to i 19
! ‘ Meter Readings : N o B
. v . R i . - - : o 'V )
- E2End . & S=Sun T = Total gallons Raw - | 1bs. salt
Unit # 1 Unit # 2 Unit ¥ 3 Hardness | added |Oper-
Softened Backwash Softened Backwash Softened “" Backwash [ gr. /9al. | “totank | ator Remarks
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'3, Tora DissoLveD SoLIps
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+  TEMPERATURE
» ~ CaLcm -

cOAkALINITY
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b

o

‘o

INDEX

STABILITY

INCRUSTATION ~————————p

Ay

. />4—vgmrt HEAVY SCALE

|
yd

o T

L —HEAVY SCALE AT 150°F

- HEAVY SCALE AT 60°F

TCORRGSION | -

©
ey A

P

HEAVY SCALE IN HOT WATER HEATERS P
HEAVY SCALE IN HEATERS AND COILS
L SCALE IN HEATERS .
SCALE IN HEATERS
FSCALE IN HEATERS : .
L SCALE IN HEATER CONLS .
P SOME SCALE AT 60° F

&
;
~aa

- NO DIFFICULYIES EXPERIENCEO
-COMPLAINTS NEGUGIBLE .
[F'NO SCALE OR CORROSION 4

LONLY SLIGKT CORROSION AT 150° F -

FSCALE IN HEATER UNLESS POLYPHOSPHATE-ADDED
SUGHT SCALE~CORROSION HIGH TEMP.=POLYPHCSPHATE, PRESENT

FPRACTICALLY NO RED WATER COMPLAINTS ¢

b

SCALE IN MAIRS
PRACTICALLY NO COMPLAINTS .
-QUITE CORROSIVE AT 150° F .
+CORROSION IN HOT WATER HEATERS

* CORROSION IN COLD WATER LINES

I SEVERE CORROSION - RED WATER

L SOME CORROSION IN COLD WATER‘MAINS
- 32 RED WATER COMPLAINTS SN ONE YEAR
- CORROSION IN COLD WATER MAINS
~CORROSION IN COLD WATER MAINS
- NUMERDUS COMPLAINTS OF RED WATER
-RED WATER ~ }

T T
- SERIQUS CORROSION AT 140° F * -
234 RED WATER COMPLANTS IN ONE YEAR -
-VERY CORRCSIVE AT I5Q° F | .

- SEVERE CORROSION - RED WATER _
k3 ' - 2 ) ) s

¥ -
.

- CORPOSIVE AT 60° F

-

-

- CORROSIVE TD COLD WATER MAINS

LVERY CORROSIVE AT 60° AND 150° F .
-CORROSION IN ENTIRE svsm'n
1

-SEV{RE}Y' CORROSIVE TO MANS AND INSTALLATIONS

. X Scale Reported ¢
@ Complamts Negligibie

Oc.ormm J 5

“r

&
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A, -Bee

DR

C. PROPERLY TREAT UNITS VHEN THEY ARE LAID UP’

.-1,

2.‘

L

“1

%

UEQTE RECORD OF PERFORMANCE . -
RIODIC CAPACITY CHECKS
PERIODIC BRINE FLOW CHECKS

FOR ABOVE FREEZING TEMPERATURES
A) BACKWASH AND .REGENERATE

B). LEAVE A VALVE OPEN TO RELEASE ANY PRESSURE BUILDUP
- FOR BELOW FREEZING TEMPERATURES

Ag - BACKWASH .
B) FILL TANK WITH STRONG BRINE ~

I

« E

-
L3N

-

.\v

-

Lo

-

Lo
o
""

*

L

. \ . ’
B, I\EEP AQL PARTS WELL PAINTED TO PREVENT CORROSION

P

-

Y

c) LEAVE A VALVE OPEN- TO RELEASE ANY DRESSURE BUILDUP

TranspARENCY 112945 - #17




ELECTRICAL SAFETY

- SAFE

3

EVECTRICAL TOOLS WHEN

1, Auways USE -GROUNDED OR DOUDLE INSULATED
WORKING ON SOFTENERS, )

.- 20 IF SOFTENER HAS AUTOMATIC CONTROLS ALWAYS CONNECT TO AN APPRO-
.- PRIATELY GROUNDED OUTLET, REPU\CE ANY WORN OR FRAYED POWER CORDS,

3
R )

<

HE BRINE _TANK:
' IF SALT GETS INTO YwR EYE, FLUSH WITH A LARGE QUANTITY OF FRESH
WATER, - . .
o8 / . .
‘*: ) kS g ‘{
“«% -

4,

va B LIFTING HEavy SaLT Baes - T

lc\ ALWAYS LIFT FROM THE KNEES "TO PREVENT PERSONAL INJURY, -

EYE PROTECTION

1. YS WEAR EYE PROTECTION WHEN HANDLING SALT R VDRKING AROUND

$

46

;'.’
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i - _
L~
| ABORATORY COTROL
“ A, PuysicaL L
1. Tewerature - FinaL - .
_ 2, PRESSURE LOSS THROUGH SOFTENER .
"B;;‘CHEMICAL S L
1, - ALKALINITY - FINAL - -
2, TOTAL AND CALCIUI HARDNESS - RaW AND FINAL
| 3, TotAL DissuLvep SoLiDs - FINAL
3 -5, Soap TestT - FinaL - ' L
i /..
47
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< Cot . P TES

- ~ - ’
I . « .

1. RINSE THE TESTING BOTTLE THOROUGHLY, THEN FILL IT TO THE
MARK WITH FINISHED VATER WHEN SOFTENER IS IN SERVICE,

ol
-

’
Virrrr e srsrsrars

- '(

HoLD THE DROPPER AT A lrS-DEGREE ANGLE AND ADD THREE (3 FuLL.

DROPS OF STANDARD SOAP SOLUTION,

ONE HAND WITH THUB CLOSING THE

IT VIGOROUSLY.,

YITH SOFT WATER

(

HOLD THE TESTING BOTTLE IN’

ND OF THE BOTTLE AND SHAKE

ZERO-SOFT

FORMED THAT WILL STAND FOR SEVERAL MINUTES.

') A.suDs WILL BE

&

SAPLE “TESTS SOFT”,

IF, ON' THE OTHER HAND, A SLﬂ)S 1S NOT OBTAINED OR IT WILL NOT
STAND FOR SEVERAL MINUTES; THE SAMPLE - “TESTS HARD

YHEN A §UDS FORMS THAT WILL STAND FOR SEVERAL MINUTES THE

<
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. rmen ’ . %‘1; A i \‘\
CLASS PROBLEM #1 Y ) r
- ) ‘ Py :
S, . R ’; ‘-‘;;‘ * i -
. PART A. 1 f. 0N ' '
- . : % A :
1. For a water containing calcium bicarbonate (Ca(HC03)¥), how many
moles of sodium will°be released for each mole of calcium?
2." If a water contained 250 mg/1 of calcium bicarbonate, how much
, will the sodium concentration increase? : )
3. How much will the total dissolved solids“increase?
/
i . v
o - - ’ 14 )
' - - -
-~ . Vo
i - ‘ v \ :
LY - "' - ’
—— ».'k - -
- .
Y t . -
- . . .
- - - . ".J\: - +
. - ) . ~ - l -
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CLASS PROBLEM #1 :
N : //- i & «
PART B. G .

//”A

1. For & water containing_magnesium sulfate (Mg 504), how many moles

" of sodium wil1 be released for each mole of magnesium?

{

2 If a water contained 250 mg/1 of calcium bicarbonate and 250 mg/1
of Magnesium Sulfate, how mych will the sodium concentration increase? -

’

»

o ~

- Pl
- [:4

-

3._,How fuch will the total

’

N

s

A

"

-

'a

-

2

.




' ' CLASS PROBLEM #2 - - /.
.. A o ' . ) . . ;,

1. Match each number with the correct component L T
- R g R . 7 . M ‘,_,ﬁt-r.

-
-

taey
»

Top Manifold
Outlet Valve :

- Bagkwash out]et‘valve
valve ~ ’

Bottom manifold
Backwash controT valve . )
Inlet valve :
Brine contreol valve .,

30 et Svarge
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o

" CLASS PROBLEM #3

1 ——

kl

o=

A softener tontains 174 cu: ft. of synthetic zeolite resin
having a capacity of 11,500 grains per cu. ft.

a.

" b.

.

C.

If vaw water contains 170 mg/1 as CaCO3 of hardness, how

.many gallons of water will total exhaust the 'softener?

How many gallons of water will exhaust 2/3 the capac1ty-
of the softener? L ~

How many pounds of salt will be required regenerate a

* totally exhaustea.softener?

ﬁé& many pounds of salt will be required to regenerate

a 2/3 exhausted softener? :

Q

¥




e

-y CLASS PROBLEM #4
1. A water to be ze011te softened has the fo]10w1ng chemical -and
< ‘physical ‘charactéristics:-

Hardness = 360 mg/] as CaCO °

Alkalinity =300 mg/1 as Ca603 ’ o - )
Calcium = 180 mg/1 as CaCO3 : . L
_ Total Dissolved Solids = 800 mg/l L : S e
e T 1 B . , - - - .

S Tmmmahme GWF

. ,i a. What percentage of water w111 have to be bypassed to achLeVe K
o4 - 3 stab]e water?.
. - .
* b, What will be the chem1ca] and phys1ca1 characteristics of. the
- blended water?

- , B ¥

e c. What pH should the blended water be adJusted to.achievea  _ - . i

- °
e stab]e water? - ,
o : /
-~ © -
. /-
3 - 7
‘ A -
B
- - -
5
-3
k4 - -
-
N 3 - /
J - T
. .
/
-~
- 5 .
14
L . - ~
- @ ~
- .
s G
&
-
N I > 8
© n & N
”» -
. . .
S & ©
.
5 -
? * - 3
€ " <
¢ Y .
. ° 1 e
I3
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Hendout for 112SWS-- Ba&ic Ion Exchange Softenina

‘Ipntroduction .
A. Vhat is Hardness - - . v
- 1. Chemical Components - -
- "a) Ca _ A .
. b) Mg R ) ’ : ) :
, .c). Other “ ‘ B .
" 2. Types ST . ‘ : -
. a) Carbonate T ..
b) Noncarbonate - B .
3." Typical Hardness in U.S.. . o LT .
4. Typical-Hardness in Iowa . .~ - .

B. What is Softening.
.1. Removal of Hardness
2, Types of Softening .
" a) Chemical precipitation
b) Ion. exchange
C. Why Soften L . ) . o
1. -Advantages
a) . Consume ‘less soap and detergent
b) Increase the life of clothing and other art1c]es being
+.cleaned.
“c) « Increase the- 11fe of pipes and f1xtures, heat1ng systems,
i and boiler. shells and tubes for depositing water.
-d) Certain-industrial processes require it.
e) Some indications that hard water may be the cause of
certain-cardiovascular diseases. .
* f) -Remoye radioactive nuc]1des
2. D1sadvantages :
a) With improper contro], softened water may be more cqrrosive
or sca]1ng than the raw water.

'33??“, b) If ion exchange softening is used, the sod1um content of

IT.

the water is ‘greatly increased w1th a potential cardio- .
vascular health hazard to certain people. -
+¢) If ion_exchange softening is used, the total dissolved
L solids of the product wate¥ is 1ncreased
h d) With both processes, a waste s]udge or waste brine has
- to be disposed of. .
Pr1nc1p]es of Idn_ Exchange’ Softenlng
A. Softening Reﬁct1ons .

#+)- (Hooz ) o
{M 2 502 2 t NaR—> 3 )
at) T

ico R R
3 2 N - hj LA,
S03; Ca -
Na {F]ﬁ + éMg}Ji - o

-~ -

“




)

,

. B. Regeneration Reactions .- y L

s Ca o -
. ; Mg § R + 2 Na~ C]-————€> N .
: Ca o

"III. Components of Ion Exchange Softener

. VI. "Preventative Maintenance

A. Softenér : . | L

. (See Figure 1)
B. Brine Tank
.~ (See Figure 2) .
“IV. . Basic Operation of Ion Exchange Softener
‘A. Regeneration

1. Backwash softener for, five m1nutes or until washwater
.. is clear, which ever one is Jonger. -
; 2. Add the required amount of brine to the softener from
i " the brine saturator. ¢
-.3. Continue adding water at a sTow rate unt11 a sa]t taste *
- is noticed at the waste.. . .
4. Discontinue water addition and allow brine to ‘remain in
v = softener for, 15-30-minutes. =~
. g. Start slow rinse until*all salt taste is gone.

Start fast rinse for 10-15 minutes., 5"
] 7.- Place unit into serv1ce . .
B. Salt Dosage
’ 1. Full exhaustion - 5 1bs/1000 gra1ns removed '
-2, 2/3 exhaustion - 3 1bs/1000 grains removed
V.” Water Stabilization
A. Factons affectiny water s+ab111zat1on
-, 1. Temperature : . . -
calcium > - \
Total Dissolved So]1ds ' T

2.
. 3. ) .
2 N A]ka]1n1ty . : g

H
&

" PH
B. Re1zener Index
S.I. = 2 pHs - pH
C. Saturat1on pH : ) Ay e
(See Figure 3) . . .

A. Accurate record of performance
-+ 1.- Periodic cdpacity checks -
. 2. Periodic brine flow checks )
B. Keep all parts well painted to prevent corrosion.
C. Properly tréat units when they are laid up
. 1. For above freezing temperatures . . .
a) Backwash and regenerate o
- b) Leave.a valve open to release any pressure bu11dup
2. For.below freezing temperatures e
g a) Backwash
b) Fill tank with strong brine .
c) Leave a valve open to release any pressure build up

“
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SLVILL Safety A
A. Electrical Safety ; oL
- 1. Always use grounded or double 1nsu]ated electrical too]s when .
working on softeners. e
2. If softener has automatic controls a]ways connect to a appropr1ate]y
. ~ grounded outlet. Replace any worn or frayed power cords
B. Lifting heayy salt. bags . ‘
. Always 1ift firom the knees to prevent personal 1n3ury -
C. -Eye protection .
1. . Always wear eye protect1on when hand]1ng salt or work1ng around_ the
brine_tank._- )
' 2w If sait gets into your eye, flush with a large quant1ty .of fresh water.
VII. Laboratory Control. - . A
- - A.=Physical-- - — ° - h~m47f~~i‘~
1. Temperature - F1na] : )
2. Pressure’ loss through softener” . . . a
B.” Chemical- - . < B
1. Alkalinity - F1na] : g
2. Total and Calcium Hatdness - Raw-and Final
. 3. Total Dissolved Solids - Final T .
4. pH - Final o : i '
-5, Soap. Test - Final . - « 7
' s L, Y
. . N
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1
2
3
4
5.
6
7
8.

L’ASIC UJ'

Inlet valve T

=~-Backwash contro? va]ve

~Outlet-valve *
‘Backwash outlet valve
Brirne to waste valve
Brine contro] valve

. Bottom manifold

Top manifold _
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Examinatibn for)JIZSWS,— Basic lIon Exdkange‘Softening“

\ -

\

3
\

-and

o

1bs of 'salt per

°®

~

Ibs of salt’

1. Hardness in most waters is caused by
d1valent cat1on ions.
R Hardness ions that are matched with b1carbonate an1ons is ca]]ed
N hardness.
3, Softening is defined.as ‘
4. List three advantages of softening: .
© a. '
b. ' .
C. + R C ‘ . S
. . S . ) .
5. List three disadvantages of jon exchange softening:
a' } ' .‘ ' -
b.- :
c.
6. _in jon exchange softening, hardness ions are,rehoved and replaced with
‘ imsf ‘ -
7. Nhen a softener is fu]]y exhausted, 1t requires .
. per 1000 grains of hardness reinoved. -
8. then a softener is 2/3 exhausted, 1t reqhires
" 1000 grains of_hardness removed. . o
9. List the‘five factors affectfng_water stabf]ization.

I S

-




«

10. Match each number with the correct componéﬁ’t.

5

- .8

Top Manifold

%

Qutlet Valve
Backwash outlet valve -
Brine to waste valve )
Bottom manifold

~ Backwash control valve -
inlet valve - -
Brine control.valve e
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- T or
T or
T or

“T'- or

T o or.

T "or ’

T or.
T or
} T or

F

11.

12.
13.

14.

15.
16.

7.
18.
19,

20.

~ acrosssthe softener.

" than at 2/3 exhaust1on

TRU“ OR FALSE - CIRCLE.THE CORRECT ANSNER T ‘ .

"
N

When a softener is regenerated the br1ne shou]d never be
allowed to sit in contact with the resin for any length
of time.:

A proper]y stabi]ized water always has a pH-of 7.0.

. When a softener is 1aid up in freez1ng temperatures it !
i shou]d a]ways be- ]eft with Brine in the*tank / 7

B /-3
The soap test can g1ve a quick determ1nat1on for headloss

P M —~

When water contains CaSO4 it 1s considered noncarbonate

Rad1oact1ve part1c]es are removed by 1on excrange soften1ng

Total dissplved so]1ds a]ways decrease with }on exchange >

soften1ng N .

The majority of ion exchange reactlons occur 1ns1de the
resin particles.

It is cheaper to onerate a softener at fu]l exhaust1on

¥

_Zero soft water is always stab]e and never needs any
‘.chem1ca] adjustment.
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