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Module No: Module Title: . .
v INtermediate Ion Exchange.Softening ° = °
1 [3AANS Subliodule Fitle: , ‘
- o S = s 2 ) . ) ' . . ’ ! «F
Approx. Time: ' ‘ \
N - - -
Topic: . N
. . - ,' , ’ .
11 hours . Summary { \ 4 a \,

@bJecﬁ1ves Upon complet1on of

-wal\)-—‘

Descr1be the operation of sic ion exchange softener.

Descr15e the maintenance of a basic ion exchange softener.

Identify- process oroblems.

. DesNgn an ion exchange softener

\§h1s module, the part1d1pant will be able to:

—

\

-

ac

Inetructionap Aids:

1. Handout L .
2. Transparencies #1-#28 e T T
. I e ’

. v

Instruct1ona] Approach:
D1scuss1on and Class Prob]ems

«
ES ’ M

References

o Manua] of Instrugt1on for Water Treatment Plant Qgerators*

osHealth Education Seryice

2.

3. Elements of Ion Exchange,” Kundn.
4. Ion Exchange Resins, Kun1n
5

Manual of Water Utility Operators, Texas Water Ut111ty Assoc

Recommended Standards for Water WOrks, 1976 Hea]th Educat10n Serv1ce

Class Assignments:
1." The participant will read Handout ot

2.+ The participant will work Problems #1 ‘

i \

‘
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”

."I




PO
» r\ ) . 4// N -
« ~ . -
y - © °
B 1 i h . .
. / : - Page '3 of . *A )
. > -
*, "' . t » \
- Jftodule No:* Topic: . - .
. , , .
: 7 5| T13AAWS Summary ., ¢ -
- : 7 s
Instructor Notes: . Instructor QutTine: 2
» . . 1]
Y ‘ ‘ d L3
& . . - » ‘ ‘
’ 1. Distribute Handout 1. Discuss the operati »'Maintenance, design,
. . . and. process problem i ntification of an
s ion exchange softener. \.
' 2. Present Transparenfies 2. Give evaluation of 30 questions.
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Module No: ' Module Title: e *T\N,/ T —
e L
g ) I.Intermedfate Tony Exchange Softening .
TI30AKWS - Submodu]elTit]e'i) S . w
Approx. Time: T N o
SEe . Tppiq: v . - Ciﬁ}
.1 hour !IptrOQUct}ons ‘. h .

2.
1{3.
4.

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

1. .Describe the principles of -Ion Exchange Softening, .
Describe the-preventative maintenance of a-basic ion exchange softener.

Describe the Taboratory ‘control fecessary for ion-exchange. :

Describe’ the safety_zi;uirements for ion exchange softener.,

. 4 °
’

L RS f , ..

, .
2 .
. .
kI - . ‘
N
v N . N
.

~ “ ‘ . - ¢ ,l‘

- — ¥ o
Instructional Aids: .. - L Dol
1. 'Hangnut - Qntroduction - e . ® \\
2. Transparency #1 - Softening Reactions * N
3. Transparency #2:- Regeneration Reactions, . ) AN '
4. Transparency #3 - Preventative Maintenance | D) R Y
5.* Transparency #4 - Laboratdry Control : - .
6. Transparency #5 - Safety . . - o <
y Lo, . -'.~ ; B ,‘I .
Instructional A he ¥ T i - N
ructio : .. L .
nal Approgch:. - -
Discussien - - L . L
e ¢ ) & ‘. x B b 2

he " . . . -

References: . - .. ‘
1. Manual of Instruction for Water Treatment Plant Qperators,
Health Education Service o . — LN
Marual of Watér Utility Operators, Texas Water Utility Assoc.
Elements of Ion.Exchange, Kunin =~ . S
Ion Exchange Resins, Kunin . )

- . - . - « =

-~

‘w-bwl\)
. .

-

. Ve Lo .
x * hlren B 54 ‘- .

T
e e

Class Assignments : ] NN
1. The participant will read Handout -.Intfoduction
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10dule No: _Topic: -
T13AANS Introduction ) - ‘
. » . “« - = .' — hd . -
Instructor Notes: Instructor Qutline: ) )
) ' Ve
At Pfesehi Transparency #1' T.” Review the principles of jon exchange . 7
: ' .- « softeding. . PN
2. Prese;?‘Transparency 7l 2, Review the' principles of regenerat1on .
- b : of ion exchange.softening.
3. Present Transparency #3 3. Review the preventative maintenance )
‘ Y : .~ |+ program for aiemn exchange S%Ttener.
4. PRresent Transparency #4 4. Review the laboratory control*for an .
’ . ion exchange softener .
5. Preseht Transparency #5 | 9. Review the safety requ1rements for an

» - "

ion exchange softener ot
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Module No: Module, Title:

¢ +
4,

N - -| Intermediate Ion Exchange Softening

-

LY

F13AAWS

|Submodule TitTe: 5N o -

Approx. Time:
: Topic: ¢

3 hours \\Design Eva]uatidn ' K )

Objectives: Ubon completion of this
1. Evaluate the design of an existihg iom exchange softener
» -

4 Calculate the economics of an ion exchange softener

.

.,

LY

opic, the ﬁarticipant will be abte to:. -

vy

Instructional Aid§: - \
1.. Handout - Design_Evaluation » \

2. Transparercy
3. Transparency
4. “Transparéncy
5. Transparéncy
6 .Transparency

#6 - Components. of Softener:
#7-9 - Ten States Standards for Sqfteners
#10 - Components of Brine Tank
#11 - Ten States Standards for, Bring Tank
#12 - Troub]e Shoot1ng

. Instruct1ona1 Approach :
-Qiscussion and Class Problem , \

» . . References: . . " o >

’ . 1. ﬁgLua1 of Instruct1on fdr Water Treatmgnk/ﬁfadt Operators, oot
Health Education Service ' ‘ ‘ s
. -Manual of Water Utility Operators, Tex S water Ut111ty Assoc
Elements of  Ion Exchanﬁg, Kunin
Ion Exthange Resins, K
Recomnended Standards p{ Wat

’
o W N

orké,'1@76, Health Education‘Sarvice

-

. |\ ( .

C]ass Assignments: o ) ' ' - N
. > The participant will“read Handout - - Design.

‘2. The participant will work clgss Prob]em #1 ~ Des1gnEva1uat1on and

Economics of Operation. - vl ~

N

- I3

T N9

oo " -




fodule No: =~ Topic:

II3AMWS Design'Evaluatioh T

Instryctor Notes: =~ - Instructor Qutline:

<

1. Present Transparency #6 . Review the components of the .softengr
2, :Present Transparency #7-9 ° . Discuss the TFen States Standards in re1at1on
hd " < to softener des1gn evaluation. .

3, Rfesent_Transpafency #10 . Rev1ew the caom onents of the brine tank.

4.. Present Transparency #11 . Discuss the Ten States Standaﬁds in re]at1on
. . ’ to brine tank design eva1ut1on
* Present ' Class Prob]em #1. . Discuss cost of softener operat1on and
Work problem with class ’ economy of operat1on .
participation. e . o
s ' . Chetk Exchange Capacity o

Total Capacity = 0K -20,000 gra1ns/ft3

20,000 x 90 = 1,800,000 grains/gal
oo tOtal ga11ons treated will be:

\
- 1,$00,000 .
12.25 + 7.65)"" 90,000 gals OK

b4

Vo

Check flow rate '
.Cross sectional area =:.19.6 ftz\,
Average flow = 80,000 = 56 gpm

. . T60)(28) L
co.downflow. rate = 56 = 2.9 gpm/ftZ OK -.
o S 19,6
Peak flow:

5 ‘.
}976‘— 8.01 gpn/ftZ  high

Backwash: » .

9% 2. o
9% = 5 gpm/ft "‘QW




ﬁodu]e:No:

1
T13AANWS

Topic:

Design Evalution

-

Instructor Notes™ .

N <
Instructor Outline:

Gheck Brinetank
*salt needed _
.3'1bs/J000 grains removed

«" (80,000)(79.9) = 1,592,000 grains removed

" e'1,592 x .3 =277, 1bs salt
50 to 60 1bs/ft> "salt

e B77/gy = 9.58. 8% salt

Tank size is 3.14 x 27t?

Economi ¢s T,

at 20,000 grains/ft3 it is operated

at'2/3 maxipum capacity. ,

" &'s need 477 1bs of salt

s cost will be (477/, | ($1.45) = $8.65/day

or 8.65/80\5m§ &11/1000 gais

T i ~ O
Therefore, the conclusion is:
{

' The softener is hyd?au]icai]y over loaded
during peak flows which may result in
Otherwise, .the design

poor-water Qhality.
is adequate’

>

x 4 ft =

o

~

50 i
0K 1 v,

(1]

[
TR
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.F46du]e Title:, - . :

[

/
1ntermed1a‘e fon’ Exchanoe Softening

2

1 13AAHSe R * |Submodule I1t1e: < L o

- A - . . . . ‘
o . o

Approx. Time: . . .

. © - |Topic: o,

2 Hours e ’

£

. Advanced Operation (Trouble Shoot1ng)

-

-

0bJect1ves Upon. cbmp1et1on of th1s topic, the part1c1pant will-be able to-

1.

2.
3.-
4

.

D1agnose and describe solut1ons
Diaghose and describe' solutions
Diagnose ‘and describe solutions
Diagnose and describe solutions

to reduced flow prob1ems.' .
to Toss of capacity preblems.

to slow regeneration -probléms.
tq bTown bed progi?ms

-

.

s

Ineruct18ﬁa1 ATdS’ .

1. Handout\v Advanced Dperation (Trouble Shoot1ng)
#12 - Reduced Flow Problem e
Transpareﬂ&y #13-14 - Reduced Capacity Problem

2.
3.
4.
5,

_Transparency

Transparency

Transparency. #15 - Slow Regeneration Problem. | | '

L

#16 ~Blown Béd Prob1em * . .

. > IS

"
Inst

Same

ructional Approgéh{

.

Refe

>

rences : . = K

.t N\

Same

Class. Assignments: _ L
S a.%’ . -~

———— gt




1Y

v

"

. 5 . ) }
. (\/ \ f 5 ‘
. : Page ] = of
dodule No: ‘ Topic: , \__ i T A
1ISAANWS Advanced Operation (Trouble Shooting)-' )

Instructor Netes:

"~

Instructor Qutline:’

3 . . M . -

1.

2. Present Transparencies #13

. . . 0_.
Present Transparency #16
. /,
<
4 -~
. . e
' A
J
!
‘L "o ’
) 6

Presént Transﬁarency‘#IZ

#14 ~ :

Present Trdnsparency #15 -

|4. Discuss the problem of blown bed and the

1. Discuss the problem of.reduced flow through-'
the softener and the solutions to the problen

é. {Discﬁss'tﬁe problem of lost capacity and the
solutions to the problem:

L3

3. ﬂiscuss the problem of slow regeneration
and the solutions to the problem.

solutions to the pisblem.
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[ o T Tiodute Title: Y 5
“..!i'.- . % ¢ - - .

T - . Intermediate Ion Exchanoe Soften1ng - '
..}%.;i?anmws- Submodu]e Title: . e
SR ‘ . ' . '

|Approx. Tme: . ) o N
— . : Tpp1c—** L ; L N
4 hour - ) Equ1pment Ma1ntenance and Repair.

1. Descyrjbe aux111any equipment used.in ion exchange,
2. Dis ss advantages and disadvantages of auxillary equ1pment

Objectives: Upon completion of th1s topic, the part1c1pant will be ab1e to:

ot

[ . : : ’ :
- S ; : . e
Instruct1ona1 Aids : - e { :
1. Handout - Equipment Maintenance and Repa1r . .
2. Transparency #17 - Sensors ' _ . .o
- | 3. Transparency #18~19 - Valves . ’ :
4. Trarisparency #20-28 - Autamatic contrdls. " 4 V
¢ ‘_'-——:\ hd - " H » °
JInstructional Approach: ' ~ !
: . Y o AT ‘
Discussion - . L ‘
"‘ ’ ’ “
1 . . . B o 1
| References: - * . o S N s
’ 1. Manual of Instruction for Water Treatment Plant Operators,
Health Education Service -
? 2. Manual of Water Ut111ty~Qperators, Texas Water Ut111ty Assoc
. . ' 3. Elements of Ton EXchange, Kunin
. . \\>\\\\V// 4. Ion Exchange Resins, Kunin . . o S n i
[4 - ) ‘. »‘ ‘ . e ) . L4 . "‘
. . - Z - - %

Class Ass1gnments . o R
;The part1c1pant w1]1 read HandOUt - Equ1pment Ma1ntenance and’Repair

-~ . : -

.
PR

LI

&
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Page 192

it ’
~

1odule No: ’ ,' Topic:

L IE3AAWS f Equipment Maintenance and Repair
Instructor Notes: . Instructor Qutline:

»

o

-

1. Present Transparency #17.- | 1. Discuss the different types of continuous
- - ) monitors. Discuss problems, calibration o
and the lack of real need for the sensors. -

-

2. Present Transparency . Discuss the different types of valves used’
. to control softeners. Discuss the advantage
1 e ‘and disadvantages of each. . Stress the fact
! . thdt the most’ common valve used is the ‘
P R water operated. .

.
-

’ N ’ & * ’ »
3. Present Transparency, . Discuss in detail the workings: of the water
operated valve. Discuss the maintenancé and
] . : repair of the valve. 1
4. Present Transparency ' 4. Discuss in general the two major types of
- contfals used in ion exchange softgning.

5. 'Pre§ent Transparency . | 5. Discuss the typical sblq control instaL&atﬁﬁn.

’ . . _ Review the various valvks .and thBir purpose.
6. Present I?ansparepcy,” 16. .Discuss the operatidh of the solo. control.

- . ' ‘ Discuss how it works and what is going on

with the control in ‘each’position. .
Present TransBaréncy 7. 'Di§cuss'in detail the workings of the solo’.
control. Discuss ‘the maintenance and repair
" of- thé control. . ) ‘

.- .

Present Transparency' . |8. Discuss the typical staggr installation.-

Discuss what is happenin§ with the stager
and the various valves during different
s Operations. . - . ; o

Present Transparency #25 9. Discuss the interaction betweeﬁ the stager
. R . ' and the water .operated valve both to open
- and close. '

L

S

.« Present T?ansp@renéyr#ZG po. Discuss in detail the workings of a typical’
2 ) a stager contro]. _Discuss the maintenance and

-\ o

repair of the dontro]l.

2 -
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, [fodule No: . | Topic: - -
! - » -
/ : . ]
" [I13RAWS - " | Eqpipment Maintenance and Repair .-
; Instructor Notes: Instructor Qutline: T
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* BCGURATE RECORD OF PERFORMANCE
- 1. Periopic cAPACITY CHECKS -
2. PERIODIC BRINE FLOW CHECKS

nEEP ALL PARTS HELL’SPAINT ED 70 DREVENT CORROSIOI\
PROPERLY TREAT UNITS \"HEN TH'fE‘HARr JAID UP -

_ 1. For ABO\’E FREEZING TEMPERATURES y

3 AY PACKASH AND. PEGENERAI’E
B) LEAVE'A VALVE OPEt; T ELBASE ANY PRESSU RE RULDUP
For LELOT FREEZING TEI‘PuRA‘l’URcS .- ‘
A)  DACKWASH -
B) FILL TANK WITH STRONG TRINE

c) L._AVC A VALVE OPEN TO RELEASE Al | PRFSSURE BJILLlUP

.\\._;
e L.

" ’
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2. TOTAL -AND CALCIUM HARDNESS - Raw AND FINAL  »
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FLECTRICAL SAFETY - . -
1. \LWAYS USE GROUNDED OR DOUELE INSULATED ELEGfRICAL TOOLS ‘JHEH
VWORKING ON SOF TENERS, _

2. IF SOFTENER HAS AUTOMATIC CONTROLS ALWAYS CONNECT O AN 'APPRO-
PRIATELY' GROUNDED OUTLET, REPLACE /ANY WORN OR FRAYED POYER CORDS,

L1 [—‘I’ING Heavy SALT Bacs .
1. Mways LIFT FROM THE KNEES TO PREVENT PERSONAL INJURY.

+

" Eve ProtecTION

1. AuwAYs WEAR EYE PROTECTION WHEN HANDLING “SALT OR VORKING AROUND -
. THE BRINE TANK. -

2, I SALT-GETS INTO YOUR EYE,” FLUSH'WITH A LARGE QUANTITY OF FRESH
VWATER,

L}
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- Alternatnne methods of hardness reducuon should be !

content

manganese, or

T3 STATES STAEARDS FOR SOFFEIERS

~

1

and dissolved

cembmatlon of tha two,

1. 4.4.2.Cation exéhange process

solids

-

COI’\CE ntrauon

"

a

¥ 4

-

,

is of concern.

1

Iron,

u»red when
cog\bmanori of ahe' two, is, anet mtlllgram per liter or more. v

manaanes'e

investigated whea the sodium

or

a

.should not* exceed 0.3 mlllngrams per liter in thé water as
applied o the 'on exchange sesin, Pre-treatment is req

content of -«on .

‘v

‘

.Mﬁ

’. , . The units” may be *;f pressyre or gravity’type; of either an, u;flow or.downflow
. desugn Automauc regeneranon ‘based on v’olume ‘of water softened should be used

> unless manual regenerat:on is justified and is approved by the rewewung authorlty A

manual override shall be provuded oh all au‘tomanc controls. . *

] N
- P o

P A - N
Mg} . - 4 - )

4422 Exchange capacityv‘

. - e
. @ -~

) The de5|gn capacuty for hardness removal should not exceed 20, 000 grains pér cublc
. * foot when resin is regenerated wnth .0.3 pounds of salt per kslggragp of hardness
. -y

£
T »

» removed.

“

‘44.2.3 Depth of resin

.

2

v

- .

®

%» " N

.. The depth of the exchange resuh*should not be less than‘%lree feet. ",

- .

W‘

L )
4.4.2.4 Flow rates
| 4

-~

Y- foot of bed area.

4.4.2.5 Frteboard

[y

~~N s
- 3

\,'

.

! TN

»The rate of softening should not exceed seven gallons per mmute per squane foot of.
. bed’ area and the backwash rate should be, six to eight gallons per minute per- square -

B
~

- The freeboard will dgpend upon the specific gravity of the resin and “the drrectuon_

of water flow.
‘

y L - o &

A}

4.42:6 Unde?drains and.supporting gravel *

.

LY

*

-~

.

* The bottoms, strainer sy;t.ems and support for the exchange resin shall c0nform 10
criteria provndeq\for rapid- rate gra’ylty filters, {see Sections 4.2.1.6 and 4.2.1 7)
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TE! STATES STADARDS FOR SOETHIERS - . - .

- " R .
® . i . )
< R ¢

4.4.2,7 Brine distribution
Facilities should be included for even dlstnbunon of the brine over the entire
surfage of both upﬂow and downﬂow units, ‘ )

N : -

© f . B ~

4.4:2.8 Cross connection control T
Backwash, rinse and air relief discharge pipes should be installed in such a manner
as 1o prevent any possibility of back-siphonage. ° 4 . " o

¥

4.4.29 Bypaséw\ . . _ )

A. bypass must be provided around softening units {o produce a blended water of
.+ desirable hardness. Totalizing meters must be instalied “on the bypass line and on
¥ each softener unit. An automatic proportioning or regulating device and* shut-off
valve should be provided on the bypais' line, .In some installations it may be
necessafy to treat the bypassed water .to obtain acceptable levels of iron and/or

manganese in the fmnshed water, - .t .
\4.4.2.10 Additional fimitations ) B ;

-

Waters having five units or more turbidity should not be applied diréctly to the

_,. catiori exchange softener. Silica gel resins should not be used for waters ‘having a pH
- .. above 8.4 or containing Ie;s than six milligrams per liter silica and -should not be
used when iron is present. When the applied water contains a chlorine residual. the

cation exchange resin shall be a type that d4s not damaged by residual Chlorine.
Phenolic resin should not be used. f\ . Y
—_— . ‘ ’ :

N '
»

4.4.2.11 Sampling taps o C . . e
Smooth-nose ,sampling “taps must be provided for the Lollection of representative
samples. The taps shall be lecated to provide “for’ sampling of the softener influent, *
effluent and blended water. The sampllng.taps for tHe blended water shall be at
least 20 feet downstream from the point of blending. Petcocks are not acceptable as

. sampling taps. ' .

gD
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TEN STATES STA! DARDS FOR"SOFTENERS

S
4.4.2.14 Stabilization
7, - ) tabilization for corrosion control shall be provided. (seé*Sect'iop 4.8:5). - T
. * 1 - L] -

4.4.2.15 Waste dispdsal

. -
-
N . L . . ¢
I ” [y .
. -

. T "Suitable disposal must be provided for brine waste, (see Sect-ion 4.11),’ ,‘
A 4.4.2.16 Construction material ' '

0
-

- ° .‘ -
Pipes and contact materials must b resistant to the aggressiveness of salt. .
. i . - L

# . 4.4.2.17. Housing ¢ .
-y

. Salt storage shall be enclosed and separated- from othe( operatmg areas in order to

. prevent damagé to equipment, - - 55 0T

4.11.2 Brine waste . | \
The, waste’ from ion exchange plants, demmerahzanon plants etc. may be disposed of by
controlled discharge to a stream if adequate dllutaon flow is avaulable Stream requirements <
of the regulatory agency will control the rate of dlscharge Except when discharging to
large waterways, a holdmg tapk of suffucnent size should be provided to allow the brine -
to be discharged over & twenty -four hour period. Where discharging to a sanitary sewer, a*
holding tank may be required to prevent the overloadmg of the sewer. and/or interference ‘-
with the waste treatmept processes. The effect of brine discharge _to sewage lagoons may
depend on the rate of evaporation from the IagoonSo

@ .Q
- [} A
] *
- \
R -~
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. .
-
-
-
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4.4.2.12 Brine and salt storage tanks.’ - ) o T

\

- _ Brine measuring or salt dissolving tanks and wet salt storage fa;:ilities must be
covered and must be constructed .of corrosion-resistant material. The make-up water

. mlet must have a free-fall discharge of two pipe diameters above the maximym
llqmd level of the uRit or be otherwise protected from back- -siphonage. Water for - °
filling the tank should be dlstrlbutgd over the éntire surface by pipes above the:
maxirum brine level in the tank. The salt shall be supported on graduated layers of
, gravel under which is a suitable means of collecpng the brine. Wet salt storage
basins must be equipped with manhofe or. hatchway openings havmg raised curbs
and watertight covers having overhangmg edges similar to those reqmred for finished 4
water reservolrs. Qverflow where prowded must be turned down, have a proper free

fall dlstharge and be protected w1th corrosion-resistent screens or self- closung flap

. valves. , .

. . >

4.4.2.13 Salt storage’ capacity B )

.

N ¥ ]
Salt storage should have sufficient capauty to store in excess of 1% carloads or ‘
. truckloads of salt, and provide for at Ieast 30 days of operanon - L
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PROBIEM (1

~ PEnUCED Frow THROUGH C;OFTENER

TROBLESH0f1s - -

f .
6
"

4

Peorari F € AUSE 1) - LACK OF 'PRESSURE AT SOSTENER . INLET,. |

QEMEDY

INSTALL BOOSTER PP OR IMCREASE
PIPE SIZE SUPPLING SOFTENER,

PRORABLY CAUSE (2) - CLOGGED SCREEN

FEMEDY

EBg ZBAEI X AUSE

- CLEAN OR REPLACE-ALL WYE SCREENS
AND/OR SCREENS LOCATED IN THE
METER,

G (3 - CLOGGED MAI\jIFOLD

~ BACKFLQW AND GLEAN WITH SODIUM

HYDROSULFIDE,

-

(ll) - INSUFEICIENT RACKVIASH

YMEN A SOFTENER HAS NOT BEEN
BACK“.ASHED SUFFICIENTLY THE’
ZEQLITE BED BECOMES PACKED AND

~

!

' "~ DIRTY,.

To CLEAM THE ZEOLITE
CLOSE  ALL VALVES AND REMDVE MAMHOLE

-OR HAMDHQLE IN THE TOR OF THE

JRADUALLY OPEN, RACKIWASH

FTENER, G PEN
VALVE, LETTING WATER FLOW OUT THE

%

‘OUT OF THE MANHOLE,

NHOLE OR HANDHOLE UNTIL THE TOP
OF THE ZEOLITE BED IS.NEARLY LEVEL
WITH THE MANHOLE ®fITH WATER FLOWING
\ PRORE THE ENTIR
ZEOLITE BED AROVE THE GRAVEL LAYER
“ITH A ROD, ,STIR ANY PACKED SECTIO
UNTIL THEY ARE FREE. CONTINUE TO
LET THE WATER FLOW FROM THE W\NHOLE
UNTIL IT COMES CLEAN, ‘

C’XUTION,L TAKE CARE NOT TO WASH OUT
- ANY ‘ZEQLITE,
)l

t . . @

«

E
NS
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SEMEDY

TPURLE SHOTIHG

PROBABLE CAUSE (2) - MOT ENOUGH SALT 'IN BRINE

~

PropanlE Cause (1) - Loss OF RESIN

- NDp MORE ZEOLITE

SATURATOR , -
Nph MORE SALT TO BRINE
"SATURATOR,  I|HE HEIGHT OF

SALT IN THE BRINE'SATURATOR
MUST BE KEPT ABOVE THE
MINIMUM LEVEL RECOMMENDED

. BY' THE: SOFTENER MANUFACTURER, *

INSUFFICIENT BRINE USED IN  *
RESENERAT ION

THE FULL AMOUNT OF BRINE .
CALLED FOR BY THE MANUFACTURER
SHOULD BE APPLIED EACH
REGENERATION, - MAKE SURE THE

'BRINE CONCENTRATOR IS FULL,

F NOT ADJUST FILL VALVE.,
A1 S0, CHECK TO MAKE -SURE THE

" FULL AMOUNT OF BRINE IS DRAVN

DOWN DURING REGENERATION., IF
NOT CHECK EDUCTOR AND THE
. PRESEMCE OF SALT BRIDGING.

INSUFFICIENT BACKWASHIN(‘
SEE PROBLEM «(1)-ProrasLe Cause (1)

TNCREASF IN HARDNESS OF RAW
WATER )

My CHANGE "IN THE HARDNESS OF.
THE RAW WATEn AFFECTS_ THE NORMAL
GALLONAGE, 'HENEVER THE HARDNESS
OF THE RAW WATER, CHANGES, THE,
NORMAL GALLONAGE OF SOFTEMED ~_-
WATER THE SOSTENER WILL DELIVEP
BETWEEN REGENE‘?ATIONS SHOULD BE
CORRECTED,

[Rof FOULING ‘e
- FIF THE- RAW VATER CONTAINS MORE
THAN ,> M&/L OF IROMN, THE .
SOFTENER WILL BECOME IRON FOULED.
10 ALLEVIATE. THIS PROBLEM, RE-

+GENERATE WITH SObIUM HYDROSULF I DE,

FOLLOW-THE DIRECTIONS OF THE

SODIUM HYDROSULFIDE MANUFACTURER.,

32 _

.
' .
. \
-
.

PROBLFM (2) - Loss oF. CAOACITY S

" TRANSPARENCY 11300 13
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~ N . IROUBLE SIOTT'G o Toe e
PORLIM (2) coNTINGED - . , k
. . ‘..'-\\\ \' . - ]
PRORARIE Cause (7) - BacTERIAL FouLing .
. EMEDY . - IF THE RAW “ATER IS NOT
R CHLORINDAYED, [ THE POSSIBILITY - .
5 + OF BACTERIAL. FOULING EXISTS, .
To ALLEVIATE THIS PROBLEM,
. . PROVIDE CONTINUGUS EHLORINATION
AND, BACKWASH LONGER.,
EBQ%E (8) -~ OreaNIC FOULING . %
- - IFTHE RAW WATER IS DERIVED
ﬁ FROM A SURFAEE WATER SOURCE ,
THE POSSIBIKLTY. OF, ORGANIC
, FOULING EXISTS. RE APPEARS N
. TO BE NO VAY TO SOLVE THIS . Y BN
: PROBLEM OTHER TO REPLACE® ’

THE RESIN, ‘ \

ot : b e N

- ’h ’
b/. P -
¢ ( v - ( Ran I
. : r
: P
N
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%
< v . , s & . e 2
i 33
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I - ZPOLITE IF THE TROUBLE IS

X . /e
©.- ' _Remepy

EXPERIENCED WHEN THE, SOFTENER
IS NEW, .
DACKWASH, SOFTENER' TO REMOVE
_ FINES. [F BACKWASH RATE IS
- INADEQUATE' TO REMOVE FINES,
 OPEN MANHOLE AND MANUALLY SCRAPE
" EXCESS FINES OFF THE TOP OF THE
ZEOLITE BED,

(2). - PACKED SALT IN THE BRINE
SATURATOR(
BREAK UP THE SALT CAKE AND STIR®
WITH A ROD.

(3) - DIRTY AND CLOGGED GRAVEL BED
IN THE BRINE SATURATGR,
REMOVE SALT AND GRAVEL BED

[

\ -~ FROM THE BRINE SATURATOR AND

CLEAN TAMK, ADD NEW GRAVEL BED
-~ AND SALT, . - -

(1) - TNSUSFICIENT BACKWASH
%E%PRORIPM M- PR§\BLE (AUSE (/'

(5) - OBSTRUCTION IN BRINE LANE;

REMOVE ALL BRINE PIPING' AND ‘CHECK
FOR OBSTRUCTION, -ALSO CHECK :
EDUCTOR FOR AN OBSTRUGTION, -

(6) ~ Low OPERATING PRESSURE - !
INSTALL BOODSTER °UMP.

4 ’\# T B}
« . ) l /L 9
SN TPLBLE SHYTT'
s E?RQBLE& ( )'- SLow ‘%EGENEPATION oP nIFFfCULTY IN UPA“JING
. BRINE o3
~ \ . Propie Cause (1) - INSUFFICIENT GRADING OF BE

) -

———
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H

[
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TROBLE_S'O0TING R

PROBLEM (4) - BLOWN g@ » ~

PROBABLE Cause (l) - EXCESSIVELY HIGH BACKWASH RATES
>« OR A SUDDEN SURGE OF WATER -
' "’ 'THROUGH THE-SOFTENER DURING ..
. BACKIWWASH,
REMEDY - DRAIN. THE SOFTENER BY REMOVING
- ' 7 THE-DRAIN PLUG; REMQVE THE- . -
+ZEOLITE, KEEPING.IT, SEPARATE- ..
. AND REMOVE THE UNDER BEDING.
- _ INSPECT THE LOWER MANIFOED FOR
- " CORRODED OR' DAMAGED PARTS AND _
' REPLACE ALL: FOUND DEFECTIVE."
RELAY THE UNDERBEDING,, USING
# .+ NEW MATERIAL.. REPLACE THE. OLD
. " “ZEOLITE IN THE SOFTENER AND . ™.
ADD SUFFICIENT MEW ZEOLITE TO
BRING THE LEVEL OF THE ZEOLITE
UP TO TiKE PROPER DOINT.

. ) . .
» * v ) ) &
’ ‘ » . .
’ ¢
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CtASS PROBLEM #1

’ .
’ . K -
*

1.7 The fol]owfng softener has been in operat1on for a number of year§

2.

with varying water quality. One possible reason for failure-is
inadequate design., Evaluate the exiSting softener to determ1ne
whether the design 1s adequate

< °
- -

4

Raw Nater b

7—— 1

Calcium«- 12.25 gra1ns/ga11on

Magnesium - 7. 69 grains/galion

Flow - 80,000 gallon per day

Max. Flow - 157 gallons per minute
\ .

softener ~\*‘ T .

S1ze - 60 1nch d1ameter }2 inch she]]*he1ggt
Resin - Rese x 5, capacity 20,000 grdins/ftJ,
Backwash rate - 96 gallons per minute

¢

90 A3

©

Brihe Tank

. Size - 48 inch diameter; 48 inch shell height

~
]

e

\\Y

What will be th%écost per day to soften the water-with the above-
softene iti rock: sa]t cost of $T. 45/8Q§1bs :

s

w
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Handout for I13AAWS - Intermediate Ion éxchange,Sofiening
- . w

.
-

Introductmn
A. Principles of ion exchange softemng

B. Preventative ,maintenarice for ion exchanfe softener
C% Laboratory control for jon exchange softener

D. Safety for ion exchange softener,

-

Design Eva]ua’mon of an Ion Exchange Softener
A. Softener

P P _Ten States St\andards

o

4.4.2 Cation exchange process

Alternative methods of hardness reduction should be investigated when the sodium
content _ and dnssolved solids concentratwn is of concern. Iron,”Thandanese, or a.
combn(atlon of the” two, should not exceed 0.3 milligrams pef hter in the water as
applied to the |on exchange resin, Pre- treatment is requnred when the content of iron,

anganese or a combmauon of the two, is one milligrara  per liter or more.
L]

4.4,2.1 Design : , . .

AY

The units may be of pressure or gravity type, of either an upflow or downflow
design. Automatic regeneration based on volume of water softened should be used
unless manual regeneration is. ;ustmed and is approved by Qhe revigwing authority« A
manual override shall be provnded on aII automatic controls.

. 4 ) s ) N <
- ; ’ .
' , 4.4.2,2 Exchange capaci?

The(desngn capacity’ for hardness removal should not exceed 20, 000 grains per Cubic
foot when #esin ns .regenerated with 0.3 pounds of salt per kilograin of hardness.

v

removed, . s

4.4.2.3 Depth of resin

The depti‘l’ of the exchange fksin should not be Tess than three 'feet.

t
>

4.4.2.4 Flow rates’ . : / -

The rate of soft mng should not exceed ‘seven gallons per minute per squane foot of
- .bed-area and the backwash rate should be six to eight gallons per mlnute per square

foot of bed area.




4.4.25 F;ZZboard ’

*

The freeboard will depend upon the specnfuc gravny of the resin and the direction
«7 of water flow. . -t

4.4.2.6 Underdrains and supporting gravel

.

The bottoms, strainer systems and support for the exchange resin shall conform to
acrltena provided for rapid rate grawty filters. {see,Sections 4.2.1.6 and 4.2.1.7)..

4.4.27 Brine dis}ribution . . i
. . . -
Facilities should be included for even dlstnbutuon of the brine, over the entire
surface of both upflow and downflow units, ' | ’
4.4.2.8 Cross connection control

4

«
. -

LY -

.
Backwash, rinse and air relief dnscharge pipes shbuld be installed in such a manner
as to prevent any possibility of back-suphonage © -
. . v .
L d ~ i
4.4.2.9 Bypass -—

"

A bypess must be provided around softemng units to produoe a blended watep of

desirable hardness. Totalizing“meters must be installed on. the bypass line and br{

each softener unit. An automatic proportidning or regulatmg device and shut-off

valve should be provided on the bypass line. In some installations ut may be

ecessafy "to treat the bypassed water to obtain acceptable flevels of iron and/or
. manganese in the finished water. .- .

-~

>

' - ) ‘-.. ’
4.4.2.10 Additienal limitations ‘ ' T
"Waters having five units or more turbidity should not be applied dnrectly to the
cation exchange softener, Silica gel resins. should not be used fof waters havmg a pH
above 8.4 or containing less than six milligrams per liter snlnca and should’ not .
' used when iron is present. When the applied water contains a chiorine residual the
] catcon exchange resin shall be a type that is not damaged by residual . chlorine,
- c Phenollc resin should not be used. - . *
-t ) -
44211 ssmpung'.‘tm o SR
. . B . o .
Smooth-nose sampling taps must be provided for the collectnon -of representatwe
samples. The taps shall be located to provide for sampling of the softener mfluent
effluent® and blended . water. The sampling taps for the blended water shall be at
- least 20 feet downstream from the point’of blending. Pet~cocks are_not acoeptable as
sampling taps. R - -
s &

. .53, -

°
’ .
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o <4 .14 Stabilization . - oo
. Stab:hzatnon mﬂ%:t;gshall be provided. (see Section 4.8.5). - T
44.2, 15 Waste disposal : ’ ' "

.
L L4

Suitable disposal must be provided for brine waste. (sée Section 4.11).

. 4.4.2.16 Construction material . . X .

< .
Pipes and contact materials must be resistant to the aggressiveness of salt.

~ * . . ’

4.4.2.17 Housing - '

.

.
. »~

‘Salt storage shall be enclosed and separated from ‘other operatmg areas in order o
prevent damage to equ:pment > -

- - - o .
' -

-
4.11.2 Brine waste ‘ , R ' ,
. 1 ~ .

The waste from ion exchange plants, demmerahzatlon plants etc. may be dnsposed of by .

controlled ischarge to a’stream if adequate dnlutnon flow is avarlable Stream requirements

- B of the regulatory agency will" congraf*the raté‘ of discharge. "Bxcept when discharging to
large waterways, a holding tank of suffucient size should be provided to allow the brine -
lo be discharged over a tg\?v\ehty four hour period. Where ‘discharging toa sanitary sewer, a
holdmg tank may be requited to _prevent the overloadmg of the sewer and/or interference
with the waste treatment processes. The eﬁe& of brine, discharge to sewage lagoon$ may
depend on the rate of evaporation from the Pagoons

<

-

” . B. Brine Tan o T N

4.4.2,12 Brfne-and salt storage tanks . ..

Bnne measuring or salt dlssolvmg tanks and way salt Sto,rage facilities must be
covered and must be constructed of corrosion-resistant materlal The make-up water
inlet must have a free fall discharge, of two pipe diameters above the maximum
( liquid level of the -unit or be .otherwise protected from back-siphonage. Water for
flllmg the “tank should be dnstnbuted over the entire surface by pipes above the
maximum brine level |n the tank. The salt shall be supponed on graduated. Iayers of
gravel under which is a suntfble meard of collecting the brine. Wet salt storage
. basins must be equipped* with manhole or hatchway openings having. raised curbs
and’ watemght covers having 0verhangmg edges similar to those required for finished
water reservoirs. Overﬂow whete provided, must be turned down, have a proper-free

. fall discharge and be‘protected with corros:on~resnstent screens or. self-closing flap

) valves, - C e ’ >
. P - \
4.4.2.13 Salt storage ‘capatity o 54 . s : .
. Salt storage should have sufficient capacity to store in excess of 1% carl -
. * Mbads of salt, and provide:for at least 30 days of operation. " i “

- . S
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I11. Advanced Operat1on (Trouble ShooL1ng) ' . -
A. PROBLEM (1) - Reduced Flow Throuoh_So|tener
-Probable Cause (1) - Lack of pressure at sottener 1n]et
Remedy - Install booster pump or increase pipe . B
- ‘ size gupplying softener. - '
XProbable Cause (2) - Cloaged screen '

R

- - N . Remedx - Clean or replace-all wye screens and/or
¢ N . ' screens located in the meter.
. ' Probable Cause (3) s CJogged manifold
. o Remed - Backflow and clean with sodium hydrosu1f1de .
: . Probable Cause (4) - ‘Insufficient backwash .
e > Remedy - When a softener has not been backwashed
- sufficiently the zeolite bed becomes packed
, . and dirty. To-clean the zeolite close all
'Si.i& - valves and remove manhole ‘or handhole in the
' , : . top of . the softener. - Gradually open backwash
- " . valve, letting water flow out the manhole or
t . ' handhole until ‘the top-of the zeolite bed is
‘. . nearly level with the ‘manhole. With water
o . , ~ flowing out of the manhole, probe the entire-
N~ . - - . - zeolite bed™above the gravel layer With a rod. -
. ) Stir any packed sections until they are free.
Continue to let the water flow from- the man- '
hole until it comes clean. .
' CAUTION: Take care not to wash out any zeolite.
B. ' PROBLEM. (2) - Loss of Capacity - -\ : .
Probable Cause (1):- Loss of Resin  ~ -
' Remed - Add more zeolite
- , ’ Probablé Cause (2) - Not enough salt:in brine saturator . .
- _ Remedy - Add'more salt to brime saturator. The height
— . of salt in the brine saturaton must be kept
- : . T above the minimum level recommended by the
- ' softéner manufagter.
, ) . . Probableé Cause (3) - Insufficient brine used.in regenerat1qn
- ) " Remedy - The full amounﬂ of brine called for by the, .
: PO e ' .~ manufacturer should be applied each regeneration:
: . . Make. sure the brine concentrator is full, If not,
| oo adjust fill valyve. Also check 'to make sure the
T f- full amount of %r1ne is drawn down during regenera-
, Ce y ', tion, "If pot egeck the eductdr and the orpsence
: i - of salt bridgin & )
o Probable Cause (4) - Insufficient backwashing 5. " e
) , 7 1 Remédy - - See PROBLEM (1), , - ...
ol A Probable Cause (%) Sy ; .
Probable Cause (5) - Inckrease in.hardress of raw'water » .

b~ the normal:gallonage. Whenever the hardmess of the

raw/@ater changes,’ the normal, ga]]onage of softened

- - o~ -~ water the sof téner will deliver between regenerations
’ - 3 . ' should¥be corrected \ :

| » [ VI : -
v 'i' ¢ .- H / <
. j .. AP o 3 \/' . )
i k : if '
. !

, , . r
M A" '« .. Remedy ‘- Any change in the hardness of\the raw water affects
H
i

» < . - L . D}
L . .




..

G.

D.

. Probable Cause (7)

Probable ‘Cause i6) -

Remedy -

-Remedy -

) - Probable Cause (8) -

Remedy + -

-
»
.

Iron Fouling :
If the raw water contains more than .3 mg/1 - 7
of iron, the softener witl become iron fouled.
To alleviate this problem, regenerate with
sodium ‘hydrosulfide. Follow the d1nect1ons

of the sodium hydrosulfide manufacIurer
Bacterial Fouling

If the raw water is not chlorinated, the

possibility of bacterial fouling exists. To~

-alleviate this problem, provide continuous

chlorination and backwash longer.
Organic Fouling
If the raw water is derived from a surface

<water source-the possibility of organic

fouling exists. There appears to be-no -
way to solve this problem other than to
réplace the resin:

J . )
PROBLEM (3)-- S w Reaeneration or Difficulty in Draw1ng Br1ne b

’

" PROBLEM_(4) - Blpwn Bed ..

Probable Gayse (1) -

%
{

v

Remegx

o g I AT

*

JEIRS

Probable Cause (2)
" Remed
Prébab1e Cause 3)

\

'§- Remedx

t -

Pr@bablé Cause (4)
{ ; Remedy © -
Probable Cause (5) -

1

L. S -
Prbbable Cause (6) -
¢ ,Remedy -

Prébable Cause (1) :
: ; surge o

‘.-

-

.
. o
CordV AN Mt IRt 4 N A Al e A Ao 4~ Pt NEA 5l
vr e s B .
~
\

]

l <
} . 3
gRemedx -

]

—

-~

Y.

[N
. o
T e 3 e e

i -

, Remedy -

3 tion.

Insufficient grading of the zeolite if the |
trouble is experienced when the softener is
new.

Backwash softener to remove fines. If back--
wash rate is inadequate to remove fines, open -
manhole and manually scrap excess fines off the
top of the zeolite bed.

Packed sa1t in the brine saturator. )
Break up the salt cake and stir with a rod.
Dirty and clogged gravel bed in the br1ne
saturator:

Remove salt and gravel bed from the brine .
saturatgr and clean’ tank. Add new gravel

bed and salt.

Insuffigient backwash

See ProbTem (1 - Probable cause (4)
Obstruct1on in brine line.

Remove all brine piping and check for obs truc-
Also check eauctor for an obstruct1on
Low operating pressure.
Insta11'booster pump.

h 1

3

e | -

B : S

water through the softener during
backwas >

Drain the softener by remo%¥ing the dra1n plug;
remove the zeolite, keeping it separate.and
remove the underbedding. Inspect the lower
manifold for corroded or dahaged parts, and
replace‘all found defective. Relay the under-
beddingy using new material. Replace 'the old
zeolite’ in the'softener and add sufficient
new zeolite o bring the level of the ze011te
up to the proper po1nt

. ~ . *

.

Excess1§e1y high backwash rates or a SJQEZF‘ f .
3

.
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IV. Equipment Maintenance and Repair
- A. Sensors T
-1. Intank probes - =
2. Downstream probes
3. Automatic Titrators
* B. Valves ]
1. Electrit solenoid
2. Motor driven -
3. Water operated ;
. C. Controls .o
1. Solo control
2. Stager | ’
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Examination for II3AAWS - Intermediate Ion EXchange Softening

A

”»

1. For each mg/1 of calcium removed - mg/1 of sodium are released

_into the water in ion exchange soften1n0 .

3 ‘ : S B
R — . g : - ‘. .o

2. List four periodic checks necessary for a good preventative maintenance

program on an ion exchange softener. . .
. a. L e N, : "

b. ¥ ’ “

C. . & ' ' A . ~ . L,

d. -

3. List the five factors affec%ing water stabilization,

»

a. ¥
b. / ) , -
& h . -
€. . 3
4. A blown bed is usually camnsed by ) ' ?
5. List two fyﬁes*of'contro1‘éomn5n1y used on ion‘ekchange softeners. 1
a- N C L]
b. - b é
“ . \’ . ?,
6. Sa1t storage shou1d be adequate to handlee - days of sali_j7aae. ?
o ]
7. List six causes of lost dapac1ty in 1on exchange sof tening ;,
a: AN b )
b, - . !
c. i , .
d. 41 2 ~ .
‘e. v 3‘ & . y i
f. . ) ; 4 - ’ ;
'TRUE;OR FALSE - CIR£LE THE COR?ECT ANSNER . , ' f
T or F 8. Softeners shoJ]d be operated at 2/3 capacity and- regenerated

‘ at *.3 1b sa1t/1000 grains removed. ¢

"T or F 9. Softenérs in Lowa are de igned under the "Ten States S\gndagds"
- 2
T or F 10. Water act1vatéd va]ves would work well in all types of wategs

» l 1

T or F 11. Reduced flow through a softener can always be solved by ,increasing

- the length of backwash . . ; .
T or F 12. Organically f6u1ed res1ns can be cleaned by: us1ng a solution of
sodium hydrosQ1f3de e . ¢ .
bt 4

' :-59 PR *
Jooo- - ’ 1: i - L : ) ;




4 ’ .
- \ o
\\ ’ ~ LN
- b . . ) Y, ‘
T or 4”\J3. Most softeners need cohtinuous online mon1tor1ng for %g\
- . adequate control .of the softener: L. - -
T "or F 14. tlon exchﬁnge softened water. has all the clacium and
. magnes ium removed and therefore is not a corrosive water.
) T or F 15. A packed ion exchange bed can be corrected by backwashing
- ' longgr. , . .
T or F 16. If the support gravel bed for the softener becomes dis-
turbed, it can be corrected by 1ncreas1ng the backwash
v -, rate. _ ,
- ’ ‘ . -
T or F 17. Ion.exchange softeners can soften water containing 1. o
- ¥ mg/1 of 1ron with no adverse affect on the softener. .
¥ 1 . ' o
. . ' 2 . ¢
[ ° J ¢
b} ' F. !
' - - L -
. - 4 ) .
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