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Module No: Hodule Title: "f L P

. j\\\ :| Basic Chem1ca] Pnec1p1tat1an Spften1ng

1127TWS , Subnodule T1t1e .
Approx. Time: . e

. \ . - Top?c: 5 ‘

14 hours Summary O '

‘ OBjectives :Upon completion of this module, the participant will be able to:

1. Describe the chemistry of chemical precipitation softening -
12. Describe the operat1on of chemical precipitation softening -
3. Describe the laboratory control neces5ary for chemical prec1p1tat1on *
softening
4. Descr1be the safety re1t1rements for chm1ca1 prec1p1tat1on softening.
. . a. .
Y e ') ‘ ' . N L.«
9 - '~ o SN - ‘: | : b
o ) [ g ' “' '
Instructional Aids: . o . ) - ) :
1. Handout : ' 3 u{ . -
2. Transparencies #1-#22_ C . .
B * .. . L ) E s
‘ . e
: ) w . (\'. )
Instructional Approachs ) 6&5‘\~\,; r
. X - - AN M -~
Diécussion and Class Problems ) Lo 9 N
. :7 \'ﬁ -~ -

~

e——)

. s

References: (

1. Manual of In;t>rct1on for Water Treatment P]Jnt;;perators jﬂea]th o
_ Education Service

Manual of Water Utjlity Qperat1ons, Texas Water Ut11;ty Assoc1at1on

Water Supply & Treatment, National Lime Assoc1at1on .

Standard Methods ¥for the Examination of Water and Wastewater, 14th .Ed.
' . Methods for Chemical Analysis of Water and Waste, EPA’ ) -~

w0 N

v .
s
- . s . .. . . o " (

Class Assignments: - T

J. The participant will réad Handout. . . .
‘2. " The participant will.complete Problems ‘#1-#3 C . ..
) [ O . N . -
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L v dodule No: Topic: ! -7 . 3
v, . : . . i .
R FI2TWS Summary r . ) :
¢ o+ L < :
. : ‘Q Instruc‘tor Notes: " . s lnstructor, Qutline: - )
‘ ’ 5 ’ oo ’ * < * . ' . o . ~ ) ! L]
. . - - M . v » . . e
v+ | 1. Distribute Handout - 1. Discuss/and identify the chemistry,
. N ‘ -|,° operation, labor&tory control and
~ ot v < \safety requirements for chemical :
" , . precipitation-saftening. ~
' S ) ( Present Transparencies . Give evaluation of 30 questions.
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J10du]e No: ) Module Title:
e’ . -1 . ’ «
co o Basic Chefical Precipitation Softewning .
CLt - |Submodule Title: = e ) ’
112TW3 ¥ T ,
Appyox. Time: . R : R
/ Topic:’ ) ¢ e .
.. " |Introduction - o \ e

ObjeCtiV953 Unon completion of this topic» the-partitipan{‘wili be able to:

Y

1. Describe” what hardness is. " T~
2. 'Desgribe what chemical precvﬁttat1on softening|is. L
— 1 32" State advantages of chemical precipitation softening. ~ )
.| 4. State disadvantages of .chemital precipitation soften1ng .« o
{f\ ’ ~ " Ve » ‘
. ) ‘\\‘ - 3o N 3 - v .
¢ - <y '
. ” . -
; Instructiona1 Aids: M T ,
A _ L - . s 4
1. Handout - Introduct1on R - . .
2. -—Transparéncy #1s- What 15pHardness L
3 'aransparency ‘#2 - What is Softening, ¢ : o

., Transparency #3 ~ Advantag%s of chemical prec1p1tat1on
§s Transparency #4 - Disadvantages of, chemical precipitation softenang
6. " Transparency #5 - Rev1ew of Terminology ¢

' Instrqtt1oqa1 Apprfach T . . .
-ADi§cussion°

.. . . .

N v
i M . - .
L] ‘ﬁ( . 2

References : - - : Lo

1.” Manual of. Instruct1on for Water Treatment PIant Qperators, Hea?th

. Education” Service.

2. Manual of Water Ut111ty Operators, Texas Water Utilities Assoc1at1on
3. Water Supply & Treatment National Lime Assoctation.
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= - . . .
* » . .
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Class Ass1gnments \ - =
s “The part1c1pant w111 read Handout-Intgoduct1on : ‘ -
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Ask the tlass to provide
the instructor with the
correct definition for .
. - each term and write it
« ..on the transparency

1?,

- L: ' :
. . /o 7, ' I )
. _ . ‘ ,Page -5 of. A
Jlodule, No: - T0p1'c- L /,/ .. .
| TI2TWS Pr1nc1p1es of Chem1ca1 Prec1p1tat1.on/Soften1ng ' t
. . — [ .
Instructor Note‘s. . Instructor Out'lv(e a . PR
- . , ) ’s,,:n * '
¥ ’Presen\t Transparency #7 1. Discuss What Hardness Is :
: E . , a. Chemical Components of -Hardness °
R NG b. Types of Hardnéss :
o - ) 1) .Carbonate - ’ »
- 2) ~flon carbonate $ - ,
s - c. Typical Hardhessés- in the U.S. .
‘ d. Typ1ca1 Hardnésses +n ITowa. - R
2. Present Transparen,ey/#Z N 2. D1scu$s What«§often1ng Is.
. ' : . »~ a. Removal of Hardness l -
- b. Types9f Softening- . .
* ’ 1. Chémical ‘ )
/ 2. Ion exchange- *
/ A - ’ . )
1.3.7 Present /Tra ' . . . .
< | 77 and #4 3. A Why Soften S, . ,
~ ‘ / . Advanta es T
- g .\,(‘,ons me less. soap and detergent
* 2. % Increyse the 1ife of clothing -
- and other ar}nc]es be1ng cleaned.
3./ Increase the Tlife. of pipes and
/ - . - - fixtures, heating systems, and
/ ’ ~ boiler shells and tubes for i
/ N . * depositing water, .
'/ ) . 4. Certain industrial processes : \
i A ' requ1re it. . :
» _ 5. Somesindications that hard water
. / \ may be the cause of certain . .
, ‘ ) “card1ovascu]ar diseases. R
) ¢ 6. Remove radioactive nuclides.
J b. 21sadvantages
L With 1mpr€er control, softened
. water may be more corrosive or :
N S . scaling than the raw water.
~ Vo . 2. Chem1ca1 precipitatien softening
" : produces a significant volume of
| e sTudge which has.to be disposed of.
4, Present Transparency #5 4. 1.. Hardness -"The concentration of Calciumy

Magnesium and other divalent cations

" . foumd-in water. >

. 'Carbonate Hardnessj - That portion. of

hardness that is’in combination with |
biocargonate. — Lo 7
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IT2TWS

Topic: | -

"Principles of Chemical Precipitation Softening
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Instructor Notes;
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Non Carbonate Hardness - That portion
of hardneSs that is in comb1nat1on
with sulfates; ch10r1des, n1trates
q¥d other anions.

'Softemng - The remova] of harc(ness ’
jons from the water,
Chem1ca1 Softenang - The removal of
hardness: ions by prec1p1tat1on with
“lime and soda ash. . ..

o N
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T Page_7 of '
= ' — - - 3
Module No:_ *  |Module Title: .. ‘ .
. * ' “IBasic Chemical Precipitation Softening '
112TWS - |Submodule,Title: <.
Approx: Time: E ) -
IQpiE: \ : :
2 hours FF{nbip]és of;themical Pré;ipitqtién Softening

\

ObjeEtives Upon compiétion of this topic,

1.

the participant will be able to:

-Write the chemical reactions for chemical pregipitation soften1ng /
Write the chemicdl reaction for recarbonat101F . ’ 7

2.
[4 L ] ) :
’ % . ! ! ‘ i
|
. j
) i —
| Instructional Aids: ., o h
1. Handout-Principles of Chemical Prec1p1tat1on Soften1ng b -
2. Transparency#6 & 7 - Soften1ng Reactions , 0 . j
3., Transparency #8-Recarbonation Reactions . |
- ) i ) -
‘ . . R |
Instruct1ona] Approach . o ) F
) D1scuss1on and Class Prob]em A . - . ' . -
References: . ‘ . N i ' ~!
1. Manual of Instruct1on for Water Treatment P]ant%Qperatons Hea]th /
Education Service. .
2. Manual of Water Utility Operators, Texas Water Ut]]1¥1es Assoc1at1on
3. Water Supply & Treatnient, Nat1ona1 Lime Association. . . Y,
. ’.\ \
. .' . © . L f./ .
~ ['Class Assignments; e o T
1. The part1c1pant w111 read Handout Principles of Chem1ca1 Prec1p1tat1on

©_Softening.
2 Comp]ete Problem #1 ‘on chem1ca1 react1ons -, / .

-~ L1
.

~

R

.

Y O e .. .
) ~ . ¢

r .
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Module Ne:

112TWS

Top@c:

LN

. Pr¥ncjpTés of Chemical ﬁrécipitation Softening

[l
»

Instructor NotEs;*

‘o

Instructor Outline:
~_ -

\\,\_ '

1. Present Transparency #6
2. Present Trapsparency: #7

« 0

3. Present Transparency #8

4.« Present Class Problem #1
Work RPart A with™class
participation. Have class
work Part.B on their own
and help those with
problems.

DES

1=

Discuss the softenihg reactions for .

7 are

carbonayc hardness .. \\\\\\\
2. Discuss the softening react1ons for
noncarbonate hardness. T.
3. " Discuss‘the rggarbonation.reactionﬁ. ™
Part A -
1. 1'moTe .
| ?. (250 mg/])/'“62 mg/m mQ1e)(] mole)
* (74 mg/m mole) = 114 mg/] ca(of)2
i 1
3. 500-250 = 250 mg/] .
Part B, '
1. 1 'mole of lime and 1 mo]e of soda ash
2. For Calcium
© 114 mg/1 Ca(OH), .
For magnesiﬁm .
(250°m9/1)/ (120 g m moge)(? mo1e)
(74 mg/m-mole) = 154 mg/1, Ca(OH), -
] ) B
(250 m9/1)/ (4120 mg/m mote) ¢! moTe)
(106 Mg/ m mole) = 221 mg/1 Na,C0,
3. 900-250 - (Fzso)(24) (221 (46)Y -
. ) T L\ 120 \..106 -
. CaCO3 - mg Na
i
"900-250 - 50 + 96 = 696 mg/1




Module No: Module Title: ” ) o
’ ‘ . e ? - 3 .
Basic Chemical Precipitation Softening > }
‘ o © [Stbmodule Title: -v .°° : R
112TWS 5 prodde Title: v \
| Approx. Time: : ’ ’ e v
v Topic: e .
/ 1 hour + - "% IChemical Precipitatioﬁ'éoften3ng ﬁroggsses ;
L ObJECtTVES ’

. il “Upon comp]et1on Qf this topic; the partjcipant w111 be ‘able to
w117, Ident fy and describe two stage lime softening.

2., Identify and describe split treatment softening.

3, Ident1?y’and descr1be single stage Time fo110wed by recarbonat1on ‘..

4

4 . Transpareqzy nll— Single: Stage‘Soften1ng foﬂ]qwed by recarbonat1on

‘W

» -~
v ¢ ¢ >

~softening. . K . ‘ "
-~ N hd LY . v N
! ~ « ’I’
\ . ° 5 . ) ‘ :
: ) - /—/ [N
! - ' 2
. A ‘
Instructional Aids: . oo . ¥ -
1. Handout - Chemical Precipitation Softening Processes :
2. Transparency #9°- Ty Stage Lime Softening 0L 3
> 3. TranSparency #10= Split Treatment Soften1ng ? )

~ %

Instruct1ona1 Approach

D1scuss1on'and C]ass Prob]em

o ~ b - * “‘ -
References : ] . . . e 7 , _
11. Manual of Instruct1on for‘Water Treatment Plant Operators, Hea]th
Education Service. P

2. ‘Wﬁénua1 of Water Utllity Operators, Texas Water Utilities Assoc1at1on
3. Hater qup]y & Treatment, Nat1ona1 Lime Assoc1at1on

v - -
' -

- -.' -.'
’ ) N 5 \ . ' -

.
1

Class Ass1gnments ) . .

W
“1. The participant w1]1 read Handout'Chem1ca] Prec1p1tat1on Soften1ng
. Processes. -

. 2. The participant’ w111 comp]ete Problem #2 on cbeﬁKEa1 processes

—~ .

Y TN t . o w
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\ * Page, 10 . _ of
! ’ ; ' - . N e
| Module No: - ' Topic: N - LT y 7
. 1i2TWs .Chemical Precipitation Softening Processes -
‘ ' N — b a
“Instructor Notes: - Instructor Outline: .
4 a Y ' - ’ -
1. . Presgnt':Transparency #9 . . 1. Disucss the various units in two % '

42. Present!Transparency #]Q

-

N A
4, Present Class Problem ¥2
" Have ¢ complete the
) prob]egaiﬁxfhéﬁr\gyn and
then work problem Wwith. -
class participation.

r

i

stage softening ‘and the purpose of each. *’
Discuss the general types-of waters that
lend themse]ves to th1s type of process.
Discuss advantages and” d1sadvantages of
this process. .

'
L]

a. Each Stage Chem1ca1 react1ons
b. Chemical Costs ¢

c. Finished Water Qua11ty .
d. Capital Costs - '

#
1

5 Discuss the various units used in split

™\ treatment-and the purpose of each.

-

3.

Discuss
the general types of waters that lend them-
selves to this type of process. . Compare’
advantages and disadvantages of %his proces
to that of two stage softening.

a. Carbon Dioxide .
b. Chemical.Costs '

c. Finished Water. Quality o

d.. Capital Casts. ' <

D1scuss the var1ous un1ts used in single
" stdge softenwng Discuss thé general
types vf waters that lend.themselves

to this type of process. Compare advan-
tages and disadvantages of this process
to that ,of the other two processes.

(-3

a. Chem1ca] React1ons ~ ) .
b. Chemical Costs ' ’ '
¢. Finished Water Qua]1ty ’ 4
d."Cap1ta] Costs oo

1. F . =~

2. F .

3. F~ g

4, .F ,

5. F v

L4

“Discuss each answer and usejeach question
td stress the po1nts of each process.

Y /
- ,

-
»

3
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4

Mod.q,]_,‘e, No: Module Title: . . _ . g o
) ) ‘ as1c4§hem1ca1 Precipitation Soften1n0 . - - -
'Eiﬁ‘ ‘ Submodu]e Title: °
: ZTWS '
Apprbx Time: =~ _ |- ) R '
o Topig: - - ) _
1 hour ) ‘ Types of Chemical'Precip;tation Softeners -

.Objectives: Upon completion.of this top1c, the participant wa]] be able to:

1. Identify and describe strajght line softening. .

2, Ident1?y-and describe upf]ow solids contact unit soften1ng T .
13. Identify and describe ' sp1ro -reactor" softening.

L3
. -
‘ : .

. L - . -
- N
i =
: . - - - -

Instructional Aids: - - o / - T e
1. Handout - Types of Chem1ca] Precipitation Softeners ' .
2. Transparency #12- Straight lipe -softener. , ‘
.3.” Transparency #13- Upflow solids contact softener S e
4. Transpdrency #14 - Sp1ractor softener. . ”“em

. [N . L g . o s ~"~"'-.~ .
Instructional Approach: o . Y )
Discussion - \\ : , et 3 s

< . " v - . " . * , ‘

= ’ . o
References : ’ : :
)

1. Manrual of Instruct1on for Water Treatment Plant Operators, HeaTth

Education Service. < .
2. Manual of Water Ut111tygggerators, Texas Water Ut1]1t1es Assoc1at1on
3. Water Supply & Treatment, NationaP Ljme Association.. '{

. .
» v .

Class Ass1gnments o i

IEY

ot .
.

1. The part1c1pant w11] read Handout-Types of Chem1ca] Prec1p1tat1on Softeners

» - L
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J
Module. No:

112THS

Topic:

v . //" K
; .
. ,

Types of Chemical Precipitatign Softeners -

.

-

Instructor Notes:

Instructor Qutline: . .

1. Present Trédnsparency #12

i

2. Present Transparency #13

e

"3, Present Transparency -#14

1.

2.

&

K

" 3.
-

PN

‘Discuss the componenfs of ‘the

~$

Discuss the conf1gugat10n oéqunits used in’
straight 1ine softener., ExPlain each unit, .
the -purpose of each and the way each should .
‘be generally operated. Explain advaptages

and disadvantages of stra1ght line softeners.~
a. Process Loading -& Finished water
b. Sludge Characteristics
c. Capital Costs N

[

4

Discuss the internal parts -of the upf]ow
solids contact softener: Explain each part,
the purpose of each and the way each should
be generally operated. -Explain advantages
and disadvantages of upflow solids contact
SOftener Ag . e -

a. Process Loading & Finished wate¥
b. Sludge Character1st1cs G
c. Cap1ta] Costs

“spiroactor” -
softener. Explain each gomponent, the
purpose of each and the{way each should
be generally operated. ¥xplain advantages'.
and disadvantages of "sp¥roactor" softener. - °

Kt -

a. Prbcess Loading & Finished Yater o
b. ,Sludge Characteristics »

c. Capital Costs,




¢
-
.

",15 State the control parameters far each type of chemical prec1p1tat1on
softening. . - " s
~ , ) A
e

"3. Transparency #16 - Split Treatment .o .
4. Transparency #17 - Single Stage . -. '
Ipsfructiona1 Approach: L= ST T
: . : Yy ‘
‘Discassion 'and class prob]éﬁ‘ < . A o
v ¥ 5 i'« - \- . . -
L ) s .
' Ref rences : : ‘ 7

- N Page® 13 of
Module No: Module Title: o , .
’ S Y £ . ) ) B
. o Basic Chemical Prec1p1uat1on Soften1ng -
[N

e ‘Submodule Title: . ) : o -
Approx. Time: MK ‘ S ‘ r~

e Topic: - —_ . S

n ¢ c M . o" B
3 hours Basic Operation of Chemical Pregipitation Softeners

Objectives: Upog/comp]et1on of this topic, the participant will be able to:

[y

Instructional Aids: Y R -
_—

1. Handoﬁt Basic Operation of Chemical. Prec1p1tat1on/Sefteners

2. Transparency #15-- Two Stage Softening

Manual of Instruct1en for hater Treatment Plant Operators*‘Health
EducatiomServi ce- -

Manual of Water Utility Qperators, Texas Water Utilities Assoc1at10n
WWater Supply & Treatmenf\*Nat1ona1 Lime~Association.

A - .

2

1

11. The participant wili read Pandout Basic 0perat1on of Chem1ca1

' 2. Comp%ete Problem #3 oq/ogerat1on of chem1ca1 prec1p1tat1on softeners.

C]ass Assighfiments:

Precipitation Softeners. -

>

a~
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) . . o ", ".Page 14 of - -
N °r S - o s d . - ,/
L : Module No: . . | Topic: . R -
- - ) :iIZTWS .. Bas1c 0perat1on of ehem+€a1 Prec1p1tat1on Softenefs
- T
Instructor Notes: _\‘ , Instructor Outline: N

i
4 e . 1. o~

i . 1. Present Transparency, #15 1. D1chss‘¢he operé%1on of a. two
e e T @ st Softening plant. Inc]ude

. : = i hBw each type of softener is affected
) ) N ) S - ' and what reactions are taking place. N
2. Present Transparency #16 2. Discuss “the operation of a split treatment

', softening plant. Include how each type of
[ ' e : S ) softener is affected and what reactfons
RN are taking place. N

. 3 Present Transparency #17 3. D1scuss the\operat1on”of a.single stage="
softening p]ant Include hoy each type

? 'of. softener is affected and what reactions
v - dre taking place.
. .
- ‘ | 4. 'gapsent Class Problem #3 | 4.  a. Single stage
. . d work with class ) b. Single 'stage
. - participation. c. Singte stage . £
- . d. Two stage . v
; ", e. Split treatment
. ' - « .f. Two stage :
W e % ” < — g, Split treatment-two stage
. o I - h. Two stage
£ . ‘ i, Split treatment-twWo ‘stage . .
o N ! . . " ’ .
\\ Work each problem show1ng the final vater
" quality and operat1ona1 parameters for each
£ |- b - . casel . :
,"" . o . ) st A Y
N 1 o A . )
R . . {
P 4 - .
% ~ ‘ ,
- . . Ph { - € _
- ) * Y * _,,_ * -
. - . - /»
s . % -‘ “‘#
- e % v
( A % ‘
- - i 2 ’

N r_’-/ e )
’ . . 1
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2 Page 15 of D
‘Module-Ko: Hodule Title: = o \“' .
Basic Chemicah Precipitation So ten1ng ot
; Submodyle Title: A .
LI2THS podvle Title: = . T
JApprox. Time: | N : g )
. - Topic: - ¢ . V4 =
. ) - .
2 hours > Vater Stabilization . .
ObjeCtiVes:Upop’comp]etion of this topic, the participant will be able to:
1. Determine the roper pH for a g1ven treated water to control scale and
corrosion, 4\ .
L ° v
- - " ¢ ‘
s 5
A\ ) 'i . . : .
M vy . . * - ) ‘ . - “ L d
Instruct1ona1 Aids: - ¢
1. Handout Water Stabilization - ' A ;
1. Transparency #18 - Factors affect1ng Water Stab111zat1on \\\ ‘
3. Transparency #19 - Reizener Index .
:| 4. Transparency #20 - Saturat1on pH. < -
} < . i '
/ Instryctional Approach: - . \
Discussion and Class Préblem ~ « '
> ' T i ' . L@
'References —_ - w ! - ”°%e2?
1. Maﬁba1>of Instruct1on for Water Treatment P]ant Operators, Health ..
Education Service. ¢
2. Manual of Water Ut111ty Operators, Texas Water Ut111t1es Assoc1at1on
3. MWater Stpply & Treatment, National Lime Association. .
H . ) . ‘
v"‘ v S ) } ’ B ‘ .
Class Assignments: . . ’
p]‘ The part1c1pant will read Handout - Water Stabilization. i o
2. The participant will comp]ete Problem #4 - Water Stabilization. s
- A / ‘
14 &‘
. e
'g\ P . - 18 .




Page 16 of -

' Module Noj; . ,/

Topic:

112TVS

Vater Statilization

fnstructor'Noteei'

Instructor Outiine:

1. Pregqu'Transperency #18

<

LA

2. Present Transparency #19

3. 'Present Transparency #20

FESN

4. Present Class Problem #4

Have class work problem
on their own.
the problem with class .
participation.

-

Discuss the factors and their importance .

in water stabilization. Discuss by passing
wate& to achieve a 80 mg/] tota] “hardness
finished water. . S .

. " Discuss the Reizemer curve and equation.
Point out the index is only a guide and
not absolute. For cold water a S.I. of
6.0 is a good starting po1nt

. .Discuss the use of the d1agram for use in
catculating pHs. Work problem at bottom
of diagram. . ”

Review the idea of bypassing to obtain the

N desired water. “Then calculate the proper

Then work f1nished water pH.
80 _ ) |
, a) 11-3_6_0— —"‘27% ] ¢

b) Hardness = 360 x 27% = 80 mg/1 as CaCO

L N
S _ Calgium = 180 x 27% = 49 mg/1 as CaCO4
f < . . Alkalinity = 300 mg/1 as, Caqg
~ i NG Temperature = - 60°F
N, T .
' pH = 7.3 , -t

Total Dissolved Solids = 1000 'mg/1

Note:« TDS has little, effect on pHs °
therefore .assume a.value
s11ght1y hi'gher than natura]

-

- water. ,
- ,c')‘\pHs =930+ .2+ 2.07-1.31 2 49 = 7.77
B = 2(7.77)-6.0 = 9.5 o
< . ’ N v
- ) 'r l )
P D
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Module No: . , - .|todule Title: L e
. , : N
| - * I'Bacic Themicat Drocwo1ta ion SOTtQDTnG ‘
NN Submodule Title: . ’ v
LI2TWS - ‘ . S | e
Approx. Time: . . . S .
i ~ |Topic: - . B ] A
. . .‘ . , ‘\-3—;)’ , . . o ‘ e
1/2 hour v, Safety » . .

Objectives: ‘Upon completion of this t0p1c, the participant w1]1 be able to:
1. State the potential hazards in operat1ng a chem1ca] prec1p1tat1on

softener. -
2. State the proper correctivé measufes to minimize safety-hazards. \
3. State the proper actions requ1red after.an acc1dent .
* . ° .
c i - .
» [ IN

Instructiondl Aids: - ) s L
{1. Handout - Safety _ - . ) ;
2. Transparency #21 - Safety : . . ’

e, [She

N}
-

L

~ .
/ . . .
: , \ . .
.
, .

Instructional Approach:
-|Discussion .” . ’ o C

5 '

\

‘References: o ’ ‘ T
1. Manual of Instruction for WateYrTreatment P]ant Operators, Health

- Education Service.
2. Manual of Water Utility Openators, Texas water Utilities Association.
3. ~“Water Supp]y & Treatment, Naj1ona1 Lime Assbciation.
t

Ol
é ,' R V v
Class Ass1gnmen*s . ? - 7
1. The part1c1pant w1]1 read Handbut - Safety y " . ' .
. N - ‘
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Yodule No: : Topic: / R w7 p
! - / ' . . .
112TKS \, - Safety , ) /i
. Inst No C . - 7 - R -
s ructgr tes: Instrpetor Outdine: . -
‘ - / ‘/ :‘L‘
. T. Present - ransparency #21 ,’|Y. Discuss safety in operatmg a chem1ca1
. “d . - /// prec1p1 tation sof’emng ‘plant. -
[ ~ . /
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Page_19 .of

Module No:

[

FI2THS

Modu]e Tit]e:

X Bds1c ohcm1ca1 Preczo1ta

-

tion So tnn1n0 "

Subnodu]e Title: .
F

Approx..T{me: -

~

)

X
- -4
-

G an

Tophe: | 77«

'
[y
1

3 hours / - Laboratory Contro1°

«

Objectives: Upon comp]et1on of this, op1c, tm% part1c1pant w111 be able to:
1. Select_the proper analytical tésts for operational corftro). .
|2.> Explath the analytical tests -for operational cortrol. . '

3. Interpret the results of ana]yt1ca1 tests used in oefra;1ona1 contro]

—_—

.

>

Instruct1ona1 Aids:

1. Handout - Laboratory Control .
2« Transparency #22 - Laboratory tontro]

s

A\

Instructional Approach:

Discussion

\ X

- TReferences: " -
1. Standard Methods for the Exam1nat1on of Water and Wastewater 14th Ed.

2. Methoﬁs for Chem1ca1\Ana]ys1s of Water and Waste, EPA

rd

)
i

Class” Ass1gnments
1. Th§ part1c1pant w11] read Handout - Laboratory ControT
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112TUS s Aaboratory Control .
/ . . . -
‘ Instructor Notes: Instructor® Qutiine: ‘
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- 4 . -
1.” Present Trjansparency #22 1. Diiscuss the various laboratory analysis Q
‘ the need for each. N
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{ Fodule Ho: Module Title: AR

T12THS - Basic Chemical Precipitation Softening
- Submodule.Title: L,

‘. - ~ - [ - l ’ N
Approx. Time: ) - .
o - Topie: - . L .
1 hour Evaluation - ) o
Objectives: ’ L. ‘ ;
The participant should be able to answer coriect]y 25 of the 30 questions

1 asked.. . ST - -

' , - > / _ »
e
t
. - : ’
: A N
3 4 ts - ’
tructiondl Aids# . -7 ) )
. \ ~ ]
None LT -
" ’
. 9 ‘\7'
Instructional Approach: - o -
Examinatjon ‘ k “ .
) ' T e 7\1’ . N
s - | _ - \‘g ] x
. N . - 2 s . N .
References: . - )
o \ -
! !
None . N
- J ’ o ‘
'f.‘ . _ -
'| Class Assignments: .
' [ ‘5 I3
None
s . »
) [ 24 N -3
. :‘;; o . .
<.
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. . 112TWS - N Evaluation Y
., Instructor Notes: . . Instructor Outlipe:. 7§>
x ' 1. Distribute exam. “fach C
partici#pant is to complete :
. he exam independently .
- and with ho books or notes. B
Collect after 1 hour,
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v
‘ >
WHAT IS HARDNESS?
, J. CHemicaL CoMPONENTS |
. N A) A++
. B el T
c) -OTHER,
" 2. Types oF HARDNESS
A) CARBONATE - .
- t
La(HC02)2.0r Me (HCOZ)p®
v B) Non CARBONATE )
CaSOp or 16 (CL)9
———" ay . — J
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" »m . -
WHAT IS SOFTEMING?
o>
1. ReMovAL OF HARDNESS «
) ' . . .
. 2. TypeEs . . L ‘
A)  CHEMICAL PRECIPITATION . )
- B) [ON EXCHANGE . }
v : e
- * . . ¢
. - b -
a'l ‘ i /7 , he
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J( ADVANTAGES

A)
c)

D)
E)

£ F)

~

i VSR - L

] -

CoNsSUME L.ESS 'SOAP” AND: DFTERGENT

- IMCREASE THE LIFE OF CLOTHING AHD‘ OTHER ARTICLES
" BEING CL..A”ED -

INCREASE THE LIFE OF PIPES AND FIXTURES, HEATING

'SYSTEMS, AND BOILER SHELLS AND TUBES FOR Dr:POSITI'\‘G

WATER, .-
CERTAIN INDUSTRIAL PROCESSES REQUIRE IT. .

SOME™ INDICATIONS THAT HARD WATER MAY BE THE CAUSE
OF CERTAIN CARDIOVASCULAR DISEASES, . .

REMOVE RADIOACTIVE NUCLIDES, .
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~ . . s £
© Y SCFTEN? , .
s . ‘ . d
y 2, DISADVANTAGES e
; A)* WITH IMPROPER CONTROL, SOFTENED WATER .
= = _ MAY BE MORE CORROSIVE OR SCALING THAN .
; O . THE RAW WATER; . - -
_ B)" CHEMICAL PRECIPITATION SOFTENING PRODUCES
o . * A SIGNIFICANT VOLUME OF SLUDGE WHICH HAS
< TO BE DISPOSED OF,
e ) . N *
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SOFTEILG REACTIONS . ~
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‘1. Free CamBon Droxme 7 - - .,

Wy Oy —> GeY e 0

" VaTER

4 .
CARBON LIME CaLcium
DIQXIDE CARBONATE

2. CALCIUM CARBONATE | IARDNESS
0y + APy —>2 sV + 2 1

le . CALCIw ~ VaTeR

CALCIWM
. CARBONATE -

CARBONATE -

<~ "3, "[hGREsIuM CARBONATE HarDNESS A
Me(tit0z)g + 2 (Al —— CAC03%7+ MG(OI!)2¥ 210
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SOFTENIN REACTIONS , N
. . ~J ‘ .
H, CALCIUM TIORCARBONATE |IRDNESS g A
(a0 + gl -—> AT ¥+ sy, .
LCILM A (ALt DIUM C T {
%U‘ATE Rg[r)i .CARBONATE._ SULFATE e ’
) L
5. lMactEsTuM [IONCARBONATE HARDNESS L )
\'LGOOI; + {1a003 + Ca(Bii)9 ,>C1\CO3* + MG((]I)ZV + NAzsoq .7y .
MachesTue:  Soba LM  CaLcium . " [JaGNESTUM N\ SoDIUM :
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5 s
5 : '
° 3 B :
& 33 ‘ o L (! o
t‘ , ’ )

pee

. Transparency 11206 - i/ - .-




e
RECAPBATIOL: PEACTIOS

1. Dxcess | IYDRoxiDE

“" + ll2C07——> COC +2 H20

HYDROXIDE CARBONIC  CARBONATE VlATeR
Ion fcipy - ION‘

X
CALc1um CARBONATE - hon
2 CACl + oty —>2 cA'&icos)

CaLcim CARBONIC C/\chum .
CArpONATE  AACID BICARBONATE

nGiEsI MoRoxioE .o
60Dy + 2 Hy05 —>TisCiIC03)% + 2 1

[fhonesim Careonic  [laNesiv  VATER
tlmhoxmt CID BICARBONATE
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THO STAGE. SOFTERTHG

FIRST*STAGE . ' ’

A) PH sHoULD BE ADJUSTED (o) AﬁOVE ll 0 wITH LIME TO OBTAIN
MAGNESILM. REMOVAL . CAN-BE REDUCED SOMEWHAT IF
NOT TOTAL MAGNESIM REMOVAL IS REQUIRED.

SECOND STAGE :

- A) PH OF THE SECOMD STAGE SHOULD BE APPRGXIMATELY 10 10
. OBTALN OPTIMUM CALCIUM REMOVAL,

B) ~ IF SODA ASH IS USED IT SHOULD BE ADDED JUST PRIOR To.
- THE SECOND STAGE TO HELP REDUCE THE PH.

C) RECARBONATION WITH GARBON DIOXIDE IS USUALLY REQUIRE_D
TO LOWER THE PH TO THE OPTIMUM LEVEL.,

D) REEARBONATION OF THE FINISHED WATER TO APPROXIMATELY
. 1S USUALLY_REQUIRED TO PREVENT SCALE-BUILDUP ON
THE FILTERS., THIS FINAL PH IS DEPENDENT ON THE WATER,
. CHEMICAL AND PHY$#CAL CHARACTERISTICS AND THEREFORE -
REQUIRES A CALCULATION OF THE FINAL PH FOR EACH. PLANT
/ro ENSURE PROPERLY STABILIZED WATER.,
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A) " PH SHOULD BE ADJUSTED T0 VE ‘11.0 WITH LIME TO OBTAIN
MAGNESTUM REMOVAL.. THIS PH CAN'BE REDUCED SOMEWHAT TO
OBTAIN THE DESIRED TOTAL MAGNESIUM REMOVAL,  °

2. SECOND STAGE

&) PH OF THE SECOND STAGE “SHOULD BE APPROXIMA'!ELY 010
OBTAIN OPTIMUM CALCIUM-REMOVAL .
B) IF SODA ASH IS USED IT-SHOULD BE ADDED JUST PRIOR T0
THE SECOND STAGE TO HELP REDUCE THE PH. -
- C) GENERALLY THE CARBON DEOXIDE AND BICARBONATE IN THE SPLIT
, FLOW IS ADEQUATE TO LOWER THE PH IN THE SECOND STAGE TO
' OBTAIN OPTIMUM CAL%uw 'REMOVAL, -
D) IF PH DRoPS BELow 10,0 ‘ADD ABDITIONAL LIME TO SEOND STAGE
TO OBTAIN THE DESIRED GALCIUM REDUCTION.
E) RECARBONATION OF THE FINISHED WATER IO APPROXIMATELY 9.5
1S USUALLY REQUIRED TO, PREVENT SCA

THIS FINAL'PH IS DEPENDENT ON THE, WATER
CHARAC

FINAL P
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ILDUP ON THE FILTERS. .

ICAL AND PHYSICAL
RISTICS AND THEREFORE REQUIRES A CALCULATION OF THE -

FOR, EACH PLANT TO ENSURE PROPERLY STABILIZED WATER,
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SIHGLE STAGE. SCFTENIIG- SN

S R
A" ~

1. SineLE STAGE T L

A)

_B)

c)

PH SHOULD BE ABOVE 10 TO ORTAIN ACCEPTABLE PERFORMANCE OF
THE SOFTENER. [F_MAGNESILM REMOVAL IS DESIRED, THE PH
SHOULD BE ABOVE 1L.0. THE OPTIMUM OPERATION, THAT OPERATION
RESULTING IN THE LEAST HARDNESS, WILL BE DIFFERENT FOR EACH

PLANT, RESULTING IN SOME EXPERIMENTATION TO DETERMINE WHAT
Pri IS OPTIMAL., o A

ALL CHEMICAL'FEEDS ARE ADDED JUST AT THE-HEAD OF THE UNIT.

RECARBONATION OF THE FINISHED WATER TO APPROXIMATELY 9.5

IS USUALLY REQUIRED TO PREVENT SCALE BUILDUP Y THE FILTERS.
THIS FINAL PH IS DEPENDENT ON THE WATER, CHEMI
CHARACTERISTICS AND THEREFORE REQUIRES A CALCULATION OF ‘THE
FINAL PH FOR EACH PLANT TO ENSURE PROPERLY STABILIZED WATER
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LAVY SCALE AT 150°F - .
. L) . ) - ?

- HEAVINSCAME AT 60°F . . . . . ,
HEAVY SCALE 1N HGT WATER FEATERS
HEAVY SCALY 1N WEATERS AND CONLS . .
LECALE IN MEATERS , : . > L &
SCALE N HEATERS R -
-SCALE N HEATERS | .

. SCALE iN HEATER cCuLS \ -
" g ;)é—saw SCALE AT 60° F -
ve - SCALE IN MEATER UNLESS POLVPNOSMAT AOCED N :

. N e
[ SLUGHT SCALE « CORROSION HIGH TEMP, = POLYPHOSPNATE. PRESENT

-COMPLAINTS NEGLIG'SBLE

- NO SCALE OR COSROSION

.
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HO OIFFICULTIES EXPER'SNCEQ ‘ -

+PRACTICALLY NO RED WATER COMPLANKS . . .
LCNLY SLIGHT CORROSICH AT 150° F N : S
SCALS IN MAINS N . A
PRASTICALLY NO COVPLA NTS [
ceraoston | ° ’
EQUITE CCARCSIVE AT 1507 £ . . o
-CORRQSION I3 HOT WATER HEATERS . . N
¥ CORROSION 1N COLD WATER LNES ’
F SEVERE CORROSION ~AEQ WATER
F SOME CORROSIGN 'N CGLO WATER MAINS .
32 REQ WATER COMPLAINTS IN ONE YEAR
- COTROS,0N IN COLO WATER MAINS Pl
+ CCRRCSION 1 COLO WATER WAINS

L NUMEROUS COMPLENTS OF REO WATER
RED WATER
L SERIOUS CORROSICN AT 140° £

‘ 1234 RED WATER COMPLANTS IN ONE YEAR
, [ VERY CORROSIVE AT 150° l J
. .,
. -
- - L SEVERE CORROSION ~RED WATER .
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" A, ELECTRICAL SAFETY

1. ALwAYs USE GROUNDED OR DOUBLE INSULATED -
ELECTRICAL TOOLS WHEN WORKING ON SOFTENERS
" OR CHEMICAL'FEEDERS. ‘

MAKE SURE ALL MOTORS AND ELECTRICAL CONTROLS
ON SOFTENERS AND CHEMICAL FEEDERS ARE PROPERLY
GROUNDED . .

B. LIFTING CHEMICAL LIME AND SODA ASH BAGS .

1., ALWAYS,LIFE FROM THE KNEES TO PREYENT PERSONAL
. "INJURY,

C. B PROTECTION

1 ALWAYS WEAR EYE PROTECTION WHEN HANDLING OR
WORKING AROUND LIME OR SODA ASH FEEDERS.

2, ALWAYS WEAR PROTECTIVE COVERINGS ON HANDS AND
© ARMS WHEN HANDLING LIME AND SODA ASH.

"3, NF LIME R sopa ASH SHOULD COME IN CONTACT WITH
= EYE OR SKIN, FLUSHWITH A LARGE QUANTITY OF -
* FRESH WATER-AND CONTACT A PHYSICIAN-IMMEDIATELY,
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. 2, TURRIDITY ) - .
 BChemieaLs . 7 - . , s
C % ALKALINITY | S N "
8 ;- g . TOTAL AND CALCIUM HARDNESS

, - | 5. ToTAL DISSOLVED soLIDS -, - -
' - - LII PH / R . A
o | . 5. SOLIDS CONCENTRATION “(UFFLOW UNITS ONLY) '
' ’ 6

. "CATALYST" ANALYSIS ("SPIRACTOR” ONLY) * k\
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€LASS PROBLEM ' #1

“ﬁart A

e

v
s

For a water containing caﬂciurﬁ.bicarbonate (Ca(HCO3)2), .hew many
moles of «lime will be needed to react with each mole of calcium?

' <

o
.

- 4

’ .
A

. ES Y
If a water contained 250 mg/1 of calcium bicarbonate, how much
Time will be needed to soften the water?’, .

../\

-

t
L]

If the water in Problem/2 had a, total dissolved soﬁ'ﬁg—bz(fore
softening of 500,mg/1, what will the total dissolved sotjds be
after softening? )
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: 1 \ CLASS PROBLEM #1
- \ { -« S
— ’ \‘ s - . . 4 -
Part B ' J .
. 4 . ) . *
X 1. For a water containing magnesium sulfate (MgSOs), how many moles
of 1ime and soda ash per mole (MgSO4) will be required to soften
. the water? o,
; ‘. . :\- '
/ ’ 3
- B ’ A \ _ '
. ++ 2. If a water contained 250"mg/1 of calcium bicarbonate and 250 mg/1 N
o of magnesium sulfate, how much 1ime and soda ash will be required
to soften the water? :
] . . , , ""’/?\
i ol * . At .
_ . - ' o o T
o ' .: If the water in Problem 2 had a total dissolved solids before SR
- softening of 900 mg/1, what w111 the tota] d1ssd]ved solids be g
after.softening? * . <
— « ) ‘;’;b ' t‘
~— .‘ L g . \ £ -
» i .
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‘ - CLASS PROBLEN-#2 g ST
. | - . 33-_ ) >

o ) ' _" ~ ‘ ' . o .
*T or °F 1. Single, stage s@ftening always ebtains the softest )

) water. . . . . .

- T or" F 2. The first stage uni for two. stage and sp11t treat- .

ment is a]ways opera

13
[ 3
.

e

T or F 3. Soda ash is a]ways requ1red for treatment in the
. . - . second stage of a two stage or sp11t treatment
. . ~ softening process _

T or -F 4, S1ng]e stage softening is “always the cheapest process
. . ) Tfor softening water.

“. . 4

T - or F - 5. Split treatment soften1ng should a]ways be used when .
N soften1ng surface water, . -.

. .
i - . "
« ( , ‘
. . .
. E 4 ) ,
EN,C " ) . y ) ~ A , - -+
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CLASS PROBLEM#3 . =

Y

1. If the desired finished water quality.is a tota} hardness of 100

v . - ma/1 as CaC03, what process would be the m desirable for each- -
.~ of the following waters: .
Y 2 . . ay .' R N
’ Alkalinity." "galcium Magnésium Carbon _

., Hardness Hardness Dioxide
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Handout for PI2TWS - Basic Chem1ca1 Prec4p1tat1on Soften1ng

s s

I. Introduct1on R >
. - "A. What s Hardness , ‘
1. Chemical Components * : . : T
a) Ca -
s . ‘ b) Mg : ~ S
Nt _¢) Other v Coe T ‘
‘ 2. Types . . . .
a{ Carbenate . . T
b) Noncarbonate )
- 3. Typical hardness in U. S. . o e
4. Typical hardness in Iowa. co 0 ‘ ) o,
B. * What is Softenirg 25 . .
1. Removal of hardness - .
2. Types of softening . : . ) -

a) Chemical precipitation
b) Ion exchange

i N ‘ \
C. Why Soften | o <3
1. Advantages A . *
¢ Consume less soap and detergent
) Increase the life of c]oth1ng and other art1c1es . : .
c) Increase the life of pipesfand fixtures, heating systems,
% " and boiler shells and tube§ for depos1t1ng waters.
! ) . d) -Certain industrial processgs require it. . .
) Some indications that hard water may ‘be the cause of = - -
~ ’ . . certain cardiovascular diseases. \ . '
. ' "f) Remove radioactive nuc11des Cos a

2. D1sadvantages
; a) With 1mproper control, softened’water may be more
corrosive or scaling than:the raw.water.
b) Chemical precipitation soften1ug prodgces 2 s1gn1f1cant
‘ volume of sludge which ha$ to be disposed-of.

II. Principles of Chemical Prec1p1tat1on Soften1ng '

" A. Softening Reactions }

- 1. Free Carbon Dioxide ;

4]

o i .
- _COp + Ca (OH)p—s Caco3h o -
S ﬂﬁCarbon “Lime " Calcium § t&r ; ]
s D1ox1de“~> Carbonatk } o ;
. . ' A . .
- 2.+ Ca1p1um Carbonate Hardoess g 4 ?"3 ‘ ,
’ . A o . f §L < ) p
“Ga(HCO5),  + Ca(0h), —’—> 208004 bia 2430 ‘
. ) Calcium ' Lime 'l Calgium Hater
< Tarbonate i Carfonate :
§ b, - ? P
) *; 7 ; ] . - < }’
5
. B 57 v - -
& .
\ [ . LY
¢ » i
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3. Magnesium Carbonate Hardness

Mg(HC03)2 + 2Ca(0H)2_-—.;CaCQ3‘ + Mg OH)2+ 2 Ho0

= Magnesium Lime* - Calcium - Magnes1um Water
Carbonate Carbonate Hydroxide
. M ' LY
‘4, Calcium Noncarbonate Hardmess _— ’ X-
CaS0, + Na‘2c03_i_>Ca_co34‘ + Napsg + = . -

—Calcium- - Soda t Calcium . Sodium -
Sulfate ¢ Ash Carbonate Sulfate

F

Magnesium yoncarbonate Hardness

‘e

MgsOg4 N62C03 + Ca(OH)z—?CaCO3++ Mg( OH ++ NaZSO’{

Magnes1um Soda Lime Calcium Magnesium . Sodium’

\ Sulfate - Ash
: ) . %

B. Recarbonation Reactions !

" 1. Excéss Hydroxide ~ - : ;
Cd = !

2 OH + HpC03——,C03" + 2 H30
Hydroxi&% Carbonic Carbonate Water
Ion , Acid Ion . ; .

PP

i
2. Calcium Carbonate..
§ . .
2 CaC03 + HoC03 ——>2 Ca(HC03)2

Calcium’ " Carbonic  Calcium
i Carbonage "Acid Bicarbonate

y =

L B

3. UMagnesium;Hyd}oxide- .

! Mg(OH)3 + 2 H2C03——>‘49(HC03)2 + 2 HyO

'

—— e N

Chem1ca1 Precipit t1on Soften1ng PrOCESses
A " Two Stage Sefyen1ng (See Figure 1)
-First Stage
a) - Operafe first stage at adequate pH for desired
. magnesium removal’ .
“+'2. Second Stage X
¢ b) Add sbéda ash and/or carbon dioxide tq reduce pH

LY

a
.
.
VA b fra st s e S B ARSI 7 S N Nl S ooy ..
e v C .

)

* for q?timum removal of <alcium. b
1 .i ¥ ‘.(‘ V.‘ , ' él‘
: . i
{ A
? o ] ) o ég
. . .
¢ ¥ . k ‘3‘

Carbonate Hydrox1de Sulfate
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2 . B. Sptit Treatment Softening (See Figure. 2) - S
o -, 1. First Stage . . ! . _ .
. .a) Operate first stage at adequate pH for
magnesium removal. ;
- 2. Second Stage CL
b) —'Bypass part of the-raw water and/or add soda
. ; ash to reduce pH for optimum removal of calcium. ; ‘ .
~ €. Single Stage Softening (See Figure 3) . ’
~ 1. Single Stage . 4 I -
% a) Operate single stage for optimum total hardness 4
removal. : ’ s \

~
Iv. Types of Chemical Precipitation Softeners
A. Straight line softener (See Figure' 4)
) B. Upflow solids contact softener (See Figure 5)
C. "Spirgactor” softener (See Figure 6) ' g
V. Basic Operation of Chemical Precipitation Softeners S
A. Two Stage Sofiening . ¢ . )
~— 1. FEirst Stage . . ) ) .i
a) -pH should be adjusted to above 11.0 with lime to
obtain magnesium_ removal. This pH can be reduced
somewhat.if not total magnesium removal is required.
, 2. Second Stage o . 1
a) pH of- the second stage should be® approximately 10
" to obtain optimum calcium removal. . .
If soda ash is used it should be added just prior. to-
the second stage to help reduce the pH. - v

b)
) Recarbonation with carbon dioxide is usually re§u1red
)

.0

to lower the pH to.the optimumlevel. ,
Recarbonatian of the finished %aﬁer to approximately.
9.5 is usually required to preyent scale buildub on -
the filters. This final pH is{dependent on the water

. chemical and physical characteristics and therefore

..}" “ .‘ . d‘

b " . requires. a calculation of the final pH for eac
- plant 'to ensure properly stabillized water. ~. 1, .
‘ B. Split Jreatment Softening oo é ' ’
L - 1. First Stage ) A/
.o - a) pH should be adjusted to abovi 11.0 with 1im&—fo obtain .
V magnesium removal. This pH cdn be reduced somewhat to

» obtain the desifed total magnesium removal.

. 2. Second Stage ) ; . .
' ' 1a),» pH of the second stage should}be approximately; 10 to i
L ‘ ' obtain optimumi-calcium removaj . ; )

_f‘ - b) If soda ash is“ysed it should{be added just prﬁor to i *

T : : the second stage to help reduge the pH. : :

; % ¢) Generally the carbon dioxide and bjcarbonate in the split |

) ’ flow is adequate to lower thej pH in, the second stage to .
obtain optimum calcium removajl. ; ’

d) If pH drops below 10.0 add aﬂdftibnal lime to second stage5

s ’ " tq obtain the desired calcium eduction. : ;

e) Recarbonation of_fﬁp finished water to aoproximately 9.5° .
is usually required to prevent scale builduo en the filters.
This final pH is devendent off ‘the water chemical and physical
characteristics and thereforg requires a calculation-of the

- ) " final pH for each plant to epsure progerly stabi]iged water.

- B v

v
L] . . . [ i oy * 5
. . ‘ . v
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A.

. B.

A.

ta’

B.:

Split Treatment Soften1ng (See F1gure 2)
First Stage

f\a)

1.

2.

Second Stage .

b)

Operate first stage at’ adequate pH for
magnesium removal.

Bypass pdrt of the raw water and/or add soda
ash to reduce pH for optimum removal of calcium.

S1ng]e Stage Softening (See Figure 3)
Single Stage .

1.

>

a)

Opera e s1ng]e stage for optimum tota] hardpess
removal.

Straight line softener (See Figure 4)

Upflow solids contd£.%oftener (See Figure 5) N
C."' "Spiroactor” softener (See Figure'6)

Basic Operation- of Chem1Ga1 Precipitation Softeners

Two Stage Softening

2

-

a)

1. " First Stage - * '® .

a) pH sheuld” be‘adjusted to above 11.0 with lime to
‘©obtain magnesium removal. This pH can be reduced
‘somewhat if not total magnesium removal is requ1red

2. Second Stage

a) pH of the second stage should be" approx1mate1y 10
to obtain optimum calcium removal.

: b) If soda ash is used it should be added just pr1or to
the second stage to help reduce the pH. i
c) Recarbonation with carbon djoxide is usually requ1nad
to lower .the pH to the optimum level. . ‘g
: d) Recarbonation of the finished water to approxgmately
{ *9.5 is usually required to prevent scale buildup on
the filters. This final pH is dependent on thé water
chemical and physical characteristics and theréfore
’ requires a calculation of the final pH for eac
. plant to ensure properly stabilized water A .
Split Treatment Softening P
¢ 1. 'First Stage T
~a) pH should be adjusted to above 11:0 with 1ime ¢0 obtain
magnesium removal. This pH can be reduced somewhat to
obtain the des1red total magnesium remova] $
Second Stage

pH of the second stage should be approx1mate1y 10 to
obtain th1mum calcium removal.

If soda ash is used it should be added just nr%or to

the second stage to help reduce the pH. :

Generally the carbon dioxide and bicarbonate h; the sp11t
flow is adequate to lower the pH in the secoqd;stage to
obtain optimum calcium removal. 31

If pH'drops-bélow 10°.0 add additional lime to s
to obtain the desired ca1c1um reduction: !7

econd stage,

e"‘Regarbpnat1on of—the finished water to’ aopro@1mafely 9.5

is dsually required.to prevent scale buildup jn the filters,
This f‘na] pliyis dependent on the water chemidal and physical
-characteristics and therefore requires a caldulation of the
final pH for each plant to ensure proper]y stab111zed water.
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" C. Sing]e Stage-Softening
: . Single Stage .
~ a) pH should be above 10 to obtain acceptab1e performance ‘
" of the softener. If magnesium removal is desired, the
> pH 'should be above 11.0. The optimum operation, that
. : “operation resulting in the least hardness, will be,
‘ different for each plant, resulting in some experimenta-
tion to determine what pH is optimal. /
;;\w$1l,chemica1 feeds are added just at the head of the unit.
c) Recarbonation of the finished water to approximately 9:5
. is usually requ1red to prevent scale buildup on the filters. ,
e __ This final pH is dependent on the water, chemical "and physical
- characteristics and therefore requires a-calculation of the
final pH for each;ﬂant to ensure properly stab1112ed water.
VI. Water Stabilization — .
A. Factors affecting water stabilization

€

1. Temperature - po 7 : K
1qii/l 2. Calcium . . Co - )
3. Total Dissolved Solids k \ -
. 4. Alkalinity - '

5. PpH '

B. Reizener Index .
S.I. = 2 pHs-pH _*, S - -

C. Saturation pH .

(See Figure 7) _
! Vil. Safety ’ ~
S o— A, E]e@trlcal Safety . .
e 1. ~Always use grounded or doub]e 1nsu1ated e]ectrLcal too]s when
xi  working on softeneérs or chemical feeders. )
2. Make sure all motors and electrical controls on softeners and

. ’  chemical feeders are properly grqunded. ® L
- B. Lift1ng chemical lime and soda ash bags: - . '
& 1. Always lift from the knees to prevent personal injury.
B C. Eye protection . ’
1. Always wear eye protection when handling or work1ng around ° ]
, . lime or soda ash feeder;\\___‘?rgs N .
-?. Always wear protective coveri on hands and arms when handling
lime and soda ash. Ty
. . 3. If lime or soda ash should come in contact with- eye or sk1n, ,
i ‘fhush withja large quantity of fresh water and contact a. pﬁys1- !
: cian 1mmed1ate1y ) i . * g
VIII. Labofatory Control’ - - S ,
- A, Phy51qa1
1. Temperdture . yo L )
-7 2. Turbidity . . . T ’tvﬂ
+ . 8. Chemical - ' C T ' o
- 1. Alkalinity - SR T I
- ». Total and calcium hardness '
3. Total dissolved solids ' .
4, pH - : T
5. *Solids concentratidn (Upflow units onlyj : :
- 6.. "Catalyst" analysis (.Sp1ractor only) - _ -
. v ’ | °, v ‘r'i! e
( ‘. ﬂ L 61 .
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Exa:?;ation for T12TWS - Basic Chemi;a] Precipitation Softening
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¢

Hardness in most waters is caused by

; divalent cation ions.

Hardness ions that are matched with bicarbonate anions are . ‘
called . . '”&hgrdﬁgss.
. W

Softéﬁing(is defined as

‘e

List three advantages offsofteniﬁa

a.‘ 7 ‘ A -
.4 o

c. : -

.. : I . Lo
5. -List ‘two disadvantages of chemical precipitation softening =

a. . A

- " % -
b. . . .

° <

il

5. e ey . @ .o . 6 .
6. In chemical precipitation softening, calcium ions are ‘removed ,

as " &£ Lt : - A i

. - ° ’

8. List the five factors affecting’water stabilizatiop.

. 4 ey

}: Soda ash is required+for removal of

. $

PR 2 ~

9. Magnesjum isaremoved<Pj'adqing v -+ moles of lime for each

-

mole or magnesium. ° " ’

)
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10. Match the appropmate number to the name for - tﬁe various zones in an
upflow solids contact unit, }
. - 73
-I' ( N
‘ : ik
Clarification Zone_ - ’ -
Sludge Blank and Th1cken1ng Zone . -
Primary Reaction Zone “ oo . ‘., ; v .
Secendary Reaction Zone . e
Riser Zone i' : : .
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. ’ i ;
. . oy
) TRUE OR FALSE. CIRCLE THE CORRECT ANSWER. L é

or F 1. .Carbon dioxide recarbonation is usually requ1red gp
s properly stab111ze water after chemical soften1ng

T .orf . A proper]y-stabi]ized water a]ways has a pH of 7.d.‘ -
= . \
T or F 13. \When water, contains CaSOs it is considered noncarfonate.
. . T or F 14, Radioactive particles aﬁs removed by chemical precipitation
4 sotening. . & .

\ .
T or F 15. TotalN\{issolved solids always generally decrease With
* . chemical™precipitation softening.
 §

T or F 16. Split treatpent should never- be used for waters conta1n1ng

- carbon dig4ide. )
. ’ ' 3 - ¢
T or F 17. Magnesium is removed from the water as magnesium carbonate
(MgC03) in chemica prec1p}tat1on softening.

T or F 18. JA.softener opera¢1ng at a pH of 10.0 will have a s1gn1f1cant
- amount of magnesium removal.

- . (N

T or F 19. The advantage of the "Spiractor" is that it removes both .
noncarbonate and ‘carbonate hardness.

T or';p- 20. "Straight line softening 1s the easiést’ to operate but is

also the-easiest to upset. . ’
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