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M‘?dum Ro: . [Module Titlex _ = . ‘_ -
o Intennedia;e Chemical Precipitation So%{ening:-
113ABKWS ° SmeOdU]é JTitle: o " ¢
,/-KBPPQX.;TiméE ) ) " . . . . ‘.
N Topic: I
1N hours =~ - - Summary; | ‘. .

JeéFTVGS Upon completion of\\a
1. Describe the-operation of chemical prec?p1uat1on softener.

2. Ca]cu]ate chemical feeds for a given water.
3. ldentify process problems. )ft;?

4. Design a'chem1ca] precipitation

\

70T tener.

. > . \\/ ! ‘

this module, the part1d1pant will be able to:

Y

Ip;truction#]'Aids:

1. - Handout ~1’

, .
. | N

L X4

3 5' A <4 LT
) » . -

InstrdCt%onﬁT‘Kphfoach: LN
Discussion and Class Problems . ‘ ‘ .
L . -
cdete RS ) ’ - ’ ‘H‘,'
References o / & -
J. Manual of Instrucﬁ1on for Water Tr atment P]ant;Qperéters, Health
- -Fducation Service.
2. 'Manual’ of Water Ut111§y Operat]ons, Texas Water Utility Assoc1at1on
3. MWatef Supply & Treatment, Natfomal Lime Association’ " _
4. Recommended Standards for Water Works ,"Health Education Services,
' \ C .
. | E .
3 !
Class Assignments: - \ ST .
- - [ ‘ - » +
.The participant will: r o7 y ' ‘ N
1. Read Handout ' ' . o . . . .
,2: Complete Problems #1-#2, Voo . - :




ERIC

L

-

. ’ ./ ’ N . ) 4// N o .
> /
N /z ¢ t ' r
‘ \\ Page 3 * of

fodule No: /

T13ABKS Vo

>
L
-
Z. .
‘ L}
]
~
.
" ’
¢ P
. .
\ o v
‘ ’
L B \ -
‘e
.
et v
N -
>
d -~ 14
¢ . B *
. B o
. s
'
ya .
: Lt ~
.
v
M e
i
, ¢ .
. . .
S,

. K . . _/ . ———
Instructon Notes: . Instructor Outline; -
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1. Distribute Handout 1. Discuss the operation, chemical feeds and
: . . : . P design of chemical precipitation softener,
\. [2. Present Transparencies 2. Give evaluation of 30 questions. .
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Modu]e Title'

yodule No:~- ,\
0 _ - ’A

Intermediate Chemical Prec1p1tat1qn Softening -

*

'Subnodu1€T1t]e/7 C.

Approx. Time:

<

1 hour

<

~

| — -
-~ {Topic: { f

Introduct1on !

1.
12.
13

Objectives : ypon com

pletion of this topic, the,part1c1pant Wil be abte to:

Describe the Chemistry of chemjcal prec1p1tat1on softening.
Describe the operation of chemigai precipitation_softening.

-

Describe the laboratory control necessary for chemical
soften1ng, i

rec1p1tat1on

4.

Describe the' safety rgquirements’ for cheM1ca] prec1p1tat1on softening.

- 7

!

N
'

Instrqptinnal Aids:l'

‘ Lo,
Handout- Introduct1on .
Trapsparency #1-#2-Softéning react10ns

Transparemcy #3-Recarbonation reactions .
Transparencyagg-#s Operating.a two stage softening p]ant\
Transparency #6-#7-Operating a split treatment softening.plant -
Transparency #8-#9-Operating<a single stag sdften}ng plant

.

”~

0O N U B WP —

Transparency #1T-Safety

v

Transparency #10-Laboratory control E

Instructional AppJoach:

Discussion -

45.

o

References: - )

1. 'Manual of Instruction for Water Treatment Plant Operators, Hea1th
Education Service. .
Manual of Water Utility Qperat1ons Texas Water Utility. Assoc1at1on.
Water Supp]y & Treatment, National Lime Assoc1at1on

2.
3.

Class Assignmenta:

. 1.nghe participant will read Handout-Introduction'*
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[l fodule No: S| Topie: - L ’ ' ;
~ , T . . .. - e (“ . ) f} N ‘ t_ 1 N / » .
N .7 | LI3ABWS, . Introduction . - ' P .
v, . 7 ) ! K S .
1 > {Instructor Notes : \ Instructor Outliner o -
L . e ‘ . ' ) . . ..
\ _:\. Lt - Soe, . . -~ N ' ‘ :
e 1.1§ﬁresent-Transparency #1-#2 11, -Review .the softening reactions. Review the
v > : . A amount of lime for each reaction. .-
o e f‘?”\w, 12, A,Pr\esent Tr:énsp'élreney #3+ |2, Reviev'y the recarbonation reactions. Review|
‘ o MU . * + the amount .of carbon dioxide for each type
‘l‘ ST v s of excess hygroxide. . C.
coe ] : . T . e . . ] - ‘ '
: / . o 3. Present Transpareney\ #&-#5 [3: Review the operation of a two stage
- . T . so‘ft'éning%-plant. Inc]udgnhow éach type
. - - SR B .. 0f softgner is affected and what reagtions
. - o " fareptakipg place: c . .
LA ., . - i 4 - $- _:;"~ ‘
4. Present Transparency #6-#7 |4. s%ev.iieﬁ'.t'he operation of a &plit treatment
N N . 1 softening plant. Intlude. how each, type of
' N softener, is “affec¢ted and what reactions’ are
. . ’ Co.ot . taking place. .+ + .ot
s ‘ (‘ ) ) ‘;‘& :‘ ) §
. 5. - Present Transparency #8-#9 5.{": Review the operation of a single stage
r \&A : o + softening plant. Include how each type °
e T ) . of softener is affected and what reactions
.' ) .| are taku:_gf—p]ace?. \ ‘
- 6: Present Transparency #10 6. Review the Taboratory control neéded for
S Al P , operating a chemical softening plant.
. 7. i’resent-Transpa’r.ency #11 7. Review safety.in opgrating a chemical
o, o _ ‘precipita’t"ion softening plant.
. »
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Module No: '

1T3ABWS

Subnagur“ Title:

Y

3 hours

-1 Approx. <Time:

s

NQ2:1e T1t1e
‘. In ermedlate Chemica) Prec1p1ta+1on Softening
/‘ .

)

Chemical Feeds

Topic: -

\:-‘

Objectives:

Y

Upon comp
Determine which ch

are pecessary to soften a given water.
2. Calculate the/a//rox1mate feed" rate for chem1ca]s used in wéfér softening."

A4

0P 1 C-y the partfcfpant will be able To:

. 3

Instructional Aids:

11

* . -

e

N

Handout - Chemical feeds )
2. Transparency #14,- Lime feed
3. 'TranspaanCJ #15 - Soda Ash feed .
4. Transparency #16 - Carbon Dioxide

5. Transparency #17 - Caldwell- Lawrence D1agram

1 Instructiona] Approach::

Y

.

Discussion.and Class Prdblem.

i

References:.

1.- Manual of Instruction for Water Treatme

nf/ETant Operators, Health

“Education Service.

2. Manual of Water Utility Operations, T

3. MWater Supply & Treatment, National

v

'

as Water Utility Assoc1at1on
e Assoc1at1on

»

>

Class Assignments:
The participant will:

.7

1.
2.

Read Handout-Chemical Feed
Complete Prob]em #1-Chemical feed rates
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ﬁodu]e-No: -

IT3RBWS . . *

Topic:

Chemical Feeds

Instryctor Notes: »

Inst?ugtov Outline:

10.

. '$resent Transparéncy #13 2.

Préesent Transpareﬁqy;-#iZ~ .

B

.d‘

x

i

"bar diagram:

D1scuss the construct1on of the water/qua]1t

know1ng the chemical composition.

A

Also -show the usefullness of

D1scuss the uge of the nomegraph for convert~

ing mg71 to mdAl.

-

_—'/

Present Transparency #14 |4.

Present Part 2 of class o%
problem #1. Work the
problem with class partici-
pation. p

Presen§ Transparency #15 -|6.

¥

Present part-3'of class 7.
problem #1. - Work the 1

problem with class part1— .
c1pat1on . )

Present Transparency’#lﬁ 8.
’

Present part 4 of class * | 9.
problem’#1. j Work the

problem with .class part1—
cipation. gL

Present Transparency #17 |10.

-

. .

L

Present Part 1 of class 0.0 2.0 3,21 3.81
problem #1. Work the - 3. ] TS = S — . e
* “problém with class parti- [Cozf - Ca ! Hgtt -
c1pat1on - 0.4‘ HCO3 ‘ {5047 iC]_
e 0.0 2.78 3.30 3.8

o

Discuss lime dosage ca]cu]at1ons in relation
to equations and water quality bar d1agram

Lime dosage =
o . ;5;150 mg/] Cab

bl
.« ¢

Discuss soda ash calculationS in relation

(2.7 + 1.21 + .4+ 1) x 28 =148

-

to equations and water qua]1ty\5ar d1agram.‘

Soda ash = (3.21-2.70) 53 =

27 mg/1 Na2C03

27 mg/1-

-

D1scuss carbon d1ox1de ca]cu]at1ons in .

‘relation to equations and water quality

bar d1agram »

€0, = (.2 + .8) x 44 = 26 mg/1

A

Discusy the use of the Ca1ﬁ$Z1f—Lawrence :

diagram ip calculating chemical dosages.
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fodule No: Topic:

3ABKS

- Chemical Feeds

Inétrucﬁor Notes®

LInstructor Outline:

A4

v

11. Work xlass problemn #1
"~ parts 1-3 using Caldwell
awrence diagram, .
12. /Present part #5 dbf class

problem #1. Have ¢lass
work problem on their own.
n work problem with
class part1c1pat1on

~ -
.

.

\
225 mg/ as CaCQ3 or ]31 mg/l as

Lime dose
) Ca0 .

Soda Ash

0

10 mg/1 as CaCO3 or,v—]O mg]] as

N82C03

3.5

i

4.3

™~

Explain diffefence between.two'methods.

4.6°

- Ca

42

"

Mg

~Na+

~

co -
2 e

o

(#%)

| so,

-2,

Cl

Lime =
Soda Ash =
‘COZ

2.3

(2.3 + .8+ .

(2. 0) X 5

(.2.+ .4) x 44 =

7.3

1) x+28 =
106 ‘mg/1
26 mg/1

+

2.6

.126 mg/1

CALDWELL-LAWRENCE DIAGRAM. N
Lime = 106 mg/1 CaC03 -

Soda Ash'= 90 mg/1 NaC03

Cast

11

1
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’ - « ' - 'i ) : ~ [ ﬁ-;r:
Module No: _ Modu]e T1;1e L . N .
o -" % | Intermediate Ghemica] Prec1p1tat1on Soften1ng -
'.II3ABNS . -V Smedele T] t]e ) .' RN . . .
: _Approx..Timg: .- f e T ’
. * . Y : =, -Topic,: . . ig‘ .. . . -
\ ¢ ‘ . »’ - " . | ’ "" ) = ‘\é’u. " ' g L
. \' 3 hours., - il Des1gn Eva1u§t1on ) I T ’
- ‘ DbJect1ves Upon completion of this topic, the’ participant w111 be "able to-
1.

Evaluate the design of an ex1st1ng chemical precipitation softeher. -
2. Caleulate approx1mate chemical costs 1or chemical prec1p1tat1on(s9ftener

[ . . ) ) ,‘I.‘
. ’ T ", :
- ' ' ) [\_. i )
‘ Instructional A1ds . : ." Co . 3 ’
| . ! ! LY
Yoo " J. HandoutvDeswgn #18 #22-TEN STATES STANDARDS FOR SOFIENER ) v
2. Transparency #23-Chemicaf Costs Calculations _ SR
. . . . . . y ‘o - ’ : . '.n
oo ™ Instructional Approach: - . S N Lo o
\ R . . , . LT .
. . - N . -ﬁ. ) . -
i * .\ " | Discussion and CTass Problem C o -
\ _ N - s -, y . R . . i
<o - References N : “ " - 2
N :;*}-’ Manual of* Instructlon for Water Treatme ant Operators, Health\‘
... Education Service. .
) ! 2. Manual of Water Ut111tx¥Qperat10ns, Texas wateﬁ Ut1]1ty.ﬁssociation.
\ I 3. Water Supply & Treatment, National Lime Association. e '
‘ ¢ | 4. Recommended Standards for Water Works, Health Education Servige. -
. ’ ’- ] ] ‘.-‘ ) - . . ' . PR ’
) Class Assigndlepts: . . - - . ’ ' . S
~ 1. The -participant’will read Handout~Des1gn

operat10n

C -1 2. The‘Part1c1pant will tomp]ete Prob]aﬂ #ZIDeﬁﬁgn Eyalyatlon and costs”
. T . .




_ ) Page 10 ° of
Hodule No: . | [ Topic: v = —
113ABKS . Désign Evaluation . |
Instructor Notes: Instructor Qutline: . T e
; b ‘ )

-

11. Present Transparencies #18-
#22 . ¢

Present Transparency #23

2.
3. Present c]ass problem 4.
) Complete’ prob]em with class
participatiofi’ v
Coe
® . . ¥
WV
* - A
4 []
v 3 (J'
; 1‘“} ~
4 vt ~
. LY
s,

—

v

13

.* Distuss the various standards and their

relatignship to softener operations. .
Stress the difference between coagulation
design apd ‘softener design and the reasons

for the di.fferent va]ues R
2. Discuss the}calcu]ations.for chemical costs.
3. 1. Check Flocc Zone time:
(2260)(7.5)(60)(2&); o
) _ 7,000,000 | - 12:0 min
o« low, says AO min,
Check Total Deteng1on
(35 x 35 x 15)(7.5)(60)(24) N '
2,000,000 99 min
o'» low, says 4 hours -
Check weir 10adingn
{2,000, 000) R
o (E0)eAy ey, - 72 gpn/ft
= .‘; oké-says 20 gpm/ft .
Check upflow rates ’
- (2,000, 000) ‘ r-] 1 gpm/ft
(50 x24)(36 X 3] -~ :
¢. ok, sags 1. 75 gpm/ft
2. Chemical Cost : -
L1me~cost C e
: 4%(150)(2,0)(8.34)(.0]7) = $42.53/day
"® Sodaxagh REa '
(27)(2.0)(8.34) (/0325) =$14.09/day
v ' $79.14/day

or §$.04/1000 gals

P
.




-

Pege7] of
'ﬁi:Module-No; - ' Modu]e Title: -, 2 -
. < Intenned1ate Chemical Prec1p1ta%1on Soften1ng -
~ Submodu]e Title: ° < , e
%, I 3ABWS B L R
<5 | Approx. ' Time: "o ~ r
e , Top1c - ) - ; -
1 hour

Advanced 0perat1on of Chem1ca] Precap1tat1on Softening

2.

’

\ IObJeCtives'Upon completion of this topic, the part1c1pant will be able to:-
1. Diagnose-and describe solution to so6lids concentration operat1ona1
Problems in upflow solids contact units.

Describe operational alternatives for chemical soften1ng plants during
per1ods of Tow hardness.

~

N

-

Instructional Aids:

2. Transparency #24-

1. Handout-Advanced Operation

Advanced 0perat1on - s

Discussion

-~

“a

Instructional Approach:

 References <

1

= ¥

— . v
~ °
e,

Manual of InStruction for Water Treatment Plant Operators, Health

Education Seryice.
2.

3.

Manual of Water Utility Qperat1ons, Texas Water Utility Assqt1at1on
Water Sgpp]y & Treatment, National L1me Association,

4

Class Assignments:
1.

LD o

The participant will read Haﬁdout-Aannceq Operation "‘ . !
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Page 12

4qduTe No:

TF3ABWS

Topic:

4 -
»

{} . -~

.Advahced Operation of Chemical Precipitation Sof;éning

Instructog\ﬂotes:

.

-

Instructoﬁ'Q%ﬁline: ' .
8!

o

-~

.

Present Trénsbarency #24

»

Vi

( g 4 .
Discus§%the role of the lime sludge slurry
in the operation o ftening unit. Theh'—ﬁ!
discusbwthe.opé;;;fgigfqéﬁﬂitQﬂ;>£i;ET5b1e
for each type of softener. . ) .
© a. Bole of slurry

"*1)Hardness removal
2)Turbidity Temoval

b. Control of slurry

* 7 DTurbine or flocculator spéed
!2)Recycle solids =

Disciss the general operational problems .
when treating low hardness waters such as
encountered, when treating surface water .
during runoff events. Theh discuss in
detail the operation of each type.of
unit ‘during these periods. a
-a. Problems " ~ A
1)Reduction of solids” formation ,,
and sludge age . o )
'c 2JHigher turbidity carry-over
"b. Operation
* 1)Discontinue softéning
2)Recycle more solids
3)Add excess lime

’

-

.
A
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’

Module No: - : Modu]é Title:

»

Intermediate Chemical Precipitation ngténing
Submodule Title:

IT13ABWS
} Approx.. Time: - -
1Topic:. ’

‘2 hour </' Maintenahce o ~ . .o
/bbjeiéivesz Upon completion of this topic, the participant will be able to:
1. .

scribe the necessary maintenancé for a chemical precipitation
softening plant.« S o ) e

.

. . , R
~ <

S

Instrugtiona] Aids: "

o T

1. Handout-Maintenance.  ° T e
2. Transparency #25-Upflow Solids Contact UYnit .

't 3. Transparenty #26-Straight Lime Softening ynit .
4. Transparency #27-Spiractor Softening Unit.”

. — A 5

Instructional Approach:

s .

Disclssion” *

i

References:

1. Manual of Instruction for Watgr Treatment Plant Operators, Health
Education Service. . -, & T R ‘
2. *Manual of Water Utility Qperations, Texas Water Utjlity Association.
3. Water Supply & Treatment, National Lime Association.

A - . -

<

Class .Asstignments:

1. The participant will read Handout-Maintenance.

t{'.

[
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fodule No:™ - .

TI3ABWS

N

'ptenance . . L ¢

——
Instructor Notes: '
7 ,

Instructor Outline: , : //A', -
‘ ‘ﬁ;' ' _ . ) ,J'..

R

7

1. ’Present, frangﬁaﬁeney

K}

contact un1t

N »

Inc]udes

a)

- lines e AN

Genera]——

%25 1. Disguss the ma1ntenance for upf~ow so11ds
1 .

- 1) Cleaning weirs and hem1caﬁ feed

y | ) (
3. Present Transparency #27
: . <7

R I

Cleaning turbine® *+.

S

.- . 3),Cleaning rake
* b)) Turbine ’

-

o)

1)

.2)

Reke
1)
2)

- Adjustment

%dJustments

Lubrication

-

Lubrication -

i 8
LI .

+

softener. Include:

+

a) General

1)

.2)
b) Flocculators
v‘1) Adjustments
Lubrication
§]udge coliéctor
. Wy Adjustment .-
Lubrﬁdat1ow

.
i.

Tines

*softener, 1nc1ude

a) Genéra]

\

»

Cleaning -s1udge col]ector

[ 4

2. Discuss the maintenance for stra1ght line

C1 an1ng weirs and chemwca] feed

[y

3." Discuss the maintenance for "Spiractor®™

19 CJean1ng weirssand chemical feed
lines’ . .o -

'b) Catalyst feeder : °

1)

&

el o 7
> 3

~CJeanigg and adjustment
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iodule No: Modula Title:

Intermedizte Chemicdl

T13ABKS  ° Submodule Title:

] k]

Apprex, Time:

Topic:

Eva]uation R

Objectives: - g

% .

K

¢
. —

The participénf should*be able to answer.correc#]y 25 of the.30 questiong
asked. , . .

Instructional Aids:

°

4
None

instruépiona]'Approachf
Examination )

1

&

References:

. \ -

None

*

{ Class Assignments :

Notte Te
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‘ N Instructor Notes: = |Instructor Outline:
. . . & a e
. 1. Distribute exam. Each ¢
participant is to complete - .
the exam independently and L. . .
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o Collect after 1 hour.. . . )
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 SOFTENIiG REACTIONS - Lo
1. FREE Chrao Drome R T ~ '
oy CA(OH)2 ———> 05 ¥ + oo e
ooy . Lie © Cacim '._IATER o T A o
DIOXIDE - ‘CARBONATE ' R .
2, CALCIUM CopeonaTE [bRonESs: . - R ., L |
, CAICD),  + cA(omz —;-2 cAm347+ 2 HQO S e
Cacciu L. LI 1.ATER N o )
CARBONATE _ CamBONATE - -/ TR
3, - HAGHESTUM CAREONATE HARDNESS R T ]
Moty + 2 cA(uDQﬁ»EAw%MG(OH)Q%HZO 1 e |
. - . J r?‘.{"\ .. S . ' . . 5{%}3‘
. . R ) -
21 . ﬁ:c- [
‘I. \' l : \ " - oA A e | m— | .
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SOFTENILEG RFJ.Cr'Ious-
, :

[,
K

Caccu ”ONCARBONATE “ARDNESS . ~‘
Casly + legllls ~—> 005 ¥ 'mzsoq

Lcim  Sapa " CALCIOM DIUM
ULFATE /\SH - CARBONATE LFATE

\
5. HAGNESIUMT!ONCA}%BONA%E HARDNESS,

H/\cwcsluw SODA LIME - CALCIUM GNESIUM So’DIUM
SULFATE . fisH CARBONATE,I OXIDE..  SULFATE

«7‘“’

" IR/\NSPI\PFNCY e ﬁ“ he -

.

~
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RECARBOLIAT IO PEACTIOS

‘1. “Excess HyDrox1DE

[ +IIZCO3——>CO3“ +2H20
HYDROXIDE CARBONIC ~ CARBONATE HATER .
Jon Pcm Ton e

{
S

2 CALCIUM CARBONATE
2 CAC03 +1~l3607——>2 CA(HCO3)2

‘CALCIUM BONIC LCIUM
CARBONATE CID -+ BICARBONATE

e

GHESTUM. HYDROXIDE - L
ROy +2 0 —>1H0B)y + 2 b0

" MacHES TWM BONIC  MAGNESIWM - MATER
HYDRQXIDE ~ ACID _ DICARBONATE .

oy

-

- 1
ZANC 2 MY
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1

THO STAGE SOFTRRIIG

1, FirsT STAGE - . e
= L 4\) *PH, SHoULD BE ADJUSTED 70 ABOVE 11, 0 WITH-LINE TO OBTAIN
| B ~MAGNESPUM REMOVAL. THIS.PH CAN BE REDUCED S%Ewrm IF

GNESIUA REMOVAL IS REQUIRED. .

ST OF -THE SECOND STAGE SHOULD B APPROXIMATELY 10 TO Rl
OBTAIN OPTIMUM CALCIUM REMOVAL, -

L B) JF. SODA ASH 1S USED IT SHOULD'BE ADDED JUST PRIOR TO ° o
S THE: SECOND STAGE TO HELP REDUCE THE PH . : ‘

c)

',D) ‘

RECARBONATION
TO LOWER THE

o

ITH CARBON DIOXIDE IS USUALLY REQUIRED
TO THE OPTIMUM-LEVEL,

TION OF THE FINISHED WATER TO AEPRO*TMATELY
IS USUALLY_REQUIRED TO PREVENT SCALE BUILDUP ON

'IHE FILTERS.- THIS FINAL PH IS DEPENDENT ON THE WATER,

" CHEMICAL AND PHYSICAL CHARACTERISTICSHAND THEREFORE *
REQUIRES A CATCULATION OF THE FINAL PH FOR EACH PLANT
TO ENSURE PROPERLY STABILIZED WATER. =

| St K e . )
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. SLIT-TREATVENT SOFTENING -
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VATER
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STAGE
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SPLIT TREATVENT SOFTENING -« .o -

FIRST STAGE N e

A) RH sHoULD BE ADJUSTED To ABOVE 11,0 WITH LIME TO OBTAIN
MAGNESIUM REMOVAL, IH]S PH CAN BE REDUCED SOMERHAT TO
OBTAIN THE DESIRED TOTAL MAGNESIUM REMOVAL.

SECOND STAGE o >

A) PH OF THE SECOND.STAGE SHOULD. BE APPROXIW\TELY 10 10
: OBTAIN OPTIMUM CALCIUM REMOVAL, - ‘
IF SODA ASH IS USED IT SHOULD.BE ADDED JUST PRIOR TO —

‘8 E SECOND STAGE TO HELP REDUCE THE PH, - -

ENERALLY THE GARBON DIOXIDE AND BICARBONATE. IN THE SPLIT
FLOW IS ADEQUATE TO LOWER THE PH IN THE SECOND STAGE TO

" *OBTAIN OPTIMWM CAL(iILM REMOVAL.,

D) IF PH DRoPS BELOW 10,0 ADD ADDITIONAL LIME TO SEOND STAGE -
TO OBTAIN THE DESIRED CALCIUM REDUCTION,

E) RECARBONATION OF THE FINISHED WATER TO APPROXIMATELY 9.5 .
IS USUALLY REQUIRED TO PREVENT SCALE BUILDUP ON THE FILTERS,
THIS FINAL PH IS DEPENDENT ON THE WATER CHEMICAL AND PHYSICAL
CHARACTERISTICS AND THEREFORE REQUIRES A CALCULATION OF THE

<

. FINAL PH FOR EACH PLAN'[{ TO ENSURE PROPERLY STABILIZED WATER.™.

{ '3
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SIHGLE STAGE SCFTEIING -

-1. SINGLE Stace

A) PH sHouLD BE ABOVE 10 TO OBTAIN ACCEPTABLE PERFORMANCE OF
THE SOFTENER., IF.MAGNESIUM.REMOVAL 7 DESIRED, THE
sHouLD BE ABOVE 11,0, THE OPTIMUM OPERATION, THAT.
RESULTING IN THE LEAST HARDNESS, WILL BE DIEFERENT F

~~  PLANT, RESULTING IN SOME EXPERIMENTATION TO“DETE
g " Pil 1S OPTIMAL, ‘

B) AL CHEMICAL FEEDS ARE ADDED JUST AT THE HEAD OF THE UNIT.

C) RECARBONATION OF THE FINISHED WATER TO APPROXIMATELY 9.5
IS USUALLY .REQUIRED TO PREVENT SCALE BUILDUP ON THE FILTERS.
" THIS FINAL PH IS DEPENDENT ON THE WATER, CHEMICAL AND‘PHYSICAL
CHARACTERISTICS AND THERGFORE REQUIRES A CALCUCATION OF THE
FINAL PH FOR EACH PLANT TO ENSURE PROPERLY STABILIZED WATER,

-
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:\\ - LABORATORY COHTROL ne

A, PavsicaL

R 1. TEMPERATURE

; , C 2. _TuRBIDITY — . - SR

_ \ By CHEMICAL . )
1. ALKALINITY ~ L _
2, {TOTALAND CALCIUM HARDNESS — -

=3, TOTAL DISSOLVED SOLIDS .

‘ : 4, pH, “ L
5. So;.ws CONCENTRATION (UPFLOW UNITS ONLY) .
6. “CATALYST" ANALYSIS (“SPIRACTOR” ONLY) °
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S A ELECTRICAL SAFETY

l ALHAYS USE GROUNDED OR DOUBLE INSULATED
ELECTRICAL TOOLS WHEN VDRKING ON SOFTENERS
" OR CHEMICAL FEEDERS,

3

2, MAKE SURE ALL MOTORS AND ELECTRICAL comon_s
ON SOFFENERS AND CHEMICAL FEEDERS ARE PROPERLY -
GRQUNDED, °

B. LIFTING CHEMICAL LIME AND SODA ASH BAGS |

1. Awwavs L4FE FROM THE KNEES TO PREVENT PERSONAL -
INJURY.

C. Eve 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. o

3, IF LIME OR SODA ASH SHOULD COME IN CONTACT WITH,
" EYE OR SKIN, FLUSH WITH A LARGE QUANTITY OF .
FRESH WATER AND-CONTACT A PHYSICIAN IMMEDIATELY.

>

4 . . .
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NOMOSRAPH FOR GBEVERTIG

Nomograph lor Converting Milligrams Per L:[ter
to and from Millieguivalems.Ppr Liter
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TRLSTATES STApene

- . R

,

4.1.2 Rapid mix .

v
-
-

Rapid mix shall mean the rapid dispersion of chemicals throughout the water to be -
treated, usually by. violent agitation, . .
¢ v ) * ®

.

Equipment . Basins should be equipped with mechanical mixing devices.

3

Mixing - The ‘detention period s‘hould be net more than thirty séconds.
~ . »

4

tocation- - The rapid mix -and flocculatign basins shalf be as close together as
possible. . : . | '
, N T \ -

I

4.1.3 F'loéculatior.l_ <

- -

Flocculation shall’ mean the agitation .of water at low ;/elodties for long periods of time.

Basin design - .Inlet and, outlet design shall prevent si-nort-circuiting afnd destructiqp°
of floc. A drain or pumps shall be provided to handle dewatering and Sludge .
removal, T .

. - T
//b.\Detention - The row-th;ough-Velocfty sha

0 - ' ’
) Il. not t;e less than 0.5 nor greater than 1.5

’—"L_fit_ai_p’e’r_@Me wjth a detention’ time for floc formation of at least 30 minutes.

L3 s ‘., -
S Equipment ¢ Agitators shall be driven by variable “speed *drives_with the peripheral
. speed of paddles”ranging $from 6.5 to 2.0 fee(‘ per second. g

- . . s
« d. Piping - Flbcculation and sedimentation basins shall, be as close together as ‘possible.*
" The velacity of flocculated water through pipes or conduits to settling basins shall
b AN not be less than 0.5 nor greater than 1.5 feet per second. Allowances must be made
to minimize turbulence at bends and changes in direction. .

s - . ‘ . ‘ L e
cher'dgsigns’ - ‘Baffling may be used to provide for flocculation in smail plants only
aftér consultation with the reviewing'authority. The degign “should be such that, the

velocities and flows noted above will be maintained,

-

vl

e -
£ Superstructurg <A superstructure ‘ove..r the flocculation basins may be required.
" - (,f:( o ‘e .
. . i .

°

-

414 éedimentation . T . - o

‘ g
Sedimentation shall follow roE:culation_. The detentjon time for effective clarification is
dependent upon a number of factors related to basin- design and the nature of the raw

wéter. The following“ériteria apply to conventional sedimentation units: ‘.
- N R [
J hd ) " R =

Detention time - Detention shall, provide a, mipimum-of four hours, of settling time,
This may be reduced to two hours for lime-soda softening " facilities treating only
-groundwater, : ‘ . -
o .

-

-~

"
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° 0 TEM STATES STA'TARNG -
D . = s (conTINUED) -7 oL e
. . . N . “' ) . . - " . . s,
.. b. Inlet devices - Inlets shafl be designed to distribute , the wa;('ér'_equal»ly and at
uniform velocities. Open porie, submerged ports, and similar éntr!an“c‘efaarrangemen'ts
are required. A batfle should be constructed across the basin close to the ‘inlet end
. ) . and should project several feet below the water surface -1 dissipate inlet velocities -
. and provide unifofn ﬂo% accross the basin. - T , Y ) *
c.  Outlet (jfevibes: - Outlet devices shall be designed 1o maintain velo_'ci,ties suitable for *
o o settlif\g in the basin and to mininfize short-circuiting. The yse of su‘bmerged orifices
. is recommended in ofder to provide a vqufrfe above the orifices for storage .when
}here are fluctuations in flow. o . v ' .
- * d. Overflow rate - The rate of flow ‘over‘the outlet weir shall not exceed ,20,000
: . gallons per day pt;r foot of weir length. Where submerged orifices -are used as an
o - alternate for over-flow weirs, they~should not be lower than three feet below the
T floiv line with flow rates equivalent to weir loadings. L . °.
’ . .
e.  Velocity - The velocity through settling basins shall not exceed 0.5 feet per minute. )
. The basins must be designed to minimize short-circujting. Baffles must be provided ,
.. as nemssiw. $ 1 L4 . ¥ . ‘ .
‘ f;\ Overflow e ‘An overflow weir {or pipe) should be installed which will establish the
- ’ maximum water level desired on top of’the filters. it shall discharge with a free fall
. at a location where the discharge will be noted. . .
) ‘ - | N . , .
9.  Superstructure - A superstricture over. the ‘sedime tation basins may be required.. If
3 there is no mechanical equipment in the basins and if provisions are included for :
adequate monitoring under all expected weather conditions, a cover may be provided
” in lieu of a superstructure, A Co.
» . h. “Siudge collection - Mechanical sludge collection equipment should be provided. '
. o - L P "4
’ ' i D'rain‘ag‘e - Basins must be provided ‘with a means for dewatering. Basin bottoms
should slope toward the drain not less than one foot in twelve: feet where
N mechanical sludge, collection equipmént is no; required. .
. . . - .
’ . " Flushing lines - Flushing Iir@; or hydrants shall be provided and must be equipped
‘- B with Ybackflow prevention devices acceptable 40 the revigwing autﬁority., .
+ » . . ‘ )
k.  Safety - Permanent ladders or handholds should be provided onthe. inside walls of . ﬁ”
© ' . basins abovg the” water level. Guard rails should be included. T
. RN Sludge disposal - Facilities are required by the reviewing authority for. disposal of - .
- * - sludge, (see Section 4.11). Brovisions shall be made for ‘the o;ierator to observe ot .
. sample sludgé being withdrawn from the unit. _ . . .
* 4.1.5-Solids contact uriit L _ o
,Units are acceptable for combined softening aqd clarification where water characteristics . r
‘are “not varia/be and flow rates are uniform. Before such units are considered as charifiers
- * without softening, specific_ approval of the reviewing authority shall be oStaiped. Clarifiers
- ¢ . should be designed fqr the*maximum uniform rate and shoﬁid be adjustable to changes in .
v . flow w!};‘iygh':'aré_",!gss‘ %.,the, design rate and for changes in water characteristics. A .
I . minimum of two units’ are required for surface ‘water treatment,” " ) :
- N . - v e - SO
S L T T -, 3 -0 .




T71 STATES STAMDARDS
- (CONTIMUED) N

4.1.5.1 Installation of equipment

Supervision by a representative of the manufacturer shatl be provided with regard to
al mechanical equipment at the time of .

z

a.  installation, and oo A
b.  initial operation, g .
4.1.5.2 Operating equipment e

. The following shall be provided. for plant ope"ration:

. .
a, a complete outfit of tools and decessories,

. . , - 5

) b.  necessary laboratory equipment, T

g adequate piping with suitable sampling taps so

.

’

located” as. to permit the

-

4.1.5.3 Chemical feed

collection of samples of water from critical portions of the units, ¢

. o <
-
°

Chemicals shall be applied at such points and by such means as to insure
satisfactory mixing of. the chemicals with the water.

.4.1.5.4 Mixing

“

~

A rapid mix device or chamber ahead of the
by the reviewing authority to assure proper m
devices employed shal] be so constructed as to

solids contact units may be required
ixing of the chemicals applied, Mixing

\

[
a.

-

and

provide good mixing of the raw water with previously formed sludge particles,

.

4

b:  prevent deposition of solids in the mixing zone.

4.1.5,5 Flocculation

Flocculation equipment

- i [}

v

a. | shall be adjustable {speed and/or pitch), ’ s

b. must provide f.or coagulation in ;: separate chamber or baffled zone within the
unit, ’ * - ‘
: . . L]
. should provide the flocculation and mixing period to be not less than 30

minutes.*

+

N
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- . TRLSTATES sTemmRng .
) - (congmwEn) -
4.1.5,6 Sludge concentrators Lo '

: ) %kng ”
3 e £t

The equipment shoutd provide either m.ernal or external conoentrators in qgrder to
obtain 2 concentrated'sludge with a mmlmum of waite water. ¢

4.1.5.7 Sludge removal °

Sludge femoval design shall provideﬁ that
- “ . ~
¢ a, sludge -pipes shall not be Iess than three |nches in' diameter and so arranged as
~to facilitate cleaning,

5

- Ty . N
b.  the entrance to sludge withdrawal piping shall prevent clogging, i
’ L] . - -
, &.  valves shall be located outside the tank for accessibility, i
*d.  the dperator may observe and sample sludge being withdrawn from the unit.
: AN
4.1.5.8 Cross-connections v - :

X

,e/ Blow-off outlets and drains must terminate and. dischadje at places satisfactory

' to the revnewmg authonty o
® ~ -
* N . K v
-5. Cross-connection control must be included for the potable water Imes used to
packflush sludge lines. . .
4.1.5.8 Datention period L . :

The detention time shalL be established on the basis of the raw water characteristics

and other local c@nditions that affect the operation of the unit. Based on desngn -
flow_ rates the detentlon time should be : )

s .

N .

a.  four hours for suspended solids contact. clarifiers and softeners treating surface

water, and !

’

b. one hour for the suspended solids contact softeners treating only groundwater.

< 1)

The teviewing authority may alter detentipn time requirements.

d . ‘ » -

[ ' €

4.1.5.10 Suspended slurry concentrate S e ' ’ )

.

¢ /

Softemng units should be designed so that continuous slurry encentrates of .one per
cent or more, by welght can be satisfactorily maintained.

4.1.5.11 Water losses o

v -
.~ . L4 % -
- * . 0

a. " Units shall be provided with suitable controls for sludge wi&)qrqwal. - i

L)
* ‘ —— . . X
&
‘ .
,
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TEN STATES STANMARNS

.7 (conTIMUED) .
. ' ‘ -
. . AF-] . .
'1 b.  Total water losses sRould not. exceed ‘ ’ .
\

\ 1. - five per cent for Clarifiers,
° . . 1 e
: \ ‘ o - :

" 2. three per cent for_softening units. ,

" c. - Solids concentration of sludge bled to waste should be

° &
N ’ . AN
° 1. three per cent by weight for clarifiers, g
E4 - »
2. five per cent by weight for softeners, .-
L]
'4.1.5.12 Weirs or orifices :
" The units should be equrpped with either “overflow weirs or orifices constructed so !
1
that water at the surface of the un1t dogs‘ not travel over 10 feet horizontally to
the collection trough. . S
3 ! _ N
: a. Weirs shall be adjustable, and at least equrvalen Iength to the perimeter of
the tank.
-~ g < i
~b. Weir loading shall not exceed Coe ,
+~ . L 10 gallons per Minute per foot of weir length for units used for
, : ] clarifiers, . s
s . 2. 20 gallons per minute per foot of weir length for units used for
. . softeners, o R ‘ -
Y - _ _ _ . . . ‘. . o
c. Where orlffces are used the Ioadmg per foot of launder should be equwalent to
. . weir loadings. Either shall produice u[uform rising rates over the entire area of
- the tank\ . . : . . : )
-« - ‘.\
. . _ . N
4.15.13 Upflow rates S

!

, Unless supportmg data is submltted to the rev:ewmg authonty to just:fy rates
exceeding the following, rates shaJI not exceed

N

.

<o
. a. 1.0 gallon' per minute per squaré foot of area at the sludge separation line for
V- units used for clarifiers,
b.  1.75 gallons, pér minute per squére foot of area at the slurry separation line,
° _ for units used for softeners.
o e s . ° . - o ot
. *4.1.6 Tube settlers » . ‘ .

Although recognlzed as an alternate ?'nethod of clarification, sufficient 'experlence rs not
yet ava;lable 'bo establish design standards " Therefore, proposals for tube settler
clarification must Relude pilot plant and/br full scale demonstratron satrsfactory to the
revuewmg authority prior to the preparatuon of final plans and speclfrcatuons for approval P

'

o ° - » ‘
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# * - .
CLASS PROBLEM #1 7 «\P ]
. RS 3 .
For the fo]]ow.ing water-quaﬁty:: - ) B .
COp,= 8.8 mg/1 (ATk_(HCO3) = 135 mg/1 as CaCQ3 S .
++= 40.0 mg/1 S04~ = 29.0 mg/1 YooTow <
2/14 .7 mg/q C1- = 17.8 mg/1 ‘
f pH = 7.& -
v - ~ ‘ -
1. Sketxh a me /1 water quality bar graph.’ o . : ) e
Oy l ‘/ i .
- * $
&
¢ ‘ ' . o
2. Calculate the lime requirements for softening.
) o - B
- . ‘ . 7 ~‘ .
3. Ca]cu]ate the soda ash requirements for softeningz ) .
.‘ | : " : ;.
- | “ . 5 .
%4 v

4. ~Calculate the carbon dioxide requirements. ﬁggume carbonatg is 40 m§71
-as CaC0, and OH is 10 mg/1 as CaCO3.

-

it . ¢ ¢
5. Determine the lime, soda ash, and carbon dibx1de requ1rements to soften
the fo]]ow1ng water. , . .
8.8 mg/1  Alk = 115 mg/1 as CaC03 : - ’
: Z = 70 mg/1 S0,%2 = 96 mg/1 | Al .
_ Mg+2 =9.7.mg/1  €1-'= 10.6 mg/1 ’ o,
Na* = 6.9 mg/1 pH =17.4° | : : <, o

- (,5, -
. .

-
o




J Al
\ . . ‘ - - Y ,
.’(l' v ;
N _ X . « ‘
\\\%‘ ‘ " _CLASS PROBLEM #2 o il Y
a \\}

1. A chemical precipitation ubf]ow‘sqftener Has been experiencing operational
problems. It is thought that it is possibly currently overloaded. Ev

J ‘th design. - . o
v -\ - j‘ . .

Upflow Solids Contact Unit .

_1..Size £ 35" x 35" xJ5' deep D o
2.” Total'weir length - }92' oS i
. o 3. Flocc Zone - 2260 ft L , ,
. 4. Flow - 2 mgd ) - N
S T ‘
; ° b t

&

2. What will the chemical cost bé for the plant Tn.qu tion 177f the-water—~ -

. quality is the Efme as part 1 of class probjem #1. Chemical costs are.
o~ Lime = $34.00/ton ;
Soda Ash = $5.00/100 1b. . T .
.-Carbon Dioxide = $3.25/1b " .
-~ s | » ’ ‘ T
. ‘¥ T 1 — i
- , - ]
- & Lot L =
. '\ \'
/ . e
A =3 / -
} / ! . |
+ ] ;.;5@.«}
)\ ' F ) » ! -;; - ..
, J C | }’
g ' / :
. ~——e X ) 4; . ,
' . 02 = [ %) ’
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I1.

OMMOOmX>

Handout for I1I3ABWKS - Inte?médiaxe Chemical Precipitation Softenfﬁg N

v

..-

Introduction

. Softening Reactions
Recarbonation Reactions, - _
Operation of a Two Stage Spftening Plant ¥
Operation of a Split Treatment PTant-

. Operation of a Single Stage Treatmént Plant
Laboratory Control for Chemical Softenting Plant
Safety in a Chemical Softening Plant’

Ny

o

Chemical Feeds
A. MWater Quality Bar Diagram N
1. anera1

Cations [ Ca /¢ l Mg | Na . ) _
. (i ' AR C0, ° ‘ B )
. A + 2 . .
b .An1?ns { HCO3 |, Sqif//4* o - N ,

£

milliequivalents

2. Nomograph'for Ctherting'ﬁg/i to m;/].

» , &
(See Figure 1) - * ) ‘
B. Lim? Requitements 2 . ';; SRR N
— tﬁme,DosagS\ngjl) - (Alk(me/1)+ Mg(me/1) = 1(me/j))'x28‘ L ; o
€. Soda Ash Requirements i i~ '..J . .

v s
Soda Ash Dosage(mg/1) = (Non Carbonate Hardress (me/1) x 53

D. Carbon Dioxide Requirements ] , T

Carbon Diqxidé‘Doﬁage (pg/1) =)(Excess‘Hydroxide (me/1) "+ Carbonate
(me /1)) x 44 - .
E. CACDWELL-LAWRENCE Diagram (See Figure 2)

v




4,1 CLARIFICATION

Plants designed for processfng surface water shall ~«
g

provide a minimum of two units each for rapid mlx flocculation and sedlmentanon

Lol
-

permit operation of the' un'rts 'ei}her in series or paralle,

. [P

be. constructed to permit units to be taken out bf service without disrupting operation,
and with drains or pumps sized.to allow dewatering in a reasonable period of time,

~

d. provide _w-stage treatment facilities when required by the reviewing authority,

e Ve
- —

Ay

e.  be'started manually following shutdown,

4.1.1 Presedimentation
:; - o B 1“ * *

Waters containing high turbldlty may require pretreatment usually sedimentation, either
with or without the addition of coagulation chemrgals. . .
~ L
a. Basin design-- Presedimentation basins- should have hopper bottoms or be equipped
with continuous mechanical sludge ‘removal . apparatus, and provide arrangements for
dewatering. T : -
5 H .
Inlet - Incoming water shall be dispersed acrqgss the full width of the line of travel
- as qunckly as possible; short-circuiting must be prevented
- 3( ! ’
" Bypass - Provisions for bypa}ssfng presedimen a_tion basjhs shall be included.

Detention time - Three hours detention ‘is; the nimum \periodnrecqﬁmended;
g_reater' detention may be required, ;

K}
]

4 1 2 Rapid mlx : ) . - : .

D -

——

treated usually by violent agitation. ;

)

Rapld mix shall mean Jhe rapid dlspersron ol%chemlcal thréughout the water to be

»
¥ . .

-’ . se T
.

Y . . .
a. Equipment;- Basing-should be equipped wit

e

.(,,:r.wa

mechanngal mlxmg devreesr

'\
) - .
more, than thirty seconds.
} . .

. ¢

"b.  Mixing - The detention period should be no

.

o .

Location - '\lﬁ; rapud mlx/and flocculatn

n basins ,j{shall be as close tégether as
- possible, - !

. e

»
.

e u@-a i

ot At A N

.

O
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4.1B, Flocculation
- . \ )

- Flocculation shallgmean the agitation of water at low velocities’ for long periods of time. -

a:  Basin design - Inlet and outlet design ‘shall prevent short-circuiting and destruction .

g N\ of floc. A drain or pumps shall be provided to handle dewatering and shitge’ .-
" - removal. . |
' . b.  Detention - The flow-through velocity shall not be less than 0.5 nor greater than 1.5~
’ feet per minute_ with a detention !(ne for floc form\ation of at least 30 minutes.
Al . '
- .,1 .

c. Equrpment - Agitators shall be driven by varlable speed drives wnth the perlpheral
speed of paddles ranging from 0.5 to 2.0 feet per.second. X

o

- -~ -

- d- - Piping - Flocculation ‘apd sedtmentatudn basins shall be as close together as possible,
s The veIocuty of tloceulated water through pipes or conduits 10 settllng basins shall
- *  not be less than Q.5 nor greater than 1.5 feet per second AIIowances must be made
S s © to minimize turbulence at bends and changes in direction. : S

i L]

[ 4

e, Other “designs - Baffling may be used to provide for flocculation in small’iplants only

-t - after consultation with the _reviewing authority. The design should be such that the
_\ . velocities and flows noted above will be maintained. .
. : . :
% f.  Superstructure - A superstructure over the flgeculation basins may be required.
. L ) : .« - ‘ v
. ﬁ - . . 4
’ _ 4.1.4 Sedimentation o . ) e -
' . ; o i ¢ vooeLn
Sednmentatlon shall follow flocculation. The detention time for effective clainf:catuon is
’ . . dependent upon a number of factérs related to basin design and the nature Yof the raw
\'\ By ) water.” The following ;:rrterla apply to conventional' sedimentation umts ;
' . ) § ,. .. }
S : ’ EL. Cl : T /
a. Detentlon time «- Detentrbn shall provide @ minimum of four hours of settllng time.
o , This may be reduced to two hours for Ilme~soda softenungj facrhtnes treatnng only .
. groundwater. i o . ‘ i, A
‘ o« ™ - ~ i : 7 1 .
R S (124 devicel -11nlets shall be designed to, dnstrlbute the ‘water equally and at
) . RS aniform velocities, Open ports, submerged’ pbrts ‘and similar® entrange arrangements‘
’ ' . are required, A, baffle should be. constructed across the basiri close o the" inlet end
. k | " and should pro}ect séveral feet below the water surface to lssmate m%et velocities
and provide unlform flows accross the basin. T, ;‘
o P i . - 3 1
’ . C c., -Outlet devices i+ Outlet devices shall be designed (maintain velocities ' suitable for
 settling in the basin and to”minimize short-circuiting. The use of submqrged orifices
) is recommended m order to provide ‘a volume above the orifices for storage when
i s N , 3 " . u.there are fluctuatlons in flow, ’ ' ~ A ;
. , L ‘ ‘ Lo .
e : i R
vy ', B ) - “
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4.1.4 Sedlmenta'tion {cont’d.) ’ . ' ” N

[N >~
) ® < .. . - . —
: d. Overflow rate - T'he rate o£ flow over the outiet weir shall not ekceed 20,000
gallons per day per foot of werr length Where submerged orifices are used as an
alternate for over-flow weirs, they should not be lower than three feet below the

flow line with flow rates equivale'nt to weir loadings. , .

\ ]

e. Velocny The velocity through settling basins shall not exceed 0.5 fea per minute.
The basrns must be desngned to minimize short~c:rcunt|ng Baffles must be proyided

as necessary .

-

- N .

* E3

Overflow - An overflow weir (or pipe} should be installea which will establish the
maximum water level ‘desired on top of the filters. It shall drscharge wrth a free fall

at a location where the discharge will be noted. ,.

-

g. _ Superstructure - A superstructure over the sedimentation_basins may be rqured lt
there is no, mechanical equipment in the basins and if provisions are included fof* o~

B adequate monitoring under all expected weather conditions, a cover may be provrded
in lieu of a superstructure. ~ : N .
. . ' [ - .
h.  Sludge collection - Mechanical qudée collection equipment should pé provided.
Rt Drainage - Basins must be provided with a means for dewatering. Basin bottoms
) : ) \should slope rowar::i the drain not less than one foot in twelve feet where
_mechanical sludge collection equipment is not required.
. i ‘ , . ) ’ . . B
) je Flushing lines - Flﬁs}ming lines or hydrants shall be provided and must‘be equipped
with backflow prevention devices acceptable to the reviewing«guthorit'y.
. i~ . ? . N
X,

. basins above the water fevef. Guard rails should be rncluded . 2
I 1

Safety - Permanent jadders or handholds should be provnded on the inside walls of

, l. * Sludge disposal - Fjacrlmes are requrred by the reviewing authority for drsposal of—

H
. sludge.’ (see Sectrén 4.11). Provrsrons shall be made for the operator to observe or
) . sample sludge .E:erng%wrthdra‘wn from the unit.
¢co 3y 4

o - N i . : ; ‘ . .
o H 1 N .
) i 3 -4\ ‘ i . .

. c i i R i
P s ‘ ! : . : .
1 4,1.5 Solids contact unit . ) ]

. !

i Unlts are acceptable for combined softe'mng and clarification where' water characternstlcs

i
. { i ¢
R i not variable and flow rates are uniform. Before such units are considered as clarifiers ' §
;o thout softening, spec:fu: approval of the reviewing authorlty shall be obtalned Clarifiers i gl
o should be desrgned for the: maximum uniform rate and should be adjustable to changes in oo
flow whlch are less 'than the design -rate and for changes in water characteristics. ‘A ;_}, ;
minimum of two units are required for surface water treatment, . B
. . . ‘ , | RPN
) s X - . . : . ' , f i ;
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4.1.5.1 Instaltation of equipment - .

Supervision by a representatige_ of\ the manufacturer shall be provided with regard to

all mechanical equipment at the time of

»

a. installattor, and - !

X - . . =« >
b. initial operation. © . .
* - . . iy )
, . . 7 _ . .
N  —1

4.1.5.2 Operating equipment L

The following shall be provided: for plant operation:
. . L

%
©

a. @ complete outfit -of tools and accessories, °

b. necessary laboratory equipment, .
c. adequate piping with suitable $ampling tapé so located as to permit the
+, collection of samples of water from critical portions of the units.

4.1.5.3 Chemical feed . )

.

. Chemicals shall be applied at. such points and by such means as to insure
satisfactory mixing of the chemicals with the water.

Sy 1
>

>

4.1.5.4 Mixing _ ‘

A rapid mix de'vi,ce' or chamber ahead of the solids i:ongact units may be required
by the reviewing authority to assure proper mixing of the chemicals applied. Mixihg

devices employed shall be so constructed as fo .
. . ‘ ' .
i a.  provide good mixing of the raw water with previously formed sludge particles,
3 and * . ’ i ‘ ’
. o ‘
? b. prevent deposition of sgljds in the mixing g‘one. ) ',/V .
4. : Yy ‘
4.1:.5.5 Flocculation . .
.o ' : H i - :
, Flocculation equipment ”, - )
i i ' ! ’ :
" & a.’ shall be adjustable (speed and/or pitch), i
o . . . . i » o~
4 b.  must, provide for coagulation-in a separa;eéchamber or baffled zone within the
unit, . ‘ !
, ' . o ~ 2 .
. c. should provide the flocculation and mixz'ng period to be ,not lessmthann 30
minutes. v T . ' ’ '
-, L . ] ‘
t
\ i . . 3 i ; ; ?
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4.1.5.6 Sludge .concentrators N -

. .o ’

The equipment should provide either intérnal or external concnntrators in order to

obtain a ooncemratea sludge’ with a minimum of waste water. <
- - : *
4.1.5.7 Sludge -removal . -~ J
v . ’
Sludge removal design shall provide that - ‘ e

o

.

~

ERIC
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.

a. glAu-dge pip’é;shall not be less than' three inches in diameter and so arranged as
to facilitate cleaning,
N *

b. the gntrance to sludge withdrawal piping shall prevent clogging, S
y .

"

c. valves shall be logated outside the tank for accessibility, * .

d.  the operator may observe and sample sludge being withdrawn from the unit.

4 .

4.1.5.8 Cross-connections * -~ ° U, .

_ ; ; .
- a. ’ Blow-off ‘outlets and drains must terminate and discharge at places satisfactory
to the reviewing authority. !

b " v
4 ’ 1

“b;  Cross-connection gontrol must be included far the* potable water lines used to

backfiush; sludge Jines. 1, N
4.1.5.9 Detention.pe'jrsod /; .

The detentlbn tnme shall be estabhsfged on the basis of the raw water characterlstlu
and other Iocal condmons that affect the operation of the unit. Basefl on desugn
flow rates, theadetentlon time shoulc% be

a. four hours for suspended sollés contact clarifiers and softeners treatmg surface
water, -and . ” Sy
) * ! N
b. one houi for “the Suspended sélids”contact softeners treating-only groundwater.-
*

A K .

. ] - a j o
The reviewing. %uthority mayp alter deétention time requirements.

.

) v . N .o ) . i 1

4.1.5.10 Suspended flurry concentrate : . 1; ‘

. » te .

Softenlng umts should be desngned so that contmuous slurry concentrates of one per
cént or more, by weight, can be sat|§factorlly mamtamed

-

- -y \ ‘ . .
4.1.5.11 Water lossed - Lo =«
. ‘ al A l
a.  Uni ifs shall be provided with suitable comrols'for sludge withdrawal.
" o T
,: . : L] . ‘ 2 .
. A\ i @ .




4}/41) /\:‘Vm/xh\((com'd.) -
' ) K/ ‘

b.  Total water losses should not exceed

five per cent for clarifiers,

2.  three per cent for softening units.

. ‘ .
Solids concentration offsludge bled to waste should-be- —
1.~ thret -per cent by weight for clarifiers,

‘ ’
~ 2. five per cent by weight for softeners,

4.15.12 Weirs or orifices” . ;. ]
s /

The drfits should be equigfoed with either overflow weirs or orifices constructed so

' that water at the surfac,e,,of the unit does not travel over 10 feet horlzontally to

the collection trougw

. -

L)
T

+

1

Weirs shall be adjustable, and at least equivalent in length’ to the perimeter of
the tank.‘.\ , ’

N,

Weir Ioadin&shall not exceed

J. 10 gallong per minute per foot of gﬂeir length for units used for
~c|arifiers, A . ~ ¥

X
-

2. 20 gallons per mlnute per foot of welr length for unlts used for
softeners.

Where orifices are ‘used the loading per foot of launder should be eiuwalent to
weir loadings. Elth\\Er shatl produce uniform rising rates over the ertire area af
the tank. . . 4

.’p

. : . 3}
4.1.5.13 Upflow rates - : ) 3

- Unless supporting data is submitted to the reviewing author%to justify rates
exceeding the following, rates shall not exceed

-

.

a. 1.0 gallon per minute per square foot of area at thesludge separagcon line for

units used for clarifiers, - j
1 75 gallons per minute per square foot of area at the slurry sep?ratlon Ime
o for dnits used fof softeners. , . . . '
3 . .
» - , .

41sTubes?‘i’3rs - . : L
Although recognlzed as'an alternate miethod of clarlftcatlon sufficient” experience is not
yet ‘available to egiabhsh dtesngn standards. Therefore, proposals for tube. settjer ~
clarification must include pllot plant and/or full scale demonstration satlsfaétory 10 the
‘reviewing authonty prior to the prepamlon of fmd plans and specxf‘at:ons tor approval.

[ i . <
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Advanced Operation

A. Softening Sludge Slurry

1. Straight Line

2. "Spiractor" -

3. Upflow Solids Contact Un1t
B.* Low Hardness .

1. Straight Line

2. "Spiractor"

3. Upflow Solids Contact Unit

Maintenance
A. Upflow Solids Contact ?nit
Do -
1
]
E]

1. General.

2. Turbine

3. Rake

Straight Line

1. General )

2. Flocculators

3. Sludge Co]]ector
“Spiractor"

1. General

2. Catalyst Feeder

Vainmy e s o e
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Examinati&n for. 113ABWS - Intermediate Chemical Precipitation Softening
I

In chééicg] precipitation softening, magnesium-ions are always removed
as 1 ’

Lime only is required for removal of ) hardness.

List the five factors affecting water stabilization

+

. b ’ ’;;‘n.‘ % Cs :
Calcium is removed by adding moles.of 1lime-fa#weach -mole of
calcium, . v { ‘

e

l? R L4 -
For the following water, what will be the lime and soﬁg.d sages, to
soften the water. . . . L8 .

CO2 = 20 mg/1 . Alk = 120 mg/1
Ca’* =30mgM - pH=7.2
Mg™" = 40 mg/1 :
B 1 ' . . ‘
_What will be the general carbon dioxide requiremenfs for 'the water in
problem™5, . . - T, s
: : e O
- If lime costs $34.p0/ton, soda ash $5.00/100/1b. and cgrbon dioxide $3.25/%b.
. what will be the cpst to treat 1 million-gallons of wdtér in problem #5!&#6.

2
Vd

TRUE "OR_FALSE. CIRCLE THE CORRECT ANSHER Ay g I
e ) :

3

* 8.. ICarbon dioxide recarbonation is usually requi?éq to proper]yf
'stabilize water after chemical softening. - :

K . Y s i
.»;A PH of 9.5 .is adequate to precipitate calcium in chemical
isoftem‘ng. : . -

i D o ,\{ S
10. 1Sofseners in lowa are designed under ' : es Standards".
; ¢ 3 —h -

-

{
|
11. iCaldwell-Lawrence Diagram will generally givé a hﬁgher’éﬁemi&a]

ifeed than the simplier water quality bar method.

-

i . ! (\_

12.'1Soda Ash is always needed for removat of ﬁagnésium hardne§§i;

13. Upflow solids contact units candbe operated at a higher hydﬁau-
1ic loading when used for softening than when used for coagugation.
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In determining the final water quality, it is best to
Jeave calcium carbonate and remove al] of the magnesium.
o ,

The advantage of the "Spiractor" is that it resu]tswjn B .
a sludge that dewaters very rapidlyl - =
Split treatment saves in chemical costs by’ using the — 7
naturally occurring carbon didxide in the .raw water, .
A proper]y stabilized 1ime-soda softened water\w1]] always 1
have -a neutra] pH of 7:0, N ’
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