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This military-developed text contains the second

section of a four—part course to train environmental support
specialists. Covered in the individual course blocks are operative
principles of water treatment plants (principles of water treatment
plants, the clarification process, water systems filters, chemical

disinfection, taste and odor control, color control,
~defluoridation, water distribution systems, and internal corrosion -

fluoridation and

and scale) .and specialized water treatment (ion exchangers and
controls, electrodialysis demineralization, specialized water

trea ment, distillation, and field water purification).

This section

contains both teacher_ and student materials. Printed instructor 2
materials include lesson plans with an outline of teaching steps and
a plan of instruction detailing the units of instruction, the
duration of -the lesson, objectives, and supportive materials needed.
Among the student materials provided are two study guides containing
objectives, ass1gnments, text readings, and review questions; two
workbooks conta1n1ng exercises zand lab work; and a manual on
§erv1c1ng ion exchangers. (MN)
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MILITARY CURRLCULUM MATERIALS

The military-developed currlculmn materials in this course
package were selected by the Naticnal Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regicnal Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
develcped by the wilitary more accessible to vocat.lona.l
educators in the civilian sett:.ng

.- -

The course materials ~ere acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either dmitted or agpro-
val for their use was obtained. These course packages -contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development. -
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The National Center for Research in
Vocational Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individuai career planning,
preparation, and progression. The National
Center fulfills its mission by: :

e Generating knowlédge through research

¢ Developing educational programs and

products
¢ Evaluating individual program needs
andoutcomes .

¢ Installing educational programs and
products

¢ Operating information systems and
services

¢ Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WRITE OR CALL )
Program Information Office
The National Center for Research in Vocational
Education :
The Ohlo State University
1960 Kenny Road, Columbus, Ohio 43210
' Telephone: 614/486-3655 or Toll Free 800/ -
848-4815 within the continental U.S.
{except Ohio) : o
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an activity to increase the accessibility of

- military-developed curriculum materials to

vocational and technical educators.

This project, funded by the U.S. Office of
Education,_includes. the_identification and
acquisition of curriculum materials in print
form from the Coast ‘Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is,
provi-ed through 2 "Joint Memorandum of

Understanding” between the U.S. Office of
F.ducation and the Department of Defense.

_ The acquired materials are reviewed by staff

and subject matter specialists, andhco’urses
deeined appllcable to vocational and tech-
nical education are selected for dissemination.
(bo
TPE National Center for Research in
Vocational Education is the U.S. Office of -
Education’s designated representative to
acquire the materials and conduct the project
activities.,

Project Staff:
Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

. Shirley A. Chase, Pi.D.

Project Director ¢
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One hundred twenty courses on microfiche
{thirteen in paper form)sand descriptions of
each have been provided to the vocational

Curriculur Coordination Centers and other
instrugtional materials agencies for dissemi-

M
Course materials include programmed
instrucsion, curriculum outlines, instructor

guides, student workbooks apd technical
manuals. ’

The 120 courses represent the following
sixteen vocational subject areas:

Food Service

‘Agriculture
Aviation Health
Building & Heating & Air
Construction Conditioning
Trades Machine-Shop
Clerical Management &
Occupations .. Supervision
Communications Meteorology &
Drafting Navigation
Electronics Photography

Public Service

¢

Engine Mechanics

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.
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Contact the Curriculum Goordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respond to your request directly or refer
you to aninstructional materials agency
closer to you.

CURRICULUM COORDI NATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director

100 North First Street
Springfield, 1L 62777
217/782-0759

MIDWE’ST
Robert Patton
Director

1515 West Sixth Ave.

Stiliwater, OK 74704
405/377-2000

NORTHEAST

Joseph F. Kelly, Ph.D.

Director

225 West State Street
Trenton, NJ 08625
600/292.6562

NORTHWEST
William Daniels
Ditector

Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST

James F. Shill, Ph.D.

Director

Mississippi State University
Drawer DX

Mississippi State, MS 39762

601/325.2510

WESTERN -
Lawrence F.H. Zane, Ph.D.
Director

1776 University ‘Ave,
Honolulu, HI 96822
808/948-7834
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Course.Description: . /
- 2 .
“This is the second ssction of @ four-part course to train environmantal support specialists. The entire course includes training in water treatment plants,
operating procedures for solid weste disposal, and maintanange of water and waste processing system components. "The previqus section dealt with
waste processing and water analysis. This section discusses the operative principles of water treatment.plants and specialized water treatment. It con-
sists of two blocks covering 154 hours of instruction. ) .
N

Block 1l - Operative Principles of Water Treatment Plants contains eight lessons covering 78 hours of instruction. The lesson topics and
respective hours follow: . . .

Principles of Water Treatment Plants (8 hours)? . | -
Clarification Process (24 hours) '
Water Systems Filter and Field Trip {16 hours) ’
o] Chemical Disinfection (5.5 hours) ° : . : .
Taste, Odor, and Color Control (2.5 hours)
Fluoridstion and Defluoridation (2.5 hours) . . -
Water Distribution” Systems (5.5 hours) )
Internal Corrosion and Scale {14 hours)” . -

Block IV — Specialized Water Treatment has five lessons covering 76 hours of instruction. | /.

’ ton Exchangers and Controls (32 hours) "

Electrodialysis Demineralization (5.5 hours)
° ¢ Shecialized Water Treatmant (2.5 hours)

Distillation (16 hours)

Field Water Purification Unit (20 hours)

This saction contains both teacher and student materials. Printed instructor materials include lesson plansiwith an outline of t’a{:hing steps and a plan of
instruction detailing the units of instruction, the duration of the lesson, objectives, and support matérials neaded. Student materials include two study
guides containing objectives, assignmants, text readings, and review questions; two workbooks containing exercises and 1ab work; and a manual on
-sarvicing ion exchangers. ; . ;
_ Several military technical manuals and commercially produced texts were also referenced but not provided. Audicvisuals recommaended for the entire
four sections but not provided include twenty films, three siide sets, and one schematic disgram. This section should be preceded by Environmental
Suppert Specialist, Blocks | and 11 (17-4) and followed by Environmenta! Support Specialist, Blocks V-Vl (17-6). it can be presented in a large group
instructional soning‘&n adepted for individualized study in weste treatment or scology coursas.

]
-~
- <
& ~ o
. - i
“ N . \\‘
- ¢
5 ‘ -
;
7
] . ’
ic 10 .
[ RICK e ommmrmamem , 0 |




> . >
- - ‘\
o " .
- ’ . \
/iS5 RN : ,
-~ L « - : Th—
e " , ‘ ] - s ZOURSE TITLE ] . - v
” PLAN OF INSTRUCTION ’ ‘Environmental Support Specialist . Y
,él.arx.'lxu.} ‘ - ; ’ . ]
__Operating Principles of Water.Treatment Plants i - .
* UNITS OF msuuc‘nou AND;CRITERION CBJEC TN ss °,‘:f¢t.',;§’!" SUPPOR™ MATED a_§ 22 3. DaNgE- ) '
AL o : I . .
1. Principles of Water Treatment Plants 8 - Column 1 Reference STS Reference
‘ ~(6/2) Ia - > 7M(1), TH(2), T(5), T(10), 7g(6), ]
) P Day 16 1b Te(1)(a), Te(1)(c), Te(1)(d), 7e(3), Te(6)
a, Identify components of.a water . 5/1 5) . Te(7), Te(8), 71\*1) , 7f(5), 7f(10),
system by matching numbered units of .
schematics of water: systems with, names of Instructional Materla.ls ) ‘
the umts. «@ -‘SG 3ABR56330-ITI-1, Principles of Water Treatment Plants .
' b i WB 3ABR56330-HI-1-P1 Principles of Water Treatment Plants
b. Gwen a list of components of a water | (1,5/0.5) AFM 85-13 Maintenance and Operation of Water Plants and Systems
system and a list of phrases or statements -
relating to the function of equipment, match ) ,Training Equipment : Sa . : ,
the name of the components to-the related s | Trainer, Water Treatment System (12) ¢ —
phrase or statement.
Training Methods - ,
\ Discussion (4.5 hrs) - "
. Demonstration (0,5 hr)
Perfornafice (1 hr) ‘ .
.- | Outgide, Assignment (2 hrs) .
Instructional Environment/Dasignh ’ -
Classroom (4.5 hrs) )
Laboratory (1.5 hrs) -
Study Hall (2 hrs) i
' Group[l.ockstep ) -~
' . structional Guidance
! %scuss the relationshij; hetween required components.of a water system
t : | - and the sources, need for treatment, and type of distribution system,
3 !
: - '-a — - —— — - m—— - ax - " - - * - —
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. PLAN OF INSTRUCTION (Continued

>

AT
N TEQF NSTRUCT.ON AND CRITERION OBJECTIVES - D}’ﬁnou.l?)“ N SUPPORT MATERIALS AND GUIDANCE
2 3 .

Review the characteristics of impurities in water. Discuss the general

methods Mmﬁipment used to treat water and use trainer to identify
~ basic equipment used. Direct students to read study guide {1 and

answer the questions on pages 8 and 9 for outside assignment,

<

2. Clarification Process 24 Column 1 Reference STS Reference
; (18/6)  2a 7e(1)(a), Te(2), Te(6), Te(7), 7U(8), TL(9),
Days 17,18 . 7(10) . .
and 19 2v : Ta, Te(1)(a), Te(2), Te(6), Te(7)
a.  Define‘terms and answer questions (9/3) . ‘
relative to water clarification, softening and ) Instruciional Materials :
stzbilization by completing applicable SG 4ABR56330-II-2, Clarification of Water
* | meamrable writien items, . WB 56330-111-2-P%, Clarification of Water
\ ! . - WB 3ABR56330-111-2-P2, Operating a Water Treatment Plant .
b, Following instructions provided by - (9/3) \
the instructor, as a team member, operate. Audio Visual Aids . S
““the'water-treatment-trainer-to-remove - - T - [ 'TVS-56-4,\Clarification-of-Water— - - - R e
turbidity and hardness, and to stabilize the \\
water, . Training Equipment
LA s | Trainer, Water Treatmeént System (12)
‘ N\
) N\

Training Methods N
Discussion (8 hrs)
Demonstration (3 hrs)
Performance (7 hrs)
Outside Assignment (6 hrs)

. ’ Instructional Environment/Design
’ Classroom (8 hrs)

. Laboratory (10 hrs)

Study Hall (6 hrs)
Group/Lockstep

-.miEareCTe st 3ABR56330 " | oaTe @ June 1975 I sLoCK NO. (][ lnae NO. 18
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PLAN OF INSTRUCTION {Centinved
S UNITS OF 'NSTRUCTION AND CRITERION OBJECTIVES ZD:JNROAUYI.?)N 3 SUPPORT MATERIALS AND GUIDANCE
Instructional Guidance .
Discugs the principles and methods of clarification, softening and *
stabilization. Show film and have students complete WB 3ABR56330-111-
3-Pil. Demonstrate procedures for mixing.chemicals and operating
equipment. Stress safety during demonstration. Provide information .
needed on chemical dosages and have class operate the trainer, ;
On day 17, have students read pages 10 thru 16.cf SG M-2. On day 18,
assign students to read pages 17 thru 22 of SG -2, On day 19, direct
students to read pages 23 thru 29 of SC°IMl-2 and answer the questions on
| pages 29 and 30. : -
3. Water Systems Filters and Field Trip 16 Column 1 Reference STS Reference .
(12/4) | 3a . Te(1)(a), Te(3), Te(4), Te(5), T(10), 8a, 8d,
. Days 20 8e .
- ‘ . ’ and21 | 3b Te(1)(a), 71(4), T£(10)
“>a. Using AFM 85-13 and TO 40w4-9-1, | (4/1.5) 3c 7e(6), '1e(7), Te(8), (1), TL(8), T(4), U(5),
identity components of a rapid sand filter and (6), 1(7), 7(10), M(12), T1(13) )
diatomaceous earth filter by matching the nam ¢ . ’ )

- ~—of-the'componerits-to~pichxr‘ed-componeqts--'- —f = — 7 jTInstructional-Materialg-——— - — - - L ———
and,from recall, complete incomplete written " | SG 3ABR56330-111-3, Water System Filters / v .
statements relative to operation of filters, WB 3ABR56330-M-3-P1, Identification of Rapid Sanc Filter Components| = _ ____

T o 1 T'"WB 3ABR45330--3-P2, Identification of Diatomaceous Earth Filter )

b. Following instructions, backwash and (2/0.5) Component s
place the filter on the water treatment system WB 3ABR45330~ I11-3~P3, Field Trip to Municipal Water Treatment Planlﬁ
trainer in service. AFM 85-18, Maintenance and Operation of Water Treatment Plant s and
¢ System
c. Following field trip to municipal (6/2) ., TO 40W4-9-1 Water Purification Unit
water treatment plant and using notes or re- ! ) ‘ .
call, list major components of the plant, list Audio Visual Aids
chemicals used ‘and their purpose; and write FLC 3-62, Clean, Clear Water
answers to questions relative to plant operatioy., MN 7489B, Water Purification N
TVS 56-1, Water Plant Operztion 3
4
. B . Lf
PUAK CF 73 2LCTION NO 3ABR56330 OATE 6 June 1975 I 8LOCr NO. III I PLLE uz, 17
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PLAN OF INSTRUCTION (Centinued)

17

% UNLTS OF INSTRUCTION AND CRITERION OBJECTIVES :?HROA,_}.'?)N s SUPPORT MATERIALS AND Cu SANZZ
Training Equipment -
Trainer, Water Treatment System (12)
Erdlator D. E. Filter (12)
Training Methods
Discussion (2.5 hrs)
Demonstration (1.5 hrs)
Performaace (3.5 hrs)
Field Trip (4.5 hrs) -
Outside Assignment ((hra)

. Instructional Environment/Deli ,
Classroom (3.5 hrs) s
Laboratory (5 hrs) ’
Field Trip (4.5 brs) T e
Study Hall (4 hrs) -
Group/Lockdep
Instructional Guidance
_ o o Day 20; Discuss filters and filter operation, show film on filter opera-

tions, identify components of filters and demonstrate_backwash of filfers. |-

0T o Have each student backwash filter while others are completing workbooks
On.day 20, have students read pages 31 thru 51 of SG IMI-3.
Day 21: Conduct field trip to municipal water treatment plant explaining
equipment, chemicals, and safety. On return to classroom show {ilms

. for review and have students complete workbooks. On day 21, direct’
students to review pages 31 thru 51 of SG IIl-3 -and answer the questions
T on pages 51 and 52 for outside assignment,
PLeigE wiTECIen S ZABR56330 oate 6 Jure 1975 {-=ns m | ©18
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> PLAN OF INSTRUCTION (Centinued

. JNITS OF INSTRUCTION AND CRITERION OBJECTIVES ::‘uwn'g“ ) SUPPORT MATERIALS ANO GUIDANCE
4. Chemical Disinfection 1 .55 . | Column 1 Reference STS Reference
L (4/1.5) 4a ] e(8), , 16(13), %h N
Day 22 | 4b 7e(8), T .

a. Define terms, answer questions and | (1,5/0.5)

détermine dosages relative to disinfection of Instructional Materials
'} water by writing response to measurable SG 3A8§36330-m-1, Methods of Disinfection and Purification
written items, “‘\\\\ . ’ WB 3ABR56330-111-4-P1, Water Disinfection and Purification .
b. Given flow rate, doBk"‘ercmgentn— (2.5/1) <Tninl uipment ’ '
tion of solution, and required formulas, . . - Hypoﬁorlnﬁorﬂl) \
compute rate hypochlorinator must feed B . . .
solution and as a member of a team, adjust ~T Methods .
hypochlorinator to feed determined amount to scusgsion-(1, 8) g .
+ 10 ml per minate. E : Demonstration (0.5-hrs), .
' Performance (2 hrs) T - N
) ‘| Outside Assignment (1.5 hrs)
Instructional Environment/Design \\\\ '
: sroom (1.5 hrs .
Laboratory. (2.5 hrs) ’ . \ ,
' T Stady HaAl 1. 5bp8) . .= e e —
U i Group/Lockatep 1 .
| Instructional Guidance

Discuss principles and terms of chlorination, equipment used and safety,
Discuss and demonstrate mathematics of computing dosages and feed

rates. Have students compute dosages and feed rates and ‘adjust feeders,
Have students read pages 53 thru 74 of SG IT[-4 and answer the questions

) lon pages T4 and-75 for outside assignment. p

- ~ - —
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PLAN OF INSTRUCTION (Continved

UNITS OF INSTRUCTION AND CRITERION OBJECTIVES ::’..',:,’.:‘,’;“, . SUPPORY MATERIALS AND GUIDANCE
5. Taste, Odor, and Color Control 2.5 Column 1 Refarence STS Reference
' ‘ (2/0.5) . | Ba’ Te(1)(b), Te(I)(c), Te(1)(d), Te(3), 7e(6)
o Day22 : 5b : Te(1)(b), 7e(l)(c), Te(1)(d), Te(3), 7e(6)
-~ a., Demoastrate lmowledge relative to (1/0 3) S
-cause of, control of, and treatmeat for taste, Instructional Materials
odor, lnd color by vrlting resprases to -8G SABRS8I30-MI-6, Taste, Odor, and Color Oontrol

| measurable written items,

b. Uling prepared samples, chemicals,

| and jar test equipment, and following written

instructions, as a team, -treat water for taste,
odor, color, iron, manganese, .and algae.

‘WB ?Anasmo-m-s-m ‘rade, Odor, and Color Control

( m— e & e

Prrd

1 (/0.2 %&%&n{_ '
Jar Test pment (12) - . ' | P S

Methods y
Discussion (I: -
Performance (1 hr) .
Outside Assignment (0.5 hr)

Instructional !nvlmment esi
assroom:{

Laboratory (1 hr)"

Study Hall (0.8 hr)

' Group/Lockstep

.| mstructionat Guidance :
~-|-Discuss-principles of taste, odor, and color removal. Proyvide.samples,

chemicals, and equipment. Provide guidance to student performance and
‘| emphasize safety in handling chemicals, Direct students to read pages
77 thru 81 of SG ITI-5 and answer the questlons on page 81 for outside

1 assignment.

-
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PL AN OF INSTRUCTION (Centinved
UNITS ov; INST n;cnon AND CRITER'ON OBJECTIVES 7%'0‘3.{‘5’," . SUPPORT MATERIALS ANO GUIOANCE
6. Fluoridation and Defluoridatica ' 2.5 Column I Reference STS Reference °
. (2/0.5) | 6a, 6b ‘ wy
Day 23
a. Demondrate Inowledge of prlnciples (1/0.2) ~| Instructional Materials :
of fluoridation and defluoridation by writing SG-3ABR56330-111-8, Fluoridation and Defluoridation of Water
responses to measurable written items, WB 3ABR56330-I[I-6-P1 Fluoridation and Defluoridation of Water
-b. Given flow rate of water, determine | (1/0.3) Trainlgg Eguisment
fluoride dosage, concentration of solution, and emical Feeders{(6)
solution feed rate needed to provide 1 ppm .o . .
fluorides, and 28 2 member of a team, adjust Tr -Methods ) /
feeder to deliver required feed, 4 Discussion (1 hr) T
, Performance (1 hr)
) // Outside Assignment (3.5 hr)
; Instructional Environment/Design
Classroom {1 hr)
Laboratory (1 hr)
| Study Hall (0.5 hr)
- | Group/Lockstep
Instructiof;al Guidance
Discuss principles of fluoridation and deﬂuoridation, review computation#
| i - *_reqmred and-have-students-complete objectives, Have students read
- e es 83 hru 88 of m-c and answer questions on pages 88 and 89
assignme ,
7. Water Distribution Systems 5.5 Column 1 Reference STS Reference
(4/1.5) | Ta, ™ 7(4), 1g(6), T, 7, K&
o Day 23
a. Answer questions relativz to function (2.5/1)

and operation of components of a water distri-
bution system by writing response to
measurable written items.
=_xN GF INSTRUCTION HC. 3 ABR56330 OATE 6 June 1975 - [ BLOCK No. ‘l FRGEWL 9p
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X \ PLAN OF INSTRUCTION (Continved)

UNITS OF N3TRUCTION AND CRITERION OBJECTIVES . -

DURATION
’(H (3]

-
r

SUPPORT MATERIALS AND GUIDANCE
3

b.
showing numbered symbols for pipes and |

valves, identify type and/or position of valves, |

size of pipes, and names of components.

+

*

" 8. Internal Corrosion and Scale

L

a. Demonstrate a knowledge of internal
scale and coirosion and the causes and treat-
‘ment: for, by matching terms or ltems of
inforation with related phrases or state-
ments,

v

Using AFM 85-13 and « line drawlng\

(1.5/b,5)-

*

£

Training Materials s
AB 30-II1- 7, Water Distribution Systems

WB 3ABR56330—III-7-P1 Water Distribution Systems

AFM 85-18 Maintenance and Operation of Water Plants and Systems

Tr Methods

Discussion (2.5 hrs)
Performance (1.5 hrs)

Outside Alﬁgnment (1.5 hrg)

 Instructional Envtronment/bei

Classroom (3.5 brs)

| ‘Laborstory (1.5 hrs)
- Study Hall (1.5 hrs)

Grnup ep

A ‘Indmettonzl Guidance
. Discuss function-and operation of components-of distribution systems
- and monitor/check student's performance. Direct students to read”

pages 90 thru 94 of SG ITI-7 and answer questions on page 94 for outside
assignment,

Column 1 Reference
8a

8b "o

Instructional Materials . J
SG 3AB -IIT-8, Internal Corrosion and Scale

WB 3ABR56330-1T1~-8 -Pl Interual Corrosion and Scale
Automatic pH Control Operating Manual

STS Reference
e(6
_ Te(2), 7e(8), M(12), 11h(7)

PLAN QF INSTZ_27 on

> 3 ABR56330

DATE

6 June 1975

l PAGE NO. 22

I "BLOCK ND.

29

s




=

1§ ' : PLAN OF INSTRUCT/ON (Ceatisved

- UNIT5 Q¥ NSTRUCTION AND CHTERION OBJECTIVES iy SUPPORT MATERIALS AND GUIDANCE
s s . ..

¥

* b, Following written instructions as a (4/2) }mmm i
clht-tum member, opcrate the pH controller ¢ pH Controller Trainer (12)
.trainer to adjust water to-a.pH of 10 + .5 pH - -
" unit, Train Ietlnﬁ)
Y, > . - .
h R A :| ‘Demonstration (1 hr)
) i Performmce (4 hrs) -
| -Outsite Assignménts (4 hrs) -

- 1 - Instructional Environment

_ ) - Laboratory (5 hrs)
! : 3 Study fall (4 hrs) , .
. N ' . Group/Lockstep - . _

M Instructional Guidance
Discuss waler using systems, causes of scale and corrosiaa and method
: of controlling them. Demoristrate/discuss operation ¢f trainer and 7
- " monitor student’s performance. Make outside migmnents and check

, each daily: Day 24, read 5G ITI-8; On day 24, have atudents read baguH
_ ‘ 95 ihru 100 of SG m—o and answer quutions on pages 100 and 101; )
: For day 25, diréct students to review SGs IlI-1 thru In-8 to prepare for -
; ) block meamment test.

o

' 9,° Measurement Test and Test Critigue (2/0)
) Day 25

3
*

|

PLAN OF MSIP 3= . tim. 3ABR56330 ‘ " Toare 6 June 1975 ]n.ocx wo. IH l PASENG. gg
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COURSE TITLE ’ ’
PLAN OF INSTRUCTION Enm“amup\port Speciaiist .
B.0CK TILE . A ) ) ] T~ -
Speacialized Water Treatment - R
: JNITS QF .N-:."f lU'.:hCé?‘ND [of 1D EIION~ O8JECT'WES ¢ 20&&2?," y SUPPORT MA'I:EIf ALS‘AN.‘« SLDANCE \ )
1. Ion Exchangers and Controls 32 | Column 1 Reference STS Reference ‘ | T~
’ ) (24/8) |Ta, Ib, Ic, Id - ki L Ti3)
Days 28, 2 -
. ) 28,and iD ,
a. Uaing an ion exchanger unit, trace-the| (6/2). | -
water flow through the unit for each cycle of Instructional luterlals
operation, . on Exchangers
- . WB 3ABR56330-IV-1— 1, Operation of Water Softener Trainer
b, Using an ion exchanger unit, adjust th (6/2) 563X0 Career Ladder, Sorvlcing of JIon Exchangers '
controls to direct water flow through the unit AFM 85-13, Maintenance and Operation.of Water Plants and Systeml
for each cycle of operation,
' . Audlo Visual Alds )
c. Usinga dual or mixed bed demineral- 6/2) e of the Ion Exchanger
izer, .observing safety precautions, and - TVS 56- 71 Ion Exchanger .
working as a team, regenerate the unit and , .
place in servlce. .| Training Equipment
. Sodium %i&on Exchanger (6)
d. Using the written instructions in part 6/2) Hydrogen Cation Exchanger (R)
“1H, section 13, AFM 85-13, inspect the ion Mixed Bed Demineralizer (12)
exchanger units and perform the required main- Water Softener Trainer (12)
tenance, Dual Bed Demineralizer (12)
Training Methods
Discussion {8 hrs)
Demonstration (4 hrs)
. Performance (12 hrs)
. Outside Assignments (8 hrs)
#uan ok NsTRUCT Oh 1z, 3ABR56330 oare 6 June 1975 e“:.gt:x:::-. 1v nASE 2, 2




PLAN OF INSTRUCTION (Continued

UNITS DF INSTRUCTION AND CRITERION OBJECTIVES

OURATION
2 (HOURS)

SUPPORT MATERIALS AND GUIDANCE
3

-

2. Electrodialysis Demineralization

a.” Following written instructions,
pect, start, and stop the electrodialysis
unit.

b. Following written instructions
and working as a team, assemble a repeated
Wsection of 2 membrane stack,

\

v

5.5 -
(4/1.5)
Day 30

(1.5/0.5)

(2.5/1)

| Outside Assignment (1.5 hrs)

Instructional i:nvirbnmont/bi-ig

. {Cinssroom (8 hrs)

Labor;t:lrly( :1:“ hrs)
Group/Lockstep .

Instructional Guidance

Demonsatrate the operating procedure for each of the ion exchangers. -
Bmphum safety in -handling chemicals, Let each student operate one
of the cation exchangers, Asa team they may regenerate the dual
bodandun mixed bed demineralizers. Maks and check cutside
auiumuu daily: Day 26, pages 1-10 in 8G IV-1 thru 5] Day 217,
pages 10-20 in 8GIV-1. thru 5, and answer questions on pages 19 muo'
Day 28, review pages 1thru 20 .in 8G IV-1 thru 5; Duy 29, review
nmulandllnsclv-lthms. '

Colummn 1 Reference _B'l‘a.lufonnet)
: THIING], THIs
Instructional Materisls
3G SABR3SSI0-IV-1, Electrodialysis Demineralization '
WB 3ABR56330-1V-2-P1, Operation and mluenancc of the Electro-
{ dialysis Demineralizer ‘
Tral Methods-
Discussion (1.5 hrs)
Demonstration (0.5 hr)

Performance (2 hrs)

PLAN OF INSTRUCTION NO,

v J PAGE NOBD

l SLOCK NO.

3ABR56330
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PLAN OF INSTRUCTION (Continued) «

P e e e —— e W v

Instructional Environnient*/De

. |’ CUNITS Lt Feaim0N D IRTER IN OBIECTIVES i ::J;o‘J:s)-N N ; SUPFCRT MATERIALS AND GUIOANCE
Instructional Eivironment/Design . .
room (1.5 hrs)
— Laboratory (2.5 hrs)
IStudy Hall.(1.5 hrs) .
M |Gx-o'.:‘p/Loz:lustep
K
T Instructional Guidance
‘ iBefore operating or repairing the equipment, discuss electrical hazards
- -and stress careful handling of membranes, .
- - } ~
3, Specialized Water Treatment 2,5 {Column 1 Reference’ STE Reference
. (2/0.5) [Ja ONE
Day 30 [Instructional Materials o
a. Using related information, state the (2/0.5) !SG R ~IV-3, Specialized Water Treatment
application of the reverse o8mosis prcoess |WB 3ABR56330-1V-3-P1, Specialized Water Treatment
| of water treatment. ITraining Methods - N
_Discussion (.5 hrs)
" Performance (0.5 hr)
_ Outside Assignment (0.5 hr) ) i

sj;l\

Classroom (1.5 hrs)

,Laboratory (0.5 hr)
’ " .Study Hall (0.5 hr) -

Group/Lockstep

Instructional Guidance
Discuss principies of reverse

assignments daily:
.on pages 38 and 42,

J .

-~

—— ——

3ABN55330 |

‘ ;iizr,::

discuss new developments in water treatment,
Pages 21-42 in SG 1V-1 thru 5 and answer questions

osmosis for treating water. Also, briefly
Make and check ouatside

6 June 1975 Rccike LY

VAl 9p

W ey e vo——————

|

[§
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PLAN or INSTRUCTION (Centinved \

UNIIS 01 “NSTRUCTION ND CRITERION OBJECTIVES m{.w.'?" : SUPPORT MATERIALS ANG GUIDANTE
4. Distillation T Column 1 Reference STS Reference
: f (12/4) {a N a, .
] Days 31 _j4b ’ V¢, 3d
. and 32 |4c¢ , e, oI, gg, S, 91
2. Using related information, state the | (1/0) |geiclond "f‘""’ tillation of Water
need for conversion of saline water and ‘wB 3 ABRS6330-1V- 4_1,1 Distillation Terms
‘methods of distillation. WB SABRS6330-IV-4-P2, Operating the Meco Water Distillation Unit
b. Following written instructions and (5/2) !WB 3ABR56330-W-4-P3 Flow Pattern for Vapor Compression

working as a team, operaté the distillation
equipment to produce salt free water,

c.
and working as a team, inspect, clean, and
perform requlred malntenance of distiliation
unlt.. ¢

Following written and oral lnstructlon% (6/2)

, "rmm_xf" i uothdds
cussion

_:Demanstration (2 hrs)

/

Dlltillltlon Units
udio Vlﬂul Alds

_ '1489c Water Purmcatlon, Vapor Compresllon Dutlllatlon
b Equipment
}'Meco apor .Compression Distillation Trainer (12) LT T

:Pex;torma.nce (5 hrs)
,Outlldc Anlznmente (4 hrs)

‘Instructional Envlronment/Desi

K?Essroom {5 hrs)

iLaboratory (7 hrs)

'Study Hall (4 hrs)

'Groap/Lockstep

JInstructional Guidance

iStress safety when handung the units and when handling chemicals.
Locate the components and give their function on the trainer. Let each
Ftudent operate the trainer in the starting and stopping procedures.

5

ssignment; Day 31, answer questions on pages 56 and’57 in SG IV-1 thru
{5. Day 32, answer questions on pages 72 and 73

. ————————— e ——

3ABR56330

2,20 OF NSTRUCY 2 v,
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PLAN OF INSTRUCTION (Coatinved-

UNITS OF TNSTRUCTION AND CRITERION O8JECTIVES
)

OURATION
2 (HOURS)

SUPPORT MATERIALS AND GUIDANCE .

3 .
\ .

5. Field Wate/i Purification Unit
,

a.
purpose and application of the fleld water
purification unlt ,

b, l-‘ollawlng procedures in TO-40W4-9-

1, ' - working u{a team, perform a precpera-
tlnnal inspection and service of the ﬂold
water parification unit, ;

c. !‘ollowing procedures in TO 40W4-
9-1, working as a team, operate the field
vater purlﬂc&ion unlt

d. Followlng procedure outlined in TO
40W4-9-1, clean the water purification unit

and polltlon the valves to allow precoat of the |

DE filter,

1

] \
Using|related lnformatlon state the

20

(16/4)
Days 33,
and 35
(1/0)

(5/2)

(6/2)

(4/0)

. Tﬁ E%lgmmt
er cation Unit, 600 GPH Portable Trailer Mounted (12)

Column 1 Refarence STS Reference
a . 8a
5b :

5c 8Be,
5d 8c,

Intructlonal Materials
AB 30-1V - ield Water Treatment Equlpment (Erdlator)

wB SABRSOSSO-IV-S-PI Operation of Field ¥ater Treatment Equlpmen#
TO 40W4-9-1 Water Puriﬁcatlon Unit

Audio Vl-ul Alds, i
~up,; Operation, and llalntenance on the 600 GPH

Portable Water Purification Unit
A

8d
Be, 8t

T g Mothods

scus 8)
Demonstration:(1,hr)
Per!ormance (10-hrs)
Outside Assignments (4 hrs)

Instructicnal Enﬂrmment/Desjgln
, Classroom (5. hrs)

* Laboratory (11 brs)-

Study Hall (4 hrs) .
Group/Lockstep

“PLAN OF INSTRLZTION NC.

3ABR56330

0ATE 6 June 1975

J 8LOCK NO.
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PI.AN OF INSTRUCYION (Contisved)

'
i

UNITS OF INSTRLCTION AND CAITERION DBJECTIVES 6}‘,,’:,‘:,‘,}2," s su;roar MATERIALS AND SUIDANCE
Instructional Guidance *
Allcw students, as a group, to inspect, apply chemicall, and operate
the field water purification unit, The performance will consist of each
& . student operating the pressure-fiiter in the filter and backwash positions,
Make and check outside assignments daily; On day-33 direct students |
. to read pages 74 thru 79 in'SG V-1 thru 5.. On day 34, have the stident
answer questions on page 80 in 3G and review pages 1 thm 80 in SG
IV-1 thru §. ' \
6. Related Training’ (as shown in course 2 ° ’ ' -
chart) ik
'I; Measurement Test and Test Critique (2,0) ~ rS \\\.
. Day 35
PN N

PLAN OF INSTRUCTION %2

3ABR56330

| °*7€ 6 June 1975
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P e . . /75 /5
1 Lmum(r\nuw - ' 1
APPROVAL 5¥'CE %Mﬁ?ﬂﬂﬂm : o . '
- -} TCETC/1H o - . /
" COURSE NUWRZA -COURSE TITLE - ’
: 3ABR5629 __{ Environmental Support Smgiahst
' BLOCK NUMLIER ) ) -aLocK Tlﬂ.!
‘111 - Operating Principles of Water Treatment Plznts
LESSON TITLR ) .. . ' ’
_Principles of Water Treatment Plants” (Day 16)
- ] ] LESSON oohmou
CLASSROOM/LABORATORY COMPL DMENTARY: TOTAL
6 Hrs . < 2 Hrs 8 Brs
’ PO nnm«;g
. PAGE NUMBER . P E PMI DATE - PARAGRAPH
© 15 e '8 June 1975
. " STS/CTS REFERENCE
" NUMBER - . OAT
TS AR50 ) .28 July 1971
T - SUPERVISOR APPROVAL
SIGNATURE DATE SIGNATURE DATE i
PRECLASS ‘Pl!PA’AflOO;
, N L ABORATORY . rnow '::::jv CLASSIFIED MATERIAL UNGL ARSIPLED MAT ERIAL
Trainer, Water | None - None (SG III-1
WB II-1-P1
Treat:n!ent System _ : | AFM 85-13
; )
/
/
. CRITERION OBJECTIVES AND TEACHING STEPS
: 1a Identify components of a water syctem by matching n mbered units of
schematics-of water systems with riames of the units.
(1) Water supply sources and components- o -
] ‘ (2) Water treatment components | /
? ) (3) .Distribution systems and components /
Lo 1b. .Given a list of components of a water Bystem am{ a list of phrases or state-
% ments relating to the function of equipment, match the name of the components to
, the related phrase or statement.. [
(1). Characteristics of and impurities in raw Avater ‘supplies
t (2) Physical treatment processes and equipment
(3) Chemical treatment processes and quitpment

| ATC [oM, TN o

. ’ i ) /
AuG 72 . 41 p
x * 4 { /

. . $)
s - ' .

|
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Course: No: mssw
Day 16 o

«

PART II

1

.

INTRODUCTION. (30 Min

©

CHECK PREVIOUS DAYS STUDY ASSIGRMENT '

REVIEW:

ATTENTION:

MOTIVATION:

.




BODY (300 Min)

PRESENTATION:

la. idem:ify compouents of a water ‘system by
o matching numbered units o{ schematics of
water systems with names of the units,

(1)‘ Water supply sources and components

-~

%
'

(Oa)f Water supply requim;enta
(1;) S]oufces of watfr @ply
1 Surfa.\ce
a Lakes

b Rivers

2 Ground




2

\..J ’

| /
g Se.a water .
- b Snow
¢ Rainfall
\ o
(c) Components of water suppl
system , o )
1 Natural lakes \
)

2 Dams and impounding

reservoirs

- ‘ 3 Holding reservoirs

! 4 Surface water pipes

‘.9 {“‘




(2) 5 “er treatment camponents

NS
Y
14

Need for ycyer treatment )
remove impurities and modify
characteristics to provide
potable weiar for domestic and -
industriai use which is:

Clear

O

Free of tiste and odor

*
A,

!
Free of d¢sease productng

organism

Stable in respect t:> scw.ce
and cor: :ion

*
basic water treament unik




-

"1 Clarification units
2 Disinfection units

(3) Distribution systems and components

{(a) Requirements of a distribution
system_ .

(b) Ground storage or clear well
(c) High lift pumps

(d) Elevated storage

(e) Pneumatic tanks and comiponents

(f) Distribution lines




(2g) valves

Civen a list of camponents of a water

System and a list of phrases or statements-

. relating to the function of equirment, -
match the name of the components. to the
reiated phrase or statement, ’

-

(1) Characteristics of and impurities in
raw water supplies ” :

(a) Characteristics of the campound’
water

1 Chemical camposition Hp0

2 Physical state-liquid at
normal temperature and
pressure; freezing point
0° C-boiling 100°C

47
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3 Density-for practical purposes,
density is 1 gram per cc or
ml; 8.34 1bs per gal,

‘\&.

” PRl . . * ,/~//’
4 Ionization constant of water
is 1x10-14
$ Tasteless, odorless, and
colorless.
l.,t L4
"ﬁ’le
§ - Universal solvent o

(b) Chzracteristics due to impurities \ N
in raw water supplies J

1 Turbidity-suddy or unclear
condition due to suspended
solids A
2 ' Color . . R / ‘




= ety it o A

@ True color mostly due -to
dissolved or colloidal organic
vegetable dyes from decaying
vegetation-may be due to Fe, Mn,
or industrial waste,

: _‘t_f Appgrgm; color due to
m’;spendec,l -solids

.

3 Hardness-a characteristic
) of water which. causes excess
‘ soap consumption and scale 7
~ . . -formation in pipes and equipment

o

4 Corrosiveness~ tendency tov“:orrode_.
metals due to low pH or dissolved .
gases

pH ‘Zi'.s the measure of free hydrogen g
ion concentration in water.

A

]

jon

Temperature-may affect use
or treatment

t

. ' 7 Taste and odor due to
dissolved organic matter
or dissolved gzases




-8 Kcidity-stréng i:t;e'
neutralizing capacity
. usually due to excess coz

Y by * maybe- due to HpS or =

42504 from mine dnimge

9 Alkalinity-strong acid
neutralizing capacity,In.’

natural vaters. it is usually ..

) - caused by HCO3 and to a
. lesser extent by CO3

10 Contamimted—conuins
disease producmg organisms
or toxic materials

-

LA

(c) Impurities.in raw water supplies

1 Gases

a * Oxygen-some -dissolved
' 0Og is desirable for
domestic supplies but
will cause corrosion if
. in excess

10




b COz-the form which COp
takes in water depends
.on the type and amount
of mineralsin the water
and the ‘pH of water

CO; reacts with (0H)
alkalinity in water to
form CO,. At a pi-above
9.5, C03 will be_in CO,
form . .

i -

CO, reacts with the COj3
in water to form HCO3, At
pH 8.3, all COp will be
in the HCO3 form. Below
pH of 8,3, additional
CO2 will form H,CO5. At
a pH 4.8, all COz will be
H,C04 or free COy. -

i .

The acidity of most
natural water supplies-
is due to the free C0z
and is more common to
well waters

dlkalinity of most
water supplies is due
to thg HCO3 and minor
amounts of COj




VA
»
-

Al

= gmommum..nzsun e, Ty

EREIi e s e
. PR % 5

., - normally found in ground 7
L ) .waters with high mlfate }
N C A content, ' . = ‘

¢ ! ‘»‘ .' ) ¢ »,’i

: Ca.uaes taste-odor problem . I . I
o (rotten egg odor) NI \ :
a T 3 i

o, ¢

BN Reacts with 0z to form
| R H80, which causes corrosion
v - : of metals and.concrete, °

T d- Some dissolved.organic - _ s
/ taste and odor causing ’ : —_—
: compounds may produce vapors | )
or liquid which will vaporize | . oo
" if water is aerated y

2 Liqﬂ_ids-not usually present

3 Solids

Al

& Total solids-any .
residue left after 4 \
evaporation and drying ’ ]




3 'Suspended solids-solids |
which can be reloved by'a
filter ncltxdos° . R L

- " Settleable solids such
’ as rocks, sand, silts,
. and some organic materials
) which will settle out .
. under still conditioas.

\ Non-settleable solids-
finely suspended sohda
such as clay and colloidal
particles vhich can be A
. filtered out but will. not BRI
settle under normal
conditions.

¢ Dissolved solids (inorganic)
. due to the solubility of -

minerals in the earth with. -
ot which water comes in contact.

Natural water supplies usually

contain varying amounts of the

following ions and/or their

"associated campounds:

Sodium (Na¥)Most sodium
cmpmmds are very soluble
in wn.ter. Anions which cannot-
N be agsociated with Ca, Fe,
AN Mg, or Mn are usually congidered
to be sodium salts., They
TN * _ contribute to the overall
saltiness or brackishness of a
water supply. ..

o 13

53-




e - .o

Calcimm (Cat+)’ and\)lunuhn
(Hg-H') cause most of ‘iz,
bardness in water. Soap reacts
with Ca or Mg ions to form a
curdy precipizate .

7

Calciwux. carbonate: ia only
slightly soludble in cold
water (15 pm)-

Calcium bicarbonate is solublo\u
in cold water but may break
down, especially when hectod, to

fom 01003/5 Cop

e,

~

Calcium sulfate is soluble in-
water but may scale out on hot
metal surfaces, or precipitate
vith Caf0,, or will precipirate

. if S04 = content is high-

. Ve
Calcium chlor’ide is very soluble
in water

’
’ -

Ma.gneg"im'(}!g'f:l')-}igsm and
MgCLy, are soluble in water

<

%

o

..




Magnesium hydroxide is very.
insoluble in water and is not
- present in raw water; but, the
carbonates and bicarbonates m
decompose to precipitate the )lg ) ' o
as Mg (Oﬁ)z . o ) N

\
A\

a

R

A Tron and mangunese-due to ' -

\ insolubility as hydroxides, ‘the \ \

‘ , T\\Fe+ or M+ are only slightly \
» soluble (7 ppm) in water and than '

I only if sufficiza tGOz:I.apreuntto \

| lower the pH, Ifcx:!.disodtoahidwr

| state (Fer+ or HnH-), they are :lnaoluble .

. except at extremely Low pH not nom.lly \

found in natural water suppliu. >

. a
§

. x
s, }

Although present in s-li smounts -
‘e only, they are troublem because
—— ~they cause-taste,..odor-and-apparent. -
: color,

-+ Carbonates (CO3)-most carbonates a.re
soluble except CaCO3, which forms part
- of the alkalinity of water and breakadown

\ at high temperature to form CO5. nged
\ to bicarbonates by lowering pH,

A

15

|
|
|
oy

95




Bicarbonates-all bicarbonates
are soluble, At pH. 8.3, all CO,

is in bicarbonate form; bicarbonates
are the alkalinity of natural veters.

/ ’

Blcarbomtes are converted to free
Co, by lowering ‘the pi Bicsirbonates .

‘breakdown when heeted to form 002 and
003\. ’ ’t

\

\

Sulfates (804) st sulfates are
soluble except 04. At high
concentrations in drinking wate,

they have a laxative effoct (limited
to 250 PPM in potable water), Under
anaerobic conditions s- S04 will be -
broken down to HaS cauaing taste, odor,
and corrosicn problews,

-
N

Chlorides (fL-)- mos% cklorides are
‘soluble in water, They impart a

" salty ta.ste. Potable.water should-not.

have .over 250 ppm of NaCl., .
‘l' ,’

»
t ! -
t !
/

,\ j

Silica-silica is present 1u small.

ts' in most water supplies in
“ni of NagSi04 or as colloidal
8102\ t is not normally a problem
except where it forms a hard glassy

" scale at high temperatures or combines

with gther scale to bind and make it '
hard

N . ’
\. -~




Fluorides (F-)- when found in .

water in excess, fluorides cauges -~

mottling of teeth (fluorosis) and

must be removed, Where absent, they
. are added to prevent tooth decay in

young people.

S

Oﬂwr-presence of other minerals in

‘wa,k:exf in sufficient concentrations to
be: objectionable are usually due to

pollution and may require spechl

" treatment,

s

EPA ideﬁtifies moat of theie
materials and sets the limit to
the concentration allowable

4 Biological composition

|

) 1  Pathogenic organisms (disease producing)

AN

Bacteria-which cause typhoid fever,
dysentery, cholera

i

!

Virusjes-'vhi_.gh cause hepatitis

Amoeba-which cause amoebic dysentery

-




b . Nuisance organisms- organimms ) N
. vhich may not cause disease but . .-
T cause taste, odor, color, clogging N
3 of equirment, : \
Algae
’8‘ \
Blood worms -~

¢ Indicator organisms- organisms
which miy have no direct effect s
on use of water but their presence

indicates polluti
of Plthogeggc orm'mjm-. presence »

____ _(2) Physical trestment processes and equipment o T
. ’ \\'.\'. ’J >
(a) Processes \

1 \Sediplentation-used to iremov_e
settleable suspended solids




& Aeration

4 Removes dissolved gases such &s
COz and H2S

7

1

\ /
7

b May allow some org;nic tasts and
odor compounds to vaporize

¢ Adds 02 to water to oxidize
FeorMn &

—~

é
A

3 Filtration-Strains or filters
suspended solids, .

4 Flocculation—Keeps solids suspended
and brings them in contact with cosgulated -
particles to allow growth of particles.

2 Distillation

16 Reverse osmosis . \

:""‘ 99

32




* ¢ Diffused air

(b) Equipment-for physical processes

1 Holding reservoirs for ph:ln
dinonution

2 Aerators

‘4 Tower

L Spray

3 Floccula}:ors

. -~
v Sst

4 Sedimentation tanks

& Horizontal flow-rectangular or

circular design

/

b Up flow

20

A\ R Y

60




-

(3) Chemical treatment processes and ,
’ equipment ‘ : .

<

(a) Chemical procesggé
. -

4 Chemical oxidation

{»

Oxidize Fe and Mn

b Oxidize tasteand odor
2 Chemical precipitation

Coagulation

&

b Fe and Mn removal

e e S

Softéfiing

o

Stabilization

[

1

Disinfection

&

21

61




v

Algae control

14

v Ton' exchange .

7 Activated: carbon

(b) Equipment for chemical treatment
pracesses

-~

1 Chemical feeders

&

a Cas feeders

2 Chemical mixers

3 Contact tanks

22

62

b 'Solgtion feeders
' \
1]
¢ Dry feeders ‘4.{\
’ U S
o e — - —og: Slurry feeders,T B \

\\4/.




APPLICATION: - ' a

Using AFM 85-13, notes; and study. g.'u:i.cle,~
students will complete WB III-1~-P1,Principles of
Water Treatment Plants

EVALUATION:

. -Evaluate by oral, written quéstiéns, and/or .
observation of student's performance during ‘ .
lesson, This may be accomplished at any time

- during lesson ror increased effectiveness,

o " CONCLUSTON (30 Min)

" - - REMOTIVATION: : s

STUDY ASSIGNMENT: ' . :

1. Review SG 3ABR56330-III~-1 and answer
questions ‘

Read SG 3ABR56330-ITI-2 pages 10 thru 13
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CRITERION OBJECTIVES AND TEACHING STERS.

2a. Define terms and answer questions relative to water clarification, softening,
and stabilization by completing applicable measurable written items. I |

-4

I

Clarification of water ’ 1.
Water softening .

Stabilization for scale and corrosion -control

Clarification and softening equipment N

"2b. Following instructions provided by the instructor, as a team member, operate
the water treatment trainer to remove turbidity and hardness, and to stabilize the

water,

(1) Identification and function of unit components

&
e
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Course No: 3ABRS6330 | : Branch Approval:
Days 17, 18, and 19 . Date:

-~

* PART IX

INTRODUCTION (30 Min)

-

CHECK PREVIOUS DAYS STUDY ASSTCNMENT:

REVIEW:




o

zao' .

‘ -/ .
BODY (1020 Min)

Define terms- and answer questions
relative to water clarification,
sof’ tenmg, and stabllxzatlon by
completing applicable measurable written- ‘

items.” (. .
- e N " ‘
o - . ! 1

3
.
’ |
L

(1) Clarification of water'
- A “ ! . .
‘ ;

f .

P

(a) Definition-thé removal of
turbidity (suspended solids) . ,’
during clarification, Other . : | /
goals such as color removal, ’
. " taste, and odor and removal of i
) moat organisms may be accomplished T s
as complementary treatment or . : r" -

side efrmtq& clarification ,
I
/ 4

1

process.

(b) Mtthods of clamfxcatl_gn R
. . R (

1 Plain sedimentation in
Streams, lakes, or holding !
reservoifrs L /

14

' 2 Filtration alone where

- &

‘ " turbidity is very low

'\..fj

)




3 Coagulatiom and ‘flocculation
followed by sedmentation and
‘filtration’ .. T

IS N ¥
to N
. L]

. flocculation

(c) Principles of g:c:gagula.t:icm and

1 Definitions

4

g Coagulatmn is the
precipitation of certain ions -
or ccdnpounds to form colloidal
particjes which will combirle
with other colloidal particles
to fom}larger hydrous jelly-
like particles called floc

—

. ’ ¢ /l ’ . ‘.
b Flocculatmn—the growth = .
o of the smaller particles
e : e -= " into- larger. .particles -

2 Coagulant mat%rials

|
a Coagulants-aluminum sulfate
Al (804)2 (AI.UM), ferrous
sulfate FeSO4 (Copperas), s
ferric sulfate Feg(SO4) , ferric -
chioride FeCla

o menm

'l




R A SR ML
Al -

£~

Y

3 Chemical reactions
g .

»

\

b

3

" must be added

b

\ the (OH) in the water, Ca0 + Hp0
" yields Ca +2 (0H) . _

" water, lime (Ca.O or Ca(OH)z), "\;,

_ Basic reactioQQ-i,ons \

. FeHHCLy= + 3H' + (oa") | -

Spy
f <
!
|
)

Sources of alLalm ) | ) 4b

natural alkalgmity in . !

crushed limestone {CaC0%3) ’
soda “ash (NazCOs)

.
¢

Coagulant aids-chlorine N
(used td oxidize ferrous s
iron or.to activate silica),

activated silica, orga.nic

polymers. _ A v

A

\
\

A\
P

of heavy metals plus
alkalinity forms a
hydrated jellylike . -
precipitate.

EXAMPLE: ‘ )

Yields Fe(OH)3 + 3HC

NOTE: The result o\f this .
reaction -tends-to- lower- - - C ,

.the pH and if patural’ alkal:uu.ty' /
is not adequate, alkaline material

|

Alka,'LJ.nlty rea.ctlons- .
.sources of (OH)~ such as
NaHCOs yields Na+ (OH)™+ CO3.
This reaction will go,to the
right as the coagulant removes

i

#~




c Réactlon with different

d Coagulation reaction- .. .-

coagulants ~A13(S0,)3 /
+ GNa.HCO yields A f(ou) +
6Na + 3(so4) + 6 COy

} FeCl + 3N¥HCO yields
Fe (8H)3 + 3Na + 3C1 + 3C02

Fep(S04)3~ same as A1pSO;

@ '

t . ~

" "Fé(S04)-before the Fe will
coagulate it must be oxidized
to Fett+ by aeration or
chlorina.tion‘

-
1
i

', 2Fet+t+ 1Cl, yields 2FE+H-+
+ Cl1 the react?.ons would then
“be the same for FeCl3

-—

|

(14

" although the|basic -
precipitation is as
shown above, | one molecule
of the Fe(OH)3 can link
with -others ‘

Fe(OH)3 + Fe OH) -
yields HCH. + eOFe (0H)4
to’'form larger

|
i
|

Flocculation rea.cta&on- /

coagulated particle usually
carry a (+) residual charge.
Colloidal clay particles
usually carry a (~) residual
charge _




N 5 .

Wuallang UWiE wates
N brings the coagulated - d
" particles and :lay ) /;[
. " particles- in contact which
allows them to adhere to

g - - ) ‘\
‘ T each other ard grow into !
larger particles called floc.
4 Factors affecting coagulation’
and flocculation
a2 Type and concazsration of
colloidal matar:al in raw
water :
.
" b Iype and dosage of coagulant
‘ ¢’ ‘ptimumm pH >
, [ — )

d Tamperature of -ater

° -

) e :me and degre . of agitation

. ... 5 Jar ~est-multiple - st to

. detz mine proper c-..gulant and
pH rnge. Daily te:t for daily !
var.ztions ’




- «
“ .
S
N
. " . .

@

: ¢ {2) Water softening

\f_ - Tt e N

! v

ren,

(aﬁ\)~ ;l'ypes of hardness . . | N

\

©

1 -Temporary hardness

>

CaCO3-1east Soluble |

Ca(HCO3),

7

MgC03
Mg(HCO3)2 . ) .

Ca(OH)y-in treated water only

Permanent hardness

o

CaSO4 ;
CaCly .

Mgso,

o

MgCly




v

(b). Alkalinity in raw water

[

oo

lw

‘Causes ' of alkalinity

a (oH-)
b_CO3

¢ HCOj3

Types of alkalinity (as

measured)

i upn

b IIMII

Relationship of "P" and "M"
alkalinity to amount of (OH) CO3
and 003

o,

10

~t




g If P=0, all alkalinity
M) is (HC03-)

P

If P =M, all alkalinity (M)
is (OH)

o

-

¢ If P =3, all alkalinity
(M) is (c03) :

d If P is greater than
M, (OH) = 2P - M and
C05=2(M-P)

-’

ki

¢ If P ig less than 3,
C03 = 2P and HCO3 = M - 2P

(c) Methods of water softening

-

1 Chemical precipitation
(Lime-soda)

a "Ca" temporary hardness- -
Ca(HCO3), + Ca (0H), yields
° CaC0, + H,y0




SUMMARY :

STUDY. ASSIGNMENT:

Read SG.3ABR56330-III-2, Clarification of -

Water

b "Ca" permanent hardness-,
Mg(HC03)o + Ca(0H)2
yields CaCO; + 2NaCl

o

"Mg" temporary hardness-
Mg(HCO3)o + Ca(OH)2 yields
Mg(OH), + 2CaC03 + 2H,0

=

Mg" temporary hardness-
) MgClz + Ca(OH)z + N82C03
yields Mg(OH)2 + CaCO3 + 2NaCl

>

Addition of coagulant
may be necessary to aid
in settling

CONCLUSION (DAY 17)

i >

12




: \
- 5 \‘

INTROLYCTION (DAY 18):

; " CHECK PREVIOUS DAYS STUDY ASSIGNMENT:

. OVERVIEW:

MOTIVATION:

PRESENTATION:

2a. Continued:

N

(3) Stabilization for scale and corrosion
. control

13




(a) Definition

Recarbonation is used to
precipitate excess lime as
CaC03 which is then removed
by sedmenta.tlon. This is
followed by additional CO,
- to adjust pH to change re-
‘ . maining CaCO3 to soluble
Ca(HCO )2. Note: Excess
CO2: would cause corrosion.

J=

o

Use of polyphosplﬁtés

Prevents Ca and Mg '
. . from fonning scale
Y . . (sequestering)

[

Prevents corrosion by
forming a protective film
on pipes( a corrosion
e inhibitor)

o

L3

. 3 Aeration to remove excess
- C0g to prevent corrosion

4 pH adjustment with acids
or alkalies—~ not normally
-used for distribution systems

77




(c) Determining stability
of water with relation
to CaCO5

1 Factors affecting stability

a ppnCa.a.sCaCO-to

- -

. scale; to corrosion

ppm a.lkalmty—to scale,
to corrosion

' o

< pH (increasing)-to scale;
to corrosion

d’ Temperature (increasing)-
to scale; to corrosion

Total solids- to scale;
to corrosion

‘lm

[ 4

Test for detemihing
stability .

T

-

I a Langelier index~—-based
: on above factors and chart

L

15




et

t

b Marble test-measures
pH and ‘alkalinity of
water saturated with

. CaCO3 ’

¢ Stability test-
- - determines difference in
| ©  alkalinity before and
' after saturation with
: CaCO3. If alkalinity is _
| greater after saturation |
' water may be corrosive., If °
. alkalinity is less after.
' saturation water may cause
scale t

L)

(4) Clarification and softening equipment

(a)

(v)

<«

«
*
k]

Plain sedimentation reservoirs

s

-~
e

Filter~for clarification before

or after precipitation, cosgulation
and flocculation(will be covered
later. in course)

- I ———

v

Chemical feeders




3

.Slurry feeders
‘ 3 Gas feeders

Horizontal sedimentation
‘clarifiers or‘softehera{

3 Settling tanks

Upflow .sludge blanket‘élarifiera-
sof teners, |

!

|

4 i

-~
!

1 Erdlators




, 2 Clarifiers

3 Accelator

o 1 "
§ R \ ) / )
(f) Spiractor (softer\w\r)" / o z
0\\
(g) Recarbonators

|

: o
(h) Filters

\
NN
. N

s . CONCLUSION (DAY 18) .
-~ SUMMARYS a G
\‘\
AN
. STUDY ASSICNMENT: - T

Review SG 3ABRS6330-ITI-2, Clarification of

Water and answer questions. =
. . ‘ ‘ -
i’ T
[ ’ - N
¢ ‘ &
B \
o ™ 18 .

, S
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INTRODUCTION (DAY 19) °

CHECK PREVIOUS DAYS STUDY ASSIGNMENT: -

S| REVIiV: ' o .
N . A . . . ' ']
. .
‘ /
/ -
/ , T T .’r-
OVER- 3k . ) 1 ~ .
~ MOTIVATION: .
b oee
\
[ . ‘
]

PRESENTATION: )

2b, Following i%_structions; provided by the
instructor, as s team member, operate °
. the water treatment trainer to remove- .
.. turbidity and hardness, and to stabilize
the water, . ’

-

19
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. -
. ' (1) Identification and function of - , ' Y
. ‘ unit components o A
!
{
’ /
% o ‘ » / . .
: (a) Raw water supply tank J ~
4 " v 2
& i
. o (b) Aerator | :
. < ‘ R \\ o 3
‘ 1 Remove CO2 (corrosion control) x\
\‘ o . 1 ] N ) . / , y ‘
. ' : 2 Removes taste and odor, .
. |
3 Adds 02-aids coagulation .
'L ' if iron salts used. Oxidizes i ,
-\ - “Fe and Mn, o
¢) = \ | N /)
1 -— ;
R (c) .Chemical feeders; ‘
(d) Rarid mixer :
o o (¢) Filter f
L -ﬁ (f) Flocculation
. T ,
e - .- " (g) Recarbonator




' ) | VXl

2 \
(h) Sedimeatation tank AN

p \ ) I
/ .
. , »

/

/(1) Clear well %

‘ . B
(3) Storage reservoir

s

, (k) Valves, controls, and pumps
' ! . !
| A

3! \‘ ; . \

4 (2) Chemical requirements b

t
i
\
e
'*’{‘a‘)‘”ﬁﬂa"/séd on flow and analysis o '
water |

o \

~ / f !
(b) Chemical requirements for | . o
softening : ’

(¢) Chemicals required for
' gtabilization

(d) Safety precautions for ’
handling chemicals /

|
|

\ /
(3) Operation of chem.’:tcal feeders,
. | '

j *'

(a), Solution feeders

- ,J T
: .0 1




™~

. 3

.1 Principles of operation i
|
2 lubrication requirements }
I |
‘ : ;
3 Screen and pﬂppet check . J
\ ‘
4 Feed adjustments : : > l
S = -

. (b) Slurry feeder : o

4
1 Feed control ’ .

2 Agitator Lo : .

(¢) Recarboration

[

Pressure control

I

Diffuser

¢

(4) .Operational procedures and
safety




(a)

‘ (b)

(c)

{d)

(e)

L@

(g)

- APPLICATION:

-

Equipment check

Check” electrical control sivrit,ches

Filling tanks and adjusting
flow control .

v
Starting mixers, chemical feeders,
and pumps

N

Operation of sludge collectors

Checking quality of treated .
water .

Removing equipment. from service

Students will complete objective 2a by
" completing WB III-2-P1

Students will complete objective 2b by
operating the water ‘treatment trainer
- 48 a team member.

23
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Wm0

EVALUATION:
lvaluate by oral, written questions, and/or
observation -of student's pecvformance during

the lesson. This may be accomplished at any
cime during lesson to increase effectiveness.

2

CONCLUSION~(30 Min)

SUMMARY: |

_ REMOTIVATION:

STUDY ASSIGNMENT:

Read SG 3ABR56330-II1I~3, Water Systems
Filters.,

87

I
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(1)
(2)
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(4)
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\.\:,\, : | ‘ B &é

L]

N AN T
LESSON PLAN (Pert |, General) CONTINUATION SHEET

CRITERION OBJECTIVES AND TEACHING STEPS (Cantinued) o e

3h. Following instructions, backwash and place the filter on the water trmtmom P
_system trainer m serv1ce. : . o

% R

(1) Oper‘ational procedures

— 2)——ﬁrpplr‘able safety .

3c. Fnlluwmg, field trip to municipal water treatment plant and using notes o recc i,

list major components of the plant, list chemicals used and their purpose, and
write answers to questions relative to plant operation. )
kl_j Sufely as applicable \
(2) Treatment processes - ~ \\ ;
(3) Identification of equipment o ‘
- . \\
(4) Plant operation data . : N
\\\ i
A \\
- \\
\ .
\ °J
- AN o
. Yy \
J
ATC [oM 7704 A 89




Course No: 3ABRS6330 Branch Approval: : 7 2
Days 20 and 21 ' Date: 3 Huf 757

PART II

<

< RS

INTRODUCTION (20.Min)

CHECK PREVIOUS DAYS S¥UDY ASSTGNMENT:

REVIEW: "e

ATTENTION:. -

MOTIVATION :




B "fo—ﬁ
- ’ . -
'
b ]

BODY (680 Min) - ' ég/

PRESENTATION:

-

3a. Using APM 85-13 and TO 40W4-9-1,

- "identify components of a rapid.sand.
filter and a diatomaceous earth filter .- -- e e
by matching the name.of the components

to. pictured. components and; from recall,
camplete incomplete written statements
relative to operation of filters. |

-

4

- - N

\ (1) Types of filters - o ) ‘

(a) According to filter media

Digtomaceous earth

(3]

Y

Anthrafilt
Fiber

- Y



3

5 Activated carbon (absorbent
rather than physical) .

[N . ' %

+

(b) According to types of feed

3 Vacuum.{seldom used)

(¢) According to flow rate °
1 Slow (seidom used)

2 Rapid

3 Roughing (seldom used)




| L A
(d) -Specific .types of filters

commonly used for water .
clarification

o )

1 Rapid sand filters - ' / L

»

Cravity rapid-sand filters

o

b Pressure rapid sand filters’

2 Pressure diatomaceous earth L \ i
‘ i:ilters 1

3

s

-

. (2) Diatomaceous earth filtration

(]
b ad

v ; '
(a) Diatomaceous earth ' P

(b) —Ceneral operation of D.E. . _ .
filter ;

P " (@) Advantages of D.E. filtration




———

TN AT - !
l\ / o - 1 -
//‘ ;
y
(/j/) Components of diatomaceous fearth:—
filter b
o B
(a) Filter elements
(b) Filter shell
o f\ 1
\ L
(¢) Slurry, tank .
(d) Air relief 'valve
(e) Rate of flow controller
o ‘
(f) Control valves
(g) Pressure gages / -




\\.r‘_ :‘ 1.

N . (g, Prevention of back siphonage (Back flow)

. (b) Hydrants are connected to main . feeder ! /
! line, Normally located on streets, 400.1ft. /
apart, so that every buildingc\:an be reached
from 2 hydrants with not moré than 300 feet
of hoses

- 1 SMrd type for normal street use &
' 2 Flush type or pit mounted for airfield
apron use - ’

-

./

. (a).” Back siphonage is the backing up' of \
contaminated or polluted water into the ‘\
potable water system.

!

. (b) Back) siphonage conditions frequently Y
- occur because of carelessness qf users. !

!
} : - - - -
(c) Pge‘fent back siphonage by -

.

* Flimination_of connection

"iSeparation by air gap

-Back flow preventer
esting and maintenance

el

- (8) Waté?@m\er }control

Pl AN

2

(a) Wa‘tier hammer is a rapid pressure
fluctuation above and below the . 7
he pressure in a closed system !.

7 r——___caused by rapid closing of valves, " . |
- \

<« R | '

——




=
\%.

'Intexi'nil combustion I : ‘ .
‘engine cooling systems '

3 ‘ N :
. . ) M - .o ; :
. , K . .. / . R
. T - T ©
‘ .

ot water heating ' ‘ /
systems /

([

« 3. Refrigeration chilled
° water systems.
——— . ' \
\
. o \
(4) Scale and corrosion control in 7 o :
open recirculation systems | -

h

ol

i
B e "o
e

(cooling towers)

N

(a) Factors affecting scale and

W corrosion in cooling towers
/’xﬂ : , r3
4
ta . f
1 Concentration of solids /
.due tc loss of water / B
by evaporation o ’ .
i/ _ A . . .
) "2 ‘Saturation of water o
. with dissolved oxygen -
( - ! ¥ -
! 3' Possible high temperatures
- . i ) ) "
g ) 4 Algae and bacterial growth
__--—«-————‘* in tower and lines -
} P .
‘l >
| o
' !
+ . 9 . hd .
{ t
T e : / —— -




o . 7
g 5 . Electro-chemical corrosion ‘ %

of different metals
(b) Methods of control

Softening of make-up «
water

=

: Blow down to limit
/ . . concentration of solids . .

(]

-y

’

" pH adjustment to prevent
CaCO3 precipitation

()

Polyphosphates to keep i
Ca and Mg in solution . )
and as a corrosion ‘inhibitor -

(B3

-

Chlorination or other .
chemicals to control -,
biological growths

o

: (5) Scale and corrosion control , o o
\ " in closed recirculation systems o

\ (a) Since a minimm of make up
\ water is used, scale is little
' problem
10 o




Air binding

i~

{w

Channeling

{+

Algae and bacterial growths

jn

Incrustation (lime and
iren deposits)

N

3b. Following instructions, backwash and
. place the filter on the water treatment
system trainer in service,

@ i 4

' (

(1) Operational procedures .

o

(a) Filling the filter =

(b) Operation of clear well pump

v

(c) Flow through filter

11




(e) Shut down procedures

=

|
. . (d) Backwash procedures . “

{2) Applicable safety
(a) Electrical hazards
(b) Improper adjuswment of valves

CONCLUSION (Day 20)

SUMMARY:

¥ ) & 7

STUDY ASSIGNMENT:

~ -~ —-Review SG 3ABRS6330-III-3, Water Systems
Filters, and answer questions. ' - o T S

o . 12




INTRODUCTION (Day 21)

z

CHECK PREVIOUS DAYS STUDY ASSIGNMENT:

REVIEW:

OVERVIEW: - B L

MOTIVATION: . . :

( ) | S
f

PRESENTATION:

, 3c. Following field trip to municipal
" .water treatment plant and using notes /
~—- . or_recall, list major components of the : : "
plant, list chemicals used and their- = = T s
purpose, and write answers to questions : :
relative to plant operation.

¥

] ’ L4

s




~
(1) Safety as applicable : .
%,

(a)” Keep hands off equipment on
field trip

Eb) Do not handle chemicals

-

(c) - Stay behind rails -

- (d) Stay with group

\

(2) Treatment processes

(a) Taste and odor comtrol

P

(b) Clarification

“

(c) Softening

14

h )

s




(d) Stabilization

(e) Fluoridation

>

L]

(f). Disinfection /

(3) Identification of equipment

(a) Chemical feeders _ C

"1 Gravimetric loss of weight
feeders for lime and s
ash .

- -

\,//l"

o

Lime slakers

4 l - ,
& .
Volumetric solution feeders.

(dipper type) for
coagulation

B l(,e

15




S e

S e -

(b)

(c)

(d)

4~

Chlorinators

]

S Ammoniators ‘ 7~

Diaphram type iolut;ion
feeders for silica, phosphbates,
and fluorides

Ion

1 Slurry pumps for activated
carbon

Measuring devices-rapid mix

Slov mix or flogculators

3

Filters

e

“(e)

Wash water recovery well. and
reservoir -

16




;./_

-~ (£f) Sedimentation basins

.

(g) Accelator

. (h)

3

\]

Lab facilities

(4) Plant operaticn data

" (2)

(v)

=

"Plant capacity

Backwash data

When tc backwash

o

Amount of water used

3 Time required

-

17




APPLICATION:

11 Complete WB 3ABRS6330-III-3-P1 and P2,
and~ complete incomplete statements,
(obgectlve 3a)

2. Each student w111 backwa.sh the filter
* .apd place it in’service (ob,]ectlve 3b)

L]
LSRN -

Evaluate by oral, written.questions, and/or _
observation of student's performance during - _
lesson, This may be accomplished at any time
during lesson to increase effectiveness,

L4 L} . :
.

3

.CONCLUSION (20 Min) .

REMOTIVATION:

STUDY ASSIGNMENT:

1. Read SG 3ABR56330-II1-4, Methods of
Disinfection and Puriflcatlon, and answer
queéstions,

L4

2. Read SC 3ABR56330-III-5, Taste, Odor, and Color
*— . ___ control, and answer questions,

s

t . .18 -
r
|
|
|
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q .
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¢ >~
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.
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Course No: 3ABRS6330
. Day 22- - -

_ -~ PART II

A F I
” - . ) . 7

'CHECK PREVIOUS DAYS STUDY ASSIGNMENT:

Bganch Approval:

. , INTRODUCTION. (10-Min)

‘\~<

™

Date:




i
|
i
t

\\ BODY (210 Min)

1

_ PRESENTATION:

4a.

N\,

Define terms, answer questions, ~
and determine dosages relative to
¢43infection of water by writing
response to measurable written

. items.

(1) Meaning of and requirements
for disinfection

(a) Disinfection-process of
. killing patiogenic
\ bacteria

(b) Sterilization~process .of
killing all living organisms

(c) Pathogenic organisms-
disease producing

1 Bacterial diseases
a Typhoid °

b Dysentery (bacillary)

i

¢ Cholers

~——’




" 2 Virus diseases —(—Stzspectod)
x [
& Infectious hepatitis

b Polio

'3  Protozoan diseases N

&

& Amoebic dysentery
b Schistosomiasis

(d) Coliform~bacteria which are
»not normally pathogenic, but
their presence indicates
contamination by feces of WA=
blooded mimls

+

(2) Methods ‘of disinfection
(a) Boiling ~
Eb) O;one(03)

(¢c) Ultra violet rays

(d) Halazone or iodine , N .




(o) Lime S o

) -~
e’

(f) Potassium permanganate
(g) Silver

(h) Chlorinztion(most cammon
method of disinfection)

(3) Forms of chlorine used

(a) Chlorine gas (liquid under
.presst_xre) T ' ‘

(b) Ca(0CL)y ~Caleium hypochlorite - o
T (HMH) )

(c) Na(0CL) ~Sodium hypochlorite
(household bleach is about & ) .
5% solution) -

(d) C10p ~Chlorine dioxide (a
gas produced by adding Clz to
sodium chlorite on site. It
is seldom used.

(4) Terms and chemical reactions , | : |
relative to chlorination : , |

NS J B B |




(a) Reactions

jor

Clz + Hy0 yields HC1 + HOCL

HOC1 yields H + OC1™
This is a reversible
reaction which is pH
dependent.

-

Ca(0C1); + Hp0 yields -
Ca(0H), + 2HOCL -

NaOCl + Hp0 yields

. Na(oH) + Hocl

NH3 + HOCL yields NHoCl1
or NHCL, (chlorasmines)

Additional HOC1l will destroy
the chloramines to produce
nitrogen gases -

Some organ:fc materials are
oxidized to COq’

-

Same ‘organic materials may-
conbine with chlorine to

form chlorinated compounds
which can cause taste and odors

¥
.

H
'R

112

-




o

-~

o w—

i

Fe+t +CL, yields e+ C1

HyS + Clg yields S'+ i1

HOCl and the chloramines are
the disinfecting agents

a3 HOCL is the most
effective

} Chloramines require high
residuals and long contact -
time

(b) Terms relative to disinfection

Total chlorine residual-
the chlorine in the water
in form of HOCl and OC1
or chloramines

Free available chlorine- the _
HOCL and OCL

Combined available
chlorine-the chloramines




4 Chlorine demand-ths— _
amovnt of chlorine required
to react with oxidizable
materials in the water

Chlorzne dosage(requirementq)—

the amount of .chlorine required
to meet the demand and provide

the required Cl.residual

Marginal chlorination- the
chlorination of water to a
specified residval with no
consideration to how much

is free available or cambined
available

Break point chlorination-the

addition of sufficient chlorine
to oxidize the chloramines and
leave only a free available C1
residual.

-

Chlorine-armonia treatment~ -
the addition of anmonia and
chlorine following break point

- chlorination to form combined
Cl residual

Superchlorination-addition

of excess chlorine which

is then removed by. sulphur
dioxide, aeration, or activated
carbon




- ! IR

(5) Factors affecting the efficiency 'éf
chlorination

. (a) Chlorine demand (ppm)

T

\b) Required residual J
I

i

Mgy

(c) Demand + residual = dosage.

R

(6) Computing chlorine dosage
(a) Dosage in ppm

(b) Quaritity of water
(millions of gallons) »

(c) 834 (factors to convert
gallons to 1bs)

(@) # available chlorine in compound

11

e

)]




(e)

t

(7) “Chemical feeders used for
chlorination

(a) Chlorinators (gas feeders) ’

1 Dir'e-ct feed-feed gas directiy
to non pressurized flow, Used
~ only in emergency . ~

2 Vacuum type solution feeders-
~_ gas is drawn into a high pressure

m‘w an ejector (aspira.tor)
n fed to stream .
"4 Water seal diaphrim

b Mechanical diaphram

(b) Hypochlorinators-chemical feeders.

- --————which-feed_a Solution of Ca(0Cl),

or Na OCl directly to water being
tmted

" (c). Types of chemical feeders according
to method or deme of control o

Formula: ‘
MG(decimal value) x.8.34 x
ppm (dosage) x % Chlorine
(decimal value) = 1lbs chemical
required

+ Q

.

L4

, ! .

1

(bell jar)

-

L]

11




1 Manual control~operator
must stop/start

oo

Semi automatic-star:s/stops
° with flow . ¢

3 Automatic-keeps feed rate
propertional to flow rate
NOTE: The feed. rate mist
‘be set by operstor for all

types
(8] Szfety relative to chlorination. °

(1) Characteristics of chlorine
. which maxes it hazardou:

"1 Chlorine gas is a respiratory
irritant and at highe: concentratic: . -
can.b- fatal

2 It is . strong oxidiz:ng agent

P ¢ ﬂ‘/
\ a Very corrosive in mresence
: . of moisture ’
\ . ’ N ~
AN b Can support! cambuszion with'

some organip materials ¢

¢




X N . q{
3 It is a pressurized gas :

and the prassure will -
, increase with increase in

temperature :

o

4 Chlorine ice crystals are
formed by too- rapid with-
drawal of Clz from cylinder,

* or by Cl, beéing below 49,2°c in °
combination with H;0 at a 1%
solution, Ice crystals cause
improper operation of chlorinator,

-

. 5 The gas is heavier than air and
- can settle in low places

-~

©"(b)- Safety precautions in handling
chlorine gas ‘ ‘ ,

1 Allow only qualified persommel.
to handle chlorine and eq\q.pent .

& Provide proper gas mask and
0 train personnel ixi‘»xit\_s use.

I

- N —

3_ Do not apply direct heat to AN
chlorine containers or equipment, - .
Keep out of direct sunlight \

‘4 Keep equipment dry'_

©

5 Repair all leaks as sobn as )
detected.. Note: ILsaks may be

detected with ammonia water ~—~ - - A .

RE 13




T ——

Do not store cambustible materials
in chlorine rooms

for

o

1 Keep chlorinator romm warm and
do not withdraw C1, at a rate of
over 40 1bs per day from 150 1b
cylinders or 400 1bs per day from
1 ton tank to prevent icing,

8 Provide exhaust fims to discharge
from floor level to outside

.-

;-

(¢) Hazards of Ca(0C1)y and Na OC1 //

1 Ca (0C1), deteriorates to produce
chlorine monoxide and oxygen

w2 At high temperature it can cause
fire in presence of organic material

- 3 In presence of moisture or
organic material it can cause
spontaneous combustion

~

m—— —
-

~ 4 Chlorine solutions are Satrosive

v

(d) Safety practices relative to
using Ca (0C1),

1l Store-.in cool dry environment




o~ amounts of hypochlorites, . ' _ ~

4b,

2 Avoid breathing fumes !

a

‘ 3 Do not store with combustible
' -materials or with equipmient thn.t
corrodes :

4" Hypochlorites should be handled N
in corrosiye resistant materials. ¢

- ‘ k4

3 Use safety equipnent sucix as rubber, ]
gloves and aprons when handling bulk \

o

Given flow rete, dosage, concentration of - TS
solution, and required formulas, compute rate S
hypochlorinator must feed solvtion and as'a ™~
member of a team,-adjust hypochlorinator to '
feed determined amount to + 10 ml per-minute,

v

-

(1) Information needed to deterline feeder
flow rate

4 . . “ . +

(z) Flow rate of water (ML per min) ~
NOTE: Gal, x 3785 = ml o ~

o

(b) Concentration of solution (pmm) ‘ .
NOTE: (ml solution = 1,000,000) x E
— P = grams of chemidal or (Crams .
~Tof~chemical x 1,000,000) = Zml of ‘
solution = pp~—~.____ ‘

[ .(

¥ . -
DR -
.

15 E . N




-
-~

(2} Formulas uaed to detemine -
hypochlorimtor setting

N

/.

(aY (Ml per min flow rate.of water
‘times ppm required douge)l, pm
concentration of solution = ml per min
flow rate of feeder. o |

i
1
i

B

(b) NOTE: Fram generd forzula for
dilution (Volume. 1 x Concentration 1 =
Yolume 2 x Concentration 2 orvyxCy =
szczorv xc]_ Cz Va

-
¥

(¢) EXAMPLES: Flow rate of water =
10 gal per min = 3785

»~

1 Ml per min, 3 ppm doseg'e is required

2 3 Gal of solution (11,335 ml) containing
16 grams chemical has 1408 ppm’ (grams of
chemical x 1,000,000 = ml of solution)

3 Then 37,850 x 3 = feed flow x 1408.
Feeder flow = 80 ml per min,

-

(3) Procednres fo;‘\ ad justing hypochlorinators

(a) "Check lubrication: \

. ®
.l . . . T \

(b) Check checi-valves ' \/\ 1 21




(c) Check screens on suction 1ines

(d) Check belts if applicable .

~~
~~

1 \ e
'//(e)~ “Check all ewitches for off-position .

<

" (£) Make sure suction liné is. in solution.

\

r

(2) (hccktos«iffoodnrhnlu;pdin
APPLICATION.

(ob*ective u) o /

4

~2, Students will doumino rate at which.

~ chlorinator should feed solution‘and, as o

~

a‘team, set the feed rate. ..

,EVAwATIOH
Evaluate by oul quutionn, writtea questions.

and/or observation of student's performance . v

- during lesson, This may be accomplished ‘a‘t‘in‘y
tine during lesson for 1ncruud eoffectivensss,

~— -

S CONCLUSTON® (20 Win). <

- REMOTIVATION:

STUDY ASSIMENT: NONE TR 122

"Students:will complete WB III-‘-PL £ ~—
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Course No: 3ABR56330 Bra?chwrovalz ‘ o ~
Day 22 o Date: 5TV .

PART II.

INTRODUCTION (5 Min)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT

REVIEW: *

J . ‘ ’

ATTENTION:

© MOTIVATION:




R i St " < BODY (100 Min) . - e

PRESENTATION: | o o

5a. Demonstrate knowledge relative to cause

- of, control of, and treatment for taste, _ .

odor, and color by writing responses to
measurable written items., .

\ ~— /
(a) Dis;olved mineralN w/
T~

\ o L
\ ~—_
.1 Sodium chloride and similar

1ts give water a salty or
brickish taste

-\

2 ,Heu\llic minerals

Fy ﬂon and msn;anese-when well

wn rs containing dissolved
e \and Mn are aerated or chlorinated,

ese minerals are oxidized and form
v d or black precipitate
lv waters from mine
- ge will be colored
dusolved iron

o]

xflters may contain

ﬁon complexed with colloidal '
tter causing color which is

- - hTﬁ to renov- ,
. " a o , \

|
\ : i”“‘, ' 126 P




Corr.osion inh the distribution
. system-results in a reddish
i (rust) color at the tap

.

Certain bacteria usé ferrous
iron instead of. oxygen and
produce taste and odor com-
pounds '

o

(b) Dissolfed gases-HyS
1 Causes a rotten egg taste and odor

Sources

[ [V

N -

1 3

‘a Well water

b Decaying organic matter
@ ¢ Sulfate reducing bacteria

(c) Dissolved colloidal organic matter

1. Products of growth and decaying
biological organisms in water
supplies '




& 7A1gae

b Bacteria

¢ Actinomycetes Y ‘ K(

4

.Vegetable dyes from deca.y:m;
- ‘organic matter cause most’ mtural
color in water supplies

o

-

'3 Phenols-an industrial waste
which in small amounts produce
a medicinal taste

1

(d) Suspended solids-such as clay,
algae, and precipitated irom,
give water an apparent color. -

/ L4
(e) Industrial waste in various forms,

-especially dissolved organics, may .
give-water taste, odor, and color ‘

. (2) Control and treatment for algae

(a) CuS04 in reservoirs and sedimentation
tanks . )

J0S5 |




(b) Removed by coagulation,
- sedimentation, and filtration -

(c) Controlled in-plant by chlorination

B (3) Re.movaiv of dissolved organic materials

‘(a) Aeration-some taste and odor
campounds may be removed by aeration.

(b) Codgulation-some dissolved and colloidal
organic matter may be absorbed during -
coagulation especially color

(¢) Chemiml oxidation of dissolved
organic matter for taste, odor, and
“color

=

Chlorination

]

Permanganates

(d) Ai)sorp'tion-most dissolved organics

- causing taste , odor, am® color may
> absorbed by activated carbon

129 ‘ x




(4)" Iron and manganese removal : - : ' N

-

" (a)- Sources. of iron and manganese , | E

.

1 Well waters with high C0, content’
‘may contain unoxidized Fe and.Mn
as the bicarbonates .

2 Lakes-in the vlower levels of .
J1akes where anaerobic conditicuns
reduce iron to ferrous state

«

3 Well or surface waters with
organic matter result in iron
combined with organic matter -

4 Corrosive conditions in pipes
may release iron to the water

(b) Effects of Fe and Mn

o
1l Color due to precipitate - . .
hydroxides or colloidal .
organic-matter containing iron

: I

~

2 Taste and odor produced by
iron bacteria

£
-

3 Slime growths of iron bacteria Jo
~ clogging equipment . ‘

sl

S o130 ’




Sb,

(c) Methods of Fe and Mn removal

(Lo

-

it

. Mn

Oxidation, precipitation,
- sedimentation amd filtration

1 "2

j

!

Oxidize by aeration
Oxj:dizje by chlorination

Oxidize in contact beds by
catalytic action or by using
permanganate -

-

Low concentrations of : -
unoxidized iron or manganese
may be removed by ion exchange

The lime-soda process for water
softening will remove most Fe and

-

Using prepared samples, chemicals, and jar test
equipment, and following written instructions, as
a team, treat water for taste, odor, coldr, irom,
manganese, and algae, .

. (1) Aeration




- (a). . Removes H,S (taste and odor)
} . \ .
' * . (b) Oxidizes Fe and Mn
3
(c) Removes CO thus uismg pH and
’ ‘precipitating Fe and Mn -
N (2) Chemical oxidation
; \\ ‘ .
& N ’ (a) Chlorination

1l Oxidizes Fe and Mn

’

2 Oxidizes taste, odor, anld
) color“and kills algae

(b) Permanganates

1 Oxiglize; Fe andﬁ;

- 2 Oxidizes taste, ,oiior, &Qﬂo—r‘f
¢ .
o o ] N

(3) Coagulation

’ o

.- -
AN




‘() Removes ;"prcc.ipit:ated Fe and Mn -

1.

1

!

! ———

/

N | .
(h)  Removes; color

Absorption |
i
(a) Removes taste and. odor

| T .
] 'x,
(b) Remvgs snall amounts of color

i
1

S

(5) CuSO4 treatment far algae
x 1 "b

APPLICATION:

1. Students will complete WB III:S-H

2, As d class, use the jar test -equipment and

chemicals to treat water for taste, odor,
Fe, Mn, color, and algae,

EVALUATION: '

. P
Evaluate by oral, written questions l.nd(_or
observation of student's performance during
‘lesson, This may be accomplished at any time
during lesson to increase effectiveness,’

%

1
’
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- . CONCWQIN (15 Min) . - ’ j

} N

‘\ | SUMMARY: . \\ C

:} L]
¢ ’ ¢ ’
’
¢ Y
’
; <
. -
REMOTIVATION:
‘ .
' -
4
b 1)
v
°
K
“‘ ¢

STUDY ASSIGNMENT: '
1. Read SC III-6 and answer quut}cdg . S ﬁ_.) ,

2. Read SC-III-7 and answer questions
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¢ . .
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CRITERION OSJECTIVES AND TEACHING STEPS
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(3) Chemical feeders used for fluoridation

(4) Methods used for defluoridation

(1) Purpose and requirements for fluoridation and defluoridation ' ' {

\

]
N

ATC FORM m
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' LESSON PLAN (Pert |, Generel) CONTINUATION SHEET > ‘

L8
’

CRITERION OBJECTIVES AND TEACHING STEPS (Continvedt’ o L
6b. Given flow rate of witer, determine fluoride dosage, concentration of soluuon, : '
and solution feed rate needed to provide 1 ppm ﬂuorides and as a member, of a, :

Jteam, adjust feeder to deliver required feed, ' / ! N
(1) Determination of feed rate ° , ‘ v, , !
P ‘ L N . 3 :‘
(2) Adjusting chemical feeder . .o
Y ) . 2 }
1 " * . . 2 *
« ~ v \ i
9 : T -3 ;
“ | .

O ATC [foMM 7704
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Coursl: Iio:y 3ABR36330 ¢ . v o T i
C v . Day 23 ) , Bl:anch. Appr;::l;
AT . - - ’ RCC 2

e N - .

o . : . |

¢ . v APAR,I‘ ll [

- INTRODUCYION' {20 Min)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT: : ) h

[
~ L REVIEW:
.
v
- 4
- - P Rf L}
' »
.
P
i -
W
< .
d N .
« - ATTINTION: .
: . @ 2 N “ v
' -
~ ’ e
\ . ,
t -
o

~.¢

{OTIVATION: ) ‘ ~ / .




“~

.

(.

- BODY (85 Min)

PRESENTATION: = ' )
vie,  Demonstrate lmo\élcdge of principles of
* {luoridation and defluoridation by 'writing -

responses to measurable written items,
P ot ’ N

-

* (1) Purpose and requirements for fluoridati
and defluoridation - '

o

L . -
n ’ ©
’

“ (a) Fluorides are added to water to .

\

.

"

prevent tooth decay

{

IRY

. (b) , Residuals are :ﬁafinfained from
C.7 £o 1.2 ppm, normally 1 ppm

(2) Excess fluorides cause mottling
of teeth and excess must -be removed

» .
.

v
N -

(2) wChemicals used for fluoridation

4

*

Ps

-

b2

(a) NaF-a dry powder

-

(b * NagSiFg~a dry powder

-

© (¢)® HgSiFg-a liquid

’

N




(d) Points of application

Safety precautions

1 'Hazards of fluorides

b dorrpsi'wre

o

Avoid breathing dust

Do not:allow chemicals ‘to come
in contact with body (espec:b.lly in

open cuts or sores) )

Wear protective clothing and mask’

Store chemicals in dry, well
ventilated area

&

(3) Chemical feeders used for fluoridation

(a) Solution feeders: (for acid or prepared
solutions)

(b) Dry feeders’




ob,

Loss of weicht(gravimetric)

. -

2 Volumetric

Hethods used for defluorid%z’tion

(a) Absorption o

'l

Bone Char

[

2 Activated carbon

3\
\

\ ~ \
(b) Precipitafilon with magnesium and
lime ) ’ ' ,
\

\

Given flow rate of water, determine fluoride

dosage, concentration of solution, and selution
feed rate nceded to provide 1 ppm fluorides, -and
as a member of a team, adjust feeder to deliver
required feed.

»

(1) Determination of feed rate.

(a) Establish dosage~if treated water
has no fluoride, the dosage will be
1 ppm; otherwise, add to equal 1 ppm




3

. . . R T aae e
PV TR s eIt St en s e mnn o e e e e e e JRDUIFEEN .-
[ DN

. ‘ ) (b) Determine flow rate of water in

;v ml per min, ©Gal per min, x 3784 =

" ml per minute
T \

Determine concentration of solution
in ppm, Per cent of solution x 10,000
= PP ‘

"(d) Flow of water x dosage = solution
feed rate x uoqpentration of solution

(2) Adjusting chemical feeder I ' S
(a) Changing feed rate

(b) Checking feed rate
APPLICATION: - ‘ ' T
I. Students will éomplete‘WB-G-Plt

2. Solve mathematical problems relative to
applying fluoride solutions

3. Adjust chemical feeder to determined feed
I‘ate ) -~




-

»
e oo et Mg e v o

S e S S

EVALUATION: L ‘ . s

N\
. A
\ . s
Evaluate by oral, written guestions, and/or / .
observation of student's performance -during < ¢

lesson. This may be accompXished at any time
during lessén for increased effectiveness.

CONCLUSION (15 Min) T '

RYaE

‘SUMMARY :

REMOTIVATION :

STUDY ASSIGNMENT: \
. N »

NONE ‘ .




LESSON PLAN ( Pert |, Generel)

APPROVAL OF FICE AND O , INSTRUCTOR

M-~TGE¥C~‘/.-HJun iAo e e
. - [~ coursE wumsEr - COURSE TITLE .
3ABR56330 Environmental Support §pecmlist
BLOCK N,UNIGR I BLOCK TITLE
Operating Princlples of Water Treatment Plants

LESSON TITLE -

Water sttnbutxon Systems (Day 23)
LESSON DURATION

CLASSROOM/L ARORATORY COMPLEMENTARY . TOTAL :
. 4 Hrs 1,5 Hrg 5.5 Hrs
’ - PO} l!F!l!Ng! )

PAGE NUMDER . PAGE DATE PARAGRAPR )
21 ~ 6 Jupe 1975 A 7
. . STS/CTS REFERENCE "

[TNUMBER OATE j
'STS 563X0 : _ 28 July 1971 S~y
SUPERYISOR APPROVAL , .
SIGNATURE DATE SIGNATURE AT

PRECLASS PREPARATIN

m%’:::;;fvcofv“ r:gnu .!’:P‘P':.TV | - CLASuPIED MATERIAL uuguna:r:f;:'aﬁ:::u
None None None - SG II-7
. B iWB III-7-P1
AFM 85-13

CRITERION OBJECTIVES AND TEACHING STEPS

7a, Answer questions relative to function and operation of components of a water
distribution system by wnting responses to measurable written items,

# t

-
Ny,

(1) Pumps | .
(2). Pipe lines

-~

(3) Storage tanks
' 4) Va'lves and hydrants

(5) Cross connection prevention

(6) Water hammer control

ATC om0

AUG 72




T LESION PLAN (Par.|, Gesarel) CONTINUATION SHEET g
o \ CRITERION OBJECTIVES AND TEACHING STEPS (Comtinved) o L o
7b. Using AFM 85-13-and a line drawing. showing numbered symbols for pipesand | =
valves, identify type and/or position of valves, size of pipes, and names of S
| ¢components, :
(1) Use of utility maps A
(2) Reading utility maps
*
!
//"
'}
J
C o ATC o A Y ‘
Q | AUG 72 : , 2 1 4 4




Course No: 3ABRS6330
Day 23

v
PART II
. INTRODUCTION (5 Min)

CHECK PREVIOUS DAYS STUDY ASSTCNMENT:

REVIEW:

-

ATTENTION:

MOTIVATION:




BODY (225 Min)

e

PRESENTATION:
7a. Answer questions relative to function and - " e
operation of components of a water :
distribution system by writing reaponna to
measurable written items,

A (1) Pumps -

.
-
»

(a) Booster pumps: Used to raise the
pressure in the distribution system

one nonpressure source to another

(¢) High lift: Used to pump a gravity
source to the glia};‘}ﬁbgggvmt‘-; B

. (d) Well pumps: Can discharge into the
water plant, d.stribution system, or
storage. | )

L]

(2) Pipe lines . 2 !

} ..

“(a) Feeder mains supply the di.stribut::.on |

(b) Low lift: Used to pump water from
mains and storage tanks




’

(b) Distribution mains are the. pipe
lines which make up the distribution
system

-

(c) Service lines comnect individual
buildings ‘to distribution mains,

: |
(3) Storage tanks

(a) Elevated tanks

Supply water for emergencies ani
pump failures

’f;ither elevated or on high-
ground above fhe highest. building”

Supply pressure in system

N

(b) Ground storage

&

1l Store water at or near ground level




P\-ped fru/ these to
elevnted tanks or directly

iito system

L

(:c;) Pnewmatic tanks

) 1 Partially filled with air to
mmtnm pressure
2 Takes place of elgvgtqdé:ﬁnks
3 Compressed air

(d) - Emergency reservoirs
‘ ‘\ 1 Used to proyide fire protection

'2 Doesn't feed into system
~ (4) .Valves and ‘hydrants St
(a). Valves

; Cate Valves

.'.
VAR

7
“
P
rd
L 4
y
,/”“r
<
Ay
-
1
.
< L




-

, & Isolate sections of pipe

. b :Opened or closcd. completely " ) ' SR
. e . : :

R ¢ - . Y

2 Globe valves

?

Regulate the flow

[

b Used in small lines ' .

3 Check valves: Used ﬁhgre the
) water is allowed to flow in;one
direction - :

4 Curb service valves: Used to . ‘
‘control water into indivéyﬁl . . 5

S S N\

Pressure reducing valves:
Used to control water pressure
in areas of low elmtion..

.

« ‘ 1 N
Altitude valves: Used to '
control the water level in e .
elevated tanks

. o

- . H f




(b) Hydrants are: connocted “to main feedor
line: Normally louted on atrcets 400 Tt..

apart, so that every buﬂding <an Be reached
" from 2 hydraits. \d.thnotuore tban 300 feet:

N of hoses \ ‘ .

1 Standard type for nol

2 Flush type or pit mmmted for airfield
apron use .

(5) PreVent;nn of back siphomge (Back flov)

’ (a.) Back siphonage is the hacld.n; up
contaminated or polluted water int! thc

potable water system,” . , o ’

{v) Back 7 siphonage conditions frequcntly f
occur because of careleunen of users. . P, >

\ -
A

. (c) Prevent ‘back siphonage by

1 Elimination of connection | -
2 Separation by air gap , '
3 Back flow preventer : '
4 ‘Testing u:d lui.ntemnce

{

/‘ !
i

. | o
(6) Water hammer control
! : : /
’ ~ »’/
//‘

(a) “Water hamner is' a rapid pressure
. " fluctuation above and below the . . -
line pressurs in.a closed system ' B
caused by rapid cloaing of- valves, =~ ' .




(b) Water 'hammer can be controlled by
ingtallation of a valve that cannot ) .
be' closed too quickly or improperly. " ’
Instructions to operating personnel ° . e
can frequently relieve the condition

pIQ - !

: = ch ‘ , . \\ \\
K #(c) Surge chamber. - - . \ \

. .
\ o ) ‘e

| .
. Using AFM 85~13 and a ‘line drawing showing - | \ '
« nunbered symbols for pipes and valves, ident:.fy \

type and/or position of valves, size of pipes, o
am]i names of components,' o N \

(1) Use’of utility maps - \

»,
-

(a) Utiiity maps are needed to show.
location of various pipes-and | .
Np— ——valves : R - - S ‘ L

e e e e N - - -

i
1
| . ‘ *
|

(b) The mind of man forgets but maps =~ -
can always be-used to show precise ‘ -
location of components

~

\ o
(c) ‘Qha.nges should oe made on a )

ytility map every time a new .

line is laid or a readjustment

of the old one is made

}

}

(2)" Reading of utility maps




| . (a) Symbols are used to show

l . ; location of vtlves, mains,

P ] ‘and other components of ‘a
. water distribution- systen

/

(b) Each base nomlly shows meaning
of symbols on a ‘legend on the m: map.

<«

e

» /J’ -
APPLICATION: \ : . /
- , ' ] \‘ - S

1. Give student's a diagram dmmg of a
distribution system, Have them to _ .
identify different symbols used to show
w.r:mus canponenta.

: | .
2, Have studexts complete WB 3ABRS§330-ITI-7-P1

pages 20 and 21 /-

!

v

T ALUATION: :

Fva.lua.t:c by‘ ora.l,_ written questilzs, and/or

| observation of student's perfomhnce during”
. _lesson, This may be accomplished at any time _
\ during lesson for increased effectiveness.

‘ v\ / *3\ ‘ . . . El" [}
\i’ [ /
\l . CONCLUSION (10 Min)
. o | ] \
\ SUMMARY : . \ /
}
i -\ / .
s ‘i
| ) N
|
\ |
\‘ . . . ‘ /[
“\mfom/\non: : /

} ‘x:y
©
sm\ny ASSICNMENT:
Read SC 3ABR56330-III-8 / '
. ; * /




o LESSON PLAN ( Port |, Genorsl) "\
APPROVAL OFFICE AND DATE INSTRUCTOR . ]
TCETC/I?Jun’IM ~
COURSE NUMBER COUI}! TITLE /‘\
3ABR56330 \ Environmental Support Specialist
‘BLOCK NUMBER N , SLOCK TITLE
I i

LESSON TITLE

Y

“Internal Corrosion and Scale (Days 24 and 25)
= N LESSON DURATION

CLASSROOM/L ARORATORY . COMPL EMENTARY ) " TOTAL
10 Hrs , 4Hrs _ 14 Hrg —
, ] POl REFERENCE .
PAGE NUMBER {1 | PAGE DATE PQRAGIAPH
22 6 June 1975 8
, ‘ STS/CTS REFERENCE
NUMBER - ) - DATE
STS/563X0 28 July 1971
S ‘ ___ SUPERYISOR APPROVAL '
/ 7! SIGNATURE DATE * SIGNATURE DATE

YA 1

PRECLASS PREPARATION

!Q‘ PMENT LOCATED éQUlmlNT GRAPHKIC AIDS AN6
N LABORAT ORY FROM.SUPPLY CLASKIFIED MATERIAL UNCLASSIFIED MAT ERIAL
Automatic pH | None . None BG III-8
Controller Trainer ' B III-8-P1.
. - S — = - = =fAUtomatic. pH———=f-—
B T R S |- Control Operating. {. .
S ' : » Manual
- N ' .
\\ . i
\\ \
\ CRITERION OBJECTIVES AND TEACHING STEPS |

8a. Demonstrate a knowledgé of internal scale and corrosion and the «caus"‘es‘ and
treatment for, by matching térms or items of information . with related phrases or
statements.

(1)\ Causes of scale -
/ - (2) Causes of corrosion ' \

N

/ (3) Tﬁ'\ges of water.using equipment
\ ~ . ‘
(4) Scale and corrosion control in open recirculation systems (cooling towers)

I -

(6) Scale and corrosion control in boilers

(5) Scale and corrosion. control in closed: recirculation systems ~

\

! .
ATC S5m0 : S




N

LESSON PLAN (Part 1, Gonersl) CONTINUATION SHEET

- CRITERION OBJECTIVES AND TEACHING STEPS (Continyed)

_}-8b. ‘,Fouowmg written instructions as a class team member, operate the pH

controller trainer to adjust the water to a pH of 10 + .5 pH unit,

(1) Purpose of pH controller
(2) Compon’ent‘sand principles of operation

A (3) . Operational procedures N

aTC [ A 2 154

AUG 72




Course No: 3ABRS6330.
Days 24 and 25
- PART IT
INTRODUCTION (30, Min)
|~ . CHECK PREVIOUS DAYS STUDY ASSIGNMENT:

REVIEW:

ATTENTION:

Branch Approval: %k{a—f
Date:_3 ;4,( y A o

I

"OVERV1EW:

MOTIVATION:




~ BODY (540 Min)

PRESENTATION: : -

Sa.

Demonstrate a kmowledge of internal
scale and corrosion and the causes
and treatment for, by matching terms
or items of information with related
phrases or statements, "

(1) Causes of scale

-

(a) Impurities in water cause
scale )

!

1 Thosé which cause hardness

2 Calcium

‘b Magnesium-

2 Fe-Mn

3 Silica

4 Suspended solids

“
5
/




(b) Forms of scale

1 Pure mineral scale

RN

o 2 CaCO3-soft, chalky

jo

CuS04-hard, sticky,
especially on hot surfaces

¢ Mg (OH)

d SiOy-hard, glass-like
deposit

- 2--Mixed scale~corrosion
products (may contain
- the nonnally suspended

- ~solids) R

- 3. Combinatiocas of mineral
~-scale 'bound together by
silica to fam a hard -

scale : -

(c) Conditions affecting scaling
| .




1 Concentration of ions
which cambine to form
scale-Ca, Mg, 5i0,,

- g v:pu,,. .

3 Temperature of water

4 Temperature of metal
surface

(2) Causes of corrosion

<o

&
—”

-

(a) Definition of corrosion.

!
i ™~
k\ )
\
|
— — (b)Direct chemical attack |
- l“
+
|
1 Oxygen attack -
A

-

2 Acid attack

(c) Electro~chemical attack ’
. (Galvanic cell)




1 Essentials of a
galvanic cell

& Anode-metal or area
which corrodes

\
(oo

Cathode-_where reduction
- of H+ takes place '

< -Meta.l hond-connects '
electrodes T

d Electrolyte-(salt or
acid solution)

¢ Depolarizer-(normally
dissolved: oxygen must. . — -
be present) removes Hy
from cathode

2 Conditions favorable
for corrosion

‘2 Low pH (acid)

b COp-(forming acid)

=




‘¢ Dissolved oxygem .

 mam e T

‘ d Bimetallic cou?pling

(3) Types of water using equipment

\

(a) Once through systeméa 7

&
i
1 Water ‘%\Eliéi:x_'ibﬁfion
systems
\

2 Hot water heaters
NOTE: Treatment as
covered in
softening and
stabilization.

37

w;

(b)—Open-recirculationsystems —
1 Cooling towers
- \
2 Ponds or lakes N
+
(c) Closed recirculation systems
/7
8 1 b 0 y
R A
‘ -~



1 Internal combustion
engine cooling \;ystems

- . _2_ Hot water heating
: systems

X 3 Refrigeration chilled
. _ water systems. \

.
/ & \

(4) "Scale and corrosion control in \ .
open recirculation systems . \
. (cooling towers) \

o N ) \ L
: \

(2) Factors-affecting scale and _ \
- corrosion in cooling towers \

S | | \

Y . .
"1 Concentration of solids , \
. ‘ ~ due to loss of water o
———e © T~ by evaporation -~ T \

- 2 Saturation of water
with dissolved oxygen

’ -
-
\\_\ .

3 Possible high temperatures

4 Algae and bacterial growth
in tower.-and lines

> -




o 5 Electto%chéxﬁi‘cal corrosion %~
' of différent metals
N (b) Methods of icontrol /;

1 Softening of make-up

\ ‘ water -

\ 2 Blow down to limit
' concentration of /solids

| 3 pH adjustment to prevent

I CaCO3 precipitation
| \ ,
‘\\‘ . ‘ /

Polyphosphates to keep
Ca and Mg in solution |
and as ajcorrosion inhibitor

&

1
'

e L i

5 Chlorimt]ion or other
chancals{ to control
b1ologzca?{. growths /

1%

(s)

/\U/

Scale and corrosion control —

~

in closed recirculation systems

. ———— _
. e U

-

(a)  Since a.minimm of make up
“water is used; -scale- is- 1itt1e
problem

L

162

10
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" (b) Corrosion control

' 1£‘Corrosion inhibitors

' o \
’ 2 Chromates-cannot be
used with permanent
type antifreeze~toxic
\

-

-~

o—

\g Nitrates-can be, used
with antifreeze

»

Scale and corrosion controls in

(6)
boilers

\ ‘ ; ﬂ
\ (a) Factors causing scale and
corrcsion in boilers : ;

A
3
\
N}

| 1 Precipitation of scale.
due to high temperature

, (in boiler)

_ \
’ ll‘ \ l . -

2 Conc&ntration,of‘solids
(in boiler) due to steam

losses

’ \ )

o 3 Break down of HCO3 to
. precipitate CaCOy and form

C03 which causes corrosion

in steam and condensation lines

i
|
/
I

——

e S




. " N - . .Y ~
- LY ! N - R . .
. -
[N T, :
*, 9 S P
. N

» 4 Dissolved oxygen in

. boiler water and in Co. _ .

steam lines causing ’ , ) ™
corrosion RN g

-
-
A et o g

R J ~ (b) Methods ¢f comtrol ~ =~

e N

1 Removal of hardness
and ‘carbonate alkalinity
. from make-ip water

-~

' 2 Deaerate to remove O

3 Adjust pH with NaOH ot

. . ‘ ‘“"\—\,\' s

« 4. Blow Down of boiler . ' . R

‘ S - water to prevent solids ~ ‘
- wige 0

5 -Add scdiuwm sulfite to S
: remowve dis;olved oxygen- .
: ' - "~ Na2S04 + NVS% : x
L .
e 6 Add neutralizing amines [

' S . to neutralize CO
{ ’ . .

7 Add filming amines to ) ,
. : " form protective coating .
d oo on steam and condensate lines -

.




. *

f

INTRODUCTION (DAY 25)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT:

-




. PRESENTATION: L At
LTy . /
=4 8b, Following wx:'itten instructions as
a class team member, operate the .
; \ pH controllgler trainer to adjust ' o
. , ‘water to a of 10 + ,5pH unit. o/

! /

(1) Purpose of pH controllér

}
1.
. (a) This specific upit is
’ used to adjust pH of
. 77 boiler water |

<

(b) Other systems with similar /
- equipnent A /
; . j

. N
Cooling tower water / -9

=

- 2 Acid feed for stability
o 1 .of oncc through |systems
using lime softening

»

., of operation’

(a) Caustic tank

i - ¥

(b) Pump and control assembly - : l L




(c) \Mixiﬁg chamber

. | i
(d) Sensing chamber

ey

4

(e) Amplifier .

(f) Recorder controller

(3) Operational procedures

!

~ (a) - Preinspection and service

-

< %

{b) Operational instructions .

-

(c) Safety —

Lo

Electrical

— - - - ———— . v \

/ APPLICATION : \ !

The students will complete WB-3~-P1 and -
operate the pH trainer to adiust pH of '
- ' " water




EVALUATION: S -
. \
. ¢ - ’;

Evaluate by oral, written questions and/or Do

observation of student!s performance during
lesson, This may be accomplished at any time
during lesson for increased effectiveness,

¥
\

[ N N,
4

.

CONCIUSION (30 Min)

SUMMARY :

REMOTIVATION:

;\,’ .

STUDY ASSIGNMENT: - o

, Read SG IV-1

Block Test:




T: Y , | _ | /:7_5/ /4@

' Lmnm(rm,m' ‘ : ’ 'T;
PN , 1NSTRNCTON :

COURSE NUMBER COURIR TITLR

SABR56330 S Environmental mpport gpecianu
* |- BLOCK NUMBER LOCK TITLE
IV chlized Water T nt
LESOON TITLE it
Ion Exchangers and Controls (Dnyl 26 a7, 28, nd!ﬂ)
LESION TION -
CLASSAOOM/LABORATOAY COUPLEMENTARY u . ] ToTAL
24 Hours - _8Hours ik 32 Hours——
T etvome ~ PASE DATE FURIFIRINCE. PARASRAPH .
24 . 0 Jupe 1975
STS/CTS REPR :
“NUMBER e s
’ STS 563X0 28 July 1971
) i . - SUPERVISOR APPROVAL .
SIBNATURE ’ 4 oare . m_nnm : " DATR
‘ i PRECLASS PREPARATION - :
s - T T
Sodlum Catloc None .C AR | < (%)
H uﬂ"#ﬁuon . WB IV-1-P1
| T | SR 563X0: Career Lad-
d e Demin- : . der, Servicing of
} W r ener ) R ’ - IOIl Wrs
Trainer AFM 85-13
m | ‘: ‘ , , M
Demineralizer i

CRITERION OSJECTIVES AND TEACHING STEPS

la. Using an ion exchanger unit, trace the water flow through the unit for each
" cycle of operation.

(1) Purpose of ion exchangers and demineralizers
(2) Theory of ionization

(3) Characteristics of resins \
(4) Types of exchangers

(5) Construction features

, (6) Cyclgséfoperatlon

o ATC oM™ 70

EC / e | 1'89




/47 \ l

\ ) : i
L . . \

CRITERION OBJECTIVES AND TEACHING STEPS (Continved

1b. .Using an ion exchanger unit, adjust tha controu to. direct water flow through
the unit for exch cycle ot opantton ‘ -

(1) Preoperational inapections _
(3) Starting adjustments ~.
(3) Openﬁogal adjustments '
(4 Shotdown sdjustments,
- (5) Sﬂfety pmcautions | S

lc. Usinga dnl bed or mimdbed deminenuzer, observing aafety precautions and
‘{ working as a’team, regenenta the unit-and piaceiin service,

(1) Need for regeneration‘
(2) ABac"kwash proce&xres
- 3) Regamnuon prepmuou
(4) Functﬁn ot sontrols and instraments -
(5) Safety ln Mndung chemicals
(6) Quality control meuuru

ld Usiqg—iﬂ!'e“m instructions in art H, secHon 13, AFM35-13 mspect
 the ion exclmrunlts and pu'lorm requirad malntenance.

(1) Multlport valvea and dlstrlbutlon fittings
(2) Ejectors and brine solution

(3) Service conditions
' (4) Safety precautions.

170




Course No: 3ABRS6330
Days 26, 27, 28, & 29
m II ) .‘,.:'-- N

INTRODUCTION (i0 Mimites)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT .

LS

MOTTVATION:




‘ BADY (2420 mdmites)
PR!SEN’IM‘IQL
ta. Using an ion exchanger unit, trace tho

water {low through the un:lt ror oach cyclo‘
of opemtion.

(1) Pnrpouofion;xchaueramd '
4 demineralisers. : s

(2). Theory of iomisation

-

(3) Characteristics of resins

(a) Natural sand is also known as
. glauconite (green sand).’ It is -
green-grey in color, and is
" gramlar in shape

-
&

(b) Marmade resins have a higher -

capacity to mhuge than
natural. sand

172




1 &ﬂ!«n«d polntym is

gold-browm in color and -
'hIMin‘a_mﬂalbud

2 ana-.nnmewu-'

marmade green sand, - It is -
,uhito:lncolorandmmhr

(4) Types of. mhangta

el .’

(a) Catiom

1l Sodiwm cution is to remews
Ca & Mg only -

2 Bydrogencatl.cnwﬂlr-cn ’
Ca, Mg, Fe, dh]initymd
lmrm

(b) Anion




1. Hukbuevﬂlm:trouac:lh‘

only

‘X Stnngbuevﬂlmndl
acids. !

'65). Conauuction tutn_r;.' .
©) e
(c? Effluent cl,i?tribweorx
(1) Support bed
() 'mr‘,m;m
‘(1‘)' Freeboard space |
(s? Wt dian-ibum

(k) Moltiport valve N 174




(k) Regenerant .tank

(6) Cycles of operation

'(b) Chemical injection
(¢) .Slow rinse

{3} Final rinse

PS
o
-

Service

APPLICATION :

v ‘ e 7‘ !
Using an ion exchanger \mit; trace the flow
ofmterthrmghﬂuunitinallcycles of
perut:lon.

——— —

e e iz & W
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INTRODUCTION (Day 27)

_CHECK PREVIOUS DAYS STUDY ASSINMENT:

S \ N . -
REVIEW: . \ : \ .




. :
NI 4
|

mmn\nm :

15, Using an ion pxchm;er unit, adjust the
controls to direct water flow _through

the unit for each cycle of operation,

(2) Starting adjustments
\ .
o o

o |
(4) Swtdom adjustments - ’

& .

. .
» .

A

(a)". Close influent valve ,

'

Y
- a

9




o/
. (b) Close sffluent valve -

(c) Secure Avea e
/ .
/

(5) - Safety precautions

. {a) Always pour acid into vater
© . when diluting -

, L : .
. (b) | Use goggles/face shield and
T “\apron-when diluting acids

\G f

i

. t
*

./'

" (c) Do not breath the' vapors fram -
;cms . Py

LI -
(d) If you get acigs or lye water
. on your hands, vash them gently
using a lot of water as these .
o will_cause severe burns

APPLICATION:

Using an ion exchanger unit, adjust the coatrols
to direct water flow through the unit for each cycle
of operation. : .

L4




. STUDY ASSToRuENT: ' - | N
.- . - L I
. Review' SGC ABR56330~IV-1, Ion Exchangers : - |

. .
» - R

i
.
P
-4
y -
1




PRESENTATION: "
Using a dual-bed or ni.xad—bed du:l.nenlinr,

ic.
" observing safety/ precmtim, -
as & team, regenente the unit md place in : | |
SQMCO. l . . ) ¢ “i
* ’ . “
. ; . : |
oy .
(1) Need for 'regéneration \
: \ , )
.' | | \ ,

] -‘ M N - K
! (2) Backwash procedures . / \
— n A S i ‘ \ [,
N " ’ 1 ’ ) !
: | :
! !
f -
! ! \ i _
P / , | -
"// y l : K . i ‘
(3) Regenératié;i preparation : : o
/
} , ' .
© " L / © /
. i ' b </ |
l 4 o : ‘11 ’ I/‘ ‘
(4) E\mctions of cantrols and instruments !
/ "\ 1 » ,”
} ; . {

18y




(5) Safety in handling chénicgls

A

(6) Quahty éontrol measures

{ . |

APPLICATION;
‘Using a dual-bed or mixed-bed demineralizer, and' : : ’
working as a team(3-man), regenerate the unit and
place it into service positiom, .
, _* CONCLUSION (Day 28) - e
SUMMARY : ' ] | ’ . - ﬁ
- - 0
/ [
STUDY ASSIGNMENT:
Review SG 3ABR56330~IV-~1, Ion Exchangers ., ’ ,

4

’l




) m'nomcmu (Day 29)
CHECK PREVIOUS DAYS STUDY Ass:tm'r. ' ,
REVIEN:
r's , ’ !
OQVERVIEW: . .
kX e *
MOTIVATION: . .
C" o
msmuuui-
1d, Using the written instructions in part H, ' S -
section 13, AFM 85-13, inspect the ion .
" exchanger units and perfom the required - ’
maintenance
[ .
1 182
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(1) Multiport valves and distribution fittings

Ld

- (2) i!jectors ard brine ao]jution.

~ (3) Service conditions

Y

'(4) Safety precautions -

_ APPLICATZON:

Using the instructions in AFM 85-13, Part H,
Section 13, inspect the demineralizer units
and perform the required maintenance, e

EVALUATION:

Evaluate by oral, written questions, and/or -,

observation of students performance during

lesson, This may be accamplished at any time
" during lesson for increased effectiveness.

-

.

CONCLUSION (10 Minutes)




REMOTIVATION:

e

STUDY ASSM'!.‘:

SG 3ABR56330-IV-2, Electrodialysis Demineralisation
SG 3ABRS6330-IV~3, Specialized Water Treatment

©

-

. | | , 184
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N

- \ .‘ /&9_/

.k _ LESSON PLAN ( Pert1, c...o !
o APPROVAL OFFICE AND INSTRUCTOR | ’
TCETC/ 17Jun757 . "
COURSE NUMBER COURSE TITLE
3ABR56330 ' Environmental w
BLOCK NUMBER SLOCK TITLE ’
IV Specialized Water 'rmtment -
LESSCH TITLE \
Elecirodialysis Demineralization (Day.30) . —
* LESION DURATION A
CLASSROOM/LABORATORY COMPLEMENTARY 'roni.\
4 Hours . 1.5 Hours o 5.5 Hours
_ POI REFERENCE ,
PAGE NUMBER PAGE DATER PARASRAPH
. 25 __8 June 1975 .2
! STS/CTS REFERENCE
W OATE ; N
STS 563§Q 28 July 1971 \
" SUPERYISOR APPROVAL N
SIGNATURE : DATE SISNATURE \DATE
N\
- AN
P — — : 1T~
_ — <
M . rt:cuss PREPARATION _ \
e s comrmomrenat | avamesmie, |\
Electrodialysis None : None ' [SG.IV-2
Ltmineralizer S WB IV-2-P1
“CRITEMON OBJECTIVES AND TIAO“NG STEPS — o
2a. Following written instructions, inspect, start, and stop the electrodialysis
unit. : ‘
« . (1) Principles of operation
(2)° Major components
3) Operational_procedﬁ_res
(4) Safety precautions .
ATC rom m

AUG T2




LESSON PLAN (Pt 1, Gonoral) CONTINUATION SHEET
_CRITERION OBJECTIVES AND TEACHING STEPS (Continved ) T

2b. Following written instructions and working as a team, assemble 3 répe‘ated
section of a2 membrane stack, - A

(1) Stack n;a_lfunctibp . : /——'
- (2) Disassembly procedure;.s .
(3) Assembiy procedures o \ 9
(4) a Operational check
(5) Sa;‘ety‘precautions




Course No: 3ABRSG330 ' Branch Approval: y

Day 30 : Date: ‘

' © PART e o

‘ 7 INTRODUGTION (5 Min)
CHECK PREVIOUS DAYS STUDY ASSTGAMENT

REVIENW:

|
\
" ATTENTION:
OVERVIENW:
« )
| MOTIVATION: i
C ) 3187




% IR

) " BODY (230 Min)

‘ . o ‘
PRESENTATION: : . .

2a. Following written instructicns, inspect,
start,"and step the electrodialysis unit,

(1) Principles of operation -

(2) Major components .
2
(a) Membrane stack
(b) DC rectifier

(c) Centrifugal pump .

P

. (d) InTet filter

/65"

0




-

(e) Rate of flow meter
(f) Pressure control valve T /

~(g) Conductivity meter

(h) Chemicals used

%2 Calgm
’ (1) Duil chemical feeder:

(j) External piping proﬁdes L T

i
1 A dilute stream

/ 7

& A concentrate streasm D

.

3 An'eleét;‘bde stream R ) _ °

-'5 : 189 Ve




'y
N |
AN\

N

} ‘)
/ : VA *
/ (3) Operational procedures : |
/. / ) y ; ‘, ‘ o

R . t\ .
i /' '.‘ . ' ‘ ’ :\

(4) Safety precautio:'m I

\ "
v,

(a) Use extreme caution aroind the
DC current. Be sure to ‘have - .
rubber mats around the unit; - . . Lo
remove all jewelry bef&re starting ‘ _ - /I
i

N - - - K
/ = ; ¢

h A . o . : B e - \‘y‘ . o ! ' /’ ‘
(b) Use caution when handling acid | R ‘/_/ S
while cleaning the stack | ~ "7/ ° - : :

3

* ‘\ ” ’ ;

N + \ “ . ‘ ) .

- 2b, Following written inatructions and vorldng - . - J?
as a team, assemble a repeated section.of a = : o
membrane stack , \ N . e /1

° . - . N

(1) 'Stack malfunctions - | §

() _I_)epolifa of scale: causing a ,
" salt blask T T \ ST e

R . ... 191y




Y

‘ (v): Sm&n being placed wrou

e

e

(c) Membranes cracked or broken - . n

1
-

—

(2) Disassembly procedures

(3) Anubly procodun:n

|

(a) Cu'omlly nJ.L ‘the membranes '
and spacers. "bo taat the manifold
holes form a{nrueh flow header -
for ﬁu entering streams,




, .’ - . B C .
./ (@) Tighten binding bolts alternately
/ and only enough to stop. excessive
) leaking with the pump ou,

~

Ny - . -
</~ (4) Operational check’ —
/ ~—
v '
:7\ . s
/. . \ \

| APPLICATION: | I
X Ul;!:ng the pfovided checklist, each student will
7 inspect, start, aml stop the electrodialysis unit,

- f — . f

- |

L ————

- . ot

Using the chart provided ind the workbook

WB 3ABR56330-IV-2-P1, P;ﬂu_ as a team, .
assemble a repeated-section of a membrane stack,
} ‘ t \




EVALUATION : ‘ o : “

Evaluate by oral, written questions and/or
observation of student's performance during
lesaon, This may be accomplished at any time
during leucn for increuod effectiveness.

CONCLUSION (5 Min)

REMOTIVATION:

Reemphasize why studentzs need to remember and
apply vhat was learned today.




. (2) Principles of reverse osmosis

(8) Application of reverse oemosis

cess of water treatment.

LESSON PLAN ( Pert |, Genorel)

APPROVAL OFFICE ANQ O INSTRUCTOR .

TCETC/17Jun75

COURSE NUNSER COURSE TITLE © . ]

3ABR56330 Environmental Suppozt Specialist

BLOCK NUMBER i 8LOCK TiTLE

LESSON TITLE

Specialized Water Treatment (Day 30)

LESSON DURATION - o —
CLASSROOM/LASORATORY COMPLUBMENT A e TOTL
b 2 Hrs _0.5 Hrs _ 2.5 Hrs
POl REFERENCE
PAGE NUMBER PAGE /DAT! PARAGRAPH
__26 8J
) - ST3/CTS REFERENCE
NUMBER DATR
| STS 563X0 28 July 1971
SUPERVISOR APPROVAL
SIGNATURE DATE SIGNATURE OATE
Y
PRECLASS PREPARATION
toc:;r:::;.t.:rc::vto rrsc?: 'S’u“::I.TY CLASHIFIED MATERIAL UNCGLRA;::‘}:::ES‘;?\‘: ::IAL
None None None 8G IV--3
WB [V-3-p1
< e
CRITERION OBJECTIVES AND TEACHING STEPS e

3a. Using relatéd information; state the application of the reverse csmosia pro-

(1) Methods of treating brackish water

(4) Disadvantages of reverse osmosis

@




/P

Course No: 3ABRS6330 Eranch Approval: y y
Day 30 Date: .

CPART O

INTRODUCTION (5 Min)

CHECK PREVIOUS DAYS STUDY ASSIGNMENT: )

m: V ,

A"_r‘niNTION: I |

MOTIVATION: | u O

P ‘ 135




BODY (110 Min)
PRESENTATION: ‘
3a. Using related information, state the

-application of the reverse osmosis
process of water treatment, »‘..‘

(1) Me?hoda of truting brackish water

(a) Reverse osmosis

(b) Freesing

(c)\ Atamic distillation . g
(2) Principles of z‘evm'se~ ’on;sia

(a) In reverse ommosis, pressure

is applied to a stream of ‘ -
contaminated water, driving ‘ :

urified water through a '

semipermeable membrané. The :

water left behind carries . .
away the impurities, Since e

the process does not require

boiling or freezing it uses

mich less energy than other

mm. . ‘ <




(b) Reverse Sm;ia is purely a

mechanical procees which can
be used for the purification
and recovery ‘of water and
othexjgliquids

(3) Applications of reverse osmosis

(a)

(v)

(c)

(d)

(e)

(f)

(_g)‘

B)

-4

WQter softening

o

Treatment of boi‘.l’er fe;d water
Procoessing of industrial chuic;li
M of rg,dioo.ctive contaminants
Portable water units

Duinemli::lng sea water

Tertiary treguent of sewage

Vater purification for homes,
motels, and industries

4 137




~
L]

(4) ‘Disadvantages of reverse oamosis
(a) %idlimtul cost
2 -

(b) Membranes coat easily with solids

-

0’, ‘ »
(¢) Turbid water must be filterud

i

(d)  Requireshigh pressure source

L 3

Nt
APPLICATION: -

Complete WB 3ABRS6330-IV~3-P1, Specialized
Water Tmt,nent'.

>
'EVALUATION: R
. ‘
Evaluaté by oral, written questions, and/or
observation of student's performance during

lesson, This may be accomplished at any time
during lesson for increased effectiveness.




&

e g egr et . .
R T WP
o

.

,CONCLUSION (5 Min)

. REMOTIVATION:

STUDY. ASSTGNMENT:

_ SG 3ABR56330-IV~4, Distillation of Water




LESSON PLAN ( Part |, Generel) )
APRROVAL OFFICE MD\DA J IS TRUCTOR
LTCETC/17Jun? o
COURST NUMBER ] cCounse rTivLe ‘ .
3ABR55330 . Environmental Su cialist
BLOCK NUMBER . BLOCK TITLE ‘
IV 'S iz
LESSON TITLE o
Distillation - (Days 31 and 32)
LESSON DURAT
) cussnooufuouton COMPE ENENTARY TOTAL g
12 Hrs 4 Hrs 16 Hrs
- N PO REFERBNGE
~ PAGE NUMBER rASE DATE - PARASRAPN
—21 a $TS/CTS urlnua” 4
NUNSER ' DATE
STS 563X0 - 28 July 1971
SUPERVISOR APPROVAL
SIGNATURE ODATE SIONATURE DATE -
PRECLASS PREPARATION
zoo‘::‘p:::;:&cgvu raow m":v CLAMNFIES NATERIAL un:L.A::rl:f(:::: ERIAL
Meco Vapor None None SG IV-4‘ .
. Compression WB IV-4-PpP1
Distillation |WB IV-4-p2
-Trainer WB IV-4-P3
TVS 56-5a
- |MN 7489c
CRITEMON ouzcﬂves AND TEACHING STEPS
4a. - Using related information, state the need for conversion of aaline water and
methods of dist! lation.
(1) Need for converslonk of saline water &
(2) Methods of distillation
(3) Terms used in distillation i
6




o LESSON PLAN (Part |, Gosorsl), CONYINUATION SHRET

k4 Y A ~ »
. «
-’
C e .
0 Il
' x
. T 't “mam—— A
N
Al
.
v

CRITERION, OBJECTIVES AND TEACHING STEPS (Cominved

4b, Following written instructions and working as a team, operate the distillation
equipment to produce salt free water.

-

* © - [1) Operatidn principles
/() Flow pattern

/

(3) Operating conditions and services

’ﬂ

, (4) Ope_rqtioﬁl procedures e

4c. Following written and oral instructions ‘and*working as a team, inspect, '
clean, and perform required maintenance of distillation units. )

o
@)
®)
@)
5)
®)
m
®)
)

(10)

i/[aintenance procedures

‘Protective equipment

LI

Inspection pfocedufes

Reccrding services performed
Cleaning equipment and tools | ' .
Cle@g methods and 'procedu_res

<)

Troubleshboting prqceduwes
Use and care of maintenance equipment and tools \

. \ .
Safety precautions when handling chemicals and using tools
Operational check : ' -

2

A

|
|




_PART IX :

" INTRODUCTION. (10-Hinutes)

.




o/

»
N .

PRESB‘T&TI(!{ :

"« 4a. Using related infomtion, state the

need for conversion of saline water
and mcthodg of distillation..

-

(1) The need for conversion saline
water ‘

[N

(a) Little or no fresh water
available

: \
(b) Water needed for specific
purpose

Fresh water decreasing, . .
demand increasing

¥

()

(2) uerﬁ/o/ds of distillation

(a) Nat:unldistilhtionh
carriedwtonahm
scalc.” The water is taken
fran the surface sapply
and is condensed in the

atmosphere anc. precipitated.

in the form of rain or snow

"+, - BODY (11 Hrs 40 Misutes)

209

¢




!

-
)

(b) Marmade wnits

lzuh,mzov"
stillation: "Most _ |
: simple method. Not as

cfficiont as a mltiph ’ S
effect nnit.

Multiple effect unit:
Uses heat from one unit |, '
to hedt water for another

.uo

— ;_l,'kpodimtdiatﬂh fon: .o
: Ons that is built \
hurriedly to meet. an
emergency situation
o ! \\

toabuieupitto

(3) Terms used in distillation -

~

v

4b, Following written. instructions and
working as a team, operate the -
distillation eqnipent to prodvce
salt free vl.ter VoL

~




(2) Flow pattern

o

\ (a)

\
\

(v)

(c)

@

Passes first through the
heat exchanger - °

From the heat exchanger it
passes through the vent ~

condenser to the evaporstor/

immersion heater whsre it
boils and the steam rises.




v o

CONCIUSION (Day 31)

SUMMARY :
N ’
SIUDY ASSICNMENT:
Review SC 3ABRS6330-1V-4, Distillation of Water
- INTRODUCTION (Day 32)

CHECX PREVIOUS DAYS STUDY ASSIGNMENT
REVIEN:

f
ovmfmi: '

(v

MOTIVATION: ’ .

3 7 *




PRESENTATION :

4b. (contimued) Following writtan -
instructions and working as a
team, operate the distillation

equimment to produce salt free
wter, - . N

(3) Operating condit:l.ofu and service
(a) Mol pre-oprationsl. choc
1 Check for physical dm;e
% Check for loose commections

H

(b) Perform service outlined in
SG 3ABR56330-IV—4, section B

(4) Operat:lc;n procedures
(a) Mamuai

(b) Automatic

_U7

Y




4c. Folloring written and oral : .

: ingtructions and working as a team, _ . .

inspect, clean, and perform required
maintenance of distillation units

(1) Inspection procedures
(2) Re‘coniing services performed

(a) There is not a standard form
for the distillation unit,
their own,

(b) A sample is shown in the

’ SG 3ABRS6330-IV-4, page 71.
Other columns.-could be added
to include

1 Date umit cleaned

2 Gallons of distilled
water produced

3 Hours of operation.

4 Operators name




(3) Cleaning equipment and tools

(a) Electric drill

(b) Water fooding sttachment
(c) Couplins'hlft

(@) Soale &itT1Arire tube bmh
(e) Scrubbing brush

_ (f) Rubber pails, -gloves, um,
- ~ " and-face-shisld

(4) Cleaning methods and procedures
(=) w:

1 Muriatic acid

& Niter cake




(7) Use and care of maintenance
equipment and tocls

(8) Protective equiment

(a) Rubber gloves (acid
resistant).

(b).. Rubber or acid resistant
Apron .

[
PN
»*

D
g

(c) Yace shield




i
5 (d) Rubber mats arcund units
‘ . (9) Safety precautions when handling )
. chendcals and using tools
(a). Acids used fordescaling
are very dangerous. o
Handle carefully, e
) . ) \“\, - K
‘ . . | . \\\‘\\\ {i
(b) Use tools provided by the . .
- samifacturer for this unit T
" (10) Operational check
“(a) Perform after maintenance '
is completed
.-
f .
- (b) Outlined in WB 3ABRS6330- -

Iv n . . o
APPLICATION: -
Complete WB 3ABRS6330-IV-P1, Distillation
Terms. Using WB 3ABRS6330-IV-4~P3, trace
the flow of water through & distillation

. unit,.
As & two man team, and using WB 3ABRS6330-
IV-4-P2, perform pre-operatiomal inspectiom,
record aservices performed, and opaneo *the -
distillation wnit, o Rl
s R ) 13 »




Following written/oral instructions’and
3-man team, inspect, clean

Evaluate by oral, written questions, and/or

observation of students performance during -

‘Jesson. This may be accomplished at any time
. during lesson to increased effectiveness.

&

CONCIUSION (10 Min)

o

STUDY ASSIGNMENT:

SC ABRS6330-IV-5, Field Water Treatment
Equijpment




| 7

P " e ; "

T LESSON PLAN ( Port |, General)
[ APPRGYAL QF FICE AND DAT. INSTRUCTOR T
|TCETC/17Jun? ' _

COURSTE NUMBER COURSE TITLE .

3ABR56330 .| Environmental Support Specialist

ALOCK NUMBER'' BLOCK TITLE

v Specialized Watér Treatment

LESSON TITLE . . .
Fleld Water Purification Unit (Days 33, 34, and 35)
‘ LESSON OURATION
ICLASSROOM/LABORATORY cou')uu!un" . TOTAL

16 Hrs ‘ 4Hra 20Hrs

POl REFERENCE

9

L .
PAGE NUMBER PAGE DATE PARAGRAPH
28
. . $TS/CTS REFERCNCE : s
NUMBER " - DATE .
STS 563X0- 28 July 1971
B SUPERVISOR APPROVAL
SIGNATURE DATE v SIGNATURE DATE
PRECLASS PREP.AVIA'HN
eo..::‘rr::;:&?nrv:‘o r::nu 's’:r!rut.rv CLASMF IED MAVERIAL uuc?:s::‘ F'ICEI;':‘A':::I AL
Water Purification None None | SGIV-5
Unit, 600 GPH WB IV-5-P1
Trailer Mounted _ TO 40W4-9-1
) . TVS 56-3
: CRITERION OBJECTIVES AND TEACHING STEPS

5a. Usingrelated information, state the purpose and applicatici of the field water
purification unit, '

(1) Purpose of unit
\\(2) Application. of unit

.

N .
5b. Following procedures in TO 40W4-9-1, working as a team, perform a
preoperatioﬁal}nmection and service of the field water purification unit. .

1) Compo\.%tmcat‘ion . )
(2) Chemicals used with unit

(3) Service procedures

-

T GPOI 1972779-398/23

FORM ‘
ATC AUG 72 770




<«

L ~ LESION PLAN (Pert I, Genersl) CONTINUATION MEET
) CRITERION OBJECTIVES AND . TEACHING STEPS (Continved
(4) Preoperationzl checks

(5) Service equipment
(6) Safety precautions during service activitie3

|
l
|
|

5c. Following procedures in TO 40W4-9-1, working asa team, operate the field j

'water puriﬁcation unit, ’

(1) Preliminary set up

N ()  Adjustment of slurry feed system

—»—»(—;; | Adjuament of solution feeders |

(4). Starting the unit |

(5) Operational pmcgd:xx'os,.

(6) Shutting down unit

(N Post inspection

'5d, Following procedures outlined in TO 4om-9-1 clean the water purification
unit and position the valves to allow precoat of the DE filter. d

. (1) Maintenance reqn:lrements
(2) Filter system and assemblies
3) Adjuduient of controls
(4 Cleaning procedures
(5) Transporting unit

O

',.Kcrc Jome  770A ' o 3




Courae No: 3ABRS6330
Days 33, 34, & 35

PART II

INTRODUCTION (10.Min)

CHECK PREVIOUS DAY'S STUDY ASSIGMMENT
\\ ‘

REVIBN:




. BODY (340 Min)

PRESENTATION: - T

Sa. Using nl_a‘ted infomticnv_, state the
purpose and application of the field _
water purification unit. S -

(1) Purpose of unit

R (2) Application of umit: )

< - .

£

5b. Following procedures in TO 40W4-9-1,

working. as a team, perform a- precperational
. +o ingpection and service of the field
water purification unit, ) - .

(1) Component ﬁqngificaﬁon

(a) Identify and discuss the
function of the following .
_components of the unit

. N




‘ 1 Drive motor :
< ) - ° ) - ) ‘ ’ .
- 2 Speed reducer » | W
— M\\%M— — )
3 Air pamp J | ‘
- ° D |
-, N | '
4 Influent flow controls Q
S Aspirator’ -
» \.
. , 6 Influent launder ' : )
' ¢
7 Doyncomer tube-mixing ‘ ' )
. tube’ C . ) i o |
- - /; ‘
¢ ‘ [
. 8 Agitator shaft and disk - |
4 B v | | A “
- 9 Bearing support o . o
~ * ‘ |
I | | | | »
19 Baffle and baffle ring ) .
o. v * ' y ) ‘ . |

*»

11 Sludge blanket zone-siphrator
. zone \\’\H—\ M;
- * _-N ‘ |




v YR « A - o 1
A ,//M‘—/l_\\ N | / .
¢ + ’/ .
- - A T~
. ’ O B e / ' |
,—"*\‘ e
. L] L4 ~
. = . \
v ‘ ) @ ! ‘
- > - » . ’
. l\ . - .
12 Clear water zone ‘ ° ~ ’ ‘
./ - N N . “ . ) c\ . P
R l' . Ny . .. ) o ) ) i
. [N ° -
¥ N . . N A R .
- . 7 A3 - Effluent launder : . - - L
. ’ . , ’ - - .
B . ° . , ‘.
. - S ‘l
LT ﬁ_ 14 Vet well tank . ’ .
* N . r ?
' -
/ ¥ -
c\ ? * ~‘
R . - o ,
e v v 15 Weir , ;
- bl * e 4 ® s ¢
%: . / L} . .’ . . . i «
+ -
N N ° B ° :f . ¢ *
16 "Sludge concentrator tank @ | e . .
) n . . - » - 0 -
o e cniy i ) s o . N
"1 N . . LS -
- ’ . . . e / . e °,

. [ . 17 ' Slurry feeder o s ' \ sy
* - . ~ . ) 3 o s
, . . . . ) ~ . ) * .. N .

p) S L X , .
. * . @
d P N . . -
‘ : 18 Solution fesder o N
. L) v
‘ o - % _ e S R
N - -~ . - ¢
3 * ’ . - . P\_\'" N
. - - - L 12 ‘e N .
] . . » .
- 19 Filter pump w Yo ‘-
b - ° - s 1’ - »
* B M . B o
3 [y . * ‘ . » ) * 3
o o %0 .Pipes and fittings B ‘ ) _
N . . 3 . \ts
. < N » .
&1 Electrical bex . ) . . .
s LY .
a - o ‘ Co o~ -
- - N '
. ! - N s .
M v < - .
. % Bridge rail . | )
- * ~ . L) . ¢ 4
Al - N N
v a
h 218 N I
) . . - Mig®
- 2 " 6 t
' . } . .
: Q . . s, Lo
- ERIC, . . . o S
o ’ . . . . 3
P . . , ) r o . -~ .




(b) Tdentify the fonwm support
equipment and discuss ¢he purpose
of each

.& TFilter elements

i

- H

g Adr rcleage valve,

e

VA v

L 3

% Generator

[

3 Supply pomp




13 Hosea‘
§ Strainer
7 Test eq}xipant ‘ : ' O

(2) Chemicals used with unit

v

P

" (a) Ferric chloride as a cosgulant

! . (b) Pulverized linstohe as a ’ )
b coagulant aid

-

(c)  Calcium hypochlorite as a
disinfectant .

"~ .. [

(d) - Diatomaceous earth asa
! ‘filter aid,

(e) Letivated carbon as an absgrber
of taste and odor

(3) - Service pmodur&s




F
(6) Safety precautions during service.
“tiﬁtie'o

-

CONCLUSION (Day 33)

>

STUDY ASSIGNMENT:

SG 3ABRS6330-IV~S, Field viater
Treatment Equimment




working as a team, gperate the field
water purification unit,

\ .




(a) Set up storage tank

(b) :Commect and position hoses -

LY

1 Raw \a.ui' and strainer

2 Vastewater

3 Recirculating
4 Filter influent

~ 8§ Storage tank influent

£
‘6 Distribution

=

(2) Adjustment of slurry feed system

o —

~

»

-

-

(3) Adjustment of solution feeders

-

. . ,
(a) Perric chloride. '’

11




(b) Calcium 'hypgchlbritp

(c) Filling chemical slurry feeder

(4) Starting the unit

(a) Start rav water flow

{
¥

Start chemical
feeder

(b) _soluﬁal ‘

" (c) - Start ‘the Agitator wotor after
" “one foot of water is in the
 erdlator tank :

(d) Adjust water flow to slurry

_ feeder

(£) Adjust sir flow to slufry
feeder {

‘ _(g)' Set slurry feed timer -

) i

{
‘ , ' Ny
(h) Level effluent launder J— Ti

L pog4

12

K* LY - L= 0Ty
B
i
9
- 2
A
N
E]
LS SO
:
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(1) Adj\u't effluent flow to
10 G L

(%) Reﬁo-itioq‘ valves as necessary

e ¢
(k) Surt (3 ter opention

: s
- . ‘
S . /}
L]
' ’ ) h h ; ’ . 4

1 ’Prelinimry poaition:l.n;
of valves

'y 2“ Precoat filter

K 2 Position valve tor f1ltering
4 Adjust filter a_:@.r-gﬂov
(s) Opfntional procedures
(a) Recharging chemical slurry foode;'

-

(b) Recharging chemical soluﬁ.on
feeder
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(¢) Adjustment of chemical dosages

(d) Shirry blanket rotation :

. (e) Slurry level control and
', sludge removal "’

(f) Badlowmsh filter
(6). Shistting down unit
(a) Pirst, backwash filter -

(®) Smtdown filter pmp

LY
' (c) Shutdown the etdlator
A 1 |
(7). Post inspection .
. CONCIUSION (Day 34)
SUMMARY : -
f
| ,




. ;/” ‘
INTRODUCTION - (Day 35)

CHECK PREVIOUS DAY'S STUDY ASSTGOMENT .

PRESENTATION:

5d. Following procedures outlined in .
T0 40W4~9=1, .clean the water purification
ymit and position the valves to ;llow
precoat of the DE filter

. , " 15




s

. ‘\'
: o \

Y

(1) Maintenance requirements

o

; (2) :l,":lltari mt-‘ and assemblies
(3) Adjustment &‘ com-oh
(a) Set 'vilﬁs for dx:d.n:l.ng
(b) Shut all h:jukers' to "mm
(c) Clean ch-icu'reeder

(4) Cleaning proco;iures

(a) Put all hoses avay

-
-~

(b) Rinse inside erdlator

(c) Wipe dows.outer lhell\
N

‘y \
o

;

’

(d) Clean area where unit is \

(5) Transporting unit | 2

‘16

e

—
e




Have students accomplish
VB-IV-8-P1 ,

|
{
{

Have students cbserve safety
activities’

f .

| . * ’
Have afmdaut‘a follow procedures
outlined in T0 4(W4~9-1 and

_ work as a member of a team to

perform preoperstional inspection
and sarvice of the water |
purification unit. ‘

Following procedures -outlined
in TO 40W4-9-1 and working a3
a team, opsrats the field
water purification unit

Following procedures outlined:
in 70 40W4-9-1, closn the water
purification unit, and position
the valves to allow precoating
of the DE filter.

£

EVALUATION: | Iy

Evaluate by oral, written questions, and/or
observition of student's performance during
lesson. This may be accamplished at any . .
time during lesson for increased effectiveness.

&
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" REMOTIVATION:
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STUDY ASSTGNMENT: _ | )

SG 3ABRS6330-V-1, Fleld Sapitation . -
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SG ABRS6330-V-2, Classes and Sources of Waste ' ) ‘ .
SG 3ABRS6330-V-3, Camposition and ‘
Characteristics of Sewage q :
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PRINCIPLES OF WATER TREATMENT pLAN“T
OBJECTIVE * . : \ ‘
The purpose of this study guide is to' assist you in identifying the major
units.in a water ‘treatment plant. It will also did you in learning the princi-
ples behind treatment. / : .
INTRODUCTION

!

Absblutely pure water is never found in nature. For pilitary use, .

water must bé free of disease préducing organisms, poisons, and excessive
amounts’ of minerals or organic matter. Under these conditions, the water
is safe for drinking, cooking, and washing. When time and-equipment per-
mit, the water should be clear, cool, and free of objectionable tastes and

_ odors.. ‘Every effort should be made to provide water of excellent quality
" because of the effect it has on.the heal}h/and morale of men.

. . © . .. ‘m v M . , / ._ . .
An adequate supply of water is eSsential to the success.of any operation.
Man cannot live without water; it is-more essential to him than food. Dur-
" ing times of extreme heat, lack of water may present problems. The water
must be rendered, safe for human, consumption by treatment tg eliminate

N

disease, germs, and injurious chemicals,

'f‘his study guide will acquaint you with water treatment plant equip-
ment 2nd how it is used.: It will be discussed under the following s;ﬁbjects:

® MAJOR PLANT UNITS -

® ,OPERATING PRINCIPLES / .

. / [~
This study guide will not cover all the information you need to know, and
study of additional material is recommended. )

°

MAJOR PLANT UNITS

All water plants do not contain the same identical equ’ément. Some
plants have more or less equipment than others. They arg designed
according to the amount and type of minerals and organici‘ matter the water

. contains, :

) * A ;f
v . ' ‘t
. . .

o
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.Xerafdr

Aeratlon .consists essentially of exposing as much water surface as
nossjble to the air, During aeration, gases dissolved in the water supply
are released to the atmosphere; soluble iron salts are oxidized and beccme
“insolubie so.they can pe removed by settling. Aeration rdises the pH by .

hminatmg dissolved carbon dioxide but increases corrosivenesc vy incre.

3ing the amount of dissolved oxygen, o

A Types ot aeration consist of overflowing trays or trays containing siats
or coke over “Which water is sprayed (see figure 1). Other methods of ‘
aeranon include spraying water up over a shallow receiving basin, and for-
cing air into a basin with diffusers or mechanical pump type aerauon. Th
~perat10n of most aerators is practically automatic. If the water is not %o
oe filtered afier aeration, it must be protected from insects and other for-
eign matter by the use of fine screens. |,
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Rapid Mixer

. The more quickly the coagulants can be uniformly mixed with the water
tc be ireated, the more rapidly the chemical reaction will take place. In
water treatment this practice is called rapid nuxmg The compartment in
-vnich this process takes place is known as the mixing chamber or basin.

The devices by which the rapid mixing is accomplished are known as rapid or
,Z;aéh mixers (see-figure 2). Theseé include pumps, aero-mixers, turbo-

aixers, hydraulic pumps, an agltated mixing chamber, and mechanical
surrers. |

| Y
i

o
. o

| 3

i

ORIVE MECHANISM
MOTOR

surpoar
‘ . BEAMS

| ‘overeLow

INPELLER—T 7

Figure 2. Flash Mixer -

-

Slmy Mixer (Flocculator) " : ' \

‘ The siow mixer or flocculator which follows the addition and mixing of
e coagulant, is to promcte the growth of the floc particles and to proide.
oonv{rmmty for contact between the floc and the suspended varticiza o ising
rurbidity. The increased welght of the floc results not ¢nly from &. B N -
W \sca s1ze of the floc but also from the absorption of n..rbuhty Caffl oS
.1t sniarged precipitate as it moves through the water. e more oppcra-
aify floc nas to contact the suspended turbidity, the mare efﬁmer\! the -
mrvf\me be. Too uch agitation will break up the $ice

’




Method of Operation. Water containing the well mixed coagulant flows
continuously into the flocculation chamber through the inlet ports. As it
reaches the first set of flocculators, suspended particles-are displaced by
the motion of the paddles and subjectéd to the slow stirring action of eddies
and rolling motion of the water induced by the motion of the blades (see
figure 3). At the same time the water moves through the unit to the next set
of flocculators. The next set, whichf is usually operated slower, causes
further flocculation. This causes them to increase in size and settle more
rapidly. It should usually take 20 to 30 minutes for the water to travel the
length of the unit. It will then be ready for the settling tank.

4
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q /Y
The main items in the operation of settlmg basms are (1) controi of

quantity of water flowing through the basin, (2) removal of sludge from the -
basin, and (3) cleaning the basins. - ‘

Sefthng Tank (Basm)

{ 1) Controlling the quantltv of water ﬂowmg through the settling basin
is accomplished by the use of plant metering devices or by periodic checking
cf rhe discharge rate of the raw water pumps. In cases where the raw water
enters the plant by gravity flow, an orifice plate, venturi tube, or other type
of meter, and a control valve should be installed so the flow can be control-
|pd
(2) Sludge removal from settling basins may be either intermittent o
contingous. For settling basins not equipped for continuous sludge removal,
it 1s necéssary that an adequate number of drain valves properly spaced .
“over the bottom of the tank should be provided. These valves are opened ’
periodically and the sludge removed by gravity drainage. Continuous re-
moval of sludge has’been found to be more satisfactory and efficient, par- . o
ticularly where there is a considerable quantity of sludge to be remcved
. For round and square settling basins (figures 4 and 5) a spiral type rake is
installed in the bottom of the tank, which rotates and moves the sludge :o
the center of the tank where the sludge drain is located. The bottom of the
°  tank is usually sloped towards the center to move the sludge toward the .
drain. For rectangular basins (figure 5), scrapers are provided so they wil!
~ drage sludge longitudinally along the floor of the basin, carrying ‘he sludwe
to the sludge hopper. The sludge hopper is located at the end of tiie basin.
Some of the sludge may be returned to the influent line. By doing this. it
will aid in coagulation and increase the settling rate.

(3) Generally, sedimentation basins are cleaned at three-month inter-
vals or whenever an odor indicates that septic sludge conditions are aevel-
oping. The area or climate will also detérmine when the basin wi'l be ,
‘cleaned. : ;
Pumps

Py

Pumps may be required at Air Force installations tc pump water o
a lake, reservoir, well, or river to a water treatment piant, After treat-
ment, add1t1onal pumping may be required to force the water into the toni- -
and stora ge facilities. In the distribution system booster pumps mav ne
neaded to increase pressure. Standby or emergency pumps ordinavil. a- 2
nezded for operation dL.rmg breakdown, power outage, or to satistv ;- ¢
demands
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Clgarwe 11

It is desirable to operate filters at as uniform 2 rate as possible.
Therefore, clearwells are built to provide a reservoir of filtered water to
meet fluctuations in demands; and allow for contact holdingtime. They are
also used to provide water for filter washing. They must be protected o
against contamination or pollution. . ~

Filters

Water from the sedimentation basins is brought into the filters as the
next step in the purification process. This water contains very finely divi-
ded suspended matter such as minute’ particles of floc; clay, and mud that -
have not combined into one body and bacteria and microscopic organisms
that have not been removed by sedimentation. The purpose of the filter is
to remove this suspended matter and_give the water a clear, sparkling and
attractive appearance. ° :

Storage reservoir

The normal water demand in a community or instaliation varies con-
siderably between night-and day and for different days of the week. In addi-
tion, the fire demand may have to met at any time. These problems are
met by providing storage capacity irr the distribution system. During low
demand periods, water is placed in storage for use during periods when the
demand exceeds the capacity of the source, supply lines, treatment plant
or pumps. Storage also enables water to be supplied during emergency
conditions resultirg from fires, power failure, breakdown-of supply pumps,
failure of supply mains, flooding, and-other-conditions that result from
natural causes, accidents, or enemy action. Water may be stored in
ground-tanks or elevated tanks. Reservoirs or storage tanks higher than
the distribution system, or the portion they serve, maintain the desired
pressure in the system. Live storage is preferred, over*dead storage.
This is where the water is fed into the tank, and to the consumer and re-
placed constantly in the tank.

OPERATING PRINCIPLES -

4

Mechanical Process

Sedimentation (plain). .This is the process of removing or reducing the
amount of mud, clay, or silt entering the water plant. It is done by, or in *?
- —_the raw water reservoirs or other holding areas. It is simply the slowing
down of the water to give the water time to settle. ‘ 1

7
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Screening. This is the process of removing or keeping large objects
irom reaching the plant. It removes items such as sticks, large stones, tin
cans, or other such material. It will also keep some fish, and other aquatm
life from entering the plant. Screens are also used in wells° these keep

stones and gravel out of the pumping system.

-

-~

Aerators. This is also a mechanical process, used in treating water.
’t has been covered earlier in this study guide.

. Filtration. This process removes suspended matter«ind gives the
water 1 clear, sparkling and attractive appearance. it has been discusses:
in another area of this guide, and will be- dlscussed latér in the course in

setail.
®
D1smlat10n. This process is used to treat salt or bracklsh water. It
will also be covered later in the course.

Chemical Process

This is the addition of chemicals, or the use of chemicals to treat
wvater. These will be referred to throughout this block of instruction.

SUMMARY )

Aeration is eXposing the water to air to reduce the gases. The rapid
mixer is used to mix the chemicals and water together so it will react and
form-a fioc. The water than passes on-to the flocculator where the floc is
built so it will settle out in the settling chamber. The filters then remove
any fine suspended particles of floc or leaves, etc., that may have entered

the water,

-

The water is moved through some plants by gravity and others by pury:.

't is then stored or used by the personnel. While the water is waiting to
anter the plant, the treatment process has started to take piace. When it
~nters the plant, chemicais are added for further treatment. It is then

:iisinfected and put to use.
QUESTIONS

What is the purpose of an aerator?

“0

2. What is the purpose of a rapid mixer?

7 Whasi will excessi: ctation do to floc?
> 241)
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\How is sludge removed from setﬂing tanks ?

2

What.is the usual contact time in a flocculator?

What are the three items of operation in a settling tank-?

Why is sludge returned to the raw water influent line?
Why are pumps needed for Air Force water treatment?

What is the purpose of a éilgarwell?

What is the first treatment in the mechanical process? o
L
¢
1
9
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T CHEMICAL ADDITIVES iISED TO REDUCE HARDNESS

SG 3ABR56330-111-2

CLARIFICATION OF WATER >
OBJECTIVES . .

The objective of this study guide is to acquaint you with the procedures used in re-
moving the.impurities in-water that are both visible and mvxnblg and the treatments
used to keep water pure and clean until its final.use.

<)

INTRODUC'I‘ION »

~
-

You have filled a glass of water from a water faucet and found small floating items
or perhaps sand in the water. The water was probably safe for drinking but was not
suitable for other uses such as adding to batteries. During this block of instruction vou
will learn how to treat raw water 80 it can b€ used for'most any purpose.

Information on this subject will be covered»in the following main topics:
CLARIFICATION
- * MINERALS CONTRIBUTING TO HARDNESS AP ' .

PROCESSES USED TO REDUCE HARDNESS

CHEMICALS USED TO CONTROL ALGAE . R

CLARIFICATION
Clarification'-means making water clear by removing the contamination. Raw
water from wells is usually cleay and normally needs only a germ killing chemical
added. Raw water from lakes, streams, and rivers is umally muddy and contains
animal and vegetable matter. This dirty water certainly needs filtering; however,
there may be a cheaper and more effici/ent treatment than filtering.

[

Sedimentation ,

Sedimentation is a process of removing mud, sand, silt,and other solids that w:ll
settle to the bottom if the flow of water is slow enough. Many, cities pump water from
a river and place it in a settling lake. On the other side of the lake the water 1s almast
clear because much of the mud and silt.has settled out.

Sedimentation may be carried out in basins, tanks, resevvoirs, or ponds. The
length of time used in sedimentation may vary from a few hours to over a monta. It 4’
depends on tank size and rate of water usage and the size of the particles settling o't

’




In smaller tanks and basins a series of fences or baffles-can be.constructed so the
flow of water has to weave back and forth from side to side which gr‘é\atly increases the
'distance the water has to flow to reach the other end. Naturally this.zigzag flow has to
be very slow to allow sediment to settle to the -bottom. e .

v

Coagulation |

\ * N
K
)

After water has cleared by sedi.mentation,ijt still contains a lot of very small parti-
cles that are t0o small to settle out. The water may still be murky or tan in color.

At this point a chemical is added to the dirty water,and a strange thing happens.
Small whitg clouds begin to form in the water. These.clouds are called “floc." This
floc is sticky and the small dirty particles in the water begin to stick to it. Soon the
little clouds are so.full of dirt that they settle to the bottom and new clouds are formed.
- i o o +
Slow ‘mik‘ing of the water will insure that all the silt will be trapped by the floc. Now _
the watér is clear on the surface with all the silt at the bottom. The surface water can
be drawn off for further tréatment, and the silt on'the bottom can be pumped out to a

»

rying bed and used as dirt fill. N

,h . ‘
Chemicals Used in Coagulation . '
e chemicals commonly used in goa’gulation or making floc fall into two primary
.groups; alum coagulants and ferric coagulants.

ALUM COAGULANTS. Filter alum or aluminum sulfate is qui:te soluble in water.
It is fed’either in dry powder form or in solution. A.chemical reaction in the water
inum to form aluminum hydroxide. Aluminum: hydroxide‘xg the floc that
suddenly beging to occur in the water. ) .

¢ s

7/ .
‘Black alum is alum cqﬁtaining activated carbon. It reacts the same as filter alum; -
however, the -carbo iused when-taste and odor are problems. ‘

Ammonium alum is sometimes used when a slower dissolving coagulant is needed.
The ammonia released also aids the disinfecting qualities of chlorine.

Sodium aluminate is 3 good coagulant.that is generally used with lime for special
treatment processes such o softening and color removal.

FERRIC COAGULAN'IS.l\ erric sulfate, commonly known as copperas, is a coag-
ulant. y When using copperas, lime must usually be added becawse the alkalinity and pH,
values of neutral water are generally too low to react with copperas to form a floc.
Water pH should be above 9 for goud reaction. Copperas is very soluble and a solution
is easily made by stirring one part [s-lric sulfate with two parts of water. )

2 . "

Chlorinated copperas, a combination of lime and chlorine with ferrous sulfate,
will react to form an excéllent floc. Chlorinated copperas-can-also be used for color
removal. You will see this process on ohe of your field trips in this course.

Ferric chloride has been successfully used over a wide range of th values and is
effective in tfeating soft, colored waters. Three commercial forms of ferric chloride
are available: they are liquid, crystalline, and anhydrous.

~
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"coagulation and-flocculation. It was pointed out that upon addition of a coagulant, such

P . . !
-used on’waters containing éxcessive amounts of dissolved minerals. The most ccmmon

=

2 ¢
‘g

+ Ferrous sulfate, as a-coagulant, is similar to ferric chloride, but goes into solution
slowly in cold water: -

-

Jar Test - S S

It is nobt always easy to mathematically determine the correct. dosage for coagulants.
Three thingstmust be considered when developing a floc; amount of coagulant needed,
pH-adjustment of the water,and the need of coagulant aids such as clay, powdered marble,
or activated. silica to add weight for settling. ‘ s

Floc forms fastest and is heaviest at a definite pH value. Because this PH value
changes with the impurities in-water, itis necessary to determine it by the jar test. e
For the procedures in performing the jar test see 563X0 Career Ladder, Lab. Manual. o ’

. 1 e
Chemicals Used to Adjust pH ' . . ,,,/ .
, - e . :
The chemicals commonly used to adjust pH-as an aid in coagulation are soda ash, -
pulverized limestone, and lime. ‘ , ' )

B L &4

Soda ash (sodium carbonate ) is highly soluble in water. .This chemical is used
when the Water does not contain enough natural alkalinity to react with the coagulant.

It is obtained as a commercial powder and will dissolve more slowly than ammonium
alum. ) : ‘

/. -

Pulverized limestone is soluble only at low pH. The excess undissolved limestone
serves to weigh the floc for more rapid settling. Lime is obtained as quicklime {calcium

oxide) or as slaked lime (calcium hydroxide), It is used not only to provide alkalinity, ’
but to soften water, : B . . !

P

N . -
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MINERALS CONTRIBUTING ,f TO HARDNESS

[

\

’

The principle of precipitation has been previously mentioned in processes of

as aluminum sulfate to water containing alkalinity, .a chemica’l reaction occurred jbe-
tween the two to form.a jelly-like substance called “floc, ' and that this floc is an insol-
uble hydroxide or precipitate. The principle of chemical precipitation can-be-further

i

types of dissolved minerals in water are calcium and magnesium. Removal of these °
miperals is known as water softening. - ‘

- f
Hard water may be potable, ‘but it is objectionable because it deposits scale n piges
and boilers, leaves stains on glassware and kitchen utensils, and requires excessive
amounts of soap to form lather. The hardness of water can be judged from the amoun
of soap used to form lather. Hardness results from the presence:of calcium ana.mag-

nesium comipounds in solution in the wdter. Amount of hardneds is sometimes r..{sted as
shown below. ‘

i i

+

Over 200 ppm very hard ¢
100 - 200 ppm hard
50 - 100 ppm : moderately hard
N below 50 ppm . soft b me €
" below 15 ppm | very soft




»®

_
Softening of hard water is achieved by changing the calcium and magnesium com- -~
pounds from a soluble to an insoluble form and then removing the msoluble compounds
by sadimentation and filtration., °*

The most common process of softening by precxpxtatxon is known as the lime-soda

o process. Lime- soda .process plants are essentially the same as water filtration plants.
Lime and’'soda ash are adddd to raw water, and the softening reaction occurs during
mixing and £loccu1atxon, the precipitated calcium‘and magnesmm are removed during
sedimentation. If raw water-his a high turbidity, the turbidity is partially removed by

e plain sedimentation priot to the softening process. R oo
- "
" a‘rm/xs generally classified as carbonate or noncarbonate hardness, depending "‘
/n the chemxcal compounds that cause it. . .t .
! Carbonate Hardness
- . P

Carbonate hardness, referred to as temporary hardness, is caused by calcium
or magnesium bicarbonates in the water. They forin when carbon dioxide combines
with water to form a mild acid which, in turn, combines with calcium and magnesium
carbonate in the surrounding soil. The carbonate is insoluble; the bicarbonate which

‘is formed dissolves in the water. e

he

Noncarbonate Hardness
' Noncarbonate hardness, referred.to as permanent hardness, is caused by:
~ a
e (1') Calcmm and magnesmm sulfate s
. {2) ('alcnnh and magnenum chloride : . .
(3) Calcium and magnesium nitrate ) . . -

~

NOTE: Iron in aluminum: compounds also produces\h:;jness. but usually i is present m
such small quantities that it is not generally associated with hardness. - Water
softening processes remove iron as well as calcium and magnesium salts.

. \
° . -
', PROGESSES USED TO REDUCE HARDNESS- \‘

-
~

. - -

Lime-Soda Processes -
Water is softened by various methods such as ion exchange u.mts or zeolite units.

Another method which employs the addition of lime and soda ash.to the water is used to .

remove both carbonate and noncarbonate-hardness., Water is softened by removing

compounds of calcium, magnesium, iron, and manganese by chemical means. The

. calcium and magnesium bicarbonate are called temporary (carbonate) hardness because

they can be removed by bailing. The compou.nds that cannot be removed by boiling are

the sulphates,and the chlorides and nitrates of calcium and magnesium. The presence

of these compounds is called\permanent (noncarbonate) hardness.

13
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SOFTENING REACTION '@ . % .
" CaO (calcium og}de) is added to W"a'fg-:e’{ formiing
calcium hydroxide. ) : . L
- . . ¢ N
Ca0. + H;0 Ca (CH), ‘
Calcivm Wate Calcium )
" Oxide . Hydroxide

When lime is added to-water éontaining‘c:rbonate (temporary hardxg_eu,\, the
calciura hydroxide reacts with calcium and gnesium bicarbonates to-form less sol-
uble carbonates and hydroxides that’precipit;t\q out, leaving the water free of thes sub-
stances causing carbonate hardness. . ‘ ’ -

Ca(HCO3)z + Ca(OH)—D>2CaG0; , +  2H,O

Water

. Calcium ' Calcium
Biecarbonate hydroxide ¢
. : - Precipitate
Mg(HCO3), + 2Ca({OH); —> Mg{OH),.. + _ ZCiCO3 + 2H0
'Magnesium Calcium Magnesium .Calct water
bicarBonate hydroxide hydroxide' carbonate
,‘precipitate'\ pre:ipiﬁate .

) \
A similar chemical reaction-occurs whén slaked or hydrated lime is used. Inthe

\
- | lime-soda proceu,Jn_oncarbonate (permanent) hardness is removed from the water by

" use of soda ash Na, CO3 (sodium carbonate).” When soda \?sh is.added to water con.
taining noncarbonate hardness, the follbwing chemical reacticns take place: :

L3

CaSO4~ * 'Na% CO3—>» Ca CO3 * + : Na, SO/ . .

Calciym Sodium Caleium \ Sodium

sulfate carbonata cerbonate sulfate
i/' ’ precipitate ° o .
/ Cabl'z \ + .Naz CO3——> Ca CO3 + 2NaCl . ' .
| Calcium " . Sodium . falcium Sodium * -
! chloride® carbonate carbonate chloride
j : precipitate
N - > o

Ca(NOz);, .+ Nap&O3—5CaCO3  + 2NaNO,

Calcium . éoc!ivun . Calcium .Sodium -
" nitrate | ‘ carbonate carbonate nitrate

: . precipitate . . .
7

s
, . ‘
Soda’ash reacts wich ‘sulfates,, chlorides, and nitrates of calcium to’form in3oluble
precipitaves. If the water contains both carbonate and noncarbonate ardness, as is

usually the case, both lime and soda are used.
‘ IN

* &

*

‘ L ‘ ' 1246
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Determination of Dosage
° .

Quantitative analysis of the water is necessary for determination of required dosage
of lime and.soda ash.- > ' :

Y
-

-
¢

It is well to check the calculations for lime and soda ash requirements by actually

-addipg the calculated dosage-to small measured quantities of the water to be treated.

© e

"

The following procedurés may be used.

1. {Prepare a standard lime suspension by adding ten grams of lime to one liter of
boilefd and cooled distilled Wwater.  If quick lime is used, shake it wit ‘ just exi‘gugh water
to make a boilingrsolution, then dilute to ong liter. A standard solution of soda ash is
prepared in the same way. Adding one ml of the standard solution to one liter of water
gives-a dosage of ten ppm. . : . ‘
\ M
2. [Place one liter of water to be treated in a beaker or jar and add ctalculat\ed quanti-
ties lof lime.and soda ash needed to soften it, Stir gently for 30 minutes and ail{)w to
'settl]e"untjl liquid-becories faifly €leaF, Usually 10 to 15 minutes. [ \

¥ A

¢ . I3
3. . ; iphon-offlabout half the clear solution, warm to about 120°F (49°C) and filter

through filter Pape"r.
| ’ \

i
[ [
4. IAnalyze filtrate for alkalinity in accordance with standard laicratory test \
procedure., \
i . a . \ )

_In the operation of a softening plant, it is customary to use lime in excess of com-
puted needs to the extent of 10 to 50 ppm. This is then removed by recarbonization.
After recarbonization and filtration, the water should have an alkalinity of approximately
35 ppm._ .. - L o ' g

e ¢ ;

i : .
The quantity of noncarbonate nardness allowed to remain in the water-is regulated
by decreasing soda ash feed in accordance with. the total hardness desired. If the

. totallhafjdness.in_the softened water is to-be 85 ppm and the alkalinity 35 ppm, it is then

neccgsary to remove all but 50 ppm of noncarbonate hardness.
3

Chen%xical Feeding - e

<o

i
Continuous softening requires application of chemicals in proportion to the rate

of fldw of water through the treating units. If the flow is constant over definite periods
“of tirne, ‘the chemicals can be fed through constant-feed machines. If the flow is varia-
ble, proportioning devices in which chemicals are fed in suspension or’.l solution are used.
.. ! ) '
< . * .
éod'a ash dissolvés easily in water forming a clear stable solution.' After prepara-
tion, | the solution n¢ eds no further agitation and can be added directly tc ‘the-water
through a proportioninh device. i ’
' v

g,

" Lime,being only slightly sollible in water, forms a suspension known as milk of

lime); Because suspended matter tends to settle, continuous agitation|is necessary to

keepithe mixture:un{form. Therefore, devices for feeding lin-: usuall ’ha.ve mechanical
agitators. Flow through feedlines must be fast enough to prevent lime jfrom settling
and ¢logging the lines. Long lines should be avoided or should be easilly replaceable.
. \:. Pl : | I
I : 15 /

©

? : ) : |

s




-is necessary

v\yy . / ( “\
S0 o | 16

: Ra&g
,
.

* - > x

R

They should have pressure connections for flushing. Rubber hose or open troughs are
frequently used for thi‘s purpose. ‘ ’

Some plants feed lime and soda ash through one proportxonmg dev1ce Chemicals
are mixed in the prope" proportions with water and introduced as a thin slurry. This

method.is satisf actory where the composition of raw water is constant or does not change

rapidly. ' . ///

\
High Rate Softening Devices / . : ’ .
\ i
Newer developments in softexung mcliude high rate equipment such.as-the- precxpxtator,
accelerator, hydrotreater, and.spiractor. / The precxpxtator, accelerator, and hydro- l
treatér are also used as combined flocculation and sedimentation units without softening.
When these units are operated: before. fxltratxon to treat surface water with low suspended,
solxds and low alkalinity, it may be necessary to add lime or clay to add weight and pre-

vent rising floc. A Wide fluctuatica in flow, solids content, and temperature always cause
operating problems which can best be orrected indiyidually,

The accelerator, precipitator, and hydrotreater operate on essentially the same
principles and the operation of the acc’elerator

The spiractor (Figure 1) consist of a cone-shaped tank in which the lime-soda
softening reactions take place in the grelence‘of a suspended bed of granular calcium
carbonate which acts asa catalylt Hard.wa‘ter and chemicals enter the bottom of ‘the
motion. The upward velocity keeps the granular material in suspension. As the water
rises, velocity decreases to a point where material is no longer in suspension. The
contact time, 8 to lofmmutel, is ¢nough to complete softening reactions. Softened ]
water is.drawn.off.from.the.top.of the.cone. The precipitated-hardness-particles attach- -
themselves to the calcium carbonate granules during-the process, increasing the bulk of I et
the granules in the unit. However, the level of the unit is -kept down to the desired point

by withdrawing the larg st partxcles from the bottom. New catalyst material must be

added periodically. Th softened water is usually filtered through a sand filter to re~

move the remaining turbxdxty Advantagel of the equipment are its small size, low in-

stallation cost, rapid treatmentz and lack of moving parts and pumping equipment. In

addxtxon, the precipitate hardrfess is withdrawn as sand-like granules, which are much N\
easier to dxspose of than'\the wlatery slime from the normal lime-soda process. The'

unit is rmost effective when-hirdness is predominantly calcium; there is less than 17 ppm

magnesiuwm ‘hardness; wat\er temperature is about 50° F. ; and turbidity is less than
5 ppm. \

1
!

Iron and Manganese Removil ' '

'

. { .
When dissolved iron exceeds 0. /ppm it causes an unpleasant taste and stains
pl‘umbing fixtures. If it goes\over 2/ 0 ppm nobody likes to use it. . \

e AN

Iron 13 rarely found in surface, waters but 13 often found in well water. I.f the -

can be prevented by treatmg th/polyphosphate ~ Above 3 ppm iron removal treat.'ment
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SOFTENED WATER . : -~
OUTLET STORAGE TANK

t

SPIRACTOR

FILTER
»

~-RAW WATER INLET

——

. ?_‘ . - )
.
\/ SOFTENED. FILTERED

WATER TO SERVICE

DRAWOFF VALVE FOR REAGENT TANKS AND
ENLARGED CATALYST CHEMICAL FEED PUMPS

_ SECTION OF SPIRACTOR SYSTEM

/ ' Figure 1. Spiractor Softener

Aeration units are most commo;’;ly used to remove iron. Any method that can get
air in the water will do. Some cities use a water fountain effect while others use a
wooden tower with open mesh slats in it.’

The object of aeration is to get oxygen to combine with the dissolved iron and form
an iron compound that is not soluble in water. When the iron compound is no longer
soluble it will come out of solution and can be caught up by flocculation then filtered out.

An added benefit of aeration is an improvement in taste and odor.
N

\\

{

Accelator

| This cold lime-soda water softener is.in.use at some of the missile sites and,at
some of the Air Force bases. Since it has the capacity .of softening ‘large’qﬁantitic\:\s»of— ‘
hard water containing calcium and magnesium salts, this section will cover the cox'{u’non
typ\es of cold lime-soda softeners, operation-of the accelator, and the theory of \ :

o pe:ation. \
] y

There are four basic types o:f cold lime-soda softeners, namely: (1) the sludgeﬁ\
olanket type, (2) continuous sedimentation type, (3) the 'catalyst type.'' and {4) the
;ftermittent or batch-process type. The first three are continuous types; that is, the

ater\is treated as it is flowing through the equipment. The fourth type is, as its name '
Indicates, one in which the flow/of water is not continuous but intermittent, as the water
is treated in separate batches. Of these, the sludge-blanket type, owing,to its "higher”
eificiency, ehort%etention period, and smaller space requirements, is rapidly displacing
<he conventional type for industrial use. It:is also widely used in the’ muni%’\ia:l field,
but some\state boards of health prefer longer detention periods than the customary one-
hour detention period in the sludge-blanket type. This continuous sedimentatioh type is
The catalyst type produces a granular type of sludge which can be“handled

17




‘mechanical agitator which is motor driven.

27

Sludge Blanket Type

This type differs from the sedimentation type in that-the treated water is filtered
upwardly through a suspended siudge-blanket composed of previousiy formed precipi-
tates. There-are several distinct advantages obtained by this vrocedure. First, the
upward filtration-through the suspended sludge blanket results in the com%lete solution
and use of the added lime. Second, the close contact of the treated water with a large
mass of the sludge blanket ‘Prevents supersaturation. Third, the upward filtration in
the sludge blanket results in the production of water which is cleat enough without fil-
tration for mady industrial applications. Fourth) ' the detention period is much less
for this type. .

\

Figure 2 is a sketch of an accelator.. In size, the vertical softeners may range
from capacities of a few thousand to 10, 000, 000 gallons per day. Note that the outer
chamber consists of a smaller conical or pyramidal section with its base more narrow
than the top side. The raw water and the treating chemicals are introduced into the top
of the inner chamber where they are thoroughly mixed by means of a.centrally located

The chemical feeders used may be either of the wet or dry type, the latter type
generally being employed only with the larger sizes of units. In the wet type of feeder,
the hydrated or slaked lime is fed largely in the form of a suspension, usually of about

. @ 5 percent concentration. Where soda ash is also required with the wet type of feeder,

it is usually dissolved in and fed with the lime suspension instead of being fed separately.
The coagulant is dissolved in and fed from a separate chemical feeder. When dry
feeders are employéd, separate feeders are used for the lime, the soda.ash, and the
coagulant. ’ ‘

- A - . -
CHEMICAL CHEMICAL
| Y [ - )
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4 ﬁow’r" 2 ,’3‘1 o~ ’r‘:“iq:i{ “' "-"ﬁ{.\ T \‘(, {';;\.n.
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'Figure 2. The Accelalor
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The mechanical agitator consists of a series of paddles mounted on a vertical shaft,
driven by a motor acting through a reducing gear. As the hardness-in the water reacts
with the added chemicals, -the precipitates are produced which are kept in suspension by
the agitator. The treated water, with its suspended precipitates, flows slowly to the
bottom of the inner chamber and there, emerging from a series of openings, it reverses
its flow and slowly rises in the outer chamber. Stilling baifles are sometimes used at
the bottom to stop the rotary motion from being carried up in the outer chamber.

_ As the treated water rises in t_h'e outer chamber, its vertical velocity in the lower
part-of the chamber is sufficient to keep the precipitates in suspension. Owing to its
design, the cross-sectional area of the outer chamber constantly increases while passing
from the bottom to the top. Consequently, the vertical velocity of the tréated water con-
stantly; decreases during its passage through the outer chamber. Finally, a level is
reached where, with.a given volume of suspended sludge and for a given flow rate, it is
unable to expand the sludge blanket further upward. This tarks the upward level of the
sludge blanket, and, in practice, there is a clear line of demarcation between the upper
level of the sludge blanket and the clear water rising ab/ove it which is collected by the
collector system and then passes either directly to service or to the filters and then to

service.

This upper sludge level is kept by bleeding off sludge at the same rate as that at
which new sludge is being -formed. .This bleed-off can be done automatically. The
bleeding-off operation is usually performed through an integral sludge concentrator.
Increasing the flow rate will increase the height of the sludge blanket, and lowering the
flow rate will decrease it. If the flow is lowered, the blanket contracts, but since the
cross-sectional area decreases downwardly, the blanket is kept "alive!'” and functions
just as efficiently. In general, the range over which type s‘of equipment such as this
will function satisfactorily is from 20 percent of the rated capacity, as the low limit,. to
about:110 percent, as the high limit. ) ¢

. Clarifier i

The clarifier (Figure 3) removes suspended matter and softens the water by the
lime soda process. Water enters the clarifier at the top of the inner chamber and is
flash mixed with the alkali and coagulant solutions. .The alkali reacts-to precipitate
the hardness, and regulate the pH for best coagulation. The coagulant reacts with the
added alkalinity to form a floc which tends to increase in size and settle towards the
bottom. Slowly revolving agitator blades at the bottom and at.the center of the inner
chamber gently mix the floc and the water. This operation further increases the floc
size as particles of suspended matter and precipitated hardness are caught by the floc.
Clear water rises in the outer chamber and the heavy floc tends to remain in the lower
portion of the outer chamber. Clear water flows-through a distributor in the top of the-
outer chamber into a clearwell. A pump pumps the clear water from the clearwell.
Over a period of time floc tends to build up in the outer chamber. The desludging timer
should be adjusted to maintain the floc blanket just below the third sampling cock from
the bottom. If the floc i$ very slow settling it may be necessaty to blow down more
frequently to prevent the carry over of floc into the clearwell. '

. A N .
Proper opération .of the clarifier is dependent upon the following \f\actors:
: ‘ \

a. Raw water quality c. Coagulant and.alkali feed rates\ .
b. Water temperature d. Type of coagulant and alkali us \t\l
: e. Raw waterflow rate \

\
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The alkali used must precipitate enough of the hardnesas to reduce the total hardness
of the.clarifier effluent to 200 to 300 ppm. Three possible alkalies, (soda ash, lime-
soda, or caustic soda) may be used. Soda ash removes the noncarbonate hardness. The
lime and caustic soda remove the carbonate hardness. Soda ash, which will remove
additional noncarbonate hardness, is formed also by the reaction of caustic soda with the
carbonate hardness. Because of the acid.treatment before the degasifier, the water
entering the clarifier has essentially no carbonate hardness. The majority of the alkali
solution must be soda ash. A certain amount of carbonate hardness will form when the
soda ash is added. For this reason either lime or caustic soda must be used to precipi-
tate the carbonate hardness. The optimum alkili solution is the solution which will allow
the reduction of the hardness to 200 to 300 ppm.as CaCOj and still prevent the rise of
the effluent pH above.the ¢,0t0 9.5 range. It is in this pH range that the solubility of

-calcium carbonate is lowest and maximum softening will result,

The coagulant used’ and the coagulant feed ‘rate will be largely determined by the

"PH of the clarifier water, jar test results, and chemical cost. .There are several coagu-

lants that may be used. Some of these are alum (aluminum sulfate), ferrous sulfate,
ferric sulfate or ferric chloride. Alum generally coagulates best in the pH range of 5.5
to\8.0. ' Ferrous sulfate coagulates Hest in the PH range of 8.5 to 11.0. The ferric
coagulants coagulate over a wide pH range of 4.0 to 11. 0.

Clarifier Controls

The agitator drive on the clarifier is controlled by a nranual motor starter. Because
the agitator drive must be operated continuously (even when the we!l pump is not oper-
ating), it is not controlled by the relay in the well pump controls. The blowdown timer
is controlled by contacts in the well pump controls. These contacts close to energize a
timer fivt segonds after the well pump starts. As the timer runs, it periodically closes

contacts to energize the blowdown solenoid valve. The t'mer -is-adjusted to-blow-down the

N

k!
1
3

clarifier often enough.to prevent the carryover of floc into the clearwell. .

Electrical controls for the pump are set as foilows: The selector switch is placed
in an automatic position. The manual motor starter is placed in the ON position. Then
the results.are as indicated. The pump motor is energized if the contacts on the float
switch are closed. The float switch is located in the clarifier clearwell angl'controls the
pump to prevent the pump from pumping the q}parwell dry. The pump may be started
independent of the float switch, by positioning the selector switch to the hand position.
This type operation is only for clarifiers shown in Figure 3, ’

CHEMICAL ADDITIVES USED TO REDUCE HARDNESS

The lime soda softening process often results in formation of soluble.carbonates of

magnesium and high alkalinity of softened water. -Methods of overcoming this limitation
are discussed below,—— -~ —— 7

1. Excess Lime Treatment ] . s

In the excess lime treatmeént, 35 to 50 ppm excess lime or more is added:
to precipitate the magnesium almost completely. Excess calcium is then
precipitated with soda ash. Soda ash dosage is the amount required to com-
bine with the noncarbonate hardness of water and excess lime. If the wat r is
recarbonated after filtration to a pH of 8.0, it will be .palatable and will Lave
a hardness of about 30 ppm.

20
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2. Split Treatment \

In water treatment plants which ware not designed for softemng, inadequacy
of softening facilities can be overcome by split-treatment.| In this process,
as large a portion of the raw water as possible-is-overtreated to obtain maxi-
mum reduction of hardness. The excess is then neutralized with raw water.
Split.treatment produces a greater hardness of a given qu‘antxty of raw water
than does addxtxon of the same quantity of chemicals to the total supply.

3. Exce{s Lime and Recarbonation ~ ‘\
Treatment with excess lime and recarbonation consists of thé- excess_lime
treatment and use of carbon dioxide to neutralize the-excess Ixme Carbonate
hardness can be reduced by this. method approximately to the ﬂolubxlity limit, .
20 to 35 ppm-hardness (depending on temperature) Calcium carbonate is
léust soluble at pH of 9. 3 to 9. 7. , \

3

4 Addxtmnsofd\lummﬁm"Compo\md, e, \ |

Aluminum coxhpounds cdagulate finely divided precipitates, thereby making
their removal easier. Without aluminum treatment, longer periods are
required for precipitates to coagulate and settle. Addition of aluminum
compounds changes soluble magnesium salts to soluble magnesmm aluminates
which can be removed by settlmg or filtration. ;

5. Treatment with excess lime, recarbonatmn, and secondary flocculatxon is
carried out as follows: 2

a. Add excess hme and correct amount of sod ash«to combmewvxihw—m S
nonCirbonate hardness, mix and allow to ¢ sttle. { [

b. Neutralize excess lime with-carbon~ dioxide gas. i
— !

e e N |

i

- € Mix thh sludge produced by the water softening process or witha

coagulant and allow to settle. i

|
d. Add carbon dioxide gas again and filter This process decreases\
load on filters, lessens incrustation of filter sands, and prod\...es

a more nearly balanced and, therefore, more stable filtered “.ater
It is especially adapted to treating and softening turbid water. \

Dissolved Iron ~ . ' ¢ \

Dissolved iron is effectively removed by lime or lime soda treatment for |
softening water. The high pH created by lime results in formation of a rapid sett\l.mg
ferric hydrate floc. Oxidizing cheu.icals such-as chlorine or hypochlorites can be
used to supply the necessary oxidation to convert iron to the insoluble form, althoﬁgh
aeratxon prior to chemical addition usually is much more efficient and economical.

Where iron is easily oxidized by aeration, the following chemical additions hasten
subsequent sedimentation (best dosage is determined by laboratory flocculation tests):
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Aruitoxt provided by Eic:

1. Lime and aluminum sulfate or ferric salts with 20 to 30 minute flocculation.
Recarbonation should follow if the lime treatment has increased the pH sufficiently to
throw water out of chemical balance.

2. Aluminum su]fa'te.

3. A pHof over 8,0 helps flocculate the iron hydrate and may, in case of high
iron content, produce all the floc necessary to remove turbidity. Lime is used for
this pH adjustment. This treatment is necessary in acid waters.

Where iron resists oxidation by aeration and sedimentation, sand filters act as
contact beds and remove most of the remaining iron. The oxidizing is confined to the
upper portigmo_f the-bed and results in coating the sand with iron oxide which has been
found-to be more active than clear sand for iron removal. ‘

-~

Manganese

Manganese, when present, is almost invariably associated with iron. Due to its
chemical similarity to iron, it is removed by the same processes. However, manganese
is not oxidized as readily as iron. This is shown by black manganese stains below, the
iron in sand filters.

. TT——
1. Filter sand with a manganese dioxide coating aids in removing the manganese.
Contact aerators are quite effective.
2. Since manganese is removed by coagulation only at a relatively high pH value,
it is necessary to use a coagulant which has its optimum in a high range.
Ferrous sulfate is usually used in a pH range above 9. 0.

3. Oxidation of the manganese with chlorine followed-by coagulation and pH control,
sedimentation, and filtration--usually gives satisfactory results.

4’ Polyphosphates will hold manganese i solutioh providéd the manganese does
""" "not exceed approximately 1 ppm. A weight ratio of about-2 ppm-to -1 -ppm-of-
manganese is required. e

Need for Stabilization

Production of an acceptabie water does not end with disinfection, clarification, and
filtration. Water furnished for consumption must neither scale nor corrode the dis-
tribution system. "The processes of coagulatlon and softening previously described do
not, as a rule, produce a water that will meet these zjequxremcnts. The pH, alkahnxty
and hardness may be so low and the €arbon dioxide (CO3) so high that the water may
corrode the piping system; -or the pH and alkalinity may be so high that the calcium
carbonate will scale mains, meters, and hot water heaters. To avoid these circum-
stances, water may be first supersaturated as to calcium carbonate content, in which
condition a protective {ilm against corrosion will deposit on pipe walls; then, an equi-
lIibrium point of the water is sought such that it will neither dissolve nor deposit calcium
carbonate. Under these conditions a protective coating of calcium carbonate lining pipe
walls will be undisturbed, thus preventing corrosion of the metal underneath, and pro-

gressive scaling will not occur.
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: The adjustment of pH and alkalinity of a water to a calcium carbonate saturation-

- equilibrium value is known as stabilization. The pH associated calcium carbonate
equilibrium may either be calculated or determlined by the calcium carbgnate stability

test. A formula developed by Langelier forms the basis of calculations for pH satura-

tion values (Table 1). For routine chemical control the calcium carbonate stability

test offers a simple and direct indication of the equilibrium of calcium carbonate in the
water. A modification of the marble test, known as McLaughlin's ""Marble Test" Graph,
will be found useful in calcu.latxon of lime dosages for pH correction. '

. McLaughlin's "Marble Test" Graph

Set up a series of liter or gallor"x samples of the same water in a stirring machine.
Determine alkalinity of the original water. Dose each with increasing amounts of lime
solution to cover the whole range of probable treatment. Stir for one-half hour and
settle for four hours. Accomplxsh the alkahmty test on each product and plot the change
in alkalinity against the corresponding pH value. ‘Such a plot is shown in Figure 4. The
point of zero alkalinity change, that is, where the curve crosses.the horizontal axis,
marks the pH to which the water shguld be raised by lime treatment.

\“1 " -

PPM. AS i .

CALCIUM CARBONATE . -

W

2 . PH OF PROPERLY LIMED WATER:
> & NO CHANGE IN TOTAL ALKALINITY
e § o OCCURS 1N THE MARBLE TEST. ~
z = UNDERLIMED LIME NEAR THIS PH WHEN TREATING
b 4

== — - z opb—»> o L L - L e — o e e mmea
z 6- 7 8 )
T T T T T RN « OVERLMED

E uw #
I 2 q0f
U W

[ 4

v 5

w

o <

20~
— ,

Figure 4, McLaughlin's Test Graph \
\

o

Stabilization of Coagulated Waters
If an analysis of coagulated waters shows them to be undersaturated, the calcium
carbonate content must_be built up if red water troubles are to be avoided. This is
usually done by the addition of lime (either hydrated or quick lime); or if the water con-
tains calcium sulfate, soda ash may be added. (Soda ash reacts with calcium sulfate
to produce calcium carbonate.) For example, it has been shown that waters containing
sufficient natural alkalinity and pH adjustments of such waters are usually made with the
addition of lime which raises the pH to the desired value as calculated by the tests pre-
viously mentioned. Hardness of the water is usually increased somewhat. Normally,
the amount due to thxs cause is not great ‘enough to’ be ob_]ectxonable
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. Stabilization of Lime Softened Waters :
- 3 g')’ .

. | : , .
Liﬁifoﬁened water may not.be staP le because of the high content/of calcium and %
' magnesium carbonates. If the excess i not removed, scale is deposited in the dis- / \

tr'\ibution- system, hot water héaters, meters, and the like. Encrusting of filter sand and ' -
grivel is also experienced. ) -

Lime softened water can be stabilized by recarbonating with carbon dioxide, ga\s. - )
After the water has passed through the settling basins but before it‘has reached the filter,
carbon dioxide is diffused into the water through small openings in a-grid system. The

carboric acid formed by-the gas in soluti‘on neutralizes excess alkalinity in the water and
converts slightly soluble excess lime anicar!ﬁohates to highly soluble bicarbonates.
Bicarb\?nates do not precipitate from water easily so scale formation is prevented. Ex-

cessive recarbonation can produce a corrosive water, if carbonic acid (free COy) re-
mains after completion of the reaction. ‘

. | ' .
Limé softened water can also be stabilized with sulphuric acid. Because calcium

sulphate is formed by the reaction, close tontrol of dosage is necessary to avoid forma-

tion of exé\e ss amounts d{ noncarbonate hardness. Base the dosage on laboratory scale

treatment ‘?nd alkalinity test, -. .
\ .
Scale and Corrosion Control .
\ .
Most of é&e scale formed in water systems is gimilar in Ppeararice; however, there

are several distinct types of scale. Among the most comm

og:}n are (1) pure mineralscale,
(2) mixed scale and corroasion products, and (3) combinatign of minerals.

. L. /

1. Pure mineral scale, such as CaCO3 and CaSO4;/' Calcium car’b!)nate forms a

. loose sludge-like deposit_t}yat.will.cgumblelratherveasily—when'Jdried. -Calcium sulfate )
o forms,a_hardyadherenttype» of scale which g-espeéig_lﬁlyboabjg,ctionableminuboil'ei-.s‘.,

2. Mixed scale and corrosion products. Hot water pipes are often found con-
\ _ taining layers of rust sandwiched in between layers of mineral scale..

i

3. Combinations of minerals cementeé together by binders, such as silica. Such "
combinations will produce a hard ""baked-on!' type of scale on hot boiler surfaces.

Scale is an undesirable formation, having the following.adverse effects:

1.

Reduces the safety factors by clogging\the safety valves and gauge iine;.\

2. Clogs pipes, thus reducing carrying‘.-capacity-r “Pipes-should-be cleaned, if T
possible, rather than replaced. Once the scale has been removed, a chemical treatmant .
should be used to prevent,.new formation. ’

3. ReducesAoperatingfefficiency of heating and .cooling systems by clogging coils,
heat exchangers, and radiators,

e

—=~— 4. Reduces rate of heat transfer in boilers. ¢

-

5. Increases cost of operation by adding to cost of maintenance and replacem.at.

The treatment used to ¢larify water may result in a very clear sparkling product -
and yet be a heavy scale maker,

‘ VoL
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In the cold lime process of clarification, water is softened by chemical reaction.
This reduces the scale forming hardness minerals thereby protecting the distribution

system from severe scaling. Any process that will reduce hardness will reduce scale.

Scale.can be formed by several different compounds bit distribution lines are -
most commonly found to contain calcium carbonate and calcium sulfate.
; I ) \
Besides using softened water another method of pr"'eventing scale formation is the
addition of polyphosphates. Polyphosphates will prevent the hardness minerals from
coming out of solution to form the scale and also stop the chemical reaction of lime .
softening so it will not precipitate out-in the distribution lines.
Corrosion or rust is always a problem in waterlines and can, if conditions are " ‘
right, completely destroy a waterline ih one year or less. Corrosion inside a water
pipe is difficult to detect and major damage can occur’ before it is found. , ,
AN - i
i
, ™ When water has a low pH (below 7) corrosion can occur rapidly. The remedy is to |
raise the pH of the water by adding chemicals that will add .alkalinity to the water such '
as sodium hydroxide (lye). If the water is treated in a lime- soda plant it also will cause !
the pH to rise above a corrosive level. . |
. Many waterplants add small amounts of phosphate compounds to prevent pipeline
corrosion. 'Phosphates will form a very thin film on the inside walls of pipes and so
prevent moisture and oxygen from attackmg the iron.

When water is to be used commercially, such as in boilers or cooling towers, then
strong doses of corrosion preventatives can be added but domestic water must be only ;
\ lightly treated and then only with chemicals that are not poisonous. ‘
¥ { u [
CHEMICALSUSED TO CONTROL ALGAE /
\ S ' .
. Presence of algae does not make water unsafe. However, uncontrolled algae
growth frequently causes unpleasant tastes and odors and it may clog plpes and filter
beds, thus lowering efficiency. Filter difficulties are generally cause‘d ‘by a smafl group
_ of- d1atoms Taste-and-odor problems are.-generally.caused by a wide. variety of. algae, . -
the type and intensity of the problem varymg with the particular algae ‘concerned. Algae
growth occurs maihly in large open reservo1rs/m sluggish streams, and in surface sup- .
plies. Sunhght is necessary for its existence. ‘ /

Ny

-

(1) Copper Sulfate.’ Copper sulfate treatment is most effective if started
early in the season before heavy algae concentration has formed. The treatment 15
repeated whenever algae growths reappear. If copper sulfate can be applied by solution
feeder to water enteriny the reservoir, continuous application of lower concentrations
can be used mstead of 1nterm1ttent treatment. This usually results in the most efficient )
control of algae growths. Copper sulfate treatment should be started when the algae
count exceeds 20 organisms per millimeter of water, as measured by the centrif gal

or Sedgewick- Rafter funnel methods or by microscopic examinations. .

(a) The simplest, though not the best method, of applying copper
sulfate is to tie a bag of copper sulfate crystals to a boat and cover the reservoir ina
.1 definite zigzag pattg

.
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(b) In reservoirs neediné frequent treatment, the best method 1; to
spray copper sulfate solution on the vater surface from.a spray unit mounted in a boat,
Apply the solution evenly to avoid overdosing shallow. areas. -

(2) Chlorine. Chlorme miy be app11ed as hypochlorite solutioh or chlorme
gas. Hypochlorxte is sprayed. on the water from a boat-mounted spray unit. Gas is fed
from a boat- mounted chlorinator through a submerged diffuser into the water. Either
may be fed continuously when controlled dosage can-be applied to water entermg the
reservoir,

(3) Activated Carbon., In large reservoxrs and impounded supplies, activated
carbon is apphed by spray from a boat.” In small basins, regular spraying and hand
spreading can'be used. In filtration plants carbon is usually added before coagulation.
Suspended carbon carried to the filters is effective in removing odors, although shorten-
ing of filter runs may occur.- - ’ .

(4) Mechanical. Filters may also be used to control algae in water. Both
pressure and gravity filters may reduce algae with the help of pretreatment.

. SUMMARY- .

Coagulation is a process whereby finely divided partzcles of turgxdxty and coloY,
capable of remaining m_gsuspensxon indefinitely, are combxnedAQ&hemlcal means into
masses sufficiently large to effect rapid settling. (Formation of masses of gelatinous
precipitates in water by adding alum or other suitable chemicals for clar:.fyxng water. )
Coagulatxon u essential.for filtration in order to remove the fine particles of turbidity.

# o
Some of the coagulants are: aluminum sulfate, filter alum,r ammoniumn alum, - P
T sodium aluminate, férric sulfate, chlormated coppera..., ferric chloride, and ferrous -
“sulfate.- oLl Lol L e . )

The jar tests are performed to indichte the approximate dosages ard cptimum pH

values, The final adjustments are made in the full-sized equipment. . ¢ >
N @
Optimum pH - is the pH at which best floc| formation occurs, usually the floc ) o
forms and settles fastest at this-point. . ’ ~
|
|
Sedxmentatxon is a process of remonng suspended sohds from water by gravity or I
settling. ; i
A f / . . '

Clarification is a process used to make or cause a liquid to becom’e pure and clear.
J o
Hard water'is objectionable because it deposits scale 1n pipes and boﬂers, ieaves !
stains on glassware and kitchen utensils, and requxres excessive amdunts of soap to °

form lather. Hardness is caused by calcium and magresium compounds in solu'xon in -

‘the water. Iron and aluminum compounds also produce hardness but usually in such
small quantities that they are not genorally associated with hardness. Water with over
200 ppm’of these compounds is ‘classed as’ "very hard" wh;le water wzth 15 ppm is termed
"very 'soft." L , . .
- N : A ¥

In"the hme soda process, softening is accomplxshed by changing these &ompo nds .
from a soluble form to an insoluble form and removing them through sedxmentatxun and .
. Q ) 28 ~ R ¥ 1]
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) fxltratzon.. Both carboixate and noncarbonate hardness ¢an be removed in this mannt,r.
Some supplementary softening precedures that may haJe special application include the
excéss lime.treatment, split treatmsnt, excess lime and recarbonation, and-the addition
of al\xmmum compounds. .

.

{I‘o the water and waste proc‘ess'ng specialist, ''scale'" is a substance which results
from usmg hard water for industrial purposes. There are several kinds of scale; how-
ever; the most common is a white, crusty deposit of CaCO Scale deposits are very
objectmnable because-th2y reduce saf:ty factors, stop up- p1pe 8, reduce rate of heat
transfer and increase amount of required maintenance. The best way to prevent scale is
.to re’move the hardness from the water before it is used.in any kind of industrial equip-
mentL For some purposes, stabilization of the hardness compounds by the addition of
polyphosphates or CO3 will wort satisfactorily.

éorrosxon is the deterioration of metal due to an unfavorable environment. The
most;practxcal corrosion prevention measures for the inside surfaces of equipment

- sthrough which water circulates consist of pH control (keep the pH of the water above 7)
and the addition of strface active, water soluble,corrosion inhibiting chemicals. The
chemijcals most frequently added to prevent corrosion are sodium hydroxide and

polyp asphates.’ .

) s QUESTIOI‘TS

‘1
Vi/hat is meant by clarification? o \
“!'

N hat happens during sedimentation?

3. How can floating sediment be removed.from raw water?

. V&Jshat is "floc"?

1
-
1

5. What are the two primary groups of coagulants?

| o
6. I-;c{)w does hard water affect the making of a soap lather?
7. , How would water containing:75 ppm of hardness be rated?
' % .

8. Name two compounds that cause permanent hardness.

i
s
<

1
é. W_l%at type feeder is used to feed chemicals when the water fléw is variable?
| \ /

¢ T t
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‘e Vlhat troubles develop when water contains over 0.3 ppm of iron? |
. - \ =
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l1. “ Name one methodjof removing dissolved iron. p : | \/ -
\ : rd ’ i ' /,‘
. . : . ‘ o/ I
12. ' Name thrce advan tages of the sludge-blanket type of softencr. /
¥ \ . R , fv,
/ S . |
. /
13. What chemicals:does the clarifier usi’e in softening water? '
14,  What type of softening may be used in treatment plants not designed for sof ening? .
15. Why does softened water also need stabilization? -
16. What is water scale formed of in a pipeline| ™~ -
J R ’ / \
17.  Name the four bad effects of scale. /
18. How can scaling be stopped or reducedi:?
o I j
19. What effect does pH of water have on p1 eline corrosion? / /
20. Name two chemicils used to control algae. /
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WATER SYSTEM FILTERS
OBJECTIVE
The purpose‘of this sfudy guide is to aid you in learning about water

system filters ‘and their relation to the water supply and distribution
systems. ‘

.INTRODUCTION

A working knowledge of water system filters is necessary in your job
as a water and waste processing specialist. In the water purification pro-
cess, water frora the sedimentation basins is brought to the water filters.
This water. ‘contains very fine and suspended matter such as minute parti-
cles of clay, mud, and floc that have not formed together. It will also
contain bacteria and microscopic organisms that have not been removed by
sedimentation; therefore, the purpose of the filter is to remove suspended
matter and give the water a clear and sparkling appearance,

Water system filters will be discussed under the following main
topics: ‘

@ TYPES OF FILTERS
FILTER MEDIA
DESIGN FEATURES
OPERATION OF FILTERS
DIATOMACEOUS EARTH FILTERS
RADIOLOGICAL CONTAMINATION
OPERATIONAL PROBLEMS AND CORRECTIONS
WASHING PROCFDURES L ’




‘TYPES OF FILTERS

" Water filters are classified into two types; slow sand and rapid sand
filters. Both filters can be used in Air Force installations; however, the .
rapid sand filters are the most. commonly used. ) N
Slow Sand Filters :
Slow sand filters contain fine-grain sand and have low filtration rates.
These are normally used when coagulation is not included in the treatment
process; however, use of slow sand filters by the Air Force has been prac-
tically discontinued because of their initial high cost, the high\cost of
labor required to clean them, and.the large surface area of land required.

Rapid Sand Filters

Rapld sand filters are normally used by the Air Force in modern
water treatment plants. The twd types of rapid sand filters discussed are

gravity and pressure.

t

GRAVITY FILTERS. See figure 1. Granity filters are ‘usually open-
top rectangular concrete boxes about ten feet deep. An underdrain system
at the bottom of the gravity type filter is covered by about 12 inches of

gravel which in turn supports a 24 to 30 inch layer of fine filter sand or

other filtering agent (see figure 2).

RATE-OF-FLOW AND FILTER BED WASH TROUGHS
FILTER TANK

OPERATING
TABLES

PIPE GALLERY FLOOR y Dopelt /
. B~ INFLUENT’
PRESSURE LINES \ o TO FILTERS
TO HYDRAULIC VALVES N
FROM OPERATING TABLES WASH LINE

EFFLUENT
DRAIN \ TO CLEAR WELL
(JconTreLier

Figure 1. Gravity Type Rapid Sand Filter
32 ,
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Figure 2, -Cutaway of Gravity Type Filter

Gravity filters are normally designed to filter about two gallons per
minute per square foot of filter-bed area; however, as much as four gal--
lons per minute per square foot can be filtered during an emergency if
prior treatment by flocculation and sedimentation produces very iow tur-
bidity, and if prechlorination and postchlorination are disinfecting the
water efficiently, Approval must be obtained from the major command
to operate filters at rates in excess of 2 gpm per square foot.

PRESSURE FILTERS. See figure 3. Pressure filters have -the
filter bed enclosed in a pressure vessel, Water is either pumped into
the vessel and forced through the filter or is drawn through the filter by
a suction pump. Pressure filter tanks can be installed either vertically
or horizontally (see figure 3).\ This type of filter will operate on the
same principle and at the same flow rate as gravity filters.
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' Figure 3. Pressure Filters -
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FILTER MEDIA

The filter media most commonly used by the Air Force water systems
are (1) sand, (2) anthrafilt, and (3) filter gravel. Each filter agent must
meet rigid specifications. ’

Filter_ Sands

Filter sand is made up of sharp-or rounded durable grains of clean
quartz or quartzite material. The quartz will be between 0.35 and 0. 70
millimeters. Of course, the size of the sand grain will be used as an
index to determine the filtration rate.

Anthrafilt

Anthrafilt is a filtering medium obtained from freshiy mined anthra-'
cite coal. Some of the specifications of anthrafilt are (1) it must be free
of dirt and other foreign material; (2) the anthrafilt grains will be 0. 65 to
-0.75 mm in diameter; (3) ash content is less than eleven pereent; and {4)
it will weigh about 53 pounds per cubic foot, :

#

Filter Gravel
Filter gravel has three primary purposes: (1) it supports the sand;
(2) it permits water to flow freely to the underdrain; and (3) it aids in
distributing wash water to all parts of the sand in a uniform manner,
Specifications that must be met are: (1) it must consist of hard, rounded,
- and durable pebbles; (2) it must weight100 pounds per cubic foot; and (3)
- © it must be washed and be free of loam, sand, clay, dirt, shells, and other
foreign matter. ,

~

DESIGN FEATURES

The purpose of underdrains is to provide an outlet for the water after
it has passed.through the filtering agents. Design of the underdrain.
system is controlled mainly by the wash water requirements. This is so
because the rate of application of wash water is greater than the rate of
filtering. o . :

A pipe-type underdrain system consists_of a-cast=iron manifold or
headzi%v}‘itﬂ—lMS;usuallyfonMnters. The laterals are closed
. ————attheother ends, but have calibrated holes drilled in the upper and lower
sides. Total area of all the orifices is about one-third of the filter
surface area (see figure 4).
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Figure 4. “Underdrain System

OPERATION OF FILTERS

In order to be able to understand the operation of filters, you must
have a working knowledge of the filtering equipment, such as, the rate-of-
flow controller, loss-of-head gage, wash-water controller, and rate-of-
flow indicator. Each one.of these components will be described and then
integrated in an explanation of filter operation. v

-

Rate-Of-Flow Contioller -

-

The purpose of the rate-of-flow controller (see figure 5) is to regulate
the flow of water through a filter bed. When a filter bed is first put into
operation or if it has been washed recently, the water will flow through it
too rapidly for effective filtration. As aresult, the filter outlet line must
be restricted to réduce the flow of the water. As the filter bed becomes
clogged with foreign matter, the filtration flow rate decreases. The
restriction will then be reduced in order to maintain a stable filtration
rate, "A pressure operated automatic mechanism known as a rate-of-flow
controller will accomplish the steady flow rate through the filter. The

: - 36
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rate-of-flow controller is usually installed in the ‘water filter outlet line.

Its operation is controlled by filtered water flowing through a venturi

tube. Pressure differentials will be produced by the venturi tube and will .
actuate a balanced valve. The balanced valve in turn will affect the flow
rate by partially opening or closing the flow valve. _

MONEL KNIFE EDGES
AND SEATS

STAINLESS STEEL

CABLE RATE

SETTING WEIGH(

STAINLESS STEEL
BALL BEARINGS

’\\

GRADUAYED BEAM

SWIVEl
BRACKET

STAINLESS S:i£L
VAlVE

VENTURI INET P

cs
‘:.

1(.:\

,' VB
BRONZE l:NERﬂ N
D - el == VENTURI
' B /e RECOVERY CONE

STAINLESS STEEL E 2 e
PISTON ROZ (. ~3¢ > np vaves

a9 4]
. —\ EVELE )

>, Banl 301y Sectional view of righe.
hand  Controller 1 Dia--
pheagm on righe hand
side, foohing downstream
lhung inlet of Control.
er),

MCLZED

FLOATING” PUBBER SEAL

PSTON

Figure 5. Rate-of-Flow Controller

Rate-Of-Flow Indicator

The flow rate of the water out of the filter is measured by the rate-
of-flow indicator. It will usually consist of a venturi meter which is
located in the filter outlet line. The indicating instrument itself will be
installed on the operating floor where it can be observed by the operator. ¥
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" In some equipment it will be included with the loss-of-head gage or the

rate-of-flow controller. This gage must be observed. frequently since a
constant and controlled rate of filtration is necessary. Changes in the
filtering rate:may cause breaks in the filter bed which would allow.por-
tions of the water to pass through the filter without being filtered.

Loss-Of-Head Gage

As the water passes through the filter, foreign matter is deposited
in the filter. This foreign matter produces a greater resistance to the
flow of the water through the filter bed and underdrain; consequently,
there is a loss in head-pressure between the inlet and outlet of the filter,
This loss of head pressure is measured by the loss-of-head gage (see
figure 6). This gage is operated by two floats, one at the surface of the

=~ . LOSS-OF -HEAD GAGE
CALIBRATED IN FEET
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waé in the filter and the other at the static operating level of water in ‘
the'undérdrain; These two. levels or pressures will be reflected by the —_ -
calibrated face of the loss-of-head gage and portrays a very accurate’

guide for efficient filter operation. This gage should be checked periodi-

cally for operation and accuracy. Lbss-of-head gage erratic readings

can identify such problems as (1). cracks in the filter bed surface, (2) -

improper operation of the rate-of-flow controller, (3) malfunctioning .

automatic outlet valves, and (4) the need for washing of the filter.

Wash-Water Controller’

When the filter has b,eilcome clogged and must be washed, \a wash-
water controller is used to control the flow rate of the water from the
wash-water tank through the filter. This valve or controller must not
be-opened too quickly as_it may cause air, which has accumulated in the
bottom of the filter, to compress. This air pressure can be released
only through the filter bed which will violently disturb the arrangement
of the sand and gravel. The valve control mechanism will be located.on.__ ... ..

the operating floor. \

!
-

Filter Operation . 5

In reference to the operation of filters refer to figure 6. An inlet
_pipe transports water from the sedimentation basin to thé filter. The

~ water will be discharged against the filter ‘baffle. This prevents the water

current from disturbing the filter bed. The incoming water flows up and

over the filter. The water filters downward through the sand and gravel -

into the underdrain system. The outlet flow of the water from the filter -

is regulated by the rate-of-flow controller. The filtered water is col- .
lected at this point in the process in a filtered-water reservior called a ,
clearwell. The main operating difficulties in water filters are: (1) mud 7
or ‘mud ball accumulation, (2) sand incrustation,(3) air-binding, (4) ’
sand-clogging, (5) formation of micro-organisms and (6) ice formation,

~

‘Pressure Filters ) . .

Pxﬁssure filters are generally composed of two types of filtering
agents? sand and diatomaceous earth. Pressure filters (figure 3) will be .

- used in filtering the main water supply as well as for swimming pools. -

The diatomaceous earth pressure filter (figure 7) will be used primarily
because it will require less space than sand filters and it will produce
sparkling clear water. Diatomaceous earth is composed of skeletons of
countless tiny one-celled animals called diatoms which, when specially
prepared, looks like powdered chalk. The diatomaceous earth will
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_ build-yp-on-the filtéring element and form a cake deposit. This causes a
formatjon of fine pores between the particles, and filters the water as it
passes\through the cake deposit.

. __Thefiltering elements, (figure 7), of thé pressure-filter in the center

of the tank are cylindrical and perforated. A singlé. depth of fine wire is

wound around the cylinder. This fine wire element is close eno¥gh to

‘prevent the diatomaceous earth from passing through the filter. The

-diatomaceous .earth deposits evenly to form a thin coating, called the ,

pre-coat, gver-the filter element. ‘ | .
—<T -
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sion is greatest through
thinnest portion of filter |
- cake, building up that por-
tiori‘of’g' resulting in uni-
form\ goating of” filteraid
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SECTION A DURING
FILTERING

Porosity of the filter cake is
maintained ‘under pressure
by rigid particles of filteraid
mixing with -caompressible
particles of suspended
matter in raw “water.

SECTION- A ‘DURING -
BACKWASHING '
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'
! .

4

7

40

Figure 7. Pressure Filter ‘Elef’ment
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to 15 gallons per minute p?r square foot.
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Pressure filters are much more‘widely-géed than/ graviiy filte,rs.."
65 pounds per

They are usually built to withstard a pressure of 50 to. )
/10 feet in diameter,

square inch, Vertical filters range in size from 1 to/1
Horizontal filters are usually about 10 feet in diameter and about 25 feet

in length, The operation of these filters is basica.lly/ the same as gravity |

filters except that v/ater is forced through the filter gé ur;Qer pressure,

_ The flow rate thxl'ou’gh; a pressure filter is ,abm}t,/3 gpm per square
foot of filter area. When the head-loss reaches ’§/pour§ds per square
inch, the filter area. When the, head loss.reachés 5 pounds per square

inch, the filter should be backwashed. The backwash rate is about 12

-

The main advantages of pressure filters over the gravity type are
(1) they are less costly to install; (2) they are free from air binding; dnd’
(3) they eliminate double pumping. The viggest disadvantage is that-the
effi?iency of operation of the filter cannot be directly observed. ~ A typical
vertical steel shell pressure filter i shown, in figure.8,.— .
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Figure 8, Vertical Steel Shell Pressure Filter
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B ‘ DIATOMACEOUS EARTH 1T'ILTERS

D1atom1te puriflca,tion eqmpment is ava11ab1e in.15, 35, and 50 gpm
portable sets (see figure 9). . This equipment and a.uxlhary supphes con-
gist of a pressure;filter unit, .a distomite feeding apparatus, pre-coat
tank, fabric tanks, gz}\soline»-driven pumping sets, suction hose,

ot
7

e

Diatomite water purification set No. 3, 35 gpm L -
LN Figure 9
, 42
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coagulatix{g chemlcals two chemical feet baskets, a measuring con-

tainer and a chest contammg cuscharge hose, f1ttmgs residual chlorine,—————
and pH testing equipinent, —The-variances™ m"‘fh"f5 35 50 gpm diatomite -

r‘-.—“'"”-“‘;““’”*f)urﬁlcation equipment or sets is as follows: /
) g , j
5 ) . Set No, 2 E/et\ No. 3 Set No, 4
Average Output 15 gpm 35 gpm 50 gpm |
Pumping Sets. 4 each 4 each S5each - |
Fabric Tanks 4 each-500 3 each-3,000 gal. 4 each-3,000
_ 1 gal. o . gal. I
> $uct10n Hoses "1 mch 1-1/2 inch 2 inch ,
. " The purpose of the diatomite eqmpment is to provide potable and

, s afe water for Air Force personnel i the field. All the purification
sets mentidned above were specifically designed to remove all amoebic
cysts and the cercariae of schistosome. Pre-treatment is necessar\y
° for efficient operation of a diatomite filter. The complete layout for
« ', -dll purification sets is similar, as represex:{tled in figure 10, and includes
the process-of coagulation, sednnentatlon, sinfectlon, and filtraticn to
produce water of the highest quality regardless of the turbidity of the

source. . STORAGE TANK R
. FILTERED AND - - &Ug’:& AxD
wo CHLORINATED WATER 4
: o caswmcu » (DISTRIBUTION)’
. . -~ “FITERED WATER :
Pl  DISCHAXGE UNE
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The maximum production uf the purification sets is és follows:
o i |
Rated Capacity - Maximum t Per
or Filter . '1\ 20-Hour ‘ y

15 gpm 15 000 to 1 ,oo allons
35gpm | ", 40,000 to 4 ,000 gallons
50 gpm /: \ ’ 50 000 to 60,000 gallons

The equipment just descrlbed is referred to as batc

h'type equipment.
The batch type equipment will be eventually replaced by bhe contindous

flow type of purification equlpment (see figure 11). The tontinuous glow
type will allow purification of water under all climatic cond1t1ons
Detailed instructions on Operatmn \and layout are found i

- TM-5-4610%
202-10, TM 5/4610 -203-10, and. TM 5-4610-204-10 whi h corresponds to
‘ _the federal ?tock -number, i

44
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The knapsack pack water purification unit consists of a small hand
operated diaphragm pump, paper filter pads, canvas carrying case,
sterilizing tablets (halazone), and accessories. This unit was designed
to provide individual Air Force personnel with equipment by which they
could produce potable and safe water. It will filter water of high clarity
from turbid raw water at 1/4 gpm. Amoebic cysts and cercariae of the
schistosome will be removed from water and it will reduce bacteria
concentration (see figure 12)

PAPER
FRTER PADS

CANVAS
CARRYING CASE

Figure 12.- Knapsack Pack Water Purification Unit

‘Raw water is drawn by the diaphragm pump through the suction
strainer and discharged in receiving chambers above and below the
filter disk. The water is filtered and discharged. This pump is seli-
priming and will deliver one quart per minute when hand pumped at
‘70 to 80 strokes per, minute. When the pump lever is pushed down,
the pump d1aphragm discharges water from the pump. When sprmg
action brmgs the lever back up, water is drawn into the pump. When the
pump lever is depressed, the outlet poppet valve opens to allow dis-

- charge of the jwater. When the pump lever returns to the norinal up .
position, the inlet poppet valve opens allowing raw water to be drawn
into the pump. Thus, the inlet and outlét valves will operate in
opposite ﬁ)smons (see figure 13).
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Figure 13. Flow Diagram of Water Through
- Knapsack-Pack Unit

RADIOLOGICAL CONTAMINATION

This can be removed by most any filter with; pretreatment,.coagu-
lation, and filtration. It can also be removed by the ion-exchange
methods. Removal of suspended radioactive materials by this method

_is very high. Removal of dissolved radioactivity de'pgnds primarily
. upon the nature of the radioisotopegs. The use of pretreatment and

coagulation will remove approximately 0 to 90 percent. The ionic
methods remove 90 to 100 percent of all isotopes. The pre-treatment
methods use clay high in aluminum silicate, superchlorination, and
acidification. ' . e

OPERATIONAL PROBLEMS AND CORRECTIONS

14

Clogging oi Filters

Normally, filters become clogged only at the surface, and can be
restored readily by use of washing raethods stated later in this study
guide.' Sometimes the entire sand bed becomes clogged or caked which
déstroys the filtering capability. If this is the case, it can be restored
only by removing the sand and gravel from the filter and thoroughly
washing it in special solutions or replacing with new’sand or gravel.
The filter may become completely clogged if: (1) the backwashing pro-
cedure is incomplete; (2) the rate of flow of the water is too slow; (3)
the water being filtered is extremely turbid; and (4) alum iz allowed to
leave the sedimentation tank and reach the filter bed. :

46
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Clogged filters can be determined by sweeping a rake through the
sand bed while it is being backwashed; or by probing down to the gravel
béd during the backwashing procedure

Alr Bmdmg oxf Flltersw'# “'.,- e e

SR

Air binding occurs when pockets of air accumulate in the sand. It
interferes with proper filtration, as indicated by high loss of head. Air
binding can be caused by (1) insufficient water above the sand durmg
normal filtering operation, (2) rapid fluctuations in water head, (3) fill-
ing filter too rapidly after washing, and (4) allowing water level to drop
below the surfdce of the sand during operation.

Air binding can bé corrected by first filling the filter bed slowly
from the wash water tank, This must be done carefully to prevent vio-
lent agitation of the sand bed. Second, the depth of the water in the top
of the filter must be greater than total l0ss-of head through the filter.
This will prevent formation of air pockets. Usually, the-water depth
above the sand is about 5 feet. This will allow a loss of head of 7 to 9
feet before the filter begins to form air pockets. Third, wide fluctua-
tions in head during operation may cause air pockets to form and explode
the sand. N

WASHING PROCEDURES

i After a filter has been in service for some time, foreign material

‘ will have collected to the extent that the loss of head has become exces-
sive. It is then necessary that the filter be washed or '"back-washed'" to
clean the sand bed. This is usually accomplished when the loss of head
" has reached a point of 7 to 9 fest-or after 50 hours of service. The
filter bed is washed by reversing the flow of filtered water through the .
gravel and sand. This loosens the sand bed and washes the foreign
matter from the grdin surfaces. The wash water rises into the wash
troughs and carries the foreign matter into the water plant sewer. -

Methods of Washing

Although there are some differences in the construction of filters,
the basic operation and washing are the same. The main differences
are in operating controls, instruments, and gages. In small plants
having manual operation, *jt is necessary to operate each valve and con-

troller by haad. Usually in manual operation, the loss-of-head gage is
. ' é
S g4




the only gage that will be used in filtering operation. In more elaborate
plants the valves will be operated remotely by push-button control. The
method or procedure for washing a filter (see figure 14) is as follows:

- !
—WASH-WATER
TANK

25' 70 33'

WATER LEVEL\ - " "
FILTERING 12°T0 30 )

WATER LEVEL
WASHING
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o)l 2 "'.
&= 4
jy = i
. ]
2H
> - 4
® e T 'y
» FILTERED-WATER 4
DRAIN -4 STORAGE i
98 | 4 -
AR SO AT AT i s PRI

1+

Fig}!u‘e 14, . Filter Washing Brocedure

1. Close filter influent valve "A'' and allow the water to continue to
filter until the water level is about 6 inches above the surface of the
sand. ’

-

2., Close the clearwell influent valve ""B'' which will discontinue opera-
tion of the filter, .
48
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3. Open filter gullet effluent valve "C" which iv\i\ll allow inlet water to
draino ) N

4, OpAen wash-water control valve "D'" slowly which will bring in the
water from the wash-water tank. | :
TN .
Allow the wash-water to flow upward through the. sand bed for 3 to -

10 minutes until the water has cleared. .\\

. . \
6. Close wash-water control valve "D" which isolates wash-water source,. .

(2]
.

7. Close filter gullet effluent valve ""C'* which will isolate the filter
from the drain. - ) >

‘y
Ay

. . . ) N
8. Open filter influent valve ""A" and drain isolation valve "E" for about
two minutes to allow wash-water to drain out of filter, \\
9. le_ose*drain isolation valve "E" to open clearwater influent valve \
."B" which places the filter back into normal operation. . \

10. During nprmal filtering operation, valves "A" and "B" are open, and
valves "C'", "D", and "E" are closed. ‘ 4

AIR WASH. Air wash, or agitation with air, is used at some water
plants to supplement water washing. It is more efficient in cleaning the
filter element than the water wash. Water ‘n the filter will be drained

* to a low level. -Air of 3 to 5 p.s.i. is directed to the lower side of the
gravel bed.- The air is-appljed-prior to normal backwash. Use of air
wash may reduce the quantity of wash water by as_much as fifty percent.

SURFACE WASH." Surface washing is a method of filter cleansing

which is supplementary to the conventional reverse flow or back-washing.

- Theé washing equipment v:ill consist primarily of a rotary distributor
with horizontal arms and spray nozzles located above the filter-bed sur-
face (see figure 16). The nozzles point downward at an angle of 45 .
degrees to the sand surface. Agitation by high water pressure from water
“jets scrubs the sand grains of foreign matter. The jets also furnish the
force required to rotate the pipe arms. The filter will be surface washed -
for about one minute. Normal filter washing will then be accomplished.

14
©
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SECTION THROUGH FILTER
. ' Figure 16. Surface Wash.
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SUMMARY S

The purpose of filtration is to remove suspended solids Ly passing
- . water through a porous medium, This is performed by: (1) flocculation,

(2) sedimentation, and (3) straining,

Water filters are classified as slow sand and rapid sand. The most-
commonly uSed filter is the rapid sand filter which ig built in two forms;

gravity and pressure, }
i

T - ‘The main filtering agents uged by the Air Force are sand, anth: a-
filt, and filter gravel, Each filtering agent must meet rigid .
specifications. ' \ .

' The primary filtering equipment is the rate-of-flow controller, loss-
of-head gage, and wash-water controlier. A thorough understanding of
these units will give ingight into the operation of filters, '

Pressure filters will have filtering agents of sand and diatomaceous-—
earth. Advantages of pressure filters are: (1) cheaper to install, (2)
free from air binding and (3) the elimination of double pumping,
‘ In order to maintain efficiéncy in operation of filters, it is neces-
sary to back-wash the filters, Back-washing can be accomplished
either manually or automatically, Air wash and surface wash can be ;
used to supplement the water washing of the filters. ‘ :

Diatomaceous earth portable filters used in the field have capacities
of 15, 35, and 50 gpm. These are used to provide potable and safe water
for Air Férce personnel in the field. - In.order to have small individual
supplies of water, the knapsack pack will be used,

QUESTIONS

1. Why is it necessary for the water and waste processing specialist
. to understand water system filters?.

2, Name three methods by which suspended matter can be removed
from water,

3. Explain the ﬂoccu}aﬁon process.

et
R

4. List two types of water filters,
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5. Why are rapid sand filters used primarily by the Air Force? ‘
6. Identify two types of rapid sand filters. o
7. Describe the construction of gravity type filters.
8. List three kinds of-filter media.
9.  What is the purpose of the rate-of—flow controller ?
10. List four problems that can cause an erratic loss of-head gage
’ readmg _ . ) . {
11, Describe the operation of a'gravity flew filter. ‘
12. List two types of pressure ﬁlters.v
13. - What are the advantages of d1atomaceious eartl?fllters over sand
filters? -
14. Explain the operation of diatomaceous earth filters. )
15. Whyis it xiecessary to wash filters periodically?
16. Name two filter washing methods that are supplementary to back-
washing W1th water.
4
17. Llst four factors that will cause water filters to clog '
18. What is air binding within a filter?
19. What is the purpose. of portable diatomite earth filters?
20. What impurities can the knapsack pack water purification unit
remove from raw water?
REFERENCES )
- o \.'
.+ 1, AFM 85-13, Maintenance and Operation of Water Plants and Systems
2. TM 5-700 Field Water Supply
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METHODS OF DISINFECTION AND PURIFICATION |

OBJECTIVE _ S _ /

The purpose of fl_xis Study Guide is to aid you in learning why there
is & need for disinfecting water supply systems, the disinfectants used;

" methods and equipment used in treatment, its operation and safety pre-

csutions to be observed.

.

INTRODUCTION

-

Disinfection is a necessary step in the insuring of a safe-water sup-
ply. It is almost impossible to seclire’a natura! water supply free of bac-
teria and impurities. ‘Therefore, man must treat.and disinfect his water
supply before he can drink it without risk. The4nost commonly used dis-
infectant is chlorine. It is the disinfectant rormally specified for Air ‘
Force use. Disinfection is the process of destroying -disease producing
organisms. There is.also the possibility of watér becoming recontami-
nated from handling before consumption. Therefore, a slight chlorine
residual is provided for after purification to combat segondary contami-
nation. - .

This information will be discussed under the followi;xg main to.pics:.,
' NEED FOR DISINFECTION |
CHEMICALS USED ..
METHODS OF CHLéRINATION

- —
—

CHLORINATION EQUIPMENT -~ ° T
CHLORINA'TION-CQNTROLS

CHLORI'NATIOﬂ OPERATION AND SAFETY PRECAUTIONS -

<3

-

.
.
) -
-
. . /
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This study gu1de will not contain all the information 1 you will need to
know; therefore, tie study of .additional mater1a1 is recommended and
listed at the end of this study guide. oo \

/ 1 } \\
s - NEED FOR DISL‘NFECTION |

People with the problemuof supplying satisfactory water to.a single |
family or to a city must meet the rigid specifications placed upon this “
service by the consumer. These specifications require the water tobe
safe, free from tastes and odors, clean, chea”ii, andin abundant supply.

The clear, cool spring water of past years which was pure and un-
contaminated represents the water supply that must be duplicated téday to
meet the needs of the consumer, Unfortunately, nature does not provide
pure water supplies sufficient for all needs. It is necessary, therefore,
to make the ‘supplies we have meet our reqmrements. Contaminated
water must be made free of disease. bearing organisms. Hard water must
be made soft. Cloudy water must be made clear. Tastes and odors must
be removed. All of these things must be done mexpensively so that all may
have the finished product in abundance./ Man is fortunate in having various
means of purifying water supphes, the main one bemg chlorinatmn.

The beneficial effects .of chlormatxon upon tne geneml health of our
nation is almost unbelievable. Water-borne disease including typhoid
fever was very common before chlorination but is rarely encountered to-
day. Whether applied as hypochlorite or chlorine, the chlorination of water
is the most important treatment used to ‘make ra\.w water potable.

In this day, when man's interests carry him both far and near, no
water supply may be considered entirely safe without chlorinat1on. The
most remote reservoir may be contaminated overnight by a careless camp-

‘er. Shallow wells may easily be. contaminated by polluted surface water.

Deep wells may be contaminated at any time by polluted water through a

break in the casing or the opening of a lead to a polluted stream previously

not connected. All raw water, fromxthe cléarest-and purest to the most
m\bemg used for human consumption,

- CHEMICALS USED - X
Chlorine is the dlsmfectant normally specified for Air Force use.
It iS presently the only widely.accepted-agent that destroys.organisms in
water and leaves.an easily detectable residual that serves as a tracer
/

' > ®

<
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element. Its sudden disappearance may s1gna1 contamination in the system
Under ordinary temperatures and pressures, chlorine is a greenish yellow
_ gas that is 2.5 times heavier than air. Its activity as a disinfectant depends
on the temperature and pH of the water to which it is added. Disinfecting
action is_faster at higher temperatures, but is retarded by h1gh pH. If the
pH is above 8.4, the rate of disinfection decreases sharply. Chlorine may
also be used to control tastes and odors, nuisance bacter1a, remove iron,
and: ass1st in coagulation. \

Chlorme dlsmfectants are avallab'le in a number of du‘ferent forms.
For procurement-see AFM 67-1. :

\
\

\
A

L1qu1d Chlor1ne

L1qu1d chlorme is a liquefied gas under pressure and is sh1pped in
seamless steel cylinders under Interstate Commerce Comm1ss1on regula-
tions. The gas has a strong, pungent odor. The hquld is a clear'amber
color. Ina moisture free-state, it 1s relatively noncorrosive. Inthe—
.presence of moisture, it is'highly corrosive, and is an irritant to the re-
spiratory system and the skin. The standard sizes of slnppmg contamers
are the 150~pound cylinder and the one ton container. -Each pound of liquid
chlorine produces about ﬁJIe cub1c feet of chlorine gas at atmospher1c pres-
sure and a temperature of,68 F. A standard chlorine institute valve anda
protective valve hood are scvewed intc the neck of each cylinder. The valve
) has a safety plug contammg fusible metal that softens between 157° and ,

" 162°F. , protecting the cylinder from bursting in case of fire. All cy]mders
must be factory tested every five years; 150-pound cylinders are tested at

500 pounds pressure, one-ton containers at 800 pounds pressure.
| \

Calcmm Hypochlorite |
Calcium hypochlor1te Ca(OC1 ), is a relatively stable, dry, granule
or powder in which the ch}orme is readily soluble, and is prepared under a
number of trade names including HTH, Perchloron and Hoodchlor. It is
furnished in three to 100-pound contamers and has 65 to 70 percent of
available chlorine.by weight. Because of its concentrated form and ease of
handling, calcium hypoch‘onte is preferred over other hypochlor1tes ‘

Sodium Hypochlorite ; N

. Sodium Hypochlor1te NaOCl, is generally furnished as a sdluuon that
is highly alkaline and, therefore, reasonable stable. Federal spec1f1cat10ns

. . i
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1 for solutions having five and ten percent availabie chlorine by weight.

/

. ppihg costs limit its use to areas where it is available locally. It is

.0 furnished as powder under various names such.as Lobax-and HTH-15.
e powder generally consists of calcium hypochlorite and soda ash, which

. ict in water to form sodium hypochlorite. '

lciui;{ f{ypochloride "

-
§‘ R

———

, /Calcium Hypochloride, also known as chioride of lime and bleaching
vder; is a l6w-grade“calcium hypochlorite testing about 35 percent
ulable. chlorine when fresh. However, it deteriorates rapidly in hot

/

Aist atmosphere and should, therefore, be purchaseédin small packages

t can be kept effectively sealed. Calcium hypb‘&hloride contains an ex-

. 38 of insoluble lime, hence, solutions shotiild be'prepared in a separate

rtainer, the lime permitted to settle, and the liquid decanted into a sep-
ite tank for use. m.7 ? ~— .

"lorine Dioxide ,(?

'»? ) .
\ -
“(

Chlorine dioxide, Cléz, is produced by adding sodium chlorite solu-

n at the discharge end of a gas chlorinator and running the mixture through

small contact chamber before introducing it into the water. It has 2.5 |
1es- the oxidizing power of chlorine and is effective in taste and odor /
atrol. Expériments indicate that it may be a better bactericide than /
jorine-in nonpolluted waters where it is not used up in oxidation before /
bactericidal action can take place. ‘ -

; N - N .
' SCELLANEOUS. Miscellaneous purification fhethods and agents are as

4
. lows: .

" Water mag} be disinfe éjc‘g‘gi* by. boiling vigorously for-two or three

—~

RS

o’

minutes. - i i N . -

. Ozone released in water-from-atmospheric oxygen will act as

-@

-disinfectant. The ozone is produced from dry air by an electric

discharge. It is only slightly soluble in water and requires a
thorough mixing tMct_i& : : p

Ultraviolet ray may be utilized as a.disinfectant. In this method,
the water flows in a thin stream past or around special lamps
whick® give off ultraviolet rays. The raysare inefféctive in

. colored or turbid waters. ., R

‘
4 1
N
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® Halazone or iodine tablets may be used for emergency or field
disinfection of water in small quantities. These tablets-are
used one.or two to a canteen of water. . ¢ -

O  Lime is used quite extensively in water softening plants and it
- will also disinfect the water. Its use has been restricted to

commercial plants because. of the skilled operation required to
give satisfactory results, .

® Potassium permanganate and silver may also be used as disin-
- fectants. ‘

REACTIONS. When chlorine is introduced into pure water, it reacts to
f,érm hypochlorous acid, HOCL, and hydrochloric acid, HCL.

Chlorine disinfectants are available in a nhmber of different forms.
For procurement see AFM 67-1.

Cly and H9C——, HOCL and HCL \
The chlorine ion of the hydrochloric acid does fiot contribute to puri-

fication reactions, It is the hypochlorous acid which actually kills micro-
'bial organisms present in water. Some may remain in molecular solution
as Cl,. These forms of chlorine are termed free available chlorine, since
their oxidizing and disinfecting ability are fully available. However, most
natural waters contain small amounts of ammonia and nitrogenous organic
substances. Free available chlorine reacts with these to form chloramines,
such as NH201 » and other complex chlorine-nitrogen compounds. These
forms are termed combined chlorine, since part of the oxidizing and dis-
infecting ability of the chlorine is lost. Both free available and combined
chlorine further react with substances in the water until their oxidizing and
disinfecting ability is depleted. . The amount of chlorine required to react
with these substances in a given time, usually ten minutes, is called the

. chlorine demand, Chlorine remaining in excess of the chlorine demand is
the total chlorine residual, or residual chlorine. This is composed of

both free available and combined chlorine, as determined by the orthotoli-
dine test; the two forms are differentiated by the orthotolidine~arsenite or

O’{‘A test. The time elapsing between the introduction of chlorine and the
use of the water is termed-the contact period.

\
.

\
\

\
\
\




Definitions

(1) Residual chlorine is the term which is applied to-the available
chlorine which remains after the chlorine demand (amount of chlorine re-
quired to destroy bacteria and organic matter) has been satisfied. Pre-
sence of regidual chlorine in a water supply is insurance against noncon-
tamination. At fixed installations, a chlorine residual content of 0.4 ppm
is required at all times. .

~ (2) Free available chlorine. Refers to the chlorine present in solu-
tior 2s hypochlorous acid and hypochlorite ion present in the water. These
are the most effective disinfecting forms of chlorine. The relative amount
of each present in the water is dependent upon the pH value of the-water.
It is important to remember that when the pH is raised, the quantity of
free available chlorine required to kill the same number of micro-organi-
sms increases. With a decrezse in temperature an increase of dosage is
required to maintain the same number of micro-organisms killed.

(3) Combined available chlorine. The chlorine present in water
which reacts with ammonia or nitrogen to form chloramines.

(4) Total available residual chlorine is the sum of free available
chlorine and the combined available chlorine.

(5) Chlorine dosage. Dosage is the amount of chlorine added to
water to satisfy the chlorine demand as well as to provide a residual after
a specified time. The dosage is usudlly stated in terms of parts per mil-
lion (PPM). ’ ‘

(6) Chlorine demand, Demnand is the amount of chlorine which re-
acts with chlorine-consuming agents in a specific amount of time. Chlorine
demand varies with the nature and quantity of chlorine-consuming agents,
the pH vaiue and the temperature of the water, and the contact period.

(7) Disinfecting time. Chlorine demand in most water is virtually
satisfied ten.minutes after chlorine is added. When one PPM chlorine
residyal remains after the ten-minute period, satisfactory disinfecting
action ugually results after an additional 20 minutes of contact.

8 29
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Effectivensss

(1) Chlorine residual. Effectiveness increases rapidly with increase
in residual. However, freeavailable chlorine is much more effective than
combined chlorine, so that the relative amount of each in the total res*dual
is important. o

(2) Contact period. The required contact period is mversely pro-
portional to residual, within normal limits. Thus, if the residual is halved,
~ the required contact permd is doubled. -

(3) Temperature Effectiveness at 35° to 40°F. 'is half of that at
70° to 75°F, ~ \ T .

(4) pH. Effectiveness is highest at pH below 7.0.- At pH 8.0, it is
half and at pH 9.0, it is one-fourth to one-sixth as effective as at pH 7.9.

(5) Points of application. Plain or simple chlorination is thé ‘single
application of chlorine to unfiltered supplies before discharge into the dis-
tribution system, as for example, the chlorination of ground water supplies
and previously unchlorinated purchased supplies. Prechlorination is the
application of chlorine to raw water before coagulation, sedimentation, and
filtration. Postchlorination is the application after filtration but before
the water leaves the treatment plant. Rechlorination is the application at
points in the distribution system or to a previously chlorinated purchased.
supply to maintain the chlorine residual. The above applications are nor-
mally continuous. Very heavy chlorination for a limited period is applied
at specific points of the distribution system to destroy localized contami-
nation.

"

(6) Chlorination policy. For policy on chlorine ;esiduals and con-
tact periods to be maintained at Air Force installations, see AFM 160-4.

-

Areas Requiring Special Treatment

Amoebic cysts are best removed by diatomite filtration preceded by
adequate cpagulation and settling.. When this is not possible, water sus-
pected of containing cysts, if moderately clear with pH of 7 or less, can be
disinfected by adding enough chlorine to produce a residual shghtly greater
than 2 PPM after a 30-minute contact period.
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When schistosomiasis is a problem and diatromite filters are not
available, reasonable protection can be obtained by adding enough chlorine
to produce a residual of one PPM after 30 minutes contact. - ‘

Maintaining a safe chlorine residual in swimming pool water is even

. more important than maintaining it in drinking water. This is because -
drinking water is protected, while swimming pool water is constantly con-

_taminated by the bathers. Water spit out by one bather may quickly ve
swallowed by another. The length of time the chlorine has to act may be
very short. Hence, chlorine residuals must be kept very high. Atall
Air Force swimming pools, the free available clilcrine residual shall be
maintained-between 0.4 and.0.6. PPM. . In addition to killing bacteria
rapidly, this level of chlorine residual will prevent the growth of algae.

. k :

Water mains, wells, filters, storage tanks, and other units of a
water supply system become contaminated during construction and repair.
Flushing the system to remove dirt, waste, and surface water which is
irtroduced is the first step, but is not a sufficient safeguard. To insure 2
safe water supply, each unit of the system must be thoroughly disinfected
Dbefore it is placed in operation. ‘

The chemicals used in disinfecting a water system are the same as
those used in disinfecting the water. Hypochlorite solution or chlorine gas

are most commonly used.
b

Chlorine dosage required to disinfect any unit thoroughly depends on
contact time, and amount of jute, urtarred hemp and crganic chlorine con-
suming materizl present. Uader average conditions the following minimum
dosages are recommended. ‘ ‘

Unit_ | Dosage (PPM)
* Pipe - 50 " )
Storagé Tank ) 50
Filter * 100
well , 150

C
The volume of water in the unit to be disinfected must be computed before
chlorine dosage can be estimated. i
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METHCDS OF CHLORINATION
Marginal chlorination

Marginal chlormatmn is the apphcatlon of chlorine to produce the
desired total chlorine residual without rcference to the relative amounts of
free available and combined chlorine present. It is so termed because_the
initial chlorine deanded has been satisfied, but some oxidizable substances
remain; it is the usual type of chlorination. Its bactericidal effect1veness
is not pred1ctable within close limits.

2

Chlorine-ammonia treatment. o

- Chlorine-ammonia treatment consists of adding both ammonia and
chlorine to form chloramines. This compound provides a persistent
chlorine residual and reduces any unpleasant chlorine taste. Chloramine
reacts. so slowly that a very long contact period is needed for complete de-
struction of microorganisms.  To reduce this, chlorine may be applied
first, and after the shorter contact period necessary for the barterial
kill, the ammonia is introduced. With proper chlorine-ammonia dosages
the chloramme residual is usually two to four times greater than those
normally carried in marginal chlorination. - -

Break-point chlorination.

Break-pomt chlorination is the application of chlorine to produce a
residual of free available chlorine, with no combined chlorine present.
As chlorine is‘added, the total resmlual increases gradually after the ini-
tial demand of the water has been satisfied. At some residual concentra-
tion, depending on the nature of the water treated, free available chlorine
,reacts with-any remaining oxidizable substances, including combined .
.chlorine, and the residual drops sharply. When all combined chlorine
has been oxidized by reaction with free available chlorine, the residual,
now consmtang only of free available chlorine rises again and continues to
increase in direct proportion to increased dosage. The point at which the
residual again begins to increase is the break point. Advantages of break
point chlorination are high bactericidal efficiency, long lasting residuals,
and low taste and odor characteristics. The application of break point
chlorination procedure before instead of after filtration has been found to
be desirable.

61
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£

o INCREASING CHLORINE RESIDUALS ¢

-= INCREASING CHLORING RESIOUALS

Figure 1, Break-Point Chlorination Curves
i .

Superchlorination ‘ -

Superchlorination i8 the application of more chlorine.than needed. for
the chlorine residual essential to marginal chlorination; this is done to
control tastes and odors. This method is particularly valuable in surface
waters with variable ammonia and organic content.  The surplus chlorine
is later removed by aeration or by a dechlorinating agent such as sulphur
dioxide or activated carbon. Sulphur dioxide reacts with chlorine to form
acids which are neutralized by the natural alkalinity of the water. It i3
fed by equipment similar to that used for chlorine feeding. Activated car-
bon absorbs excess chlorine and is removed by settling or filtration;
aeration removes excess chlérine by dissipation to the atmosphere.

) 62
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CHLORINATION EQUIPMENT

Chlorination equipment to feed chlorine gas or hypochlorite sclution
is of three general types, depending on methods of control. In the manually
controlled type,_equipment must be started and stapped manually, and rate
of feed must be manually adjusted to rate of water flow. In the semiautc-
matic type, equipment starts and stops automatically as water flow starts
and stops, but must be manually adjusted to rate of water flow. This type
is normally used with a water pump having fairly uniform delivery. In
the fully automatic type, rate of feed is automatically adjusted to rate of
flow of water being treated. The differential pressure of a metering de-
vice is used-to accomplish this. In all types, the ratio of feed to wate¥
treated, or dosage, is set by manual adjustment. Chlorinators may also
be classified generally as direct feed and solution feed. Direct-feed (
machines are designed to operate without a pressure water supply, feeding
the chlorine gas directly to the flow to be treated. Solution-feed machines
dissolve the gas in a minor flow of water and inject the resultant solution
into the flow to be treated. They require a pressure water supply for
operation. Chlorinators are also classified by the type of diaphragm used
in controlling the chlorine feed. There are two types, the water diaphragm
and the mechanical diaphragm. The water diaphragm machine is always
vacuum type, solution feed machine and has the advantages of a friction
free, puncture-proof water diaphragm. The mechanical diaphragm

. machine may be either'direct or solution-feed vacuum type only.

Direct Feed Chlorinators

Direct feed chlorinators are used chiefly as emergency equipment and
on small installations where it is not possible to obtain a water supply
suitable for operating a solution feed machine. They cannot be used where
the pressure of the water being treated is more than 20 p.s.i. and are’
limited in the types of semiautomatiz or automatic controls which may be
used.: Due to chlorine being under pressure as a gas at all times, direct

- feed matchines are highly susceptible to leakage of the gas to the atmos-

phere with resultant corrosive action on adjacent equipment and structures.

Solution Feed Chlorinators .

Solution feed chlorinators intfoduce chlorine gas into the water sup-
ply by means of a chlorine solution usually formed by drawing chlorine gas

63
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2

into the jet stream of water at the low pressure point 6f an injector - ) ‘
mechanism of the chlorinator. Two general types are used in the water c
" works, the bubbling or pulsating reduced pressure type and the vacuum type.
Because they keep the chlorine under a partial vacuum, they cause fewer
chlorine leaks than.pressure gas chlorinators and direct diffusers. ' .
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' Figure 2. Views of Vacuum Type Chlorinators: (1) Water
‘ Diaphragm; (2) Mechanical Diaphragm .
. 64 ‘
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Figure 3. Flow Diagram of Vacuum Type Chlorinator-Water Diaphragm
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Vacuum Type, Water Diaphragm Chlorinator manufactured by
Waillace and Tiernan, Inc. (See figures 2 and 3.) .

*

-
A

L . - -
This type machine has a.bell jar set in a tray of water which acts as
the water diaphragm. A small quantity of water is constantly supplied to
the tray to. maintain the bell seal and the excess overflows to the waste.
In some machines this water is supplied through a constant level box with
float-controlled make-up valve. The main elements-of this chlorinator are.
the injectors through which a water supply flows, 'the chlorine control
valve, and the orificé meter. The m]ector creates a partial vgcuum with-
in the bell jar causing the water level to rise inside the jar. Chlorine gas
passes from the chloring cylinder through the chlorine pressure reducing
. valve and into the bell jar. The pressure reducing valve is located inside
the bell jar and is controlled by a ball float which moves with the surface
e .of the water within the bell jar. This inside water surface acts as a dia-
phragm which, when it lowers, causes the float-controlled valve to reduce
the chlorine flow into the bell ]ar and, conversely, to increase the chlo-
rine flow when the water level rises. . The bell jar is also provided with a
vacuum relief valve to admit air when the chlorine supply is exhausted or
fails-and the water level in the jar rises. The metéring orifice is also ‘
located inside the bell jar and above the water level. It controls the flow
- of chlorine gas to the injector where it is mixed with water to form-a
i ‘chlorine solution which is then mixed with water to be treated. Rate of
feed is proportional to the negative pressure difference between the bell
jar and meter. The amount of vacuum within the meter is controlled by
the height of the adjustable suction tibe, and is indicated by the rise of
. water in the annular space within the glass meter tube. A scale mounted
on the metering tube indicates the rate of chlorine feed in pounds per 24
hours. This machine can be equipped for manual, semiautoinatic or auto-
matic operation.
The chlorine control valve and compensator are of the needle and
- differential diaphragm type. Gas pressure is reduced by this combination
valve and compensator before metering and it maintains a constant pres-
sure of chlorine gas against the metering orifice. The metered flow of
chlorine gas is passed through'the meter to the injector wiiere it is mixed,
with water and the resulting chlorine solution is theri mixed with the water
- to be treated. A vacuum relief valve is provided at the metering orifice
chamber, which admits air should the chlorine gas supply become exhaus- \ -
ted or: fa11 Equipment for manual, semiautomatic, or automatic opera-

tion is optional. .
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. Vacuum Type, Mechanical Diaphrag;m Chlorinator, Manufactured by .

. Wallace and Tiernan, Inc. (See Figure 4.)
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Figure 4, Flow Diagram of Vacuum Type Chlorinator-Mechanical Diaphragm
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Hypochlorinators

" Hypochlorinators, or solution feeders, introduce chlorine into the
water supply in the form of hypochlonte solution They are usually posi-
tive displacement piston or diaphragm mechanical pumps. Selection of a

- feeder depends-on local conditions, space requirements, water pressure
conditions, and supervision avallable. Hypochlorinators are sometimes
used ag stand—by equipment for gas chlorinators. There are many makes
of chemical feed equipment: (1) Proportioneers Chlor-O-Feeder isa
positive displacement - diaphragm type pump,” (2) Wallace and Tiernan
Hypochlorinator is a positive-displacement diaphragm, and (3) Model S
Hypochlorinator is a positive-displacement /dlaphragm pump.

. Hypochlorinators are basically constructed on the same prmcaples
. which employ a diaphragm, piston rod to move diaphragm, check or pop-
pet valves, stroke adjuster, transparent ‘plastic head, and an electric
! motor. See figures 5 and 6 for typical chlorinator. oThe operation of
" chlorinator or chemical feed is basically the same. The suction stroke of
the diaphragm draws solution from the 8olution tank into the pumping
chamber, through discharge tubing into the main water line. The pumping
chamber has check or poppet valves on'the inlet and outlet ports that open s
alternately with each pump stroke thus keepmg the solut1on moving in one -

L4

. o
Figure 5. Chemical Feed Pump

1
!
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direction only. (See figures 5 and 6.) The pemping chamber consists of
a transparent plastic head that aids in visually inspecting the pump for
operation, The diaphragm and poppet valves are molded from synthetic
rubber. .

"Push Rod
_ ./ Connected to
- Electric Motor~ - - --

Vernier Adjustment

— Scale

L}

\ ‘ N N *—— Check Valve

Figure 6. Cross Section of Typicai Diaphragin Pump

*

CHLORINATION CONTROLS

Correct chlorine dosage destroys all pathogenic organisms, except
certain amoebae cysts which, can be removed by filtration, and provides
enough residual to protect the water in.the distribution system. In its
flow through the distribution system, the residual is reduced by aeration
in storage tanks, reaction with plant and animal life and other organic
material in the system, and with slowly oxidizing substances in the water.
It is therefore frequently necessary to provide an initial residual highét T
than minimum requirements to maintain the minimunr distribution system

residual, . . b

-
¢

" Residual Tests

Chlorine residual tests are the basis of chlorine control. When the
distribution system chlorine residual losses are relatively high, the re-
sidual required at the point of application is determined from local experi-

_ence. However, this relationship changes with water temperature, quality,
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and rate of consumption, and with theé amount of organic matter and slimes
in the distribution system. Daily tests of residuals in the distribution sys-
tem are therefore necessary. The amount of chlorine residual required
for adequate disinfection is that which will insure the destruction of patho-
genic organisms as demonstrated by bacteriological examinations.

Procedure for. Performing the Chlorine\‘ResiduaI Test:

1. Obtain wdter sample.

2. Rinse the two test tubes with sgmple to be tested

3. Add 0.5 ML ortho-tolidine (OTD) to one test tube

4. "Add 10 ML of sample to the other test tube.

5. Transfer the 10 ML sample {o the other test tube.
IMi’ORTANT The reason for transferring the 10 ML
sample to the second test tube is to permit a good

mixture between the OTD and the sample, thus preven-
" ting the possibility of cogtammatmn while handling.

6. Fill second test tube with 10 ML of sample..-
" 7. Select the proper disc and place in comparator.

8. Place the two test tubes in the comparator making certain
the sample with OTD is in the right hand side of the com-
parator -

S 9. Holdmg the comparator to a source of 11ght rotate the disc
until a color match is made. —~ "

10. Read the chlorine content in the window of the comparator.

11. Record the chlorir}e content and reserve for further use.

e oo

12. Clean and store equipment to its original position.

70
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To ascertain that chlorinator is feeding the indicated amount, the
cylinders are usually mounted on a platform scale. Loss in weight during
the check period is observed.

Checking Rate of Feed

Loss in weight x 24

Rate of feed = GrorPeriod in Hours

= Pounds per-day.

Rate of feed of hypochlorinators is found from the loss in volume of
gallons of solution by determining change in depth of solution in its contain-
er. Knowing the solution strength, the pounds chlorine used can be calcu-
lated. Substituting this figure in the above equation, for the loss in weight,
the pounds per day rate can be determined.

CHLORINATION OPERATION AND SAFETY PRECAUTIONS
Chlorination Operation Precautions )

Chlorine gas is extremely irritating to sensitive tissues of the eyes,
mouth, throat, and nose. Repeated exposure to relatively low concentra-
tions may have a cumulative effect on lung tissues. ‘Because chlorine is

h . heavier than air, exhaust fans are mstalled to draw air from the lowest -
point in the room. The exhaust systems blowers or fans, must have their
'switches readily accessible from the outside. '

Chlorine is noncorrosive when dry but very corrosive when .moist.
Parts coming in contact with chlorine solution must be made of silver or
other noble metals, tantalum, glass, rubber, or certain synthetic com-
pounds. .

Chlorine reacts with greases, oils, ethyl alcohol, and ether to rro-
duce solid compounds which clog fittings and chlorinator parts. Carbon
tetrachloride is the best cleaning-agent to remove these compounds. Ex-
treme care must be ‘taken to prov1de adequate vent11at10n while using it.-

If chlorine gas is drawn off too rapidly, frost forms O cylmder and
lines. Freezing retards passage of the gas. Maximum safe rates from
150 pound cylinder is 40 to 50 pounds per day and 400 pounds per day from
one-ton cylinders.




to melt between 157° and 162°F for the purpose of releasing the contents of
the cylinder in the event of fire or other exposure to high temperature.

|
I
I
- i
Each cylinder valve is equipped with a fusible plug of an alloy designed ‘ .
Use a paste of freshly mixed litherage and glycerin to make up
threaded joints. Support piping securely, slope piping so it drains back to
cylinder. . .
Open chlorine valves slowly and carefully,. using a wrench of proper

- size (not longer than six inches). Open valves only part way; one full

counterclockwise turn of the valve stem permits maximum discharge.

Close valves as soon as cylinder is empty and crayon mark the
cylinder with a large "E’.

__ When 2 chlorine odor is noted, authorized employees will start the
ventilating systems; -put-on their gas mask, and locate the leak by holding
the mount of an unstoppered bottle of ammonia watér close to-pipes, fit- o
tings, and valves. Ammonia vapor and chlorine gas form heavy white fumes, '
thus revealing the point from which chlorine is leaking. After leak is lo-
cated, shut off flow of chlorine and repair leak. If cylinder head is leak-
ing and cannot be stopped, waste the gas from the cylinder outdoors in a
good wind or run it into a caustic'soda solution. A solution of 25 pounds
of caustic soda in ten gallons of water will absorb 20 pounds of chlorine

gas, .

Chlorination Safety Precautions

1. Maintain only the supply of chlorine in any chlorinator room
that is sufficient for normal daily demands.

2. Allow only reliakle and trained men to handle chlorine.

3. Handle containers carefully to avoid dropping or bumping them.

4, Avoid hoisting containérs as much as possible; if hoisting is
necessary, use safe lifting clamps.

5. Store cylinders in a cool place, away from dampness, steam
lines and fire, and in an upright position, secured from tilting
"and falling. . .

-~
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10.

11.
12.

13,
14.

15,
16.
17,

18,

Disconnect valves as soon as containers are empty and check

. Temperature of a chlorinator room should be about 70°F.

. Q8
Keep protective valve caps on containers when not in use.

Never connect a full cylinder to a manifold with another cylinder
unless temperature of both are approximately the same.

When chlorine is not being drawn or is empty, keep the valves
closed. ) : = -

for chlorire leaks at valve outlets.

When chlorine leaks occur, only -qua:liﬁed personnel, with

suitable respiratory equipment, will L2 assigned to investigate

and correct the trouble.

Do ﬁf)t appiy water to chlorine leak as it is very hazardous and
results in corrosive action which will enlarge leak.

‘Never apply flame or blow torch or other direct heat to chlorine

containers.

Never ship a defective or leaky cylinder unless it is completely
empty. Paint "DEFECTIVE" plainly on all such cylinders.

Follow all regulations on shipping, storing, and using compres-
sed gas cylinders.

Never use a chlorine cylinder for any purpose other than holding
chlorine gas. Do not refill cylinders.,

Provide proper means of egress from areas where chlorine is
stored or used.

A gas mask is provided for handling chlorine. Mask should be
located near, but outside of, chlorine feeder and storage areas.

A minimum of two gas masks at each chlorine feeder or storage
area. )
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19. Administer first.aid to victims as soon as they are removed
from the area of the leak. If the victim is unconscious and not
breathing, use the mouth-to-mouth or back pressure arm Lift
method of producing artificial respiration. Summon qualified

- medical assistance immediately. )

SUMMARY ﬁ ~ ‘

Disinfection is a necessary step in purification of water supplies. As
stated before, it is almost impossible to secure a water supply free of
bacteria and impurities, so man has to purify his water to .nake it safe
for consumption. The most commonly used purification agent is chlorine.
Disinfecting is the process of destroying disease producing organisms.
Although chlorine is the most commonly used disinfectant, there are many
other types of disinfectant agents and purification methods that can be used.

When chlorine is introduced to water, it reacts to form hypochlorous
acid and hypochloric acid. It is the hypochlorous acid which actually, kills
micro-organisms present in water. This can be accomplished by various

. —_methods of disinfection. Chlorine can also be used in areas requiring
special treatment such a8 amoebic cysts; schistosomiasis, .swimming
pools, mains, filters, wells and storage tanks. : ~

The equipment used in the chlorination of water included both chlori-
nators and hypochlorinators. ‘ .

w . It was learned that chlorine dosage must be carefully controlled and
tested, and the chlorine residual test was the method most used.

=

It was determined that chlorine is a very dangerous chemical if not
handled and controlled properly, but since it is so beneficial in water -
purification its advantages outweigh the disadvantages. Thus,; we must
exercise caution and-observe the many safety precautions when working
with or handling chlorine. , , .

QUESTIONS , : ‘ -

1. Why must water supplies be purified and disinfected before consump-
- tion? A .

2.  Name five different typés of chlorine which are available for disinfec-
tant use.

74

306




294

Chlorine cylinders are available in what size containers?
_HTH contains how much free available chlorine?

List five methods of purification or disinfectant agents which can be
used to purify water.

What is the ac1d which is responsible for killing micro-organisms?
«.. Define the following: '
a. Chlorine Residual

b. Free available chiorine

¢. Combined avaiiable chlorine
d. Chlorine dosage

e. Chlorine demar;ci

f. Disinfe cfing time

. The effectiveness of chlorine W1th rise in tempera—
ture, but is retardedwitha ™~ 7" pH,T— -

What is the AFM which sefs the policy for chlorination? \
List three areas where special chlorination treatment is employed.
What are four methods of ;iisinfection?

Name two types of- equipment\ used in chlorination.

How may chlorinators generall{ be classified?

Hypochlorinators are usually of what two types of displacement?

What is used primarily to control chlorine in water supply systems?

List five operation and safety precautions.
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TASTE, ODOR, AND COLOR CONTROL

<

OBJECTIVE

@

The purpose of this study guide is to teach you the causes and treat-
ment of unpleasant ayd undesirable taste, odor, and color of water.

.

INTRODUCTION
M Every effort should be made to provide water of excellent quality
_because of its effect on the health and morale of the consumer. In addi-
tion to being safe for drinking, cooking, and washing, water should be

clear and free of objectional tastes .and odor,

If the water supply has an unpleasant taste or odor, consumers
will probably use any other -available supply, whether or not it is safe.
Water that is pleasing to the taste is called ''palatable.” However,
palatable water is not always safe to drink. It was stated in an earlier
lesson, water that is both safe and drinkable is termed "potable. "

Information will be given under the following main topics:
® . TASTE AND ODOR. CONTROL '
@® COLOR CONTROL

This study guide will not contain all the information that you should
know, therefore, additional study is recommended.

-

TASTE AND ODOR CONTROL .
Tastes and odors are more prevalent in surface water than in
ground water, and cold water has less taste and odor than warm water.
The odors are usually described as aromatic, disagreeable, fishy, moldy,
'~ "sweetigh, and vegetable. The strength of the odor varies from very
- >\._ faint to very strong. .
™~
S

.
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Water may also have a disagreeabie taste because it contains
hydrogen sulfide and free chlorine. Free chlorine may orlgmate in
the purification process. The presence of bone and fish oil is
eSpemally unidesirable.

The principal cause of unpleasant taste -and odor in water are: -
(1) Pollution by industrial wastes, such as canneries, chemical manu-
facturing plants, and by-products of coke plants; (2) Excesswe algae
growths and slime depositis; (3) Decomposition of organic matter;

(4) Dissolved gases, such as- hydrogen sulfide, HoS, and (5) Iron and
manganese. Dependlng on the causes, taste and odor can be removed
by aeration or by treatment with actlvated carbon, copper sulphate, or
chlorine. Chlorine dioxide, made by- reacting sodium chlorite with
chlorine, has been found effective in combating tastes and odors caused
by phenolic compounds. Potassium permanganate has recently been
used effectlvely

e v

Taste and odor control chemicals may be added to the raw water,
during rapid mix or fluoridation, after sedimentation or prior to filtra-
ticn. Some of the treatment methods will be discussed in the following

paragraphs.

Aeration )
Aeration consists essentially of exposing as much water surface

as possible to the air. During aeration, gases dissolved in the water >
supply are released to the atmosphere; soluble iron salts are oxidized

and become insoluble so they can be removed by settling. Aeration

raises the pH by eliminating dissolved carbon dioxide but increases
corrosiveness by increasmg the amount of dissolved oxygen. Methods

of aeration include spraying water up over a-shallow receiving basin,

and forcing air into a basin with diffusers or mechanical pump type

aerators. N

Activated Carbon .

Activated carbon is specially treated granular or powdere& carbon

which, because of its increased surface area, will absorb larger ‘quanti-

ties of dissolved gases, liquids, and finely divided solids than ordinary

carbon. It is highly effective in taste and odor control, provided that

the type of activated carbon used meets required standards, the dosage

is ‘correct, the carbon is mixed intimately with the water, and the carbon

is in contact with the water for an adequate period of time.
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Because of the wide range in waters, no general rule can be given
for activated carbon dosage. The dose required at each plant must be
determined by periodic laboratory tests. A carbon dosé of 3 ppm
‘removes most tastes and odors from water. However, if the tastes

and odors are caused by pollution from industrial wastes, the dose
may have to be increased to 8-ppm, or even 20 ppm at times.

Activated carbon may be applied to water at one or more points
depending on results desired. Usually, carbon is added at one of the
following points: (1) in raw water, (2) in mixing basin, (3) in treatment
plants, (4) split feed, (5) in filters, and (6) with chlorine. :

\GOpper Sulfate ‘ . e

Copper sulfate is sometimes used at a surface water source where
the tastes and odors are caused by small organisms living in the lake
or reservoir. It may be applied by spraying a solution over the water -
surface or allowing crystals in a porous sack to dissolve. -Because
copper sulfate kills figh, its use is lim;teﬁ. Concentrations that kill
common varieties of fish are listed below in pounds of copper sulfate’
per million gallons of soft water. Total concentrations are considerably
higher in hard water. -

1

2

Suckers ., .,....... 2

y Carp. . .......... 2
- Pickerel. . . . . P
BlackBass . ....... 11.

Goldfish . . ........ 4

6

. OO0 oo g

Chlorine

Chlorine dosage at the plant of 0.3 to 1 ppm destroys most algae
but may intensity tastes and odors. The break-point method of chlori-
nation requires higher dosares but eliminates taste and odor as well as
algae.

s/

o

Potassium Permanganate

Potassium permanganate has éhown great possibilities as a.taste
and odor treatment, and for serious problems, it is very economical.
It does not combine with the substances causing taste and odor, but

L-4
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intensifying or "setting" taste-and odor. Experience indicates that

permanganate is not a "cure-all"". “The residual manganese dioxide is

insoluble, is absorbent, assists the coagulation process and is removed

by coagulation and filtration. When the raw water carbon demand is

2 ppm or less\, carbon is more economical than potassium permanganate. v

-~

COLOR-CONTROL -

Ll

works as an oxidizing agent sc there seems to.be no possibifity of

Color in natural waters is caused mainly by vegetable dyes or by
excessive amounts of iron and manganese. Minerals contained in
ndustrial wastes may also cause color. The coloration. is usaully

. caused by colloidal matter and may be removed in the same manner as

other colloids, by chemical precipitation, coagulation or absorption,
followed by filtration.’ )

No one method will remove all colors and no rule will apply to
all waters. Color removal requires trial of the following methods to - -
determine which is most efficient and economical in the particular :

case. =«

. Alum Coagulation ’ —~ -

Coagulation with alum, followed by lime or soda ash if necessary, and

filtration is the most common method. The alum must be added first and
given some reaction time at a pH of 5.5 to 6.0 before adding the |
alicali. If the-alkali is added first, it-will "'set" the colors and prevent : |
removal. . ° . i |
Chlorination “ |

Color removal by chlorination requires a dosage of 1,0 to 10.0 ppm,
, the correct amount being determined by trial. A detention or contact ,
’ time of at least 15 minutes is necessary and not less than 0.1 freeor -

combined residual should be maintained.

-

" Chlorinated Copperas

The addition of chlorinated copperas at a low pH with an alum dose ‘
applied ha.lfway-through-the—magulation-b asin-has.been.very successful ~ _~ _ . -
in gome in§tances. Dosage has to be determinetl by trial. .

-

| ‘ 80 o .
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- Activated Carbon ' \

Some color is susceptible tc removal with activated carbon. The
. colloidal matter is absorbed by carbon atoms with free valences ani is
removed by sedimentation and filtration. Tests of carbon applied to the »
. particular water is the only method of determining the effect of carbon
for color removal. : - oo

Control Test
See LAB Manual for 563X0 Water Courses. . 2

SUMMARY .

Water that is to be used for human consumptlbn should be free from
taste, odor, and color. Taste and odor in water are generally causeqd by
mdustnal waste pollution, algae growth organi¢ matter, dissolved gases,

.iron and manganese. ) R

The color in water is usually caused by colloids, by chemical
prec1p1tation coagulanon or absorptlon fonowed by filtration.

. R

QUESTIONS .
1. What is meant by "palatable” water?
2. What is meant by‘"potable" water?
3. L1st at least three water odor descr1pt1ons.
- ' “ 4, Give three methods of ‘tr‘eatment for water taste and odor control.

5. What is the lumtmg factor in the use of copper sulfate for water
treatment? s e 0

»

6. What causes color in natural waters?

7. What is the range required for chlorine to destroy most algae?

\

REFERENCE
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' FLUORIDATION AN‘D DE FLUORIDATION OF WATER .

rd

OBJE CTIVE

The objective of tlus study guide s to aid you»m**learmng the purpose
" of fluoridation, fluoride compovads used, equipment used, point of applica-
tlon, dosage, testmg, defluondatlon and safety precautlon., ,
INTRODUCTION . o : S :

In recent years statxstical studies have been made showmg that. where
naturally occurring fluorides were present in appreciable amounts, indicated
tooth decay among the residents was surprisingly low; especially among
children and young adults. This condition generally held throughout their
life span. Sibsequent large scale experimentdtion in certain cities of the
United States indicated that where fluoride dosages were apphed in controlled
.optimal amount of about I.0.ppm to the water supply, cavities in ‘children
were reduced from 40 to 60 percent. “Installation for the applicanon of flu-
orine (e‘1ther in the form of fluorides such as sodium fluonde, or of acids
such 4s hydrofluosilic acid) must have theé approval of the Surgeon General
U S _Air Force. . . »

_ This mformatmn will be dlscussed under the followm@ main topics:
- FLUORIDE.COMPOUNDS C
- EQUIPMENT .

- ¢ ',

-‘.A.PP]}JQATION. ‘
- DOSAGE _ ‘
- SAMPLING AND TESTING ~ . .

- DEFLUORIDATION '
. SAFETY PRECAUTIONS o
This ‘study'gulde will not eontaitl all the information you will‘need tc

‘ know; therefore the study of additional material is recommended. " The
additional study Baterial is listed at the end of this study guide.

’ “ ,3‘




FLUORIDE COMPOUNDS

There are three fluoride compounds commonly used in fluoridation.’
They are sodium fluoride (NaF), sodium silicofluoride (NagSiFg), and hydro-
fluosilicic acid (HySiFg ). The first two are dry, white, crystalline salts
in powder form, and. the last-is a corrosive Tiquid. ~ A11 are toxic chemlcals .
“and must be .handled with extreme care e, from. the-standpoint of both bodxly
Qonta.ct-and—mhalatron of dust'if in powder form.,

< The powder chemicals are generally packaged in 100-pound paper bags
or 350-400 pound fiber board drums; acids are usually obtained in 100-pound
or 55 -gallon rubber lined steel drums.

Store all chemmals in a dry room convenient to feed equipment. To pro-
tect chemicals from damage, place packages, including steel drums, on ¥
boards or grids to permit air circulation to prevent moisture forming on the
container bottom: Hopper filling 6penings should be at a suitable height to
avoid the use of, ladders and platforms.

. .;pIP.MENT . )

Fluorldes are proportlon fed into water either as 11qu1ds or sohds
Chemical feeders can be broadly-divided into two types: solution feeders,
which are essentiaily small pumps, used to feed a carefully measured
auanuty of accurately prepared fluoride solution (bydrofluosilicic acid) during

ific time, and dry feeders which deliver a predetermined qx_antlty of
the solid matenal during a given time. Dry feeders can be further divided
by, types -depending on the method of controllmg the rate-of feed. Volumetr1c
dry feeders deliver a predetermined volume of dry chemical within a given
time; gravimetric feeders (Ioss in weight) deliver a predetermme& meas-
ured weight ~f chem1ca1 within 4 given perlod . . .

o
Fl o ~/

Volumetrlc feeders' (Figure 1) W111 deliver‘as little as three to four
ounces per hour to treat supplies of 200,000 gallons or more daily. Gravi-
_metric.feeders (Figure 2) will feed as httle as one pound per hour but are
generally used to treat supplies of five million gallons or more daily.

B
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Figure 1. Volumetric Feeders Figure 2. Gravimetric Feeders

Vol}ux‘netric. Type Dry F\*eeder ‘ K

+

The maximum rate of feed for the %chine at any Air Force plant should

rot exceed 12 pounds per hour and the hopper should hold at least 100 pounds
but not more than 200 pounds of chemical. The hopper should be equipped
with an -agitator to prevent arching and assure a continuous chemical feed at

“all times. The feeder must feed the chemical uniformly. Rate adjustment
apparatus permits precise adjustment of the feeding rate. Feeding mechan-
"ism must be completely inclosed to prevent any escape of dust. Itisad-
-visable to provide as an integral part of the feeder a weighing device or a
platform scale and a loss in weight indicator -recorder which will continu-

" ously indicate and record the’ weight of chemicals in the hopper. The solu-
tign chamber must be completely resistantto corrosion, and providé a re -
movable cover and a dust tight flexible connection to the feeding mechanism,

The volume of the solufion chamber (dissolver) should be at least one gallon

per pound of 'sodium fludride fed per hour at maximum rate of feed. For sod-

ium silicofluoride,.the volume should be at least five gallons. per pound fed

per hour. Regardless of the chemical feed rate, the volume of the dissolver
should exceed 10 gallons. 31 ‘
QA e
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Gravimetric Loss In-Weight Type Dryllf'eeder,

~

~

This feeder differs from the volumetric in that, instead of displacing a
preset.volume of chemical, a definite weight of the chem1ca1 is displaced.
A higher degree of accuracy. is obtained. The scales, hopper, all the\?xlec-\
hanism, and the dissolver or solution chamber should be inclosed. A total- ~ —
izer shoiuld show the total amount of chemical fed," in pounds, on a direct ~— .
reading counter without the use of multipliers. Tho accuracy of the totalizer
should be better than 99 percent. The hopper capacity and scale beam capa-
C1ty should not exceed 250 pounds

Proportlonmg Pumps ‘

/At installation where water is purchased and fluoridation is désired,
arrangements can be made with the contractor to fluoridate water supphes
Where the source of water is from wells pumping to a central point a pro-
portioning pump may be installed to inject fluoride. Where wells are not
pumping to a central point a proportioning pump must be provided for each

well. The most commonly used solution feeders are positive-displacement - - — ———
diaphragm pumps with feeding heads constructed of polyvinyl or methyl
methacrylate plastic and neoprene, which are resistant to fluoride chemicals.

For these installations the most accurate and economical method of fluo-
ridation is by the application of sodium fluoride solutions of less than four
percent. FEor the preparation of solutions less than saturated (four percent),
a weighted amount of the chemical is added to a definite weight or volume of
water and the mixture is mechanically or manually stirred until a homogenous
solution exists. Often two reagent tanks are used, one tank being prepared
while the other is in use. Each tank should have suff1crent volumetric capa - ) X
city to hold a 30 hours' supply of reagent. For testing and measuring pur-.
poses the reagent tank should have a scale attached to-the inside that can be
read by ‘the operator. A S1ght glass may be installed. Water used for
making sodmm fluoride solutions is zeolite softened or treated with sequest-

-ering agent such as calgon, nalco 918, or equivalent where the total hardness

exceeds 100 ppm expressed as calcmm carbonate.

APPLICATION. .

In feeding-fluoridés it is not necessary to allow for a contact period as
with chlorination. Water has no "fluoride demand", hence the entire quan-
tity can be accounted for in the distribution system unless it is lost through
treatment processes. Ordinary filtration occasions a loss of 0.1 to 0.3 ppm
of the fluoride added. The most desirable point of application is in the filter
effluent or at the entrance to the clear well. At installations using well water
the solution is normally injected into the discharge from the well pumps un -~
less water is ‘discharged to a central point of storage. Flugride chemicals
are added after all other chemicals have had an opportunity to react, but ,

‘prior to final chlorination.




Tical.dosage must be set and supervised by properly authorized personnel.

DOSAGE

. In fluoridation practice the target residual in the distribution system is
prescribed for each installation by the Surgeon General. In general the spread -
is-from 0.7 to 1.2 ppm fluoride in the finished water supply, the average be -
ing about 1.0 ppm, to determine the dosage that will give a residual of 1.0

Ppm, the natural fluoride content of the raw water must be considered. Chem-

; Oveiﬁl‘l\doggg checks are made at least daily. Continuous observation of -
the equipmentis-a.daily routine operation. Hourly checks reflect any dosage
variations and provide a-basis for regulation of overfeed or underfeed.

\
|

\ ~~— “
SAMPLING AND TESTING

.
~.

Sampling ! : : T \

1
i

L~

A ruiToxt provided by ER

Q .
- ERJC basins and then ‘discaraTd. 315

Representative composite samplesfrom the treatment plant-effluent-are— ————
collected and analyzed daily in addition to the dosage checks for plant controls.
Sampling from representative points in the distribution system are performed

at least weekly and preferably twice a week as a further means of evaluating ]

the effectiveness of \plant control. ‘

! - -

’

Testing o o : S
Chemiical analysis will be in accordance with methods in "Standard Meth-

A

ods for the Examination of Water, Sewage and Industrial Wastes", For plant
control, analysis: may\be .by-colorimétic methods.” If plant laboratory con-
trol is-not available at\an‘ installation, samples may be shipped to a desig-
nated laboratory for analysis. - '— '

>

| DEFLUORIDATION

Methods for the re xht\gval of excessive fluorides from water were made

available soon after it| was discovered that excessive fluorides contributed

A

to fluorosis. Youths continuously exposed to water confaining about 5 ppm

or more fluoride are invariably afflicted with mottled enamel of the perma -
nent teeth, many of these )}ﬁmths eventually lose theilf teeth through attrition.

At present, there are three methods of defluoridation which have proved
practicable for the removal 'of excess fluorides. These methods involve the
use of activated alumina, bone char, or magnesium compounds. The activated

‘

alumina and bone char empldy an insoluble granular media which remove the
fluorides as water filters thr‘ougp them. They are periodically regenerated
as they become saturated with the fluorides, this is accomplished by chemi -
cal treatment. The use of mﬁgnegium compounds to remove fluorides are
employed so that they are removed with magnesium which might be added in

the form of lime. They are sibsequently removed through the use of settling

N~
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SAFETY PRECAUTIONS

- Water plant operators who handle fluoride compounds must be trained
to protect themselves from hazardous accidental exposures, Fluoride dust
may cause irritation of the skin and mucous membrane.

All water plant operators should be fully orientated on the following
safety riles:

1. Breathing of fluoride dust should be avoided. - In case of spillage,
clean up immediately.

2. Wear rubberized gloves, plastic or rubber aprons and masks when
exposed to the dust.

» »

3. Dust must be removed immediately from the skin by bathing or washing.

4. Rubber gloves, rubber boots, and acid proof aprons are requxred for
the handling of Hydrofluosilic acid. After usmg equlpment it should
————-- ~be- washed“thoroughly — -

5. Personnel with open cuts or sores should NOT be allowed to handle
fluoride dust or acids.

6. Detailed instructions on handling and safety precautions to be taken
will be posted at the point of operation and adequately enforced.

7. All fluoride containers must be labeled with a sign warmng that a
poison is contamed therein.

8. Containers are dlsposed of by incineration or burying in the sanitary
T fill. -

o s

When ﬁandhng hydrofluosilic acid, care should be exercised not to
spill it on the*body or clothmg, should th1s happen, wash and flush

1mmed1ate1y

10. TFirst A1d:

a. Should internal poisoning occur the patient should immediately
drink, either, a one percent solution of calcium chloride, a
) glass of lime water (saturated solution of calcmm hydrox1de),
| or a large amount of milk.

‘b, For, external injuries wash the area with a large amaunt of water.




c..  Should chemicals affect or enter eyes, flush immediately with
warm water. .

d. In all events of injury and poisoning 1mmediate1y seek medical
aid. :

SUMMARY _ S

In this study guide you learned that a controlled amount of fluoride in
water supplies can be beneficial to the populace, and that too much could be
harmful. The fluoride residual for each installation is prescribed by the
Surgeon General. The residual spread is from 0.7 to 1.2 ppm with an aver- .

‘age of 1.0 ppm ;

The three most commonly used fluoride compounds are sodium fluoride,
hydrofluosilic acid, and sodium silicofluoride. They are available in 100
350 and 400 pound containers and 55 gallon drums. ;

Storage should be in a dry room, ‘and close to-feed-equipment. Containers
should be stored on platform allowing air circulation to prevent moisture from
forming on bottom of containers. Hopper filler openings should be at the pro-
per level to ayoid the use of ladders.

The equipment used to feed fluroide into water is proportioning pumps
or dry feéders. The proportioneer pumps feed a carefully measured quantity
of solution during a specific time. Dry feeders can be divided into volumetric
or gravimetric loss-in-weight. The volumetric delivers a predetermined vol-
ume of dry chemical in a given tirie and the gravimetric delivers a predeter -
mined measured weight in a given time.

"Fluoride is added after all other chemicals have had an opportunity to
react; but before. final chlorination.

. The practice~of defluoridation is the removal of excess fluorides from a
water supply. This can be accomplished by three methods which involve acti -
vated alumina, bone char or magnesium. The first remove fluoride as they
pass through a granular media. In the last method the fluoride is removed SN
after sedimentation in a settling basin

Fluoride compounds are very toxic and extreme care must be exercised
when working with them. .

s

QUESTIO NS

1. Name three fluoride compounds used in fluoridation and chemical formulas.

a

£
1

7~ 2. DPowder fluorides are supplied.in. what size containers?

v S TTe— L \
e | - \




'3. Liquid fluorides are available in what size containers? ' B
4. Why are chemicals stored on raised platforms?
5. Wimat is the difference between v‘olunietric and gra;rir;xetric dry feeders?
6. How are prorortioneer pumps designéd to feed fluorides?
7. Where are fluorides injected to a water supply?
8:. What is the average f{uoride residual ?
9. How is-a fluoride residual determined?

3

10. List five safety precautions while handling or working with fluorides?

REFERENCES , '
1. AFM 85-13, Maintenante and Operation of Water Plants and Systems
2. Manual of Water Fluoridation Practice, U.S. Public Health Service

3. Water Supply and Treatment, National Lime Association
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WATER DISTRIBUTION SYSTEM

!
’

The purpose of this’ study gmde is to acquaint you with the water
distribution system.

N <

'INTRODUCTION

The term water distribution system is applied to the parts that make
up the system.  The elements and parts are wells, pumps, booster sta-
tions, valves, hydrants,.and reservoirs. The system must deliver suf-
ﬁc1ent water to provide required fire flow to all points. The subjects
will be“covered under the following main topics:

~ @ WATER DISTRIBUTION SYSTEM
® . COMPONENTS ’
This study guide will not contain-all the informatxon that you need to

know, therefore, study of aaditional information is”recommended

WATER DISTRIBUTION SYSTEM

Where distribution systems are carefully planned; the pipes are
usually laid out in a grid or belt system. A network of large pipes divides
the base into areas; the streets within 2ach area are served by smaller
pipes connected to the larger ones. Whenever possible, the system .
should be planned so it will contain loops and no dead end pipes. In this
way, water can flow to any point in the system from two or more direc-
tions. It should also be designed so it may be enlarged later.

COMPONENTS

The components in a distribution system start from the point where
it is obtained, stored, or treated, to the points where it is used. If
water is obtained from a well and chemicals added at the well, the dis-
tribution system would include the components from the ‘well to the user.

322
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If the water is pumped to a treatment plant, the system would start at \/
the discharge side of the plant. ¢ .
Pumps _ N
Pumps may be required at Air Force installations to pump water
from a lake, reservoir, or river to a water treatment plant. After .
treatment, additional pumgi'ng may be required to force water into the . \
mains and storage facilities. In the distribution system, booster pumps
may be needed to increase water pressure. At many Air Force instal-
lations, water is pumped from the source and into the mains and storage
tanks in one pumping operation. Emergency pumps are needed diring
water supply breakdowns, or to satisfy fire fighting requirements.

&

Mains and Piping

Mains ané piping are composed of feeder mains, distribution mains,
lateral lines, and service lines. The feeder mains will supply distribu-
E tion mains and storage tanks. Distribution mains are the pipé lines which
. make up the distribution system and include any feeder mains from which
service lines take their supply. Service lines will transport the water
from the distribution mains to the various buildings and facilities. The
 lateral lines will make the distribution system more effective and effi-
cient by forming a closed loop system. /

. //

Storage Tanks.

- - Water demand on an Air Force installation will vary between night
and day and for difféTent days in the week. Also, fire fighting require-
ments can place an excessive demand on the system at any particular
time. The capacity of the distribution system most likely will not be
sufficient to meet peak demands. This problem is met by placing storage
tanks within the distribution system. Elevated storage tanks will also
aid in maintaining the desired water pressure within the distribution sys-
tem. Storage tanks are made up of four types: (1) elevated, (2) ground,
(3) pneumatic, - and (4) emergency. ) ‘

Valves and Hydrants .

\
Valves and Hydrants.are used to control the flow of water in a water
~ distribution system. These components will include such units as: (1)
gate valves, (2) pressure reducing valves, (3) check valves, (4) curb
service valves, (5) fire hydrants, and (6) globe valves. Gate valves will
isolate the water supply for repair purposes. Pipes in a water distribu-
tion system can and do break. Breaks or leaks may be caused by

L3
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freezing, fire, ground movement, explosion,  excessive water pressure,
and by collision of a foreign ob]ect The gate valves will be closed
after a break in the ‘water distribution system; therefore, the disruption

in service will affect only a small portion of the system rather than the
whole distribution system.

Gate valves are placed-in the d1stributlon system so the flow of j

. water may be shut off if a line breaks. . ‘ ”

Globe valves are used in the distribution system on small lines or
service lines. They restrict the flow and cannot be used where flow re-
striction is not needed. :

—

Check valves will prevent reversal of water flow due to loss of pres-

sure. Check valves will also isolate certain sections of the distribution
system.

Pressure-reducing valves throttle the flow in pipes to reduce the
pressure on the discharge side and keep it constant. They are used for
feeding water from a high-pressure to a low-pressure system. If great
variations in flow rates are expected, different sizes of pressure reducing
valves will be installed in batteries. The valves would be adjusted so

that they come into-operation in order of smallest to largest as flow rate
increases.

Curb service valves control water distribution to individual buildings

" or dwellings. These will be used as the-need for water to the buildings
is determined. \

¥

Fire hydrants will be placed in all areas where there is a need for

fire protection. Proper opération and use of hydra.nts is essential to
water distribution economy and safety

With the exception of the fire hydrants and some storage tanks, the
water distribution system is unde‘rground This is more feasible to pro-
tect the distribution system from tlie weather. Since it is more practical
to bury a large portion of the distribution system, complete maps and
records must be kept showing the location of comaponents. The water
specialist should never keep a "mental map or picture" of the system, but
should put all the information on record. Records and maps must be
evaluated periodically. The location of buried water components does
NOT change, but memories of men do. '

Special valves are put in the system for'var:ious reasons, such as,
pressure check, air relief, attitude, backflow preven%l{, etc.
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Booster stations pump from a relatively low pressure feeder main
to the distribution system. They may be installed at the end of a long
supply line to boost the pressure’for the whole installation system or
may serve a.portion of the installation system that is at a higher eleva-
tion-than the rest. =~ | ’

\

Low-lift stations pump water from a'surface supply to the inlet of
a filtration, aeration, o# other nonpressure treatment plant.

High-1ift stations p}ump froom gravity storage or other nonpressufed
‘source into the distribution system or through a pressure treatment plant.
. . K N I - . . o

Well pumps include all types of pumps used to obtain water from
.wells, They may discharge directly to the distribution system, to storage,
or to a treatment plantfi. )

- | /
SUMMARY j

4

The water required to support a modern Air Force or other military
unit must be palatable and potable for haman consumption and personal
use. Modern machineryalso requires great quantitiés:of water. "Good"
drinking water may contain enough minerals to dariageimachines.

Safe and satisfactory water subplies to meet modern requirements are
not acquired by waving a "witching stick’' or by rubbing an "Aladdin's
Lamp." It requires the careful work of a trained operator.

In areas of seemingly plentiful water supply, the readily available ,. -
sources may be quite easily contaminated, either by an enemy (pollution,
poisoning, etc.), or by unavoidable natural impurities (minerals, silt,
ete.). ’ '

: In areas of limited supply, extensive réconnaissance and development
~ must be done to assure an adequate quantity.

It should be assimed that most water must be analyzed and treated
properly before it fully meets the quality requirements for human consump-
tion, personal use, and the standards required for modérn machinery.

Water testing and treatment‘will vary from simple ''¢ookbook™ 'qhemi- ‘
cal procedures to extensive laboratory procedures and technical treat- ‘
ment methods. : . '

_ The personnel assigned to locate, treat, and supply water for mili-
tary uses must be resourr~ful and -déependable. Seldom will a graduate
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4. What is the purpose of the water distribution system'?

xchemist be available for peri\rmxng this AFSC but the traimng offered

in this. course can help a water and waste speciahst to do the job when
the need arises, _ - . ‘ -

QUESTIONS - S .
1. What is the purpose of the low-hft pumpmg station?
2. ‘ How are high-lift pumping stations used? - o

3. What is the'most critical factor in planmng an Air Force storage and
' dmtribution system?

A}

S. Name five types of components within the~ water distribution system?

6. Why are storage tanks necessary in a water distribution system?

7. Why is it necessary to keep an exact record of the location and
maintenance of components within the water distribution system?
~

REFERENCES _ . ,

' 1+ 0

1. AFM 85- 13 Maintenance and Operation of Water Plants and Systems
2. AFM 88-10, Water Supply, Water Sources -

ye
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.- : . INTERNAL CORROSION AND SCALE

OBJECTIVE ,

hd ~

The purpdse of this study guide is t{aid you in becoming familiar with the causes
and related problems of scale formation aad corrosion in water and sewage systems.

INTRODUCTION

The term ''scale,” as used here, refers to th‘ée white, crusty matter fc/{rmed by the
crystallization of dissolved mineral matter contained in untreated or lime-softened
waters. Scale can cause clogging of pipelines which may cause your system to be shut
down. .- ) .

The corrosion process is an electrochemical reaction in which metal deteriorates
or is destroyed by an unfavorable environment. Almost everyone i3 familiar with rust, ,
which is the visible indication.that corrosion has attacked iron or steel pa.rts .

‘Scale and corrosion will be discussed under the following headings:
® TYPES, EFFECTS, AND PREVENTI"7 OF SCALE
. ® CAUSE AND PREVENTION OF CORROSION

This study guide will not contair all of the information that you will need to know and *
he study of additional material is recommended.

TYPES, EFFECTS, AND PREVENTION OF SCALE .

Most of the scale formed in water systems is similar in appéaz:ance; however,
there are several distinct types of scale. Among the most common are (1) pure
mineral scale, (2) mixed scale and corrosion produuts, and (3) combination of minerals.

» 1.° Pure mineral scale, such as CaCOg and CaSO4. Calcium carbonate forms a
loose sludge-like deposit that will crumble rather easily when dried. Calcium
sulfate forms a hard adherent type of scale which is espeically objectionable in
boilers. .

2. Mixed scale and corrosion products. Hot water pipes are often found contam-
ing layers of rust sandwiched in between'layers of mineral sca.le

3. *Combinations of minerals cemented together by binders, such as sﬂica' Such
combinaticns will produce a hard "baked-on' type of scale on hot boiler
surfaces . . N

* -
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Scale is an undesirable formation, having the following adverse effects: »
1. Reduces the safety factors by clogging the safety valves and gauge lines

2. Clogs pipes, thus rechcing carrying capacity.. Pipes should be cleaned, if
possible, rather than replaced Once the scale has been removed, a chexmcal
treatment should be used prevent new formiation. ) 5

3. Reduces operating ef(iciency of Leating and cooling systems by clogging coils,
heat exchangers, and radiators

4. Reduces rate of heat transfer in boilers.

-

5. _Increases cost of operation by adding to cost of maintenance and replacement.
Cause of Scale Formation .

‘Most scale problems océur in. water systems in which the water has been heated.
In fact, the formation of scale or sludge deposits on boiler héating surfaces i the most
serious water problem encountered in steam generation. ]

Most scale results from the prer'ipitation of the minerals causing hardness.in water.
* This may occur because the two water soluble miferals Ca(HCO3)2 and MgCO3, which
are the most common forms of hardnass to be present in high oncentrations, decompose
P when heated to form CaCC3 and Mg(OH)3. The latter compourhs are oniy slightly
soluble. !

" 1. CaCOg)z -~ CaCO3 +COp+H0.

As might be expected the slightly soluble CaCO3 and Mg(OH)3 /precipitate and tend
to settle out. Unless this material is removed by blow-down while/in a soft, sludge like
: condition, it will harden in place .;8 scale °

in cold water. Thus, water containing relatively small amounts of hardness may
become supersaturated in only the:thin film of water,in.contact/with the it boiler metal
surface and leave a scale deposit which gradually accumulates’and thickens. Note that
scale always accumulates. iirthe hottest part of the system. s .

Some scale is caused by minerals becoming less soluble ir}’ﬂot water than they were

' Control and Prevention of Scale o / <
The. most effective methods for the prevention of scale formation would include one
or a combination of the following treatments: .
\

1. Pretreatment of.all make~up water
’ ' ~ Turbid or muddy water must have all of the suspended solids removed.
This is normally accomplished by the addition ofa chemical coagulant, .

followed by sedimentation and filtration.

N
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. to the corrosion of intérnal surfaces of equipment containing water. e
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b. "Softening of make-up water - all hardness may be removed from water by
the ion exchange process by passing the water.tﬁrough 2 sodium cation
exchanger. oo

i

All but-30 to 50 p.p.m. of the hardness may be removed from water by
xchemical treatment with lime (for water containing temporary hardness
only) or by lime and soda ash (for water containing both temporary and _
permanent hardness) followed by sedimentation and filtration. ’

c. Scdle formation in dfstribution systems may be brev'ented by stabilizatioin
of the scale forming dissolved solids ‘contained in the water by:

(1) Addition of 2 to 4 p.p.m. of polyphosphates
& , v
. f or-

- . 1] ©

‘(2) Recarbonation (addition of COg to lime-softened water)

CaCO3 + COg +Hg ~---- + Ca(HCO3)2 ®

Note, stabilization would not be. an effective treatment for prevention
. of boiler scale. : '

. (3) . Addition of sulfuric acid (HpSO4) to cooling tower water. The addition
@ ' of sulfuric acid converts the CaCOg into the more- soluble CaS0y4.

~ (2) . By "bleed-off" of cooiing tower water and by 'blow-down'" of boiler water.
These procedures hold down the "Cycles of Concentration' and prevent an
.excessive. build-upﬂof dissolved solids. -

.

CAUSE AND PREVENTION OF CORROSION

Note that the information included in this portion of this stady guide will be Limited

©

/

Since the mechﬁﬂcs of the electrochemical corrosion process will be diécussed at
greater length in Block-V, it will suffice to say here that the essential requirements for
elec:ro;:hemical corrosion to occur are: -/ .

)

1. An anode (or anodic area) / I
2. A cathode (or cathodic area) ‘
3. An electrolyte. ’ ' e

4. Metal bond (path for electron.flow) /

‘5. Plenty of dissolved oXygen in the electrolyte. /.
. ) <
Since these are ""essential" requirements, corrosion may be/prevented by eliminat-
ing’any cne of the requirements. !

. .. ' :
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. densate than when either one is pre
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One area where corrosion isa constant problem concerns boilers and condeqsate"
return systems for boilers. The corrosion affecting boilers is largely caused by

dissolved oxygen in the boiler feed water @ Here the corrosion may be prevented by

mechanical removal of the oxygen by using a deaerating heater to drive off the oxygen

before it is carried into the boiler - followed by a chemical oxygen scavenger in'the

The corrosion in the condensate return lines is almost always‘caused Dy dissolved
gases - oxygen or carbon dioxide, and sometimes both at the same time. ‘The dissolved
oxygen originateks in the boiler feedwater. The carbon dioxide comes mostly from the

brezking down of bicarbonates in the boiler water. .
Ca(HCOg)g --2--» -CaCO3 + COg +H0

The COy, is carried from the boiler with'the steam. When the steam condenses to
water, the following reaction takes place: / ‘ '

COg + HyO w1115 H2COg (carbonic acid)
Carbonic acid is an unstable but corrosive acid.

The corrosion attack is more severe when the two gases} ‘are both present in the con-
sent by itself. Oxygen will cauge severe pitting and/

qr rust deposits on all the inside surfaces of the pipe (see figure 1). Carbon dioxide
causes grooves or channels in the bottom of the pipe (the only part containing water) with

the surface left clean and free of rust (see figure 2).

CARBON DIOXICE GROOVING ATTACK

CROSS SECTION OF PIPE
CNRNODED &Y CO2

? Figurenz. Carbonic Acid Attack

Figure 1. Oxygen Pitting

d.for the prevention of corrosion of internal or watersidé‘
surfaces of equipment through which water is being circulated consists in the addition of
different chemical comp?unds. Among the most frequently used compounds, and their

intended purposes are: . ,

1. ‘ Sodium sulfite - NagSO3 wh'ch is added to boilers and sometimes to closed
recirculating water systems as an oxygen scavenger.

The most successful metho
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NaySO3 + 1/20g -=------ » NaySO4.

Where sodium is being used in a system, it is customary to maintain.a 20~ to .
40-p.p.m. residual. This insures that there is no dissolved oxygen remaining
in the water;, and without oxygen in the water, no corrosion can occur.

2. Neutralizing amine compounds -~ The neutralizing amines are alkaline cbm-.

3.

4.

5.

» pounds which may be.added di:;ectly to the boiler water where they volatilize .
(change from a liquid into a 'gas) and are carried from the boiler with the 'steam.
They will return with the condensate and will be reused. The alkalinity of the
amines raises the pH of the condensate. When the pH of the condensate is kept

¢ just on the alkaline side (pH of 7.0 to 7.5), there will be very little corrosion
caused by COy in the condensate retutn system. Cyclohexylamine and
morpholide are brand names of neutralizing amine compounds. The control for

neutralizing amines is to maintain 2 minimum feed that will keep the pH of the
condensate between 7.0 and 7.5.

Filming amine compounds - The filming amine compounds are sometimes added
directly to boiler steam line where they volatilize and are carried along with the
steam. When the steam condenses, the filming amine will coat the walls of the
pipe with a temporary wax-like film which protects the metal from both oxygen
and COj attack - as long as the filming amine continues to be fed. Should the
filming amine be fed to a system which has already corroded, the rust will be
loosened and carried to the nearest screen - often creating troublesome mainte-
nance protilems. The best results are usually obtained by feeding a solution
containing 10 p.p. m. of the filming amine compound for 12 minutes {only) out of
each hour. This is known as an intermittent feed. -

Caustic soda - NaOH. Caustic soda is normally added to all boiler feedwater.
One of the main advantages being that it will neutralize any acidity in the water
will bring the pH up into the alkaline range - a situation which is-designed to
hold corrosion in the boiler to-a minimum.

Closed, recirculating water systems may be effectively proteéted from corro-
sion attack by maintaining the proper residual of surface active, soluble corro-

sion inhibitors. The compounds which may be used effectively as corrosion
inhibitors are: ' ’ ’

Chromate compounds - Chromium salts such as sodium chromafe, NagCrOy4, or
sodium dichromate, NagCr207, form a temporary surface film which is very

effective in preventing corrosion. "\
To be effective, a concentration of chromates in the recirculating water should

be maintained between 300 and 500 p.p.m. residual. Among the objections te

using chromate is the fact that they are very toxic (poison) to man, animal, and
aquatic life. This creates disposal problems for the bleed-off wate: when used
in cooling tower water. A second objection-to chromates is that they are not

7

compatible with ethylene glycol type antifreeze (Prestone).

Polyphosphates - Polyphosphate compounds are commonly added to recirculat-
ing cooling water to help keep corrosion down. Polyphosphates protect the
metal by forming a temporary film on the surface of the metal. A residual of

L]
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10 p.p.m. is the usSual concentration which is recommended. Note that
polyphosphates revert to orthophosphates when heated, so they would be
_ineffective as corrosion inhibitors in recirculating hot water systems.

7. Sodium nitrite-sodium borate compound. This compound is compatible with
ethylene glycol type antifreeze and:is quite effective as long as a residual of
1800-2400.p.p.m. is maintained. |

A good pomt to remember, when depending on soluble corrosion inhibitors to pre-
vent corrosion of water system equipment and components, is that while good protection
is afforded when a sufficient quantity of the ‘inhibitor is added, the corrosion rate may be
accelerated in local areas (such as corners and crevices) by allowmg the residual to fall
too low. ) -

v

SUMMARY , ‘ -

-

To the water and waste processing specialist, "scale" is a substance which results
from using hard water for industrial purposes. There are several kinds of scale; how-
ever, the most common ie a white, crusty deposit of CaCO3. Scale deposits are very
objectionable because they reduce safety factors, stop up pipes, reduce rate of heat
transfer and increase amount of required maintenance. The best way to prevent scale
is to remove the hardness from the water before:it is used in any kind of industrial
equipment. For some.purposes, stabilization of the hardness compounds by the addition
of polyphosphates or COg will work satisfactorily. \\

Corrosion is the deterioration of metal by an electrochemical reaction. The most
practical corrosion prevention measures.for the inside surfaces of equipment through
which water circulates consist of pH control (keep the pH of the water above 7) and the
addition of surface active, water soluble corrosion inhibiting chemicals. The chemicals
most frequently added to prevent corrosion are: chromate compounds, polyphosphates
and sodium nitrite-sodium borate. These compounds prevent corrosion by-forming a-
temporary surface film over the metal surface. Sodium sulfite is a chemical oxygen
scavenger which may be added to boiler water to remove any dissolved oxygen\

QUESTIONS .
T. What is the most important source of scale in industrial watei- systems?
2. List-two reasons why scale forms-in boilers. ]

3. What is the best way to prevent the formation of scale in boilers, when the only
available water supply is . hard?

4. How does "stabilization" prevent scale de”poéits in water distribution systems?

5. ~How can water be stabilized (with respect to scale deposition) ? '

6. List the methods commonly used to prevent corrosion in boilers.

7. List two methods commonly used ,'to prevent corrosion in steam condensate retu;‘h

lines. . {

3
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. 8. List three chemicals which may be used to prevent corrosion in recirculating
N~ water systems. ’
9. List two chemicals commonly used to prevent corrosion in steam condensate
return lines. )
A «
,. 10. Why would you not recommend adding a chromate corrosion inhibitor to your auto-
A mobile radiator ? :
\ -
REFERENCES
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PRINCIPLES OF A WATER TREMTMENT PLANT L

OBJECTIVE ) ’

The purpose of this project.is to aid you in understanding the
principles, conﬂguration, arrangement, and purpose of components in
a typical water treatment plant.

COMPONENTS Olf' A WATER TREATMENT 'PLANT !

PROCEDURES

Find a term in the right hand colunm which best fi*s each statement
in the left hand column, then pldce the letter preceding the selected
term in the blank preceding the statement ,

1. . used to remove dissolved gases, ' a. elevated tank
'iron and manganese from water

2. ___ located near the plants, used for b. clearwell
. flash mix of chemicals.and water

3. ___ usedto keep floc in suspension c. filter

4. ___ may be located at various points
~ inthe plant, and operate on the d. accelator
centrifugal force principle ' ‘

5. ____ has along retention period, e. pump
" 6to 8 hours »

6. a retention period of 1to 2 " f. settling tank
~ hours )

T: a stora‘ge and contact chamher . g. slow mixer

8. ~ stores water and provides pressure

for emergencies h. hypochlorinator

9. - removes suspended solids not ‘i rat
‘removed by settling ' - aerator
10. used for the injection of HTH solution

j. rapid mixer

336




COMPONENTS OF DEEP WELL

In figure 1 place the number of the components on the blank line to propérly associate the
two items. ' ' :

DISTRIBUTION SYSTEM
UNDERGROUND STORAGE TANK
DEEP WELL

HIGH-LIFT PUMP . ~ . \
CHLORINATOR
VALVES

AIR COMPRESSOR

WELL PUMP ‘ 1

LI

" . PRESSURE TANK

3

[

e

d
[
23 ?
4
4
222
-
~

=

Figure 1. Deep Well Supply

) : | 338
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COMPONENTS 'OF TREATED SURFACE SUPPLY _ ) A

In figure 2 place the number of components on thé blank line to properly associate the two’items.
____ RAPID SAND FILTER

____ELEVATED STORAGE TANK

___ IMPOUNDED RESERVOIR

____ POST CHLORINATION

___'MIXING AND FLOCCULATION

____ HIGH LIFT PUMP \

____FEEDERLINE e _ -
___ COAGULATION BASIN ' |

FILTERED WATER RESERVOIR
i

Figure 2. Treated Surface Supplv
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CLARIFICATION OF WATER
OBJECTIVE ‘
The purposé of this exercise is to aid you in the clarificztion process
of water. ’ . : '
PROCEDﬁRES

Answer the following questions or define the terms used in Water
clarification in the spaces provided:

1. Chemical precipitation:

2. ‘S'ediment‘ation process:
- ‘ Sy
3. 'Floc: ~

\4. - Name ‘t-wo minerals contributing to hardness:

5. What are the processes used to reduce hardness?

6. What is meant by stabilization?

\ -

7.7 What is scale?
8. ° How is scale controlled? - .

9. What chemicals are used to control algae?

10. List a mechanical method of controlling algae:

4 ,
34
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11, Name the chemicals used to control color, taste, and odor?

o

12, - List the test used to deterti;ne taste, calor, and odor:

Al

3




OBJECTIVE:

operating the Water Treatment System Trainer. ‘

INSTRUCTIONS: rollow'the procedurol listed below for operating the Water -

Treatment Plant. \

PREOPERATION ~ : I

l.i Close all drain valves. ) ’ ‘ -

2. " Turn off all eléctrical switches. . \

3. Check oil in.chemical feeders.

4. ,Hit c%egital solution in chémica}'supply tanks.

5. ‘Adjust chemical feeders to desired feed rate. ‘

6. Connect tbe-‘ ster switch panel and the settling chamber motor to«a
110-volt outlet. \

7. A Connect the,chemical feeder, rapid mixeg and floculator to the,

OPERATING A WATER TREATMENT PLAN

master switch panel outlets as marked.

F

OPERATION SEQUENCE o -

1.

o '2’-

Open the globe valve on the inlet water supply and control the water
flow rate at one and a half (1&) gallonl per. minute.

|

switches:

;. Master ) . ‘ .
b. Chemical feeders ({right and left)

c. Rapid mixer

When the floculator is half ()) full turn on the motor switch.

When the let\

a.

b.

Ce.

,d.\

Open theikilter inlet valve two (2) turns.
Turn on’tﬁt'iettligg charber effluent pumn switch.

Open -the filter effluént valve one turn.

-

Turn on the hyp:ochlo;inatoi.

The purpose of this exercise is to provide instructions for

»«When ‘the--chemical -mixer -is--half () ‘full--turn-on-the-following

ling chamber is full continue-with the following:

WB ABRS6330%IXI~2~P2

\
\
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5. When the filter is full, turn on the clear well pump switch and open
the clear well effluent valves. .

BACX WASBING THE FILTER ) .

l. Turn off the settling chayber and clear well pumps.

2. Close the fi;ter influent and effluent valves.

3l Open the filter d;aiﬂ valve.
4. Turn off the hyprochlorinator. )
5. Open the water lower effluent vaIQ;. )
SHUTDOWN PROCEDURE ! ' o

l. Tarn off all electrical sw;tcLes.

/
2, Disconneéct electrical power./ - ”

3. Close the globe valve on the inlet water supply;
4. Open allga:ain valveé. ) 4
5. Close all inflpént and effluent valves,

’

Ch%cked by

Instructor

e / .

e /
Nl
e ~

/
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. IDENTIFICATION OF RAPID SAND FILTER COMPONENTS

OBJECTIVE: The objéctive of this exercise is to aid you in developing a
better understanding d,f a rapid sand filter. . ‘ ’
, | X l

INSTRUCTIONS:
1. ‘,{Study the drawing in figure 1.

2. Show by arrows the direction of water flow when water is flowing

through the filter. /

3. Show by arrows the direction of water flow when the filter is being"
backwashed. )

4. Place the number that‘represents the component in the appropriate
. circle provided in figure 1.

PERFORATED LATERALS R .
WASH TROUGHS .
CAST«{RON MANIFOLDS WITH
STRAINERS DN TOP

GRADED GRAVEL

FILTER. TANK
FILTER SANO

\ Figure 1. Rapid Sand Filter
f .

8
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IDENTIFICATION OF DIATOMACEOUS EARTH
FILTER COMPONENTS

X “
S et

OBJECTIVES ~_

'The purpose of this exercise is to assist you in identifying the éomponents
of a diatomaceous earth filter. ‘

Instructions .

This w})rkbook consists of 4 projects. The projects arelisted by
project number, title, and page number as follows:

.

® PROJECTI - DIATOMITE FILTER ELEMENT PAGE 2
® PROJECTI - AIR RELEASE VALVE, GASKET PAGE 3
. AND HARDWARE
® PROJECT I - FILTER HOUSING COVER AND PAGE 4
CLAMP ASSEMBLY
® PROJECT IV - LOWER FILTER ASSEMBLY PAGE 5

1. Each project has a’usting of items that are part of the major

components. (Example: Cup _ )

Ry

2. Each project also has an expioded view of the major component with
each item identified by a number. .

3. For each project, you are to identﬁy\the items by placing the
identification number on the blank line pext to each item.

(Example: Cup 7 ) .

7




DIATOMITE FILTER ELEMENT ~
PROJECT I -
Cup Packing
-.Retaine Packing
' Ro} ‘ ‘Washer
Tube Bracket <
Spacer \. Spacer /
Screw Packing
Sleeve Bracket \ , 1

Figure 1.- Diatomite Filter Element
10 -

>

31y ~
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AIR RELEASE VALVE, GASKET, AND HARDWARE

PRQJECT II
Plate Screw
Screw Valve'
Gasket Washer
Nut Screw
Plate Plate

Figure 2. Air Release Valve, Gasket, and Hardware
: 11

348




' FILTER HOUSING COVER AND CLAMP. ASSEMBLY

, i PROJECT II

Tubing - . A Nut _

Bushing * - Clamp

Cover B Vélve

Screw : ' Nut

Elbow : E Tube
_Nipple__ - , Pipe

Clamp Assémbly

- 7 ¢ —_—
! 3 ¢
Figure 3. Filter Housing Cover and Clamp Assembly

12
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: LOWER FILTER ASSEMBLY |
N PROJECTIV . \
Nut : Strip : °Gas\liet
Window Screw . Housing
Washer Gage ' Nut. \ 4
5 . \ - i
Gasket Adapter , Strip\
Washer Screw Washé\x'
’ . Funnel '
‘\
\
\
\
y
v -

|
i \
Figure 4. Lower Filter Assembly
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WATER DISINEECTION AND PURIFICATION

OBJECTIVE

- The purpose of this exercise is to assist you in identifying different
disinfecting agents and to operate teed equipment to add these agents in

proper dosage to the water,

- PROCEDURE

Complete the following exercise by placing your answer in the blank

spaces provided.

1.

. Why does water ha_.ve to be disinfected?

Define disinfection:

WB 3ABR56330~II-4-P1

)

_

Define purification:.

B Cx
A
\]

List four disinfecting igents:

What is the berceut of free chiorine in paicium hypochlorite ?

Define chlorine residual:

Define chlorine demand:

What is the reagent-used when performing a chlorine residual ?

14

F«\




10.

11.

12,

N

: Determine the dosage in ppm at a water plant using 400 Ibs of

chlorine per 24 hours, to treat 5 MGD:

| Ibs Cl,: X 1,000, 000
ppm =t water X 8.3

Name two pieces of equipment used to feed chlorine to water:

Name the points in the system where chlorine is applied?

e e e et o e
i .7

7

Name the three types: ;)f chlorination: __




OBJECTIVE: ' \

of taste, odor, and color and methods and material used to control taste,
-odor, and color, . \

‘INSTRUCTIONS

1.

- WB-3ABR56330-III-5-P1

TASTE, ODOR AND COLOR CONTROL_

The purpose of this exercise is to familiarize you with the muses

\

Complete. the following exercise by a;xswering the questions in the

~ space provided.

What are the two major causes of taste, odor,and color in water?

. List thre. chemicals used for the treatment of taste and 6dor .

o

List a mechanical treatment that would lessen taste and odor in
water.

Define organic material.

-

Define inorganic material.

" What effect will excessive amounts of iron and manganese have on

water?

3

16




Define aeration. @

i

4
n

|
- 1
;

. : , ' i
Name at least three b[eneﬁtsga: can be obtained through aeration
of water. -

-

a.

b"

c.

NOTE: Fo'r Control 1]
Laboratory Manual
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FLUORIDATION AND DEFLUORIDATION OF WATER

OBJECTIVE: The purpose of this workbook is to aid yon in understanding : ‘
the fluoridation and defluoridation processes-of water treatment |

l

1. List the three compounds commonly used in the fluoridation of w\ater"'. "

\ K . !

, !
/

AY
N

4, At what point in the water- treatment process should fluorides be applied?

C . /
\\. - [\
\ , J f

-f::.., . 0 /
v / i

o 5. What is t_he recommended rang'e of fluoride residual in trealed water?




o

»
*

" 6. What is the.danger .of excessive fluoride residuals?

4
3

L)

', ’ ) i

7. What.are the three comapounds employed in defluoridation?

§

|

8. List six applicable safety rules for working with fluoxides,

.

14

9. What is'the difference between gravimetric and volumetric feeders ?

L

-

&

|
L.
l‘ »

o

10. When adding H281F6 J what type of solution feeders are used?




I

i
|
|
|
. | )
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WATER DISTRIBUTION SYSTEM

-~ QBJECTIVE

) 1.
" 2, What is the purpose of the ’distrib}xtion syst

3.

‘5.

."W'here.does a distribution system s?:art‘?;

. ¢, Valves

. The purposeé of this exercise is to aid you in learning about a

distribution system.
PROCEDURE. _ |

Answer the following questions:

o

em?

\

State the function of the following: .
a. Mains '

b. Service lines \

-

d. Storage tanks

g

Wi;at component in the system w}u allow water to flow o@ly in one

* direction?

Is a well ever considered to be pai't of the distribution system ?
(explain your answer)

/
/

)

What is the purpose of an-elevated water tank?




! . i '
7. Whyis it hecegsar;lt to have a loop design in the system ?,;' ‘g
. ‘ . ‘ N \
T P —
8. 'What is the purpose of a globe valve? !
\
[

9. What causes water hammer ?

10. How can water hammer be prevented?
. )

1
i
t

—

‘\‘\"\

/
21 |
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\:{:ERNAL CORROSION AND SCALE

> V-

OBJECTIVE

scale and corrosion control.

INSTRUCTIONS

> 1. The white, crusty matter formed
. by the crystallation of dissolved
L mineral matter in water.
2 "“~__ A common form of pure mineral
~~gcale,
\ \ .
3. A common scaling condition found
in hot wat'er\sgtems.
4, “Undesirable éﬂe&ot@e.
5. An effective method for pr\e?ent-
‘ ing scale formaticn. ™~
6. .Any chemical treatment intended

to prevent precipitation of dis-
solved solids.

Most common method used in pre-
venting -scale formation in cooling
towst water systems.

‘Term used to describe the deterio-
ration of metal.

Cause of most.corrosion,

Area on a metal surface which is
attacked by corrosion.

———
———————

—————

e

Metal which is not corroded in a
bimetallic coupling.

22
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Upca completion of this workbook, you should have gained a better knowledge of

Place the letter preceding the selected item in the right hand column which best
completes the statement in the left hand column in the appropriate blank.

a. Layers of rust imbedded in
accumulated mineral scale -

.b.  Softening of all make-up.
water

c. Corrosion

d. Cathode

e. Dissolved oxygen
f. Filming amine

\\‘g. Sodium nitrite sodium borate

_\compound - _
. 10"' 'y
h 20 p.p .\\
i. Scale T
j. Reduces safety factors, clogs,
pipes, and reduces rate of
k. Stabilization
1. An electrochemical reaction

n. Sodium sulfite

0. Sodium dichromate




12.
18,
14,

15,

16,

11,

18,

19,

20,

21,

Electrons flow from anode to

cathode by way of
Accepts displaced cations from
surface'of the anode.

Must be present, if corrosion is
to continue. .

A chemical compound which effec-

tHvely prei\entl corrosion in

closed, recirculating water systems °

by scavenging the dissolved oxygen.
A’ chemical compound which helps

prevent corrosion in condensate

return lines by neutralizing HyCOj3.

A chemical compound which pre-
vents corrosion in condensate
return lines by coating metal
surface with a wax-like film.

An effective corrosion inhibitor in
recirculating water systems whose
use is extremely limited because
of its hazardous toxicity.

An effective corrosion inhibitor in
recirculating water systems that
is adversely affected by hot water.

An effective corrosion inhibitor in
recirculating water systems which
is comnatibls with ethylene glyeol

antifreeze. :

" An insufficient amount of corrosion

inhibitor in water may be worse
than none at all, because

Recommended residual of chromates
in recirculating water.

Recommended residual polyphos-
phates in recirculating water.

Recommended residual of sodium
nitrite-sodium borate compound
in recirculating water.

Surface active, soluble corrosion

—-inhibitors in recirculating water

systems, prevent corrosion by
formation of

a.
v.
U.

v.

X.

Y.

~

3357

Concentratéd corrosion attack
in localized areas

1800-2400 p.p. m. X
CaCOgs
Bleed-off - AN

AN
~

An electrochemical reaction
éﬁolyt.e

N&n-alizing amine
Mecﬁrplﬁe

Neutralizing amire

' Polyphosphates

300-500 p.p. m.
Protective surface films

ATC-HERPARD AFD TEX. yq-q4t
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FIELD TRIP TO MUNICIPAL WATER PLANTS

OBJECTIVE

The purpose of this exercise is to aid you in learning the operating procedures of .
the city water plants by observing the operation of the plant. Complete t}e
activities listed below. .

EXAMINING WATER PLANT OPERATION

Observe the operation of the plant and answer the following questions:
1. List the major components of the water treatment plants:

a.

2. What type softening procedure is utilized by the water treatment plant ?

3. What provisions are made for removing sludge ?

THIS Stpersedes WB 3ABR56330-I-2-P3, 23 April 1970,

DESIGNED FOR ATC COURSE USE .
DO NOT USE ON THE JOB

O['\ -

\ R




1

4. What is the maximum water output for each plant under normal operation?

5. What is the maximum overload water output for each plant in an emergency ?

e

6. What chemicals are fed separately into the water supply ?

7. Give the name and purpbse of five chemicals used at either plant.

NAME » PURPOSE

d.

e,

8. What type bof water tests are performed in the laboratory at the water plant?

)

-

9. What type of filters are used at each plz’mt?

E]

10. How long does it take to backwash the filter?

11. How do you determine when filters are due for backwashing for each plant?

12. How much water is used for backwashing a filter ?

13. What is done with the water used for the backwashing process at each plant?

14. Give the purpose of pre- and post-chlorination as used at the new water plant:

15. List any safety violations observed duriné the tour:

-

237
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ION EXCHANGE
OBJECTIVE
The purpose of this study guide is to improve your know-
ledge of the theory and application of ion exchanges.

INTRODUCTION

Water found in streams, lakes and wells is ugsually hard
water. Hard water causes scale to form in water/ lines and
hard crusts to form in boilers. Hard water als¢ kills soap
suds in laundries -and homes. ‘

About 100 years ago, a farmer in England discovered that .
water became soft when it trickled through some of his soil.
Later it was found that certain types of sand called green-
sand had the ability to make hard water soft. Much use was
made of green sand until about 1930 when a synthetic material
was invented. This new material was several times better
than greensand. It could also be recharged by washing it -
with salty water. This new material was called resin because
it was brown in color and resembled natural tree resin.

Information in this study gulde will be covered in the
following maln tOplCS‘

® THEORY OF ION EXCHANGE
CATION EXCHANGE PROCESS
ANION EXCHANGE MATERIALS AND PROCESSES

EXCHANGERS USED IN COMBINATION

OPERATION OF DEMINERALIZERS

THEORY OF ION EXCHANGE

Ion exchange is a reversible chemical reaction between
ions in water and ions in solid materials.

This definition of the ion exchange process uses some
terms that are essential to a study of exchangers.
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’ An ion is an atom or group of atoms that have gained or -
lost electrons. A cation is an ion with a positive charge.
An anion is an ion with a negative charge. Figure 1 lists
common anions and cations.

.

CATIONS 5 - ANIONS

Calcium ‘ca** | Bicarbonate HCO3

Magnesium Mgt Carbonate . C03= £

-Sodium Na* | chloride c1”

Manganese Mnt* Nitrate N03-

‘Iron =~ . re*t Sulfate 50, T
| iron . rettt Siiicate Si03=

Aluminum arttt Phosphate po4f |

Hfdrogen , A : o Hydroxide OH™ ‘ i

Figure 1. Most Common Cations and Anions Removed
from Water -by Ion Exchangers

Ion exchange materials will not dissolve in water. They
are able to release and to accept other ions in their place.
*  The cation materials exchange positive ions for positive
ions. The anion materials exchange negative iong for negative
ions. The first softeners used natural sands called "zeo-
lites." The term "zeolite" comes.from two Greek words, Zein +
- Lithos, meaning boiling stones. In this course, the term
. ZEOLITE will refer to any.ion exchange material.
There are four types of cation exchange materials used for
water conditioning: .

L. Natural sands (greensand, etc.)

2. Synthetic sands (silica-aluminum compounds)
3. Sulfonated coal

4. Cation exchange resins

a. Sodium cycle - NaCl (salt regenerant)
b. Hydrogen cycle - regenerated with acid - HCl or
H_SO
_ 2 4
Of these materials, the plastic resins are more efficient

+and have higher exchange capacity so they are most widely
used today. See figure 2 for data on these materials.

; 2 - 366
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[Exchange] Material | Appearance | Normal |Regenerant | Strength  |Regenerant | Test For ; [haracteristic
Process Used . Capacity |Pounds of Chemicals Exhaustion ‘lof Product
Grains Per Cubic | Regenerant -
Per Cub-|Foot-
' ic Foot
Green- | Grey-Green| 2,400.to [1.0to 1.5
sand Granules. 3,000 gr/]1bs/cu ft
(glau- - g cu ft
conite) i <
B /
Sulfo- Blac‘ No Data |No Data . T
nated Granules
Coal R .
Sodium ™ g oo | Gold-Brown| 24,000t0 |6 to 15 lbs/| 3 to 18% | Sodium 1. Stan- Soft Water
Cation i Preferred | Chloride dard
nated Spherical 32,000 {cuft 150 Salt - So
Na +2 Poly- | Beads: gr/cu ft - a »502p No C
styrene ‘ S RO - "alcium_
NA CL 2. E\D-T. | Magnesium
. A. To- Iron
Na Al White. 12,000 to|4 1b to 6 1b/ tal Hardt
Si03. Granules - | 15,000 |cu ft ness
Gel ° gr/cu ft
Sulfo - Black 6,000 to {2 lbs'to H(;SO4 2% - | Sulphuric 1. pH Contains
. nated Granules 8,000 gr/|4 1bs/cu 4% Acid Acid
Coal cu ft it First Step”| Hydrochlor-{ 2. F.M.
- . Last Step | ic (Muriatic) Acid
: X 6% - 8% Acid ' :
Sulfo- | Gold-Brown| 12,000to |4 lbs to 12: )
Hydro - nated Spherical -| 24,000 |lbs/cu ft HC1 6% - ‘
gen Poly - Beads gr/cu ft - 10%
Cation _ styrene R T _
H+2 .

Figure 2.

Cation Exchange Materials and Pro

.

k3

cesses
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‘ CATION EXCHANGE PROCESSES /
As shown in figure 2, there are two cation/exchange
Processes in common use: - sodium zeolite and %gdrogen zeolite.

4 /A

Sodium Zeolite ‘ .S e

When hard water is passed through\q,bed/of active sodium -
zeclite, the calcium and magnesium ions are taken up by the
zZeolite and at the same time the zeolite gives up sodium jons;
this reaction is shown below. (Sodium zeolite is represented
by 'Nas2Z.) Iron and manganese are also removed if they are not
over about 10 p.p.m. in the water. - '

; O
SODIUM ZEOLITE PROCESS.
4 |
PR Y

Examﬁle No. 1 . .

CasOy Nayz C Na,S0, + caz i
+ .
(solution) (solid) ~——™  (solution) (solid)
RAW WATER + SODIUM ‘ SOFT WATER + EXHAUSTED
. EXCHANGE ‘ / EXCHANGE
> RESIN : RESIN

Example Now 2

Mgso4 i + Na2? Nazso4. . Mgz.
(solution) (solid) - (solution) (solid)
l ) |

RAW WATER + SODIUM ZEOLITE

1
I
!
f

|
SOFT WATER + MAGNESIUM|
ZEOLITE| '

-
>
i

ExamplexNo. 3
|

WATER FLOW ~-- ' WATER FLOW

(HCO,) Na Na Produces “Ca M H,0 + Na(HCO,
HO + Ca)(SO, Naz - Mg z O\ (80
Mg) Cl) Na ca (s S
RAW WATER !
) A BEAD OF EXHAUSTED KSOFTENEDS\ !
ZEOLITE ZEOLITE WATER -
BEAD ‘

The process process of ion exchange is reversible.
When the zeolite gives up .all its sodium in exchange for
calcium and magnesium, it is said to be exhausted. 1In order
to regenerate the zeolite, the bed is backwashed, then .
regenerated with salty water. The sodium ions from the brine

369
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solution recombine with the zeolite, and the zeolite gives
. up calclumfand magnesium ions which combine with chloride.
> " The follow1ng‘equat10n shows this reaction:’ .

X SODIUM ZEOLITE REGENERATION» J

€ - i

Example No.,l _ . '

+

2NaCl : + Caz .. ' CaCl + Nayz, .
S . MgZ - Mgélg ' .
. (solution '
_(S ); ) (SOild) (solution) {solid)
*BRINE, .. EXHAUSTED _ WASTE WATER SODIUM .
L ‘ ZEOLITE ZEOLITE

Example‘No. '
WATER FLOW caMg\ — = ./ Na Na WATER FLOW
CONTAINING - | Mg 2 Produces | Na 2 H,0 + NaCl +

5 'BRINE SOLUTION EXHAUSTED ~ REGENERATED WASTE SALT
SOLUTION ‘. . ZEOLITE * SODIUM WATER °

ot ) . ZECLITE

JUBEIY

§ Calcium and magnesium chlorlde are soluble salts and are .
) r1nsed from. the zeolite bed with clean water. Following regen :
2 re enerated, the exchange materlal is ready for another run to
' . soften water.

t
i

Hydrogen‘Zeolite Erocess - ot
, Certain types of ion exchange beds can be regenerated with
! . acid instead of salt. When this is done, hydrogen is made °
! available rather than sodium during the softenlng process. . .

The'hydrogen is exchanged_for calciuim, magnesium, iron, and )
.sodium ions, and the salts are converted into their correspond-

ing acids. The reactions involved 'in the hydrogen exchange -

cycle -are shown 1n\the following equations:

°

HYDROGEN ZEOLITE EXCHANGE. : LT ‘ ,
CaHCO HCO Ca '
3 : et
MgCl + B2 HC1 + Mg\\._ 7
Nasog - 2 —a=  HyS04 Na::;::=
FeS0, _ » HySO, Fe
HARD RAW HYDROGEN TREATED' EXHAUSTED

+ WATER ZEOLITE ) WATER RESIN
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Since the acids produced by the, hydrogen ion exchanger
are corrosive, the product water must be neutralized by a
basic solution or anion exchange. .

If sulphuric acid is'injected iato the resin stronger than
2% - 4% during the first few minutes of regeneration, the
resin will be fouled with calcium sulfate (CaSO,).

"Operation of Ion Exchangers

The ion exchange operation cycle consiats of the service-
° exhauystion phase and the regqneration«phase. \ )

i , SERVICE EXHAUSTION PHASE. During service, ion exchange
j , capacity ranges from 10,000 to 30,000 gains per cubic fecoti,
This is equal to about 1 tc 3 pounds of impurities per cubic
foot. . When enough water passes through the bed to supply the
rated amount-of—impurity, ions will start to leak through,
‘then the bed is considered "exhausted." Actually, there is
some exchange capacity remaining, but it is not usually
economical to try to use it.
) Three methods are used to determine when an exchanger
-ghould be regenerated. They are: °

\ - N
1, Time (shift, daily, biweekly)
2. Quantity (number of gallons produced)
3: Quality of water (specific conductance) -

TIME. “In some installations the amount of water used per
day is fairly constant. It is important that service is not
stopped for regeneration. The size and capacity of the ion
exchange equipment are planned so that servicing is done at

. night, on weekends, or between shifts. Regeneration is done
regardless {of the state of ‘exhaustion. Many fully automatic
units are chptroiled by 7-day clocks that start the regenera-
tion process “after work days but not on weekends.

. QUANTITY. ZIn some installations the regeneration is done
during the work day when it is needed. Probably the most
dependable control device in this case is the water meter.

The Volume of water that the unit is expected to process is

* determined by the manufacturer and by operating records. The
water meter is set to sound and alarm or to start regeneration
when a certain number of gallons have been processed.

t

@ >

In the automatic -system, the water meter is equipped with
an electric contact head to start automatic regeneration. 1In

the manually-operated type, the meter may be connected to an

electrical contact which will ring a bell or flash a light and
thus indicate the need for regeneration.

. .
aoay + N *
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Y
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Quality. of Product'cﬁntrols |

Monitoring of prahuét\quality is desiraJle‘because it
allows an operator to|produce the maximum ount of water from
each regeneration and\also insures good quality\ of water for
the using aggncy. !

pentners | »
DeminerélizerS‘are\usually monitored wit’r ~ gonductance
meter. Thé meter is set at”the minimum guality standard.—
When ion/leakage,exceeQS the limit, a warnin? sounds.
o | T
Begeneratiéd‘Rinse Phaég '

s

o . | . \ .
After a bed is exhausted, it is removed from service and
regenerated. Regeneration consists of three| parts: Backwash,
regeneration-slow ringe,;and fast rinse. ,

broken beads, and air; also to lift and reclassify the bed.
Channeling; and clumping are broken up ‘and the resin is pre-
pared fof chemical treatment. ' ’

! . e g gl ) . . .
Backwash is provided|to remove dirt, foqelgn solids,

Regeneration is the chemical treatment that removes\the
unwagfed/ion through fmasé-action." A high concentratiop of
chemical reverses the 'normal ion exchange action, allowng
the resin to be returned to the origina;\cqndition, Slo

~rinse completes regeneration evenly throughout the bed. |In

~Some instances, slow rinse is treated as afseparate step.

. !

/ L |

Fast rinse waShes out the excess regenérant*chemical %nd :

the ions it has removed from the bed. The rinse should con-

* tinue until the normal operation condition is rdached. Thb

fast, rinse flow rate is usually the same as the maximum ser-
vice: flow rate. See figure 3/ ‘ |

o) , . a
i} t

‘ ; ANION EXCHANGE MATERIALS AND PROCESSES
- | . |

'Tﬁere,ére two main types of anion excﬁange materials in
common use in the Air Force: weakly basic resin, made of
polyamine polystyrene; and strongly basic/resin, made of
{ quatqrnary amine polystyreneé. See figure/4 for data on these
matpnials. / ’

7 !

‘ StEongiy Basic Anion, Hydroxyl Cyd;e f

, ~ Whenh the strongly base anibn resins are regenerated with
sodium hydroxide (NaOH), they are converted to the hydroxyl
form {ROH). 1In this form they .are used as the second stage of

a demineralizer. The strong base material is the only one
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Figure 3. Regeneration Cycle
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CLASS OF ION MAT ©.RIAL APPEARANCE |NORMAL . REGENERANT STRENGTH |~ ;
) . CAPACITY GRAINS |. POUNDS : or REGENERANT | TEST FOR
. PER CUBIC FOOT | PER CUBIC FOOT | REGENERANT | CHEMICALS | EXHAUSTION
) i SR SR
" |CAUSTIC S0DA ,
) WEAKLY BASIC | POLYAMINE AMBER 12, 000 to 2to NODATA NaOH - 1. CONJUCTIVI™Y
POLYSTYRENE | GRANULES *20, 000 gr/cu ft 4 Ib/cuft MONIUM .
ANION : . YDROXIDE
) .~ pH4OH .
INaCOy -
© STRONGLY QUATERNARY YEILLOWISH 12,000 to 4.2t 7% to8%  [CAUSTIC
BASIC ANION | AMINE SPHERICAL 15, 000 gr/cu ft 7 1b/ecu tt A . CONDUCTIVITY
R* OH- POLYSTYRENE | BEADS , 20H ONLY
) . STRONGLY, 5, 000 to ' %.0 1b NaCl 4% NaCl “BoDIUM »
° BASIC ANION . « | 16,000 gr/cuft Per cu ft . HLORIDE . ALKALINITY
R+Cl-
(10% NaOH)

a
»

Figure 4. Anion Exchange Materials and Processes
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pProcess removes all acids from hydrogen zeolite water,

_LNPLUENT N‘O .

3

B P L dadids bl “ i -\
. l‘~~~~----q - Q——/F_.
,""_l--"‘\ { } ’
r“----«-—"} :“s---_o’: S - -
I ACID HoZ TR me——
! i 2 STRONGLY
! FoR ! | camion ‘ e nao
| meaenemaTIOn | ; i ANION RESENERATION
(N ) ! ' — -n¥on -
- ap on ! : L
'\~~-~ --‘) T - - - )
AC1D | . DEIONIZED L
uzo ’ H20 ’
Service , HC1 (Acid H,0) + RTOH™ —» R*C1”™ + H.0 Mineral
. 2 . 2
\ - Free
¢ : . Product

Regeneration R'Cl™ + NaOH — RYOH + (NaCl + NaOH) R = Resin'

Exhausted Bed Waste ,Water
Fidﬁre 5. Strongly Basic Anion, Hydroxyl Process

Strongly Basic Anion (Chloride Cycle)

When the strongly basic anion resin js treated with
sodium chloride (NaCl) salt, it is converted to the chloride
form (R*C1~). Softened water from a sodium zeolite unit con-
tains all of its previous alkalinity. The RCl resin will
exchange chloride ions for carbonate apd bicarbonate ions.
This process is primarily used for boilsr feed water treatment,
If 10% solution hydroxide is used with ‘the salt for regenera-
tion, silica willfbe removed by this process. See figure 6.

¢ ©»

Weakly Basic Anion Process >

The weakly basic anion exchange material (polyamine poly-
styrene) may be regenerated or "recharged” with soda ash
(NaCOy) , ammonium hydroxide {(NH,CH) or sodium hydrokxide (NaOH).
This material is usually classea as an acid absorber rather

- than an exchange material. It is used as the second stage of

a demineralizer process where CO, and 5102 removal are not
essential. This process removes only the“strong acids - HC1,
H2504' H3PO4- see figure 7- ot -

a

1
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that will remove silica and it must be regenerated wi;;‘;;;;\‘-~N‘§§j:f‘“““

. to do it. (See figure 5 for this Process.) The strong base
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k‘~ 1_ U3

- - ", NONALKALINE
Service R*C1 + Nanco; —— R*HCO, + Nac1l

ol g
Regeneration R+HCO3_+ NaCl ———— RCl + (NaHCO; + NaCl)
Exhausted Bed - ‘ Waste Water

=y . .

Figure 6. Chloride Dealkalizer
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===l S=—- " NaCO3
WEAKLY  NH4OH
BASIC ANION oza
NaOH

- L _acio DEMINERALIZED

. Hzo HzO! COZ & 3'02 ) —

Figure 7. Weakly Basic Anion Process

EXCHANGERS USED IN COMBINATION

.

There are many combinations of ion exchange processes'
used to fill spec1al requirements. The mixed-bed deminerali-
zer is a combinafion of special interest.

The mixed-bed demineralizer is a combination of hydrogen
catlon (sz) resin and strong, base anion resin (ROH). These

H
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/ SOFT Hy0
Baw HO . - INFLUENT WASTE Hy0
-few TO DRAIN
o >
- -
H‘--—" _L‘~——-'d i\-...--o-4
—_— :
: —NeZ__} CATION i
SOFTENER — ‘ . - _
‘ : ANION | STz ?]
° RESINS ~—CATION—
* L MIXED : © RESIN T —
.~~ - o - - - 4 b~- -
‘< — e = 4 )
1 VERY PURE . SOFTENED
) i BACKWASH r
OEIONIZED H,0 WATER
" A. SERVICE 8. BACKWASH STEP
A% OUT

C. REGENERATION STEP

-

CHEMICALS

TO DRAIN

AlR IN

N

-

M

WATER
LEVEL

4

MIXING
CATION

AND |
ANION
RESINS

, o
—

b

D. AIR MIX STEP

E.‘FINAL RINSE STEP- SAME AS STEP."A" EXCEPT THE POOR
QUALITY PRODUCT GOES TO THE DRAIN

Figure 8. 'Mixe_d-Bed ‘Demineralizer
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resins are mixed in one tank and produce water of
exceptionally high purity. Total dissolved solids may be
réduced to less than one part per million (p.p.m.). The
cation resin and anion resin are first regerated separately,
then mixed. By this method, instead of having two-phase ion
removal, as in other 'systems, there are an infinite number of
exchanges as the water passes down through the column. The
result of this is water containing less mineral salts than
triple distilled water. See figure 8.

If raw water containing magnesium is allowed: to enter an
anion exchanger, the hydroxal ion will jecin with magnesium
and form the compound magnesium hydroxide Mg‘(OH)z, Magnesium
hydroxide is in water and will form scale on the fesin by the
following reaction:

MgCl, + 2Rt OH™ —=—m—3= Mg (on)z‘ + 2r*C1
A
" TRefer to figures 5, 6, 7, 8, and 9, and note that all
anion exchangers have a cation exchanger ahead of them in the
stream. The HZ or NaZz will remove the magnesium or other
cations that may cause trouble in the anion unit.

RAW Ha0 ACIDIC H,0 GO0D H,0
H2Z : RT OH— MLXED
CATION WEAK BASE " sep
‘ ANION UNIT
UNIT
UNIT
I I EXCELLENT "
. FRODUCT o 2
2 * Figure: 9. Combination Demineralizers
N .
£ 3

OPERATION OF DEMINERALIZERS

The controls for an ion exchange demineralized water
plant are either manual, automatic, or semiautomatic. '
Regardless of type of controls, the operator should understand
each step of the operation.

The operator should test-the product for quality with the
conductivity meter and check the meter on the unit by comparing
the readings. It may be necessary to convert the readings from
OHMS to MICROHMS or MICROHMS to OHMS. See figure 10 for conver-
sion valles.

-
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pP.p.m. as NaCO.’ —

-4

Figure 10. Conductance Conversion Values at 25°C

i The test for pH will also tell much about the operation
condition of the unit. The range between 6.5 and 7.5 indicates
normal operation. Good quality, low-mineral content water may
be produced at lower or higher pH values; however, a low pH of

i 3 to 5 will indicate anion exchanger trouble. A high pH value
will usually indicate trouble in the caztion exchanger.

Micro~Mhos/Cm Ohms/Cm :
> Conductance Resistance pP.p.m. as NaCl Strong Base *
0.5 ‘2,000,C00 0.0 0.0
1.0 1,000,000 0.3 0.2
2.0 500,000 0.6 0.4
3.0 333,000 0.9 0.6
4.0 250,000 1.5 " 0.8 .
5.0 200,000 2.0 . 1.0
-10.0 100,000 4.5 ' 2.0
20.0 50,000 9.5 4.0
30.0 33,000 '14.2 6.0
40.0 . 25,000 19.0 8.0
50.0 20,000 23.6 10.0
100 10,000 47.7 20.0
200 5,000 95.0 . 40
300 3,330 - 143 60
. 400 2,500 200 80
500 -.2,000 239 . 100
1,000 1,000 503 200
| : 2,000 500 1,000 400
| 3,000 330 1,525 600
4,000 250 ' 2,065
5,000 200 2,650
’ 7,500 : 133 . 3,970 ~
10,000 100 5,430 ,
20,000 50 11,500 i
Micro-@hoé = li%%%éggg ohms = ﬁ%é%ggﬁ%g%
. :D.m,
" 3 = - X
GPG ET7TI— q GPG :P.p.m. x 0.0584 ‘
\
\

Regeye;g;ion”of»Demineralizer°
When a person takes his automobile to the service station
. for an oil change and grease job, the service station attendant
usfally asks if the oil filter needs to be changed. You are
A probably wondering what an oil filter has to do with regenera-
tion of a demineralizer. When the oil filter becomes covered

14 ..




H

’

~ .
. . ,
hd ' \
~ S
. . A

with sludge or engine deposits, it allows some of the sludge

or deposits to pass through since it has only so, much holding

or filtering capacity. The same principle prevails with a -
demineralizer.. When the resin has exchanged a given number
of ions for the harmful hardness impurities, it betomes
exhausted and must be regenerated.

Ion exchange resin is a material which has a certain
capacity of exchanging ions just as the oil filter has a cer-
tain capacity of picking up sludge. After the resin has given
up ions to its capacity, it must be replenished with new ions
in order to continue ion exchange process.

The term "regeneration" does not mean only the regenera-
tion cycle, but also includes the backwash cycle as well as
the rinse cycle. These cycles are all of equal importance.
If one of these cycles is not completed correctly, the unit as
a whole will not fuhction properly. This may be compared with
the old saying, "A chain is only as strong as its weakest
link." This is also true with a demineralizer. If any part
of the regeneration, backwash or rinse cycle is regenerated.
haphazardly, then the unit will not operate at peak efficiency.
Let us consider each cycle separately and discuss its function-
ing.

*

Backwash of Cation Column
&

Backwash is a very important step of operatinn, because
foreign matter has a tendency to act as a plug which restricts
the flow of water. It also reduces the exchange capacitymof
the resin as it coats the resin beads. Figure 11 shows
foreign matter béing coated. onto the resin beads. Figure 12

illustrates the backwash:cycle removing the deposits from the

bezds. From observing figures 11 and 12, it can be seen
readily why backwashing is an important step. in the operation
of demineralizers. )

It is a good practice to place a beaker or.large mouth
container beneath the backwash outlet t6 observe the waste
water for ‘any resin that is being backwashed from the column
and for determining when backwash water becomes. free of
turbidity. ' ) )

Chemical Injection for Cation Column

<
LS ]

When the regeneration cycle is initiated, the cations
which have been removed by the resin are exchanged for new
hydrogen c&tions ‘from sulfuric acid (H,804). It-is important
to remember that each column, the cation and the anion, are
regenerated and rinsed separately. T

2
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11,
a Coating on Resin Surface//

A word of caution:
soda -(anion regenerant) are both dangerous materials to handle

and work with.
either of. these chemicals if the\prope:_pnecautlons are not

observed.
equipment should consist of ac1d~proof apron, gloves, goggles, -

and footwear. \
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-’ ErrLuenT au:xusn watenr

'Flgure 12. Deposits Being
Removed from Resin Surface
by Backwashing

Deposits Forming -

I
4

Baude 66° (H2SO4) and flake caustic

A person could receive severe burns from -

K3

Use all safety equipment at your disposal. This.

After the backwash, cycle»has been completed, the next
cycle is regeneration.

To regenerate the cation bed, the acid

is prepared and used accordlng to the- follow1ng procedure.

o 1.
2.

‘- 3.

3

_Fill-acid tank partlelly with\ water. - - . .

Measure the exact amount of acid fequired. .

Slowly pour acad into the water whlle stlrrlng con-

-stantly.

' 4
5.

.the'prescrlbed ratemfor the regeneratlon step.

A

Add m&ke-up water to-the'recohmEHded tank level. ~

o F

By follow1ng the manufacturer's instructlons, ope. Or.

close the correct valves and start the water flow at

Continue this phase of regenerat;on untll the correct’
amount of.acid has been pulled from\the~tank.

s -
After regeneration has béen completed, rinse the acid
tank to,p;eVent an unsafe condition. .

- N -

-
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Figure 13 111ustrates the regeneratlon cycle of a cation
unit. . i . "
' ' —> .
¢ ]& ! -
. — A o - K
- , .
HZSO,] \
, | r @ ,‘
H SO ¢ 2 o
2 ‘ - Mg «
C e . M CASO, |
MIXED wTH . !
WATER . . |

&

- . ‘ t v

D E"LU(N?,‘ TO WASTE

| S — CON?ACNS-NA:—SO‘ .
CASO,, MeSO, -

/ s .
Figure 13. Regeneration with HpS804 /

- The last step in the regeneratlon cycle of the cation (
. ¢olumn is the slqw and fast rinse cycles. The sloq rinse
completes regeneration .and fast rinse removes excess acid or
base left by the! regeneratnng material. By all means,
follow the manufacturer s instructions for operatlontof
demineralizers- as it is 1mposszble for this student text to
contain all 1nformatlon pertaining to each type deminerallzer
belng throughout the A}r Force. . ]

LY

~

Regeneratlon Cycle for Anion Column :

-

. Regeneratlonfcycle of the anion column is similar to the - ;
regeneration cyc%e of the cation column. . /

L] i ’
- N

\

; .
» Anion Backwash 'l .

The water flows upward through the resin £ao remove dirt and
air and to looseh or reclassxfy the bed. The flow rate must
' be slower than for cation resin because the‘anion resin is
lighter and will|wash out easier. .
Chemical Injectign ‘(NaOH) ! : f
The .procedure ﬁor mixing flake caustic is the same as for |,
"““”‘sulfur1c~ae1d .o - s

\O\~
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/  CAUTION: The dust of flake caustic is very active - . /
. and will burn your eyes aqﬁ’respipatory system. .

v/ 1. Partially f£ill caustic tank with water. )

' 2. Measure exact amount of liduid of flake caustic soda. i

/ 3. Slowly add NaOH to the water in the tank and stir ‘ \
© ' until dissolved. ——

A
sa%
o

N . Fill caustic tank to recommended level: ' \

DO NOT stir after injection- as started. :

. !

; ' 5. Inﬁect caustic solution at p&:ﬁer—iiow—rates. -NOTE: © ‘ '

B / 6. Rinse caustic tank after regeneration is Eompléte. . i )

I Slow Rinse ;/f : S

After all thé?caustic has flowed into the resin, the same

flow rate is continued to complete the regeneration of all
parts of ‘the bedﬁ} : :

Fast Rinse - ' - , ad7p
Fast rinse removes the excess caustic. The flow rate/is —
ﬁet near the maximum service flow rate. | -

#,~’;//&hé‘copdgctivity meter is set at the lowest . quality water "
v that is acceptable. When the meter lights change, the rinse
| is complete; and the water is ready. for service. ’
| SUMMARY : _ . -

¢

Ions are electrically.charged ‘atoms or groups of atoms. .
Ion exchange is a reversible chemical reaction between ions in

i

solution and ions in solid materials.

The process of iqh exchange has been known for many years
but the commercial use of the pProcess is very recent. New
uses of the materials and new materials are being developed

all ‘the time. i
The common ion éxchanqe materials are natural .aluminum- .

silica sand, man-made aluminum-silica gel, sulfonated coal,
and the plastic resins. The resing.are.now in most‘common use.

‘Sulfonated polystyrene will exchange cations and may be

used on the sodjum.cycle as ‘NaZ or on the hydrogen cycle as “‘ { \f\\;
HaZ. As NaZ, it will soften water by removing calcium and

L /




magnesium. As H,Z, it will remove all cations and replace
» them with the H¥ ion. The hydrogen ion changes all salts to
acid. S

. Ion exchange materials are reusable because they may be
regenerated. Regeneration removes the impurities and restores
the resifi" to its former operating state. Regeneration is
achieved by "mass action” of an excess of regenerant chemical.

The regeneration phase consists of backwash to c¢lean. the
bed, chémical injection to restore thé bed, slow rinse to com-
Plete regeneration, and fast rinse to wash out the extra.chemi-
cal.

There are two types.of anion éxchange material, weakly
basic and strongly basic. The weak base material removes the
strong acids only. The strong base material wili operate on
the hydroxal cycle or on the chloride cycle. The OH™ cycle is.
used to dealkalize boiler water. )

A cation exchanger is always installed ahead of an anion
exchanger to prevent scale fouling of the resin.

When mixing strong chemicals. ALWAYS ADD THE CHEMICAL TO
THE WATER. The steps of regeneration are:

.~

Cation exchanger ' Anion exchanger

1. Backwash 1. Backwash

2. Acid injector 2. Caustic injection y
~ 3. Rinse P * 3. Final rinse

The quality of demineralized water is checked with a con-
ductivity meter that may be calibrated in Micro-Mhos or ohms.

.QUESTIONS

1. How is a cation formed?

2. How is an anion formed?
What is ion exchange (brief)? ’
4. What is an ion exchange material?

\ 5. Name four ion exchanger materials.

' 6. Name four ion exchange processes (uses of resins)?

7. What is the purpose of backwash?

8. What is the purpose of chemical regeneration?

-~
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t

Convert 20 Miéro-Mhos to ohms.

9.

10. Where are specific instructions found for the operation
of an ion exchanger? . o

11. What chemicals are used for regeneraion of a cation unit?

12. What chemicals are used for regeneration of a weak base
exchanger? :

13. What chemicals are used for regeneration of a strong base
exchanger?

REFERENCES -

1. AFM 85-13, Maintenance and Operation of,Water Plants and
Systems .

2. Water Treatment and Purification - Ryan

3.

Boiler Feed and Boiler Water Softening - Blanning and Rich
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OBJECTIVE

ELECTRODIALYSIS DEMINERALIZATION

The purpose of this study guide is to teach you the electrodialysis de-
mineralization process of water treatrent.

INTRODUCTION '

* Some industrial and chemical processes require more complete demin-
eralization than is normally given a domestic supply. Conversion of sea and
brackish water to a usable supply is also a special process of demineralization.
These more exacting r<quirements are met by distillation and ion exchange
processes. A more recent development is the electrical membrane process,

called "electrodialysis'.

This study guide is designed to acquaint you with the electrodialysis de-
mineralization process.- This information will be given under the following
topics: ’

® PRINCU?LE OF ION ATTRACTION BY ELECTRICITY
'® BASIC OPERATION OF ‘PER‘MEABLE MEMERANES

® PRINCIPLE OF MEMBRANE DEIONIZATION

® FLUID FLOW CHARACTERISTICS AND CONTROL

® MEMBRANE STACK ASSEMBLY .

-

This study guide will not contain all the information that you need to know;
therefore, additional study is recommended.

PRINCIPLE OF ION ATTRACTION BY ELECTRICITY -

If a direct current potential is applied across a solution of salt and water ,
by means of two electrodes in the solution, the cations will move toward the
negative electrode which is known as the cathode, and the anions will move
toward the. positive electrode which is known ac the anode. Let us consider
a solution of sodium chloride in water, The cations (Na+) and anions (Cl )
are moving about at random as illustrated in Fxgure 1.
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Figure 1. Sodium and Chloride Ions in Solution

In Figure 2, a direct current potential has been introduced in the solution
and the chloride anions move toward the positive electrode while the sodium
cations move toward the negative electrode. Typical natural waters contain
varying amounts of sodium, calcium, and magnesiym as cations (positively
charged) and chloride, sulfate, bicarbonate, or nitrate as anions (negatively
charged). When these saline waters are exposed to a direct current, 211 the
cations will move in one direction, toward the cathode, and all the anions will
move in the opposite direotion, toward the anode. Thus by the use of a direct
current potential, ion movement can be used to deionize water if guitable
means are available to control the ion movement and prevert the removed
ions from re-entering the purified water.

Anod . Qthode
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Figure 2. Effect of Current in Sodium Chloride Solution
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BASIC OPERATION OF PERMEABLE MEMBRANES

Advantage could be taken of this movement of ions 1f proper barriers were
available to isolate the purified zone to prevent remixing with the ions. The
permeéable membrane is one such barrier. This membrane is a thin sheet pf ‘
ion exchange material, commonly 4 to 40 thousandths of an inch thick. In this
sheet of ion-exchange mater1a1 are millions of very fine capillary pores which
honeycomb the strncture. Although these pores-contain water, their minute
size, the largest being one millionth of a centimeter in size, prevents a per-
meatmg flow of water. Ions, though, are capable of passing through these
pores. (The membrane is permeable to ions but impermeable to water at nor-
mal pressures. )

Each permeable membrane sheet contains either a positive or negative
charge, depending on the type of ion exchange material used.

The pores of the particular membrane sheet are either positively or neg-
atively charged, hence the term anion or cation membrane, The cation mem-
brane, bemg negatively chargcd will attract cations which are positively
charged anG will repel anions that are negatively charged. This principle is
due to a law of physics which. stat€s that like charges repel and unlike charges
"attract. In a like manner, the anion membrane will attract only anions and
will repel cations. However these ions that are attracted by their appropri-
ately charged membrane are not held by that membrane but pass through to
the next compartment. This is because the electrodes that have been immers-
ed in the solution provide the ions with enough momentum to pass through the
membrane without being caught.

Even if the ion were to be caught on the ion exchange material, the force
of the electrode would be sufficient to pull the ion loose by brute force. Inthe
three-cell unit shown in Figure 3B, it can be seen how anions and cations will
collect in cells A and C and deionized water will be retained in cell B.

At the bottom of the cell shown in Figure 3, the number ''1" denotes the
anode {positive electrode), "2" is the anion membrane (positive charge), "3"
is the cation membrane (negative charge), and 4" is the cathode (negative
electrode). In Figure 3A, we show no electrical flow; the switch is open. In
this situation, the ions w111 move at random in their respective compartments.
However, in Figure 3B, we have closed the switch and introduced a current to
the system. The anode electrode is positively charged.and the cathode elec-
trode is negatively charged The cations (Na+) move toward the cathode and
the anions (Cl-) moveé toward the anode. The following action occurs in each
compartment.

1. Na+{rom compartment A cahnot pass through anion membrane 2 . ©
into compartment B, because like charges repel each other.
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2. Na+ from compartment B passes through cation membrane 3
into compartment C and is repelled by anion nifmbrane 2.

3. Cl- from compartment B passes through anion membrane 2 into
compartment A and is repelled by ca,_t'm{~ membrane 3.

‘ 4, H+from ionized water in i:ompartment C reacts at the cafhode
to give off hydrogen gas and the Na+ ion reacts with the hydroxyl
ion left to form NaOH. : .

-

5. Cl- from compartment.C cannot pz23 through cation membrane 3
into compartment B and is thus retainéd in compartment €.

The above actions, using Na+and Cl-, to illustrate the movement of the
ions is not restricted to Na+ and Cl- but includes all positive ions (cations)
such as sodium, potassium, calcium or magnesium, and all negative ions
(anions) such as chloride, sulfate, or bicarbonate. Now it can be seen how
the overall effect has been a demineralization of the central compartment.

PRINCIPLE OF MEMBRANE DEIONIZATION

+ .

As stated before, the electric membrane process removes ionized salts
and minerals from water by the migration of ions through ion-transfer mem-
branes in a direct current electrical field. We have also observed how these
jon-transfer membranes are selective in the passage of ions and by being
selective, are able to retain other ions that cannot pass through the membrane.
However, to be of any use, we must enlarge the cdpacity of the unit. To do
this, we merely add alternating cation and anion membranes between the elec-
trodes, forming compartments for the ion containing water between each pair
of membranes. The movement of the ions due to direct current is affected as
shown in Figure 4.. .

[

The negative electrode (cathode) is at the bottom of Figure 4. Due to its
negative charge, all cations (positive charges) will be attracted to it and will
try to move down. However, only those cations whose lower boundary is.a
cation membrane (compartment 2, 3, 5, 7, 9, and 10) can. move down. These
cations can move only one compartment after passing through the cation mem-
brane because they next encounter an anion membrane. Cations cannot pass
through an anion membrane and are repelled away from the anode. - The
cations are not stuck to the membrane but are trapped in the compartment.
Water forced to flow through the concentrate streams will wash the cations
out of the unit.
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In like manner, the positive electrode will attract all of the anions up-
ward. All anions with anion membranes above (compartment 3 5, and 7)
will be able to move up one compartment. After passing through the anion
membrane, the next membrane which is a cation membrane will prohibit

"any further travel of the anions.. Those anions which initially had & cation
membrane above (compartments 2, 4, 6, 8, and 9) are prevented from mov-
ing to another compartment. These anions have no desire to move downward
due to the repelling force of the cathode. The concentrate streams will also
remove these anions at the same time it is removmg the cations.

At the bottom of the unit, compartment 1 (contammg the cathode) will
retain anions and gain cations. In this manner, as long as brine is flowing
through the unit, compartment 1 will continually gain cations. Eventually
the concentration of cations.will become so heavy that they will tend to be-
come depola.r'zed or lose most of their efficiency due to concentration of
positive ions beginning to repel other positive ions. Therefore, periodically
compartment 1 must be flushed to remove the catlon concentratlon and intro-
duce a dilute brine solution. This flushing may also prevent the precipitation
of salts which-would have a terndency to coat the cathode itself and partially
Pplug the cation membrane to the right. At the same time that this action is
taking place the cathode ig also attracting positively charged hydrogeh ions
to it. These hydrogen ions obtain an electron from the cathode and when two
of these neutralized hydrogen atoms contact-each other,.they form a molecule
of hydrogen gas, float to the top of the water and are vented to the atmos-
phere. Safety precautions should be taken here to prevent fire hazards due
to the burning properties of whydrogerf gas. ‘

Hydrogen when vented leaves behind it an hydroxide (OH") ion. It is this
ion which may control the rate or the frequency at which we must ilush out
the compartment. As magnesium and/or iron are positively charged ions,
they will be attracted to the negatively charged hydroxide (OH-) ion. Once
contact is made between.these positively and negatively charged ins, due to
the low solubility of the resulting compound, a precipitate is formed. '

> Mg(OH), l
Fer*  +  '3(OHY ——— Fe(OH); | -

. Mg++ + .  2(OH)"

As no p’recipitate can be tolerated in this unit, the concentrations in
compartment 1 must be controlled. This is for the most part automatically
controlled, in that acid is usually fed to the influent water to prevent polari-
zation of the permeable membranes, .and the slightly acld solutlon will pre-
vent the precipitate from forming.

L4

In compartment 10 containing the anode, we have other concentrations of
ions building up. Here again, the concentrated solution of ions must be flushed

“

v

21 |
393 <- .




.
t+ « ~

out perlod.ically for efficient eperatxon In this cOmpartment, the negative
ions such as chloride aré attracted to the anode, .in addition to other anions.
However, as if the case of hydref" n at the cathode, the chlorine atorhs com-
bine to form chlorine gas and must be vented from the unit, <. ..

. In Figure 4, we can observe the net result of these ion transfers. In
compartments 3, 5, and 7 the anions all move upward and the cations all
move downward. This results in a.purified water in these compartments, so
they are all ¢ ecf d to the same outlet as represented by the dotted line at
* the right of the 3 The compartments 2, 4, 6, and 8 are gaining ions
(1mpurit1es) all the t1me These compartments give off a water containing
many impurities (ions) and this water is sent to waste. In most cases, this
water is circulated back through the compartments to pick up additional ions
prior to being disposed of. Once the concentration approaches the point
where precipitation may begm the water is then flushed out to waste and re-
placed by a less concentrated brine. This conseryes the amount of water
-used to remove the-ion impurities. : C o
FLUID FLOW CHARACTERISTICS AND CONTROL . o

Various pumps, control valves, instruments, and electrical equipment
are required to operate a membrane stack. Figure 5 is a diagram of a single
stack, two-stage plant. Water to be demineralized enters from the left and
is cleaned in filter (F). The pressure is controlled by the pressure reducing
valve {(PRV) before the stream divides into product and concentrate streams.
The concentrate stream make-up water passes through rotometer (Ry) which
shows the bleed-off rate. (Bleed-off = Make-up.) Pump-1 circulates the
concentrate stream through the stack and also through all other stacks in the
plant.

The .product or ~di1t;te stream is pumped through the first’stack by Pump-1.

Rotometer Ry shows the rate.the plant is processing water. The membranes
may be damaged if the dilute stream and waste stream pressures in the stack
are not kept balanced. Each stack will have an instrument panel with a mer-
cury manometer and two or three pressure gages, During normal operation
the instrument readings should be similar to these: ‘

Dilute Pressure IN....... T e eeeeenees 40 PsI
Cor;centx'ace.Pressure 6. S 39 PSI

Dilute Pressure OUT......... eeeeeeene 2 PSI
Mercury Differential ............ccvn... 2 inches ‘
Three-Way Valves set to,.............. L IN

: . . an ) [ 39;
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o= Flgure 6 111ustrates the flow pattern for multi-stack plants. Feed water —_ i
to be treated enters the unit from the left under a pressure of at ledst 30psig. ° |
The water flows through a filter (F) to remove suspended matter and prevent {
plugging of the membrane stack..- This is a replaceable cellulose cartr1dge '
type filter usn{g cartridges usually with a rating of not more than 10 microns,
a micron being one- -thousandth of a millimeter in size. The pressure dron {
across the filter is normally from three to four pounds. - However, as the
cartridge becomes clogged, there. is a continual increase in.the pressure drop ‘
across the filter. When the pressure drop reaches about 20 psig, the filter
cartridge is replaced. Downstream from the filter is a pressure regulating
valve (PRV). This valve automatically increases its opening as the pressure
drop through the filter increases, maintaining an approximate constant pres-
. sure of about 10 psig downstream. Downstream from the pressure regulating
- = valve, the Water branches into two streams. One stream will become the de-
mineralized product (called the dilutej, and the other stream will become the
-concentrated brine blowdown (noted as concentrate in Figure’6).

, The water to be demlnerahz\ed is pumped by booster pump D1, through ~
“the 1on-los1ng compartments of stack 1, where approximately 40 per cent of
- the Original mineral content is rer\ngved As is the case in Figure 6, there

are four stacks in series. Thus the partially treated water leaving stack 1

- still contains 60 per cent of its origmal mineral content. This water is then )
pumped successively by Booster pumps D2, D3, and D4 through stacks 2, . P
3; and 4. In each of these stacks about 40 per cent of the remaining m1nera1 e
content of the water entering the 'stack is removed, resulting in a final prod-
uct containing about 13 per cent-of the original m1nera1 content. The dilute
product is then collected in a storage tank.
While most of the ‘feed water is dem1nera11zed as descr1bed above, a
+ portion of the'feed water is routed through a rontrol valve (CV) and a roto-
* meter (R) into the suction’of concenirate pump (C) and thence into the recir-
culating concentrate system. Pump (C) recirculates a partially concentrated
brine water through the ion-gaining compartments of the membrane stack, ~
The ions that are be1ng lost by the treated water are trapped in the ion-
gaining compartments and thus picked up .by the partially concentrated brine
water. To prevent the precipitation of salts in solid form in the, stack, the
concentration of the brine in the recirculation loop is kept just below the
saturation point of the least soluble salt present. The salt concentration in -
this loop is controlled by a, continuous overflow of liquid to waste. The amount
of feed water added to the circulatior loop is equal to the amount of bleed-off . N
of the concentrated brine from.thé loop. A globe type control valve may be E
. used to regulate the continual bleed-off rate and the setting of control valve
(CV) is'used to regulate the amount of feed water in this part of the system. .
The rate of flow of makeup (feed) water to the concentrate 100p is registered
| on rotometer (R). The amount of water/that is used in the'concentrate loop
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and disposed to waste wvaries from a low of approximately 30 per cent of the total feed water entering
the system to a maximum of just a little less than 50 per cent of the total feed water. Even with this
high-amount of water going to-waste, the total cost for a large plant (over one inillion gallons per day)
operation will be approximately $0. 40 per thousand gallons and that for a smaller piant will approach
$1.10. The cost per thousand gallons will generally range between these two figures and will depend

not only on the size of the plant, but also upon the content of water to be purified and the degree of
purification. Thus, the permeable membrane process can produce demineralized water at.a cost com-

-~

petitive with ion exchange or distillation processes. _ .
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MEMBRANE STACK ASSEMBLY

Certain precautions should be faken in the handling of the permeable
membranes during the disassembly and assembly of the stack. These pre-
cautions are: ———

1. Read and follow instructions carefully.

2. The stack is the most important and expensive item of the unit;
treat it accordingly. ‘

3. Always keep membranes wet.
4, . Do not bend membranes or otherwise physically distort themj
5. Never contact the membranes with anything but feed or processed
water or normal drinking water unless advised to do so by the

manufacturer., Various chemicals such as detergents, bleaches,
and organic solvents can cause permanent damage to the membranes.

There are two basic designs of the permeable membrane stack, with - /.
several possible improvements in the future as this is a new process. The
first of these two basic designs is the single-stage stack and the second is
the two-stage, single stack. The membrane "stack" is so called because it
consists of a large number of thin sheets of material stacked on top of each
other similar to a deck of cards. This center portion or working part of the

. stack consists of a repetition of a_spacer, an.anion membrane, a spacer and
a cation membrane. However, as with the single stage, single stack assem-
bly shown in Figure 6, numerous other plates and connections are required
to hold the stack together to provide water flow connections and to provide
terminals for the required electrical contacts. “

Beginning at the top of the stack assembly is the top end plate (A). This
steel plate is tapped to receive plastic pipe adapters (S and T) whick serve as
inlet and outlet connections for the water streams flowing through the stack.
There is also a hole in each corner of the plate to accommodate the four tie
rods which hold the stack together. As illustrated in Figure 7, holes are cut
_ through all the sheets below the plastic blocks into which the plastic pipe
~-~ -adapters are screwed. “Thése holes in theé sheet align with the holes in the
block. Two holes, each in opposite corners of the sheet, are used for the
flow of water that is treated. Two other holes, each in opposite corners, are
used for the concentrated brine that collects the-ions. Additional holes are
drilled and threaded through the plastic blocks for installation of plastic T ,
inserts. These holes are used to vent the gases formed at the anode or cath-
V ode and to flush out the compartments adjacent to the anode and cathode plates
® . when the conceRtration of ions at these electrodes become excessive. C~
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Attached to the top plate is the cathode assembly clamp. Below the top -
end plate is the top end block (B). This is a one-inch thick plastic block
which has been tapped.in the same place as the:-top plate. This plastic block
is threaded to receive the plastic pipe adapters and thus provides channeis
through the stack for the fluid flow. This block also has a hole in each corner
for the tie rods. Immediately below the plastic block is the anode gasket (C).
This plastic.gasket is not a spacer and does not have channels cut in it. Its
main purpose, like any other gasket, is to assure a proper water seal be-
~ tween the anode and the plastic block.

The anode plate (D) is the next component. It is a thin metal sheet usu-
ally of tantalum or titianium and coated with platinum to resist corrosion.
Attached to this anode sheet is the anode clamp assembly (Q), the positive
pole of the electrical circuit. Below this is the electrode spacer. In some
cases this spacer is thicker than the normal spacer and may have no channe!
cuts. However, for the stack in Figure 7, this spacer is like the other spacers
and has channels cut for water flow through it. This spacer, as the name in-

" dicates, provides a space between the anode plate and the first permeable
membrane sheet. A more detailed discussion of the spacers will follow.

Under the electrode spacer is the electrode anion membrane (F). The
anion membrane is a special membrane in that it is thicker than the normal
membrane and aids in the prevention of any ion leakage. Adjacent to the elec-
trode anion membrane is a neutral concentration spacer (G). This neutral
compartment is formed by being located between two anion membranes. It is
called a neutral compartment because there is no net gain or loss of salt. The
cations-cannot penetrate the membrane on either side of the compartment and
are trapped while the anions are continually passing through the compartment
on the way to the anode, . maintaining the net salt concentration. This con-
cludes the top portion of the stack assembly.

‘The center portion of the staék assembly is repetitious. Below the
neutral concentration spacer is this repeating section consisting of:

1. Anion Membrane (H)

2. Dilute Spacer (I)
3. Cation Membrane (J)
4. Concentrate Spacer (K)

’ The number of these repeating cells depends upon the design of the stack. One
' specific design has 150 of these repeating cells. )

These permeable membranes look like plastic-coated woven cloth and —
have two important functions in'the operation of the unit, These are: .
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(1) electrochemical function and (2) structure function. The electrochemical

function is the passage of one type of ion in orie diréction while preventing the

passage of ions in the opposite charged ions, also barring the flow of water

through the membrane. This transfer of jons must be accomplishéd with. the

least possible electrical resistance. Electrochemical properties’ of ion ex-

change membranes are measured on small samples and the following prop- -
erties are normally reported,

1. Electrical resistance or resistivity - ohms/cm2 *

2. Perm selectivity - type of ion the membrane will pass

3. Ion exchange capacity

4, Water content

The specific electrical resistivity or conductivity of a membrane is de-
termined by the chemical composition and the method of preparation of the
membranes. The electrical "through resistance" or the resistance due to the
"drag" of (for example, a positive ion being attracted by the_cathode and pass-
ing through a negatively charged membrane which has an atttaction for the
positive ion) a membrane is determined by the specific resi,s‘tiivity and the
thickiiess of that membrane. The ideal membrane would have a thickness of
only a few molecules, almost impossible to measure, in order to reduce the
""electrical through resistance”. However, this would not satisfy the struc-
tural requirements of that membrane and would not be practical..

The structural properties of the membrane-are important an\d should in-
clude determination of: (1) thickness, (2) burst strength in pounds per square
inch, (3) tendency to plastic flow under pressure, (4) deflection under pres-
sure applied perpendicular to the face of the membrane over an unsupported
span, (5) ability to withstand shock, (6) fatigue under repeated vibration, and

- (7) ability to withstand.bending and creasing. The new type membrane has a
dynel cloth backing. Its weight classification is four ounces, and it has a
thickness of 23 mils. These membranes are labeled either cation or anion
and can be differentiated from one another by color. The anion is brownish
in color and always darker than the cation. The cation membrane is amber
colored with a greenish tint. These membranes are capable of operation in
units where influent pressures can equal 60 psi or more and where flow
velocities can go up to two feet per second. They have burst strength of 140
psi. There is d negligible amount of "bowing" using the four ounce, dynel
cloth membrane. '"Bowing", if present, wouid cause changes in velocity flow,
turbulence changes and consequent polarization points which might result in
precipitation and clogging of the membrane sheet. The dynel cloth backing of
the membrane provides the required flexibility of the membrane allowing it to
. withstand shock and reépeated vibration without failure. This type of backing
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also prevents any tendency for plastic flow. Thus, a membrane has to be
designed for both the electrochemical and structural functions with a compro-
mise on the part of each of these to arrive at a practical solution.

Between every two membranes is a spacer made of two thin sheets of
plastic material, usually polyethylene or polyvinylchloride. The spacer most
frequently encountered consists of two sheets of plastic with the center por-
tion cut-to form a flow path. Straps of plastic are run across the flow path to
reinforce the plastic barriers forming the flow channel. These straps are the
same thickness as the plastic sheet itself and if only one were used, the strap
would block the flow of water through the spacer. Therefore, in making the
spacer; two plastic sheets are cut with the reinforcing straps in different
locations which will allow flow through the-spacer. These straps cause an
alternating flow of water over one strap and undér-the next resulting in a
rapid stirring or turbulent flow of the water. The evenly distriged turbu-
lence thus created minimizes the chance for local or general polarization
caused by stagnant areas of water flow exposed to.current. The tortuous path
formed by the spacer runs back and forth across the membrane similar to the
printed lines on this page. The path, approximately one centimeter wide,
traverses the face of the membrane several times and exposed more of the
membrane to the water flow which results in more efficient use of the mem-
branes. The length of the path of water flow thus can be 10 to 15 feet on an
18 x 20 inch or 18 x 40 inch membrane.

Each spacer has four manifold holes in it, identical to the manifold holes
in the one-inch plastic block, the electrodes and the membranes. If we align
all members and spacers in the stack, these manifold holes form four verti-
cal flow headers inside the stack which are under the inlet and outlet pipe
adapters that are used to introduce and discharge the water being treated. - -
Since there are two different streams of water flowing through the unit, one
a dilute stream and.one a concentrate stream, two of the manifold holes are
used for flow of one stream and the remaining two holes are used for the
other stream. If we cut a notch in the spacer connecting the channel across
the spacer with two of the four manifold holes, water will enter the spacer
channel from the inlet manifold hole, flow across the membrane through the

_channel cut:in the spacer, and depart through outlet manifold hole. This can

then become our dilute flow path or concentrate flow path, depending on its
location with respect to the permeable membranes. If the anion membrane:

is above the spacer and the cation membrane is below the: spacer, the flow is
that of the dilute or treated water stream. We can make the same connection
cut, i.e., connecting the channel cut with two manifold holes, in all of the
spacers and by merely turning the spacers over, a connection is made with
the remaining two manifold holes. Thus, a diiuté space can become a con-
centrate spacer by turning it over, "and vice versa. The concentrate or waste
spacer has a cation membrane on top of it and an anion membrane below it
and connects the remaining two manifold holes not connected by the dilute

spacer.

¢
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_ Just below the iast concentrate spacer of the repeating or middle section
- 1s the cathode plate (L). This tathode plate is a thin metal sheet usually made

of stainless steel or Hastelloy C material. An electrical connection is made

between cathode plate and the cathode c}';amp assembly located at the top of the

unit, which connects the negative charge to this plate.

The construction of the rest of the lower portion is similar to that of the
top section and contains the cathode gasket (M) bottom end block (N) bottom
end plate (O) and the plastic adapters (S and T). One difference is the cathode
gasket contains two cathode plate gaskets (P) that aid in insulating and sealing ,
V. the flow stream manifold holes that pass through the cathode plate.

The stack is held together by four tie rods (U) each being covered with an
insulating sleeve (V). As the flow through the stack is through the holes in
each sheet of material installed in the unit and not through any piping, the nuts ..
on the tie rod must be tightened sufficiently to compress these sheets and re-
strict the flow-to these holes without leaking between the sheets of material.
This explains why the top and bottom end plates are made of steel. The stack
stands on the four legs made up on the bottom end of the tie rods. The stack
siding is then fastened to the end plates and serves no other purpose than to
add to the appearance of the unit and possibly aid in keeping the edges’ of the
sheets dust-free, which is vital in maintaining cleanliness of the membranes

\when the unit is disassembled.
~ SUMMARY

Fresh wat&suppg is becoming more of a problem every year, and
various methods of removing impurities from salt or.brackish water are be-
ing used. Salt and mineral impurities are decomposed into ions when placed
in a water solution. This split.of the compounds_results in the same number
of positive charges and negative charges being maintained-in_the water so that
the water has no electrical charge itself but can conduct electrﬁt?.\@ne\of\
the methods employed is that of the permeable membrane deionizer. This T .
process removes ionized salts and minerals from water by attracting the ions T
from certain compartments of the unit and trapping them in another compartment.

The source of power used to separate these ions is DC potential, usually
obtained from a rectifier. In-this type of purification there is no.direct
chemical reaction as required in most purifying processes or no regeneration
process as required in the demineralizer.

The smaller the number of moving parts, the less maintenanance is re-
quired on a unit. Various pumps are required with this type of unit, the
number depending upon the specific design of the installation. These pumps .
are utilized to maintain water flow through the "stack" as required. Other
pumps are required to pump chemicals into the water at different locations -

o -1
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provide efficient operation of the unit. It must be remembered that a stack
has to be assembled properly or it will fail to function. Specific types of
spacers are required adjacent to the electrodes. The anion and cation mem-~

" branes which pass only ions, not water,- must then be alternated with spacers

between each that are connected to alternate parts separating the dilute -
stream from the concentrate or ion gaining stream.

QUESTIONS

1., What is the size of the largest pore in a permeable membrane?

v

" 2. 'Permeable membranes are impermeable to what substance under norma.l‘

pressures?
3. Why will a cation membrane reﬁgl all anions ?

4, Why do anions travel in one direction and cations in the opposite direction
in the unit? . :

5. What gases are released by this unit?

6. Why is the concentrated brire or waste water recirculated through the
unit?

7. Which component maintains 2 constant pressure on the stack as the
filter becomes plugged?

8. What are the two basic designs of the permeable membrane stack?

9. What purpose is served by the end plates?
0. kWhy are the spacers inverted in the middle section of the stack?

.1.  What are some of the electrical and physical requirements in the design
of the permeable membranes?

.2. What is the purpose of thé straps across the spacers? .,

4u5 - )
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SPECIALIZED WATER TREATMENT .

OBJECTIVE
To familiarize you with new methods of water treatment.
-~
INTRODUCTION ) _ Lot -

There is no shoftagé of water, but there is a shortage of fresh pure
water. >

o
%

If we could remove the salt.and alkalinity from brackish water we
would have an unlimited source from brackish lakes and the oceans.

In this lesson we will briefly cover three topics:
@ ' REVERSE CSMOSIS '
@ ‘FREEZING
@ ATOMIC D;STILLATION
REVERSE OSMOSIS - .

Osmosis occurs in every living thing, both plant and animal. All
living matter is made up of cells. Cells have water within their cell
wall. These cells absorb water through the cell wall. .

The small drop of water inside a cell contains salt and other
dissolved solids. Fresh water is drawn through the cell wall so as to
prevent the water in the cell from becoming too saturated with dissolved

solids..

The natural prccess of water moving through a membrane to an area\of
greater concentration of dissolved salts is called osmosis.

°

&

To demonstrate osmosis we first construct a small rectangular tank.
In the middle of the tank we install a membrane that looks like a sheet
of thin rubber. We will now add fresh water on one side and salty water

on- the other. See figure 1.

FRESH WATER SALTY W)IER

N
N

. CHA-CO4 \\

Figure 1. Osmosis
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- The 'salty water will:'draw the fresh water through the membrane. The
water in the standpipe will rise.

In reverse osmosis we can use the same sefup. ‘This time we will
insert a piston in the standplpe so we can apply, pressure to the salty
water. See figure 2.

8

o g ' t[" ) PISTON ‘ ‘:#_

-SALTY WATER
2

A

/
»
»

N\ ANNANN

FRESH WATER

-

CNA-008

/ «
e

/
Figure 2. Reverse/Osmosis

The pressure applied should be in.thé range of 100 to 1500 pounds.
The amount of pressure depends on the type of membrane used. Water will

pass through the membrane leating the solids behind. There is no chemical

reaction involved, it is all mechanical.

‘Reverse ‘'osmosis has many applications such as:

- —
———
T

1. Demineralizing sea water.
2.7 Ssoftening of water. . e
3. Treatment of boiler feed water-

4. Portable water units.

5. Removing radioactive contamination. ©
6. éurifying industrial waste water.

7. Tertiary treatment of sewage. -

Reverse osmosis is so efficient that some bacteria are filtered out
and those that do pass through are easily destroyed by chlorination.

- The disadvantages of reverse osmosis arers
1. High initial cost.
2. Membranes coat easily with solids.

3. . Turbid water must be filtered.

Y
-9
.

Requires high pressure source.
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Further research in better membranes may someday allow widespread .

use of,rever§§79§gg§;5, Some._cities are using ‘them experimeéntally now
.in their water system. , * . .

*

] « FREEZING ‘ , .
» - . v « o

Much study has been done on the freezing process to remove salt from
sea water. One successTul process is vacuum~freezing vapor-compression.
This method is interesting because of its thedretical advantage of con+
serving energy over other methods of desalting water. It utilizes the .
vapor created during the vacuum freezing to help produce the salt-free ~
water. ¢ ’ o ' .

. - <

~

@

Principles of Vacuum Freezing

. You probably have heard that eggs cannot be cooked by boiling on high
mountains. This is true because the atmospheric pressure on a high
mountain is le$s than that at sea:level. Water will boil and evaporate
at this reduced pressure before the temperature is high enough to cook ,
the eggs. When evaporation takes place it removes heat and cools the
surface from which it evaporates just as your hands are cooled when water .
is evaporated from them.

Assume that you have a closed container of sea water. By , producirg
a vacuum in the container the internal pressure will be reduced and the
water will give up its heat by vaporizing at its surface. This process
is Talled vacuum vaporization.

Through this process the sea water is cooled until ‘it reaches a point
allowing ice, vapor, and liquid to exist at the same time. The ice and
vapor formed are salt-free. The liguid remaining, after the ice and vapcr
is formed, is saturated with salt. ’ g

This Satuf;ted salt solution is known as a brine solution. Since the |
brine solution has a lower freezing point than pure water the pressure must
be controlled to prevent the brine solution from freezing.

The principle of simultaneous boiling-freezing is simple in principle
but is highly sophisticated in its application.

Application of the Vacuum-Freezing Vapox ~Confpression Process
2

In the Vacuum-Freezing Vapor-Compre3sion (VFVC) process, sea water is
pumped into a vessel evacuated to a pressure at which the sea water Can
simultaneously exist as ice, vapor, and liquid. When the water enters
the pressure evacuated vessel, part\of'the water flashes to steam and .
removes heat from the remaining water. :

The removal of this heat causes pure icérfo form in small crysta1§ !

at. a rate of approximately 7.5 pounds of ice to each pound of steam. R
About 30 to 40 percent of the sea water is converted to salt-free ice and .
vapor. N

The remaining sea water becomes brine with a 5 to 6 percent salt
content. As the ice crystals rise in the vessel thé brine is drained off.
The ice is then washed to remove any adhering brine and then scraped into
a melter. Meanwhile the vapor formed by the flashing of steam is com=
presséd into the melter. In the melter the vapor melts the ice and the

' ey \
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ice condenses the vape(. The salt-free product watexr -formed by®the ' —_ .
melting ice and condensxng vapor is delivered to a supply storage system. .-

The lncomlng sea water is cooled near its freezlng point by heat * , ©
exchangers in the effluent lines-of the cold brlne and product wateZ. .

ATOMIC DISTILLATION

»

Distillation is one of the oldest methods known for obtaining fresh
water from salt water. All distillation processes involye an input of
beat energy to convert a part of the saline water (sea water) to steam,
whlch is then condensed to yield fresh water.

B

The latest method of \désalting sea water by dlstlllatlon is w1th the s
use of an atomic reactor.  In order to’ prevent the atomic reactor from .
overheating while producxng electrxcxty, sea water iS5 used to keep it
cool. ) .

.
»
-

Sea water will flash ¢‘to stram whlle cooling the ~eactor. This steam
is collected, condensed, and used as a fresh water supply. This method of
producing fresh water from salt water is known as atomic distillation.

QUESTIONS

\ . —

1. What process is used by plants and trees in obtaining ‘their water?

2.  What is the material called that separates the fresh water from the
saturated solution?

- . ~

3. What forms the salt-free water when processing sea water by the

Vacuum-freezing method? . -
: " X < .
4. What is used to produce heat for the atomic distillation of water?
5. List three methods of the specialized water treatment.
REFERENCES ©
1. Reverse Osmosis Systems, Bulletin ROS-101, American Standard, New <.
Brunswick, New Jersey ;
2. Water Reclamation by Reverse Osmosis,E. Hindon and P. J. Dennett, P
Water and Sewage Works, February 1969 .
3. Vacuuﬁ-Freezznq Vapor-Compression :Pamphlet, Colt Industries, Beloit,
Wisconsin ¥
' i
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| DISTILLATION OF WATER

P/BJECTIVE PR ; - ;. LT

- e purpose of th1s study gLude 1is to develop your understanding of .
the varmus methods of distillation. This will include the _operation and .
‘maintenance of vapor (THERMO) compression units.

INTRODUCTION’ o - :

Y.

Distillation is a process of purifying water by b01hng and condensing
the vapor-produced. Distillation may be used to purify sea water, brack-
- ish water from surface and ground sources, and-contaminated water.
When the content of total dissolved-solids- in water is very high, and the
‘alkalinity content is low, distillation is frequently the mest éfficient
method of providing usable water; The distillation of water:involves the
removal of pure water, as stea.m, from the impurities that it originailly -
contained. The steam is'then condensed back into water. ‘Theoretically,
there should be no impurities present after'the distilling process other
than dissolved gases, such as COs, which are not removed by distillation,
‘but in practice, the distilled water may contain a few P-P- rn of dissolved .
'solids . , :
' ’ . Volb

This study guide presents inforinatwn in two sect1ons Saction A
covers methods of distillation, distillation terms, and fictors to pe con-
sidered when determining the need for saline waten conversion. Secticy
B Covers the operation and mamienance of‘a vapor compressmn dlst1lla-
‘ t10n unit. ‘ -

o o=
~
- A s

The information i in sectmn A will be discussed under the follow mg
manrheadings .

o . DETERM‘ININ'G THE NEED I_“OR SALINE WATER CONVERSICN.

® METHODS OF DISTILLATION =~ U
o | . ‘ S
&‘ . v
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B The information in. section B will be discussed urder the followmg PR

main headings: ° 3
® OPERATING INSTRUCTIONS
@ . DESCALING METHODS

L MAINTENANCE INSTRUCTIONS

® TROUBLESHOOTING'

-

SECTION A
DETERMININ G THE NEED FOR SALINE WATER CONVERSION

N
Many coastal areas islands and even some inland regions have .

little or no fresh water, but- unl.imited supplies of sea water or brackish
water are available. When it is necessary to establish and maintain Air
Force installations in-such ~reas, the water, supply must be derived by
converting the saline wate: to fresh water: Presently known methods
of salt water demineralizatiun are ‘quite expensive. Some of the methods ‘ ,
include distillation, chemical ion exchange, electri¢ ynembranes, osmotic g
processes, solvent extraction of water, and separation by freezing The —
oIdest and still most practical method is distillation. N ¢

A The water water produced by distillation is very soft, practically
_ freé of dissolved impurities, and contains no bacteria. (It.should be
chlorinated however, to provide a measurable chlorine residual protec-

_ tion against entry of bacteria through incompletely covered tafiks and

*«  plumbing cross sections.) In Addition to the unlimited supplies of sea

' - water, tremendous quantities of brackish water are available in tidal
arzas, marshes, -and even inland in salt lakes and underground sources.
As supplies of fresh water continue to diminish a2nd the demand for water’ .o
increases, saline water conversion will become increasingiy important. '

Ob]ections ‘to Saline Water . . -

Water in bays and harbors may contain between 5,000 and 8,000 parts

! " per million of sodium chloride, while ocean water contains 20, 000 to
L 30,000 parts per million. Water containing excessive amounts of sodium
\’ , chlorid? is unfit for drinking; since its taste makes it unpotable and it

<q
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does not quench thirst. Salt water is corrosive and will damage pumps,

+ valves and pipes through which it is distributed unless special materials
are used. Salt water is also unsatisfactory for laundry and washing pur-
poses. | e -

Distillation Terms and/6r Nomenclature

The following terms are used when describing or operating a vapor
__compression or distillation unit. '

Blowdown - The water removed from an evapofaior or boiler
’ to prevent the excessive concentration of dis-
_______solved solids and the consequent formation of

scale. : ]

A

° BTU - Abbreviation for British Thermal Unit, a
measure of work or energy, the amount of heat
required to raise the temperature of one pound
of water 1°F. .

~ Brackish - Salty, distasteful, nauseous.

Compression - Act of forcing a gas or vapor to occupy a.
) smaller volume; this-increases its pressure
-and temperature.’ -

Compressor - Mechanical device for compressing a gas or
- vapor..
) Condensate . - Product of condensation, distillate.
‘Condensation - Act of changing vapor to liquid by removing its
' latent heat. - :
Condenser - - Device for removing latent heat from vapor.
Distillation - Prosﬁss of changing water into water vapor,

separating the water vapor from the water, and
changing the water vapor back into water. It

is used *0 separate water from dissolved solids
suchk-as salt. .

f?&
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, Distillate - Product of distillation; also called condensate -
- and distilled water.

Effect - One éﬁpofa"t’oi':"of“a*‘series~’of connected eva-- ~—~ -
N porators of a distillation unit. ~ oL

. Evaporator ™ - Device for changing water to-steam and'for
. K " separating the-steam from«the water,an
effect.

.. . _Heat __ - - Energy which causes a body to rise in ' .
temperature"“““*“ e N

Heat Exchanger Device for transferring heat from a substance
at higher temperature to a substance ata
lower temperature without physical-contact

- - -between the two substances.

Latent Heat - Heat involved when a substance changes from
one state to another, as water to steam. This
4 " hedt is not evidenced as a change in tempéra-
. ture.

Oil-Fired - Method of heating water in a distillation equip- -~
ment with an oilburner, distinct from thermo-
compression.

Scale ‘ - Hard, insoluble layers of certain 'alka.line |
minerals deposited on hot metal parts of
boilers and evaporators by hard water. Scale
reduces heat exchange efficiency.

Steam - Water vapor.

|
Steam Generator -- Device for making steam; an evaporator, o
boiler. i
‘1
|
|

Temperature - Degree of hotness or coldness measured ona
‘ ’ definite scale.




heating and cooling.
. Thermocompression - Method of distilling water by compressing
. - steam. ’ °
\ . : -
. Vaporize . " - To change from liquid to vapor, as water to
o ‘ steam, by adding heat.
l“\ Water Vapor - Steam; water which has changed to a gaseous
‘ state. :

-
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. METHODS OF DISTILLATION
1 T~ '
\Distilla‘tion is a Method of-changing water into steam by means of
heatiand:-changing the stéam back Et‘o\watgi by condensation. This pro-
_cess\removes impurities and makes even séa-water usable for drinking
water. The ultimate product resulting from condensation is called dis-
tillate. Changing boiling water t6 steam (vaporization) requires a large
amouﬂ‘t of heat which does not actually raise the water temperature above
212°F iwhile the water is boiling. To changea pound of water at 212°F to
a pound of steam, 972 BTUS are required. This 972 BTU is referred to.
as\tlha'térfnt heat of vaporization, BTU is British Thermal Unit. One BTU ..
is the amount of heat required to raise the temperature of one pound of
water one degree, at any temperature.” The latent heat remains in the
steam which will not condense into 2 liquid state until the latent heat is
s“removed, A pound of steam at 212" F has to give up 972 BTU of heat to
its surroundings before it can change into one pound of water at a tempera-
ture of 212°F, :

‘ RQLOGIC CYCLE. In nature, distillation is earried out on a
large scale, Water evaporated from the earth is condensed in the cool
atmosphere\and is precipitated in the form of rain or snow. Science has
benefite coysiderabily from nature's method of distillation. Man could
not live were it not for this distillation. Figure 1 is an illustration of
the hydrcidgic cycle. . e

33
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Figure 1. Hydrologic Cycle

SINGLE STAGE DISTILLATION. The single stage simple distillation
unit is illustrated in figure 2. This method-is simple but not as efficient
as the multiple effect principle which will be discussed later. Single |
stage units produce about 12 pounds of distilled water per pound of fuel o

_ burned. <
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MULTIPLE EFFECT DISTILLATICN. When distilling water in large
quantities it is necessary to cool the steamto make it condense quickly.
This is done in a condenser where cooling water is circulated around the
steam line. The cooling water thus becomes heated. In single effect dis-
tillation, the cooling water and the heat it contains are then discharged to
waste. The multiple effect process was devised to 3ave the heat given up
by the condensed water. In this process, water is heated in an evaporator
to produce steam at a giventemperature and pressure. This steam is
cooled and condensed by using it to heat additional water to form steam at
a lower temperature and-pressure-than the original steam. The steam
thus produced may be used a third time to produce additional steam. In
this way, nearly all the lieat given up by the original steam in condensing
to form water is used. Becduse of increased efficiency, the amount of
fael required-per-gallon-of water.produced is approximately one third as
much for triple effect distillation as for single effect distillation. Figure
3 illustrates thie multiple effect principles of distillation.

Fl RST-EFFE&T SECOND-EFFECT THIRD-EF
EVAPORATOR  EVAPORATOR - EWPORATF'OERCT

" STEAM - STEAM \.| sTEA
< zss‘rﬁ\L 224°F \Lgrf': R
N

HEATER

Figure 3. Multiple Effect Distillation Unit
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EXPEDIENT DISTILLATION. When necessary, expedient stills can
"be built to produce potable water. All that is needed is 2 source of heat,
a method of forming and collecting steam, and some kind of condenser.
The efficiency of such expedients depends on the materials available and
the ingenuity of the designer. -

Figures 4, 5, and 6, illustrate expedient distillation apparatus. In
- éxpedient d.istillation, sufﬁcient vapor separating 3pace must be provided
to.prevent carryover of salt with the steam: Care must also be taken to
avoid getting salt in the distillate through the expedient. means-used to-
condense the-steam. To avoid building up steam pressure and endanger-
ing personnel, never close off or use a valve in the distillate line.

Figure 4 shows an expedient ‘made of-an-empty- tuel drum-oroil-- -~ _ __
‘barrel, 3/4 and 2" pipe and valves. To operate the unit, fill the drum
with. water to the level of the overflow pipe-and start a ﬁre under the
drum. When the water boils the steam passes through the condenser.
When starting, keep the feed valve closed until steam appears at the dis-
tillate outlet. Then pump water into the cooling water inlet, adjusting -
the feed valve so the water level remains constant when the water level
control valve is barely open. Discharge the remaining cooling water to
waste,

INSTALL NEW BARREL
CONTROL VALVE WHEN NECESSARY TO REMOVE SCALE ; -

BUSHING DISTHLATE OQUTLET
ot e
Y /
Ry |
CONDINSIR —
%" OR T pirg
vavt /
COOUING-WATER *
COOLING-WATER INLET

Figure 4. Expedient. .Distillation‘ Apparatus

’ - . C s s A
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Figure -5 shows a method of improving the distillation equipment.
The water cooler is constructed exactly like the condenser and serves
both to cool the distillate and to heat the feed water. To keep the feed
water as hot as possxble use only enough water to cause complete conden-

sation.

Figure 5. Expedient Distillation Apparatus with sttizllate
Cooler .

Figure 6 shows an expedient using a long stretch of f)ipe‘es a con-
- ‘denser. Condensation can be made more complete by bending the pipe
.dnto curves and immersing it in a pit full of water. .

PMLLING PUNNBL A
- .
{MAY BE ONE OR MORS)
vAi 1 '
. N

Figure 6. Expedient Distillation Apparatus with Air
Cooled Condenser
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VAPOR-COMPRESSION DISTILLATION. Distillation is a proc}ss of
vaporizing unpotable water by boiling and then condensing the resulting
* vapor into a pure distillate. Here is how a unit functions: = N

Raw water is supplied to the unit by the feed pump. A valve admits
the raw water into the heat exchanger in the proper quantity. Within the
heat exchanger, a counterflow, of feed water to distillate and brine results
in a transfer of heat to the feed, economically reclaiming some of the
potential heat loss ‘to both the distillate and the blowdown. The heated
feed leaving the heat exchanger passes through the vent condenser and
enters the evaporator through a spray nozzle above the steam coil. The
boiling action (initiated by immersion heaters) in the evaporator causes
the raw water to percolate upward around the coil. Steam is released as
the raw water contacts the coil surfaces. To prevent the salt ¢oncentra-
tion in the water from becoming excessive, a portion of the concentrated
- water’which has not been converted to steam is continuously discharged.
The brine overﬂow is extracted-from-the-bottom of the main shell through
a downtake pipe projecting vertically inside the shell. A’ pump, termed:
‘the blowdown pump, suctions the brine and discharges it through a verti-
cally mounted heat exchanger (extemhl). A quantity of heat is extracted:
from the blowdown by the counter flowing feedwater in the exchanger, and
then the blowdown is discharged as waste.

The steam generated in the evaporator passes through the mesh sepa-,
rator in the vaper head, where particles of dissolved salt carried by the
mgeisture in the steam are removed and drained back into the feed water
in the shell. The dry steam is drawn from the vapor head and compres-
sed by the rotating lobes of the vapor. compressor. Compression causes
a temperature rise, and the compressed steam 1is forced into the evapora-.
tor steam coils. -

The latent heat of -the compressed steam is transferred through the
tube walls to the boiling water, which results in the compressed steam
condensing to distillate. Thus, a continuous flow of vapor is induced be-
tween the vapor head-and the steam chest, and for each pound of steam
condensed in the steam chest, a pound of new vapor rises from the boiling
water around the 00118. (See ﬁgure 7.)

~ The major source of heat to operate the unit is derived from the con-
tinuous re-cycling of the latent heat of steam. The compressor provides
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a temperature difference between the steam and boiling feed water to effect
_ a transfer of heat and a continuation of the distilling cycle. Auxiliary heat
from an electrical immersion heater is required for start-up and for off-
setting unavoidable heat losses once the unit is in operation. Heat is lost
from the system through radiation, -venting of noncondensible gases from
;the vent condenser, and incomplete recovery of thé heat of hot distillate

—~%- -~~~ and-brine in the heat exchanger.

Steam
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*——t--Vapor

'.\'o o\, . .00’..’0.
[ [ \
L v T
Compressor ,: % 'l 1 1 I
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‘, ," :./ ;f",,' 7- &~ Chest .
¢ o | ¢
Compressed el [ 1T~ o Heat
Vapor repe-pe- (. LA Transfer
. Y Y . MR : Tub
— ’ 3 BN T2 052 LI B B .' ubes. .
A ok 4 Y ._o
J R AL .
w , 15 ij ~-—Distillate "
l BN | o ® 4 IJ :: j. " / '—4 ,
Vent Condenser —¢ < e~ Feed
1 -~ ——— Water
Feed PR ol
Water _ ) l
l Distillate
—e—— Auxiliary
Heat

.
N
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.
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Auxiliary heat for the initial vaporization of feed water and for make- ~
up of heat losses during operation is supplied by an electric heater instal-
led in the bottom of the evaporator. The heater heats the cold feed water ,
in‘the evaporator to its boiling point and the resulting steam is furthor -
heated by compression to start the distilling cycle. ADuring operation of .
the unit, the heater i turned on and off by the evaporator pressure switch ’
operating intermittently to maintain a compressor positive suction pres- \
sure. | o s
A fractional amount of distillate is piped from the distillate pump- -
discharge to the suction side of the vapor compressor, to thé compressor
flushing line, and to the superheater. It serves to lower the operating
temperature of the compressor, to seal the compressor rotor clearances
and to increase the life of the compressor by flushing off scale deposits.
ture to approximately the saturation temperature corresponding to the
. steam pressure in order that condensation will occur more readily in the
steam chest of the evaporator. The amount of distillate passed to the -
compressor suction is limited by an orifice nozzle in the flush1ng~hne

——

Water around the coils is maintained at a boiling temperature by -
.transfer of heat from the compressed vapor condensing on the inner tube
surfaces. The distillate flows into the hotwell from which it is then re-
‘moved by the distillate pumpt. To prevent accumulation of noncondensible
gases, within the steam coil, these gases are vented to atmosphere through
a vent condenser unit. This is a small external heat exchanger which
serves to condense steam entrained with the noncondensible gases. The
entering feed water circulates a small ¢oil which provides the condensing ,
surface for the steam. Heat is also extracted from the noncondensibles . ¥

before expulsion.

Concentrated brine is constantly removed from the evaporator during
operation through an overflow tube extending upwards into the central” '
downtake. Removal of the brine is necessary to minimize scale formation
and to maintain proper water level in the evaporator The brine is re-
moved by the blowdown pump. : ) N g

-

Because the bulk of the heat required to continue the distilling pro-
cess.comes from recycling heat from'compressed steanitinside the evapo-
rating coils to the boiling water around the coils, the ratio of distilled
water output to energy input in the vapor compression type: +distillation unit
is' greater than in any other type of distilling equipment .

« .
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Continuous recirculation of bo11ing water, inside the evaporator is a’ .
feature of this\des1gn The blowdown pump suctions from the bottom of
the shell and puhps brine to two points. These are the spray-nozzle and
blowdown discharge \The spray nozzle is- also used for the makeup feed o
water, ° \

"~ 77" LONG TUBE VERTICAL (LTV) DISTILLATION Long tubé vertical
evaporators are more commonly used by chemical companies for the pur-
¢ pose of concentrating of liquors, such as sulfite waste from the- pulp
1ndustry o -
¢ .
The design of LTV represents oné of the cheapest forms of heat
transfer per dollar and unit of energy required for operation per dollar.

The use of an LTV evaporator designed for desalting sea water was
first suggested by W. L. Badger of Ann Arbor, Michigan, in-1955. 'In .
1957 an LTV pilot plant of 2,000 gallons per day capacity was erected
and extensively tested. This plant was located at Wrightsville Beach,

- North Carolina. A The experimental work.was under the direction of the
Office of Saline Water and W.. L. Badger.Associates.

The test work resulted in the design of a 12-effect evaporator saline
water conversion process which was selected for the first demonstration
plant on March 2, 1959, as one of the most promising of the presently

___known progesses 'for the large-scale economical conve\smn of sea water
to*fresh water.

4
H
\

SOLAR DISTILLATION At the present time much attention is being
paid to the development of di ‘mationrmethods in which the sun serves
as a heat source. Shallow troughs of saline-water covered with transparent
plastic.or glass are explosed to the sun. Water vapor~rises from the
trough and condenses on the cover which is set at a sloping angle._.The ‘
condensed water droplets converge and flow down the sloping cover to-a- )
container. A’ great area. of water surface’is needed td produce a sizeable
water;'supply. This solar distillation-might eventually prove to be very
cheap and efficient, but is not vet developed sufficiently, for practical use.

NUCLEAR DISTILLATION. Atom1c energy commiesion scientists ’
believe that in the near future, waste heat from nuclear power plants
will be the cheapest way to make fresh water. A ruclear reactor with
turbo generators floating.off shore could supply enough electricity for a.

city of five m11hon people and one blllion gallons of fresh water a day be-
" sides.

“
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' SUMMARY OF SECTION A o B ~

In. order to quickly follow and understand any written material per- '
taining to the methods of distillation, you- must familiarize yourself w1th
a group of new terms. i :

o A et AN
.

There are many coastal areas that have a shortage of fresh ‘water and
even some of the metropolitan areas will be experiencing-w ter shortages
in the future. "Since there is an abundance of sea water it beofhes neces-
sary to devise 2 means of making this water acceptable for domestic use. .
Distillation is a process for making sea water potable.

There are many methods ‘of distillation presently being used, and
several more digtifjation methods are ia the developmental stage
Nature's own distillation method is known as the hydrologic cycle. The
single stage distillation method is. relatively simple but not. practical for
large scale use. The: multiple effect distillation method is. more econo- . \
mical than the single stage method . '

The distillation process presently most a.«hptable and efiicient for

ir Force use is the vapor compression method. Like the multiple effect

rogess, the vapor compression.process also conserves the heat given

p-by the condensing steam. However, it does this in a single stage, with

result that the unit is smaller and more compact. The effect is ~

achieved by the mechanical compression of the steam. K

QUESTION ON SECTION A ‘ ‘ ‘ ST

1., Define British Thermal Unit (BTU).

2. Explain the mes.ningm—tbe late;it' heat of vaporization. . /

- 3. What is vapor? - L : ‘

T4, What is distilled wafer?
T~

5. Exp\lijin\the\difference between heat and temperature.
6. What is nature's method of distillation?

' " -~ . 4
- « s

+
ot
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7. In the singl: stage method of dfstillation how much distilled water is
produced per pound of fuel burned? ‘

8. What unit is used to cool the steam 80 tha.t it will condense qu1ck1y?

9. In the vapor compressmn &stillation system, what supplies raw water
to the unit? . .

10. What is the source of aumhary heat for the mmal vaponzatmn of
feed water? | ‘o .

o .
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_ shown in figure 8,

- SECTION B _ B -

»

OPERATION AND MAINTENANCE OF THE MECO,
MODEL PEE10K DISTILLATION.UNIT -

[S— “
% ?-

' INTRODUCTION ‘ | -

The-information.in this study.guide pertajng to the MECQ, Model
PEE 10K Distillation Unit. This unit-is available in the classroom and is

@ A ! ’ ® , ‘
Operating Instructions R . ' ,.

_ The MECO unit is electrical poyered. It has two heaters called
ifmersion heaters (No. 11 in figure.8). These lieaters turn the raw

water into steam’- The steart is condensed back into distilled water.

" Controls on this unit are electrical. -Once raw water is pumped to
this unit the automatic-controls take over. There are some manual valves
that are opened for blowdown and for sample testing. Once these are
adjusted for operation the unit will continue to produce excellent distilled
water. : . . .

The unit i$ started by pushing the start button (No. 6 in figure 8). The
comps will. start,,valves will open, the heaters will come onj and a con-
ductivitly metet will indicate the quality of the newly produc)ed distilled

, water,

Distilled water can be produced at ten gallons per hour from this unit.

. Nearly all raw water contains scale forming minerals and so after making

distilied watey for several dx¥g,or Wweeks the evaporator will scale up.

The tirst indication of'a scale duildap is a gradual rise/in discharge pres-

sure. Normal discharge pressure is 3.6 p.s.i.g. Maximum 2ilowable

pressure is 6'p.s.i.g. When the pressure ‘reaches 5.2 p.s.i.g., the manu-
facturer recommends stopping the unit and-cleaning the scale as the cake

formed will be easier to remove. C / " . . .

Descaling Methods - i .

£

- /
_ Two chemical methods of removing scale have been suggested by the-

manufacturer. One method is to dissolve niteréake (sodium bisulphate) in
v . ” i , -

»

#
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Figure 8. Vapor Compression Distilling Unit
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water and pour it in the acid injection tank. Nitercake forms an acid
‘when dissolved in water. : ~

Nitercake is effective in removing some typés of scale especially that

found in sea water. A normal amount of nitercake for cleaning would be
10 to 14 pounds. :

A second recommended method is to use muriatic acid (hydrochloric
acid). This acid is a very effective descaler when the scale is composed
of carbonates. ' ’

If scale has become 8o hard that acid will not remove it, then scale
‘can be drilled and scraped from the.tubes; however, there is always the
danger of ruining the evaporatcr tubes. < ‘

o

MAINTENANCE INSTRUCTIONS
Evaporatpr’ ’

Evaporators are built in several arrangements. Most are of the
standard type which 18 usually suitable for industrial use. It is-a vertical
tube, natural circulation evaporator of medium tube length, with solution
to be evaporated inside the tubes. The calandria, or steam chest, which
contains the heat transfer surface (tubes) has a large central downtake.
All welded joints are accessible for repair at any time. Modern welding
techniques are used to assure proper bonding of the various alloys used
in fabrication of evaporators for différent services. The circulated or

, percolated solution falls into the downtake. The vapor passes through a
separator and out of the evaporator dome. At least one sight glass is
usually provided so that this separator action can be observed and both
the extent of chemical cleaning, and degree of percolation seen. A bot-
tom head provides access to the bottom tube sheet. The necessary con-

nections for distilled water outlet, feed inlet, blowdown outlet, gauge

(level) glasses, etc., are provided. Insulation is of the highest quality,

of a type undamaged by moisture (usually Fiberglas), and permanently
fastened in a'manner which enables servicing the evaporator without
damaging the insulation. Tubes are expanded into the tube sheets, and
vary in diameter and wall thickness according to evaporator size and
purpose and/or customer's ‘specifications.

/




'Various types of separators are used, depending on the service. The
separator in the Model PEE 10K consists of a 4" thick metal demister pad.
The pad is made of interwoven monel wire with approximately .006" dia-
meter. This type of separator is highly effective with a very small pres-
sure drop.

f

. Proper distillate removal is assured by continuous operation of a
distillate pump. A distillg.te gauge glass indicates whether distillate is

being properly removed.

Most solutions, when evaporated,. give off air and other noncondensible
gases. These gases pass around into the steam chest and are vented off
through a bottom vent and a top vent. Usually, about 2/3 of the gases will
come out of the bottom vent. The top and bottom vents-are piped to a
common line leading to an:automatic thermostatic type vent valve.

A large drain or blow-off valve is provided in the bottom head of the
.evaporator. It is preferable to open this valve daily, for a few seconds,
to blow-down the evaporator.

Vapor pipe connections are usually made by special synthetic rubber
steam hose. This isolates compressor vibration, and prevents expansion
and contraction stresses between compressor and evaporator. Stainless
steel hose clamps are provided."' .

Level gauge glasses using Sta;xdard size élass are provided. A level
is employed that will provide a good percolation with minimum hydrostatic
heat loss with average sea water. ' ~ _

A safety valve is provided on the steam chest, usually set at ten
pounds p.w.i.g. -

Feed is introduced in 2 manner providing good mixture with the "cir-
culated" solution and good distribution throughout the bottom head. It is’
most important that feed cannot "short-circuit”, or pass into blowdown
outlet directly. —_—

Blowdown is removed from a location assurihg removal of the most
concentrated solution, : :

61
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. oMP SUCTIOM-
\ i
18- . .
/ . ! 210 ’
; 12 ) . i 2
. B
8ILL OF MATERIAL
A ITEM ~ NAME OF PART PART NO. « OTY.
4 .! 25  EVAPORATOR COMPLETE 130691 ’
! 24 Tee 250372 1
_ J 23 GASKET - 130702 2
S A 22 Ni»PLE 250353 "
g > : 21 BLo*N Tuat 130700 1
[ w 20  EvAaporATOR Tuses * 130699 187
4 3 ‘:’ 18 Lower DEMISTER GRID 130698 1
—_ : o z 20 18 DEMISTER 130697 1
[ -1 e ‘;“‘ . 17 INSULATION . 130696 1
oa | & - - 16 NierLe 250354 1
16 : 23 18 NierLE 250353 1
! e Y | GASKET L 130698 2
13 SAFETY VaLve " 250382 LR
12 TeE 250351 1 -
-] 11 " SIGHT GLASS i 130703 1
10 DERISTER RETAINER 130694 2
DisT out 9  GATE VALVE - 250350 1
8 SIGHT GLASS RETAINER 130701 1
7 CAPSCREWS (NOT SHOWN) 350205 6
6 CALANORIA COMPLETE 130693 1
5 BoLT ANO NUT 350203 22
c 4 STEAM HOSE - 250347 1
3 HOSE CLAMP 250346 6
2 STEAM HOSE 250345 2
1 DOME COMPLETE 130692 1 o

Figure 9. Evaporator
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A chemical cleaning vent valve is provided to allow elimination of the
noncondensiblé gases which are usually generated rapidly upon introduction
of acid feed to the evaporator. This valve also permits blowing off the ex-
cess steam caused by the heat of the chemical reaction. // :

. Tubes can be removed by several-means, the most successful of
which is usually the following:” Screw an "easy-oit", or pipe tap, into
the bottom end of the tube (after top and bottom h#ads of the evaporator

_have been removed). Secure a.steel rod about 6'" longer than the tube
and lower it into the tube until it rests on the easy-out. Peen the top of
the tube end around the rod so as to eliminate the bell shape of the tube
end. Use a heavy hammer, and strike the rod with solid blows. This
will drive the tube out and free of the tube sheet. Pull the tube down to .
the floor and bend it close to the tube sheet. By alternately pulling and
bending (or cutting), it can be removed. Always follow this procedure,
as other methods usually result in blwing the tube between the tube

"sheets. ' .

Periodic inspection, perhaps every six months, should be made of the
evaporator tubes, bottom and top head interior, bypass valve seat, sepa-

~ rator, etc., so that corrections to chemical cleaning procedure and/or

preventive maintenance can be accomplished.

See figure 9 for details of the evaporator unit.
Vapor Compressor |

The vapor compressor is a rotary positive displacement unit with
many uniqué features. It utilizes an exclusive three-lobe rotor design
‘with all parts machined to aircraft tolerances. Timing gears are
specially forged, heat treated and crown shaved with a maximum permis-
sible backlash tolerance of .0015";  Flush ‘ground double row ball bear-
ings control limited clearances. End plates are specially drilled to allow
free flow of lubrication between bearings and seals. Specially designed
oil slingers'and retainers assure proper il lubrication.

Two impellers rotate on two shafts in a housing. Each impeller has
two lobes (involute type) and is keyed and pressed on its shaft; Steam is
displaced by the rotation of the two impellers in opposite directions. The
endplates close off the ends of the housing. Note cross-section drawing
for further details of construction.

L
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.mounting bolts and slide the motor towards the compressor so that the

, maintenance.

203

-

4 <

.. N
The impellers must have very close clearances between each other
and the cylinder and the endpaltes in order to obtain high volumetric"
efficiency. This merely necessitates care in properly adjusting the
machine, and securing-all locking devices so that it will remain in proper
adjustment. - -

Main points of wear are bearings, oil seals, shaft seals and timing
gears. These parts may be renewed whenever required.

Compressor V-Belt Drive Arrangement

LS

The sheaves are of the taper lock type, i.e., the bushing in the .
sheave is split and is a tapered fit in the sheave, This facilitates ease of

removal and assembly. :

The compressor V-belts should not be unduly tight, as this will over-
load the bearings in the front end of the compressor, as well as on the
driver motor. Do not stretch belts to install them. Loosen-the motor

belts can be put on without forcing. Jacking screws against the motor
allow it to be moved away from the compressor to tighten the V-belt
drive until the belts are fairly snug. Be certain the sheaves are properly
aligned when tiglitening the belts. To do this, it will be necessary to
have the belt guard removed. — ;

‘Sheaves and belts must be kept free of oil and water so that excess
belt slippage cannot occur. S -

Do not use belt dressing on these belts. If they begin to slip, clean
with a cloth dampened in gasoline and tighten the drive slightly.

Electrical Control Equipment

The unfailing continuity of service of electric motor controlling equip-
ment can only be assured by 2 planned program of periodic inspection and

Keep the control equipment free from accumulation of dirt, dust,
grease, or oil, both inside and outside. Clean the operating mechanism
and the contacts with a dry cloth, or with a vacuum cleaner. (Use of com-
pressed air is generally not recommended, as it may blow metallic dust
with such force as to pierce insulation or cause short circuits between
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conductors or other electrical parts.) Small and delicate ‘mechanical
parts may be cleaned with a small stiff bristle brush and a nonflammable

—dleaning fluid. . .

’ Moving parts shouldbe kept clean and should move ireely, without
binding or sticking, in their normal operating travel. Bearing surfaces
that require lubrication should.receive a few-drops of light machine oil

' taking care to wipe off any excess:oil. In general, bearings which oper-
ate on a shaft or pin require lubrication. Knife edge bearings, plunger
type armatures, etc., which may become ""gummed up' due to collection
of dust and évaporation of the oil, should not be lubricated.

‘Contacts are the basic functional parts of all motor control, and

-proper-operation dépends upon their being maintained in good operating
condition. When.a contactor closes, it does so with:a considerable force
and there is always a certain-amount of rebound-of the individual contact.
During the rebound, small arcs gre formed and, if the contacts should
close again at exactly the same point, ‘there would be a possibility of their
‘becoming welded. However, since-the armature of the contactor has
moved in farther during the time of the rebound, the contacts come to-
gether at a different point and 8o do not weld under normal operating .
conditions. The arcing, however, both on closing and opening, causes the
burning away of the contact material and forms small pits in the contact
surface. With the self-cleaning contact construction, this-arcing is.
carried by the contact tips, leaving the heel of the contacts clean to.assure
maximum efficiency for carrying the operating current.

Copper contacts should be inspected regularly and should be filed or
dressed when necessary. Any projection which extend beyond the con-

- tact surface should be filed off. If the contacts become badly pitted at
the heel or contact surface; they should be filed down so that a clean con-
tact surface is provided. Heavy coatings of copper oxide, caused by the
equipment being our of service for a long period of time or by excessive
heating, can be removed with a fine file. Welding of copper contacts
sometimes occurs - it is usually due to low line voltage. It can also be
caused by operating a starter from start to stop too rapidly, or by low
spring pressure due to the springs becoming annealed or burned, or be -
cause the contact tips have been allowed to wear down beyond their normal
wear allowance. - ' :

-




Hos

~

\ Carbon contacts are used where it is essential that a contactor must
always open when it is deenergized and not under any circumstances
weld closed. Such contacts are generally used on very essential applica-
tions where serious- damage may result if a contactor should fail to open.

Silver contacts are used on heavy duty applications where the contac- -
tor is to be closed for a long period of time with infrequent operation. N
_ Silver contacts rarely- ‘require filing and should not be filed or dressed
unless sharp projections ‘caused by heavy arcing, extend beyond the

contact surface.

Loose connections between the contact and the contact post or lever
will cause heating, which will lead to rapid oxidation of the contacts.
Excessive vibration may cause the contacts to vibrate, giving the effect
of weak spring pressure and shorten contact life.

High voltage on the holding coils of controllers and relays will cause
excessive siam, which will eventually damage the laminations that the
.- magnet faces and otherwise damage the controller.

The magnetic gap of a. c. magnets_must always close properly or coil
burnout may result. Failure of the magnetic gap to close may be due to
low voltage, excessive spring pressure inding or sticking of the arma-
ture.

‘Damp and corrosive atmospheres may cause damage to the insulation
and/or the mechanical parts. [Excessive ambient temperature may cause
damage also.

TROUBLESHOOTING
~ CAUSE REMEDY

SYMPTOM

High compressor
suction pressure
(above 1/2 p.s.1.)
or evaporator re-
lief valve dis-
charges

.
wt?

Failure of pressure

Check for broken, bent or

switch to break circuit dirty contacts in pressure

to electric heater on
_pressure rise

Auxiliary heater rate -

greater than neces-
sary

switch or for short circuit
to heate;

Adjust pressure regulator
switch
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CAUSE

REMEDY

Féuuy pressure
gauge

Check and repair or
replace :

Low ‘éompre'ssor
suction pressure
(below 1/2 p.s.i.)

-

Failure of pressure

switch to close cir-

Check for broken, dirty, or
bent contacts in pressure

cuit to electric heater , switch or for broken or dis-

on pressure drop be-

low 1/2 p.s.i.
Burned out heater
Blowdown rate is
too high

Faulty pressure
gauge

connected leads
Check operation of heater
_and replace as required

‘Adjust blowdown control
valve '

Check and repair or

- replace

High compressor
discharge

Scaled tubes in
evaporator and/or
heat exchanger

Improper venting

Accumulation of dis-
tillate in evaporator
steam chest

Low fee/d water level
in the evaporator

-

"Faulty pressure

gauge °

Clean unit pressure is 5
p.s.i. higher than com-
pressor suction pressure

Check for obstructed vent
orifice

Check for obstructions or
closed valves in the distil-
late line

Check feed water supply

Check and repair or
repiace °
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~  SYMPTOM __CAUSE REMEDY
.High compressor Scaled tubes in Télein‘the unit when differ- '
differential evaporator or heat ential pressure across the
pressure exchaanger . - compressor reaches 5 p.s.i.

Accumulated distil-  Check for obstruction or
late in steam chest closed valves in the distil-

, late piping .
‘ Improper venting Check for obstructed vent
' oriﬁce
- . - — ’ ~6
High compressor Low feed water level Check feed wafer supply '
differential in the evaporator -  and orifice in feed line

pressure
Faulty pressure gauge Check and repair or
replace

Foilare to hold  Faulty liquid level  Check solenoid valve seat

. onstant water controller or faulty operation of con-

leyel ) troller

\ Failure of feed water Check source
N - ) supply '
\ :
Fgamingx\ High concentration of © Increase blowgown dis-
i\ impurities in evapo- charge ‘ .
) - ration - ]

> 3 \

&

bearing or tion
gear wear in .

Excessive \\ Improper lubrica- Check oil level o
compressor

\\‘ 68




SYMPTOM CAUSE' REMEDY
Impure ) Leak evaporator Check for tube or shell
" -distillate leaks and repair or replace
. L _ as needed
Foaming " Increase blowdown

Leaky vent condenser Check for tube leaks and
repair or replace as
needed N
Leak in heat exchanger Check for tube leaks and
. repair or replace as

- ‘ needed >
Oil leaks in .
compressor Worn out or damaged Replace compressoer

- : seals L ’ .
Entire system Differential pressure - See symptom #4
cuts out : too high '
Entire system Level in evaporator  See symptora #5
cuts out - , too high or too low
- e ‘ ’y

.

RE‘C\QRDS . It is recommended that complete records be kept by
. operating personnel as an aid in determining faulty or improper vperation.
The following data should be tabulated after each start, before each shut-
down, and once during each change of operating personnel:

/,
s

1. Date and time unit started. = . —
2. Date and time unit shut down.

3. Total hours of operat@pn. , .

4. Total hours of operation since iast ‘start.

5
‘ ’
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10.
11,

12.

..

" Feed rate. ‘

Electrical power consumed.

* Maintenance performed.A ’

Suction pressure-of compressor. . .

Discharge pressure of compressor.

Distillate salinity.

4

Lubricating oil level checked.

Lubricating oil in compressor changed.

Since there is no_s standard form for recording data, local forms must
be produced.

Maintenance of the distillation unit will be facilitated and improper
performance more easily noticed, if the operator will keep a daily
record of some items. Some suggested records are listed in the chart.

x
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SUMMARY OF‘SECTION B : ,

Before operating the distillation unit it should first be inSpected for

serviceability. When starting, “stopping or operating the unit it is import- o
ant that the correct proceduré be used.

~

Scaﬁe can be removed by chemical means or by mechanical methods:

e i
.

As in any equipment of this nature, it is important that the parts re-

ceive the proper lubrication and maintenance to insure long life and .y
efficient operation. °

It is important to understand the operation of the unit so that troubles
which arise can quickly be remedied.

. Alog should be- kept to maintain a record of operating, time d1scre-
pancies, maintenance due and maintenance performed.

The vapor compression unit 1$ balanced so that it will reach a stable
operating condition.

QUESTIONS

\

1. For starting the distillation unit the selector switch is placed in what

position? \

2. What should the flow rate be on the blowdown motor when properly
adjusted? , .

-

3. The nor’mal operating wat er level in the evaporator‘;is how manj
inches above the top of skid? * '

4. The unit should be descaled when the digcharge pressure reaches
, what value ? , )

5. What proptective clothing should be worn when working around acid?
6. What'type oil is-used in the compressor gear section ?
.T.  What type compressor is used in the distillation unit (N




x
ti.

8. What is the corrective action for slipping ''V' belts? -
9. How are projections removed from copper contacts in the électrical =

equipment ? ~
10. Explain what is meant-by balancing vapor compression unit.
11. What protective measures are used during freezing weather with

portable vapor compression distillation units?
12. What are the two chemicals used in chemical scale removal?
13. What p.s.i. is the safety valve set at on the steam chest?
14. What type evaporator is on the distillation unit?

.15, List five causes for a high compressor discharge pressure.

16. 'What is the cause for foaming in the &isti{lation unit ?
17. What type form is used for recording the running time of the

distillation unit ?
REFERENCES

~
1. AFM 85-13, Maintenance and Operation of Water Plants and Systems
2. Aqua-Chem Inc., Waukesha, Wisconsin, Annual Report 19637 oo
3. Utilities Manual 3 & 2, Bureau of Naval Personnel, Navy Training
Course, NAVPERS 10656-D. \'
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FIELD WATER TREATMENT EQUIPMENT
(ERDLATOR)
/

OBJECTIVE

The purpose of this study guide is to assist you in learning about
the 600-GPH field water purification unit.
/

1

INTRODUCTION \ .
/

The water point is established only after determining that the
quantity and guality of the watzr is satisfactory, and the site is well
located for access, security, drainage, and_bivouac. Thé development
of a field water supply, using the 600-GPH trailer mounted Erdlator as
the main purification unit,; will be discussed under the following topics:

® GENERAL DISCRIPTION OF EQUIPMENT
® BASIC INSTRUCTION ON SETTING UP EQUIPMENT ,
® OPERATION ‘

This study guide does not cover all the information on this- subject;
therefore, research of the references at the end of this study guide is
highly recommended.

GENERAL DESCRIPTION \
The 600-gallon-per-hour (GPH) water purification unit, see figure 1,

is furnished in a special purpose cargo body, mounted on a 2-1/2 ton, 2-
wheel trailer. The Erdlator assembly, diatomite filter, filter pump,
chemical feed equipment, with necessary piping and valves and the

electrical controls, are mounted in the cargo body. These components are

designed to be operated with or without the trailer body.

.The supporting equipment includes a 3 KW gasoline engine-driven
generator set, a gasoline engine-driven pump, a portable electric
driven pump, and two 500-gallon collapsible water storage tanks (with
ground covers). There is also a supply of hoses, fittings, water '
testing equipment, and necessary chemicals. The chemicals are ferric
chloride, pulverized limestone, calcium hypochlorite, activated carbon,
and diatomaceous earth (DE). )

NOTE: All units use thc same chemicals.
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Aruitoxt provided by Eic:
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Collapsinle faoric tank, 500 11,
gal (2 rqr) 12,
rRoof pbows 13.
Air release valve 14,
Filter tupular frame 15.
Filter 16.
Flow controller valve
Trailer tailgate chain 17,
Trailer tailgate
Tool pox 18.
19.

Chemical box

Figure 1. Water Purification Set Loaded in Trailer

!~
/
/
/
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. /
oo “#16-208-12/2
Distribution pump
-Accessory box
Generator
Trailer body rack
Tank staves
Raw water pump with canvas
~over
Pail tiedown strap and metal
cover
Rubber pails
Filter pump
~
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BASIC INSTRUCTIONS FOR SETTING UP EQUIPMENT . L

/— < -4
-~ﬁw"‘"——~——*_—-§ken the site location has been determined the unit is then set up
for operation. ; ’
The unit may be left on: the trailer or removed. If the unit is to
be Jeft on the trailer, the trailer must set on firm level ground and be
1 vcied. This will be determined by the number of personnel and the
L Tength of time the unit is to remain at this location. Remember no
matter how the unit is set up it must be level. The equipment is given
a thorough ingpection for damaged parts and to determine if all the neces-
sary equipment is available and in proper operating condition.

The auxiliary components are removed and set up, They must be set
or Zirm, level ground. The storage tanks must bé placed on the proper
ground cloth, or on another type of platform. They should not come in
direct contact with the ground. When this is completed you will then

' be ready to operate the unit.
NOTE: See TM 5-4610-202~12, Water Purification!pnit (Trailor Mounted)
. and TM 5-700 Field Water Supply for full details., These manuals
. should accompany the -units.

) OPERATION

It is essential that the operator knows how to perform every
operation of which the unit is capable. The following paragraphs give
instructions on starting and stopping the unit, and on the basic
operation of the unit, .‘Since nearly every job presents a different
problem, the operator may have to vary the given procedure to fit the
individual job. T e

Chemical Requirements

#oe - -=e-- -—--— —— The following—-chemicals are required in the treatment and filtra-
- tion processes: ’

-

1, Ferric chloride as a coagulant,

2. Calcium hypochlorite as a disinféctant, -~

3. Pulvéerized limestone as a coagulant aid. L= : x
4. Diatomaceous earth as a filter aid. - ' -
5

5. Activated carbon as an adsorber to controi objectionable
tastes and odors.

The chemicals are mixed proportionally with water to be treated in

accordance with an established base charge. The base charge is the ’
concentration of mixture of solution expressed as the amount of

chemicals in a measured quantity of water prepared for the chgmical

feeder. < C

Water Treatment Process

The water treatment process reduces the dissolved organic and
suspended matter of raw water to a minimum and produces coagulated
water suitable for application to the diatomite filter.

76
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ERDLATOR TANK. (See fig. 2). Raw water is pumpeé from its source by
the raw water pump through the dspirator nozzles to the influent launder;
from there it overflows into the downcomer or mixing zone, N

: SEPARATOR  ZONE
E CLARIFICATION 20m¢
MIXING 20Me

1. Downcomer tube 7. Sludge concentrator tank
2. Effluent launder 8. C(Clarification zone g
3. Circular disk (4 rqr) 9. Bearing support

4. Influent launder 1l0. Baffle

5. Agitatof shaft 11. Baffle ring !
6. Separator zone 12. Mixing zone -

Figure 2. Cross Section of Erdlator

e




The chemicals, a coagulant (ferric chloride), a coagulant aid
(pulverized limestone), a disinfecting agent for pre-chlorination
(calciumngggochloritc solution), and, when necessary, an adsorber for
objectio 2 taste or odors (activated carbon) are added in the mixing

zone.

As the liquid descends through the mixing zone it is mixed by the
agitator, The flow is deflected by a series of shallow baffles in the
bottom of the Erdlator tank and directed in a counter-rotating direc-
tion into the outer compartment or clarification zone.

o Clear water is-collected at the water surface in the effluent
launder which acts as a double edged weir. The effluent launder is
manually adjusted by the leveling rods to permit leveling and skimming N
. oflihe w;ter‘surfacé. The clear water is then discharged to the wet
we tank,

The wet well tank provides limited storage of coagulated water and

serves as a sump for the filter pump. .
. - An overflow pipe in the wet well tank pérmits operation of the
TTErdlator at rated capacity when the filter-is stopped. A switch,
operated by a float in the wet well, activates an alarm bell and a
red signal light when the float valve is open. This allows additional
raw water to enter the system whenever the amount of water in the wet
well falls below a preset level, .
°
CHEMICAL SOLUTION PEEDERS. .The chemical solution feeders pump
ferric chloride and calcium hypochlorite solution into the downcomexr or
mixing zone, The pump discharge rate is adjustable but delivers a
h fixed constant rate of feed with each pump stroke at any one setting.

CHEMICAL SLURRY FEEDER (LIMESTONE COMPARTMENT). The chemical
- . slurry feeder limestone:-compartment :supplies--pulverized-limestone— ——
(coagulant aid) to the mixing zone of the Erdlator tank. '

The limestone slurry is kept in suspension bf introducing air at
the bottom of the tank.’ . ' . .

The feeder operates on a dilution principle whereby 65% of the

= initial charge of slurry is fed during & one (1) hour period; there-
fore, the feeder requires recharging with dry chemical every hour.
The limestone compartment remains full of liquid slurry but becomes

[

more diluted di.ring the hour until it is recharged.

FILTERING PROCESS. The filtering process further reduces
- suspendéd matter by use of DE {(diatomaceous earth) filter aid. The
filtering process consists of precoating, filtering, and backwash.

Precoating. Béfore the water can be filtered, it is necessary to
precoat the filter element with DE. DE slurry is added to the
coagulated water line through the precoat funnel and valve. The ,
coagulated water is pumped from the wet well tank through the filter.
The water is recirculated until it appears clear when viewed through
the filter window., The valves are then repositioned for the filter run.

Filtering. Filtering removes the remaining suspended matter and
organisms from coagulated water. Diatomite slurry is discharged from
the diatomite slurry compartment of the chemical slurry feeder to the

¥
4
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coagulated ‘water line at the suction side of the filter pump. When the ) .
effluent pressure guage reaches 5 psi, the unit is in need of back-
washing. The valves. must then be posztzoned for the backwash run.

Backwashing. When the air release valve is in the backwash
position, it allows air in the dome of the filter housing cover to
bypass the main air valve. This air depresses the diaphragm in the
main valve which opens a valve-roleaszng the -air in the dome to
atmosphere. The sudden release of air allows the air compressed in the
cups in each element to expand and force water pack through the element
filter cake. This rapid reversal of the water usually removes all Dt T
the suspenhded matter from the elemeéntsz.

Most of the removed suspended matter and the water in the influent
section will drain to wasté*through“the—filter“draxn. The filter is
then washed to remove remaznzng matter that settled in the filter.
After washing, the leter is ready for precoating. This will be
determined by the color of wash water going to waste. The valves are
then changed to the precoat positzon.‘

- WARMING: The eyes and skin must be kept from coming in contact
with the chemicals and, solution mix. Be especially careful when
* opening chemical contalners to avoid inhaling chemical powder.
NEVER mix calcium hypochlorite and ferric chloride, because it
gives off a greenish yellow chlorine gas which is irritating,
disagreeable, and has a suffocatzng odor. . -

SUMMARY

~

There are two other field purification Erdlators, the (a) 1500
GPH van truck mounted and the (b) 3000 GPH van truck or skid mounted,
" They all ugse electrical power and the same chemicals. The only basic
difference is the gize of the filter, the hoses, the pumps, and the
mounting.

PrOper planning--is--essential -to- the :orderly-development -of a -water -
point. The site requiring the minimum .improvements should be

selected., The extent to which a water point is developed varies with
time, labor, and material avazlable. Development of a water point, at
combat areas, however, is to supply enough potable water to the .
troops with. a minimum of improvements. 4
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QUESTIONS \ \
1. How many sizes of Erdlator units are there? :

2, What are they? . g -

3. what type of power do they use? .t ) . ~
4. What are the chemicals used? \

s.

What is the purpose of the baffles at the bottom S\ the Erdlator
et X
6. What must be done to the filter before it is ready té filter waier?
7. How often must the chemical slurry feeder be recharged? ‘
8. What must be done to theyfiltér if you have a‘power'failpre?

9. How many KW's is the generator designed for on the 600 GPH

Erdlator?
10. What is the purpose of the effluent launder? - \ \
REFERENCES e - T \\ \\
\

TO 40W4-9-1 Operation and Organizational Maintenance Manua.l Water
Purification Unit.
™ 5-1700, Field Water Supply ’ T e - —
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n OPERATION OF WATER SOFTENER TRAINER _
OBJECTIVE - ' L
The objective of this workbo ik is to provid
the water softener trainer. ‘ .
_ INSTRUCTIONS

-

e step-by-step procedures for o;)erating

Follow the instructions below for operating the water softener trainer.
of guidance is important for prop
the order presented,

Each item
:r operation and the steps listed should be followed in
SAFETY PRECAUTIONS
1.

This trainer is designed to teach the flow and
during different.phases of operation.

physical operation of ion-exchangers
used under classroom conditions, If

it is recommended that chemicals NOT be
regeneration is desired, use NaCl only,
a. « N o
2. Never allow water pressure in unit to exceed 20 p.8.i.
3.

When changing cycles, the hardwater inlet valye

‘shovld be opened last a;xd closed -
first to prevent. excess pressure in system. T . -
~ PREOPERATIONAL CHECKS | .o o S .
| NOTE: Check schematic for location of valves ard lines.
iﬂim‘r ~ 1. Close all valves. ° '

2. | Check 7ressure regulator for a s
required,

A

ystem.pressure of 15 to 20 p,s.i. and adjuit if
. é |

3. ' If the water level in the ion-exchange tink is n;ox:é thitn one inch below“the'top of the

" tank, fill and purge air as follo'ws.‘ T,

' " a. Open both backwask valves. |

-

-

b.. Oper hardwater inlat valve just

~

t enough to allow water to fill tank but not :
enough to cause expansion of bed. | ’
| c. When water reaches the distributo, in the top of 'the tank, close the hardwater

. supply and backwash valves.
4. If water level in the brine tank is lower than 3/4 tull, fill to desired level as follows:
a,

Q -

Op :n the service valve, drain l\ine, brine outlet valve, and harawater inlet valve,
> l //‘
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b.- When the 3/4 full level i8 reached, close ALL valves, starting with the hard-
water inlet valve.’

5. If the trainer has been shut down for &n extended period of time, place it in fast
N .rinse for a short period of time before placing the trainer in the Service. .

NQTE. fee fast rinse procedures under Operating Sequence in this workbook.

OPERATING SEQUENCE . -

1. Place the unit in aervice ag fouows U -—+—' et

a. Openservice /alve, soffwater valve, and hardwater inlet valve.

b, If softwater tank is over 3/4 full, open softwater drain valve enough to prevent
overflow from top of tank.

2. ,Backwash the bed as follows:
a, Close all valves, starting with the hardwater inlet valve.
b. Open both-backwash valves.

c. Open the hardwater inlét valve slowly until the bed expands approximately 50
‘percent.

CAUTION: A too high bo.ckwash te will cause zeolite to'wash off to drain,
Backwash for one- mimte}

d. Stop backwash by closing all valves, starting with the hardwater inlet valve.
3. Place unit in the Chemical In}ect:lon Phase as followa: °

a, Open brine injection valve, drainline valve, and hardwater inlet valve.

b. Open brine outlet valve, When sufficient chemicals have been drawn into the
bed, 1 to2 inches of water, go to step 4,

4. Slow rinse the bed as follows:

a. Stop chemical injection, step 3b above, by closing the brine outlet valve. This
places the unit in slow rinse,

b. Stop slow rinse by cloaingA brine injection valve, Leave other valves as they are.

5. Fast rinse the bed as followw
a. Following step 4b above, open‘service valve. This places the unit in fast rinse.

b. To place the unit in service at the end of fast rinse, open softwater valve and
. close drain lise.

/

POSTOPERATIONAL CHECKS
1. Check valves and }anks for leaks and cracks.
2. Close all valves except the backwash valve to drain.

i
\




Brine Injection Valve

Hardwater Inlet-Valve d

FEURDER

[ |Brine Outlet Valve : | ,
/! Softwater Valve
Q;Service ““““ v
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/ Softwater
| / Drain
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SCHEMATIC OF WATER SOFTENER TRAINER
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ORERATION AND MAINTENANGE OF THE ELECTRODIALYSIS
, DEMINERALIZER :

OBJECTIVES: To familiarize you with the theory of electrodialysis and to
guide you in the operation of the demineralizer trainer and the maintenance
of the permeable membrane stack.

THEORY OF PERMEABLE MEMBRANE DEIONIZATION
NOTE: This exercise should familiarize you with the electrochemical func-

tion of the membranes and with the formation of the dilute, concentrate, neu-
tral and-electrode streams in-a permeable membrane stack.

PROCEDURE

1. Infigure 1, using a pencil, draw a line showing the direction each ion -
will be moved by the charges on the anode and cathode.

2. If the ion passes through the membrane, draw the line across thé mem-  __
~-brane. » ol

3. Where the membrane stops the ion, draw a small circle at the end of

the line. - . !
4. Fillin the blanks at the bottom of figure-1, identifying the streams as
| follows: .
D - Diluté stream
- C - Concentrate stream
N Neutral stream

Cath - Cathode stream
An - Anode stream

e

5. Show the bH change aud the gas formed in the electrode streams,

OPERATION OF THE ELECTRODIALYSIS
| TRAINER .

NOTE: Observe safety as listed in the Safety Checklist attached to the side
of the rectifier. ‘
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PREOPERATION PROCEDURES -

1. Fill the raw water tank,

2. Open the water supply valve.

3. Check the solution in the acid tank.

4. JInspect the trainer for any damage.

5. Position all switches OFF. -

6. Connect the power cord to 11V a,c. outlet. -

OPERATION PROCEDURES

1. Start the unit by following the Starting Procedures attached to the side
of the rectifier.

2. Record the readings from the following gages and meters. Check the log
sheet for correct readings.

a. Pump discharge pressure
b. Pressure after filter
c. ressure after P.R.V.
d. Product flow rate
e. Stage 1 - Volts.
Amperes

f. Stage 2 - Volts ' o . ' -
‘ Amperes
Temperature of feed water
Conducti'nty Feed Cell

- Product Cell -

=0

3. Stop the unit by fdllowing the étopping procedures.
Stack Maintenance

NOTE: The following is a step by step procedure for disassembly and assem-
bly of a membrane stack. Read all the following instructions througn before
attempting any maintenance on a membrane stack.

Precautions

1. Do not bend the membranes or allow them to come in contact with sharp
objects. .

2. Handle plastic end blocks carefully to prevent breaking or loosening the
plastic connectors

3. The edges of the electrodes are SHARP! Handle them carefully —~

N,
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4. Do not begin stack disassembly until you are sure the rectifier is discon-
nected from the main power source. .

Disassembly
'1. Insare that the d.c. rectifier is disconnected at the power source.
2. Remove the stack end plate.

3. Remove the plastic end block. Do not lay the block on the plastic hose
connectors.

4. Remove the top electrode gasket and top electrode.

NOTE: Before actual membrane and spacer removal, the operator should
wash his hands to prevent bacterial contamination of the membranes.

5. The disassembly can be done either in sections or in pairs.,

6. To maintain proper order for reassembly, turn the membranes over when
placing them down during disassembly. -

NOTE: When disassembhng a two stage stack, the procedure hsted above
will be ucad for the second stage also. ;

Assembly Precautions

1. To prevent assembly errors, place a schematm of the stack in a location
where it can be referred to constantly during the assembly.

NOTE: Always grease the edges of the electrode for a good seal. Edges
Only! Never grease the flow path area. .

2. Alternate anion and cation membranes except at the electrodes.
NOTE: The platinized side of thee ANODE faces the center of the stack.
3. Check \manifold alignment carefully.

4, De not introduce foreign material to the stack.

Assembly

1. When replacmg the membranes either by pairs or by sections, the

op2rator must turn the membranes over so they will be in the correct posi-
tion.

458
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2. Carefully line up the membranesﬂax'xd spacers so that the manifold holes ~
form a vertical flow header for the entering streams.

NOTE: When assembling a two stage stack, the above procedures are followed
for the second stage. '

3. Replace the top electrode section and top end blocks in the reverse order
of disassembly.

4, Grease the edges of the electrode with silicone grease,

5. Tighten binding bolts alternately and only enwéh to stop excessive leak~
ingswith the pump on.

RE VIEW QUESTIONS

1. The five streams of flow through a membrane stack are:

a, b.
c. d.
e. y - - » *)‘

2. To prevent bacterial contamination of the membranes, the operator

should e i - . .

3. Why must the membranes be kept wet at all times?

- 2
o

4, What is the electrochemical function of the membranes?

i
H
}
\

H

5. Why should the operator turn tﬁe ‘membranes over while removing or
replacing them?

DXy
bl

6. List the parts of a stack that form a repeating section.

a. ” b. ¢

C. . d.




~ . WB 3ABR56631-1V-3-P1

Y SPECIALIZED WATER TREATMENT

H

" OBJECTIVE
Using related information, state the application of the reverse

osmosis process of water ireatment.

PROCEDURE

With the aid of your study guide and notes, enter the correct

answer in the space provided after each question.

1, What is the purpose of reverse ,osmosis‘?

;e

2, What tyi)e membrane does reverse osmosis use?

A
3. What type process is reverse osmosis? |
'v\‘\zl " - '
4. List six advantages of reverse osmosis.
5. List four-disadvantages of reverse osmosis, >
6. What is the pressure range of reverse osmosis?
N L
. 9
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DISTILLATION TERMS
*OBJECTIVE

WB 3ABR56631-IV-4-P1

This exercise is designed to aid you in learning the terms used with
the Vaper Compression Distillation Unit.

PROCEDIJRE

1.

In the left column a through k are terms used in vapor coxhpression
distillation. Match term with proper description in right coiumn.

a.
b.

C.

Heat

Compressor
Latent heat
Evaporator
(ondenser

B.t.u. |
Temperature
Distillate

Heat exchdnger
Immersion heater

Temperature of
compr essed steam

I

1.

Mechanical device for com-
pressing a gas-or vapor.

A measure of heat or

energy. -

Used%to transfer heat from
a substance at higher tem-
perature to a substance at
lower temperature without
physical contact between
the two substances. -

'Heat which is not evidenced

as a change in temperatuxe.

Degree of hotness or cold-
ness.

Product Pof distillation.

Device for changing water
to steam.,

Energy which causes a body
to rise in temperature.

Device for’rehoving latent
heat from vapor. '

~

—~ v




- . .10, 222°F. ' T
. - S 11. To supply heat for startirig o
. o as well as supply make-up
heat. I L.
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OPERATING THE MECO WATER DISTILEATION. UNIT

- —24-  QOBJECTIVE: To t'eaéhjyou the operating procedures for the

e
= G2

g X
RS

Pre-Start-Procedure -

distillation unit.. -

- v
!

' OPERATING INSTRUCTIONS

\1. Check all lubrication points. -

Close evaporator and immersion heater drain valves.

3\ Fill immersion heater tank with fresh water through fill hole
in top of tank. Fill until water shows midway between gauge

/

- | cocks on tank level gauge.

Starting Procedure
1. Manual Start - s

-3

d. Position selector switch to "hand".

. i
b:\ Depress start button. This enq‘rgizes;the control circuit, -
| starting the compressor motor, ‘distillate pump, blowdown
| pump and energizes:the immersion heaters. !

c. Position salinity control switchl to "on"',

d. rlhen the unit first staxts, the compressor draws air fron
the steam chest and evaporator tubes. This air is compressed
around the tubes which can create an excessive pressure ‘
differential and collapse the tubes. To prevent this possibility,
the vapor bypass valve opens when the pressure on the.suction

[
N

side of the compressor drops'below 0 psi. When the unit pro- - =

“duces enough steam to bring the suction pressure sbove-0-psi,

the valve closes.  ° ;
. } ~ * A

|

. g3




" “heater tank will increase; this causes the float valve to open,
permitting distillate to flow from the unit. The flow switch is .
actuated at a flow rate of 7to 8 g.p.h. energizing the blowdowir /
solenoid valve, permitting the flow of blowdown from the unit, .
The flow switch is adjusted to actuat® /af a flow of 8g.p.h and
1.5p.s.1.g. ditferential across the ?r/iﬁce. |

, . | )
€. When the unit begins distilling, the liquid level in the immersion ‘ /
!

f. The blowdown valve (c;i{ thex.Qlowd/oﬁ/n meter) should be adjusted
to give a flow rate of 8 to 11 g.p.h. '

switch controlling the immersir a heaters will then regulate the -
heat impact to maintain approximately 1.0 p.s.i.g suction

g. When the’suction pressure reaches 1.0 p.s.i.g; the pressure ‘ 7/

pressure. |

2. Automatic Start
a. Position selector switch to "Auto". i
b Position salinity control switch to "On',

} c. The float switch in the distilled water storage tank will start
and stop the unit as re\quired. The unit will operate automatically K
with no further adjustment necessary, providing the manual
| blowdown valve has been set to a predetermined flow xéate'{ of 8 ..
\ to 11 g.p.h. ’ -

|
! e * ' {
Unit Operation - T ‘ .
| o _ o

. After the starting procedure has been followed through, thei system is
maintained in balance-by the pressure switch controlling heaters. [ Any
adjustment to this switch should be made slowly and.proper timé allowed
between adjustment for the unit to stabilize itself. The heater pressure

s

switchshould open at about 1.1 p.s.i.g, and-cloge at about 0.9 p:s.i.g. =~

.- Adjust only if necessary. ‘ _ B
. Check the blowdown meter frequently and maintain flow ratei‘of 8to .
11g.p.h. For minimumi scaling rate, blowdown should be at least 8

1

g.p.h. Very little-added cycle length will result from more blowdown,
but in summer blowdown rate may be increased to 12 g.p.h. With cold
feed'water in winter, it may be necessary to reduce ‘blowdown rate to

* ~ reduce heat losses, but never operate with less than 5 g.p.h. blowdown
~ since concentration in the evaporator becomes excessive and scaling

rate will increase.
~— ‘ ‘ 13
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" The raw ;water level in the evaporator is maintained af a constant
level by mea.ns of the feed ﬂoat valve. A gauge glass attached to the feed
float valve provxdes a means for ascertaining the liquid level in the evapo-
r%tcr. The normal water level in the evaporator when operating is about
15" above the top of the skid. ‘This level should be checked per10d1ca11y

The level of water in the immersion heater tank should be checked
periodically. The proper water level in the immersion heater tank when
operatmg is/3'" above the nut on the lower gauge cock.

The unit is equipped with a thermostatic vent valve which antoma.t-
ically ehmmates noncondensable gases ‘(air, COg, etc) from the steam

_ chest and prevents excess pressure buildup. Excess venting wastes steam.
On the other hand, too little venting raises the discharge pressure.
- In e1ther case the electrical load is increased

Desuperheatmg water is injécted into the steam line at the compressor
discharge through a small capillary tubing. This eliminates any super
‘heat.d steam and provides the- delivery..of saturated steam to_the steam
chest.

Every day of Operation the large drain valve in the bottom head of
the evaporator should be fully opened for a few seconds. This removes

- Sediment. and precipitated scale from the evaporator

-

Lubricate and maintain the unit in a.ccordance with instructions con-
tained in this manual. . : D

Clean the blowdown meter as.often as necessary to maintain accurate
readmgs. Only a small amount of dirt, marine life, etc. , can cause
erroneous readings, *vhich may be e1ther too high or too low. The man-
, ual blowdown valve may require a slight adjustment from time to time
“ as a result of dirt or small _particles of scale lodgmg between.the needle |

" valve and seat.

The:immersion heater tank is equipped with a low water level switch,
which will automatically shut the entire unit down in the event a low water
condition is experienced in the tank. This safety device is tied into the
holding: coil circuit and will completely déenergize the electric system
when actuated. The unit is also equipped with an indicating salinity con-
trol which is used in conjunction with an alarm, providing a means to
determine an excessive salt content in the chst;lled water-,

~
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When the discharge pressure has gradually increased to 6.0 p.s.i.g.,
the unit myst be stopped and scale removed. For details refer to section
on removing scale. Should the discharge pressure rise rapidly and not.
due to normal operating cycle conditmns, look for other source of trouble.
It is recommended that cleaning be done when discharge pressure reaches |

5.2#, in order that the motor will not be overloaded when acid cleaning !
When the unit is clean, the diséharge pressure should be about 3.6 p.s.i.g.
|

Stopping Procedure l
1. Manual Stop. ]

a. Depress "Off" b&tton (red button). Unit will stoi) automatically.
b, Close feed shutoff valve in feed supply line.

‘¢. _Drain sea water from evaporator 1£ unit is to remain idie for
longer than two days.

2. Automatic Stop

a, Float switch in the distilled water storage tank normally stops
the unit when the tank is full.

b. I necessary the umt can be stopped by positioning the control
switch to "Off".

CAUTION: ' Drain all water from umi if it is apt to be
exposed to ‘freezing weather conditions,

» K c¢. To drain:
(1) Ewvaporator: Open-drain valve;
(2) Immersion Heatér Tank: Open drain valve.
(3) Cooler: -Loosen hose connections at inlet and outlet,
(4) D‘i-s’ti]late and Blowdown Pump: Remove drain plug.

(5) Piping: Break any connection in lines where water is
apt to be trapped.

|
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FLOW PATTERN FOR VAPOR COMERESSION

| DISTILLATION UNITS |  —-
|

{
\
i
\

J
|

To/ develop your understanding of the ﬂow routes 'through whic.h
water passes through the Model PEE-10K, Vapor Compression Distilla-

‘tica Unit.

J

ll

\
INSTRUCTIONS |

figur

\
\

l

|

Figure 1 shiows a simple piping diagram ofa distllla&ion unit; using

e 2 as a guide, nne over the connec

piping between the various

components to code each of the systems listed below in separate colors.

' Feed Water

\
1

Product Steam
/
Steam and Distillate

{
Blowdown

Distillate (Product)
Starting Heat o

16

l

/ \
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o AN

) FIELD WATER PURIFICATION UNIT
OBIJECTIVE \

The objective of thxs workbook is to aid you in gaining a better undershnding of the
p?rpose and application of the field water purification unit,

PROCEDURES ‘ ) o ""‘\‘”' T
With the aid of TO 40W4=-9-1, yonrstudy gnide and notea, enter the correct amnswer

___ In the space- provided after a:ter each question. N .

QUESTIONS ) ‘

1. ‘What is the purpose of the field-type water treatment process? . . . ‘ ‘

g
*

#

2. List the sourges of water which the 600 GPH field water purification unit can vse,

. . -
.
-
- O
. T
N

. 3. What is the inrpoae of the flltering process? ;

Y

4, State tho operational principles of the 600 GPH field water purification unit.

5. How does the aspirator nozzles aid in the treatment of water?

.

. 8. How'is the slurry separated from the clear water in the upper cylindrical section of
the erdiator tank? .

.
v

19
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D)
N
7. -List the five chemigals used with the 300 GPH unit and state their purpose. |
) |
¢
.= - ~'B. Where are the waste lines placed during initial set up of the unit and why are they
’ ) placed there ? : ‘
S T w
9.— ‘What is the purpose of contiiaously feeding diatomaceous earth slurry during the
. ] filter run? :
13 . .,
10, List the materials that are NOT to be used to clean the equipment surfaces which
com: in contact with wter being treated.
o
/\ »
¢
o ey ‘ i
\. . I Ay
. ;\\ ”
\\\
. - .
\ L
; ) 473
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PREFACE

This manual has been written for use in the'566X1, Environmental Support

Courses. Its purpose is to bring together in one booklet the step-by-step
procedures for regenerating the ion exchangers used:in this course,

These procedures have " selected and modified to best fit onr classroom

conditions, We recommend, that in the event you.hun.to'rqeneute other ion

exchange units, you follow the msoufacturer's directions or the directions

prescribed by that facility. .
'« TABLE OF CONTENTS

UNIT PAGENO
Safety Rules . . 1
liegen&ation ofrﬁt;o_c—hloride Dealkalizer Unit 2
Regeneration of the Sodium Zeolite Unit 4
Regeneration of the Hydrc;‘on Zeolite Unit 6
Reémeration 6i the Dual Bed Demineraliser 8

1 .«

'Regeneration of the Mixed Bed Demineralizer - -

»

This-supersedes ALL 583X0 COURSES, SERVICING OF _ION'E%CHANGERS,
August 1970, (Coples of superseded publication may be used until the supply is
exhsusted.) - ) .




' SAFETY RULES : : ; !
* The following safety rules should bé observed when using acids and alkalies. ’,

1. You must always pour’acid into water, never the reverse,’ when diluting,

2. Always-use eye goggles or face shields when pouring acids.

3, Avoid breathing the -vapors from acids, @ 7 .
4, Lye water (sodium hidroxide) makes your skin feel slick; avoid/splashing
it on you, ’ ’ ) .
a . : . -
5. If you get acid or lye water on your hands, wash them gently using lots of
water, as either can cause severe burns. )
6. If you get a large splash of chemicals on your body, strip off fast and take

a shower, There are showers in both chemistry-lab rooms,

~
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‘REGENERATION OF THE CHLORIDE DEALKALIZER UNIT

¢ Preparing the Regeherané - : > ’ ’ ,

1. /P’repare chemicals for regeneration by weighing out 6 pounds of salt and 0, 6 pounds -
/of NaOH for each seven inches that the regéneraht solution is below the top brine .
level mark in the tank, i - . \ ’ .
/ - H [ b . s

/2. Addthe chemicals to the brine ‘which is a.lx!ea.dy in the tank, ‘l

/ 3, Close valve No. 1.
4. Solo valve is to be in RUN, position No. 3.

5, Open valve No. 4 and -valve No. 1 to fill tank to.the brine level mark in the tank.
Stir the chemicals as the water is'being added. . B

e =7

6. ‘El’o/"e valve NO. 4 when unk i\' f‘-ued to the top brine level m‘rk.‘_’-“/ - )

a, Close vaI}e/ o. 1 to remove unit from service.

b. Open drain valve No, 3 to release inte rmal preuure‘. ' -
NOTE: This release of/‘p‘reuure is to prevent splattering of water onto the floor. .

cs | Place solo-vdlve-in WASH. position No. J. ;

d. Control influent (valve No. 1)at 1. 6 GPM for 10 minutes or until backwash N
water is clear and free of suspended mateFial, - - i /

e. Close valve No. 1.
2., Regenerant Injection (Step Ho. 2)

a, Place solo valve in REGENERATION, position No. 2. This valve will limit
flow to 0. 75 GPM. .

" b. Open influent valve No. ] for 18 minutes. - ) “ ) P <

c. Open valve No, 4 in brine tank line to permit adding brine. y

. d. Plug cock valve No. 5 is a.l/rea.dy set to 0.25 GPM. - . . .
e, Close‘ valve No. 4 in regenerant line after 7 inches of regenerant ha’s been
removed. This should take about 18.minutes. - , “

¢ v




a.

b'

a.
b.
Ce

d.

€.

-

3. Regenerant Slow Rinse (Step No. 3)

NOTE: Closing of valve No.

. 43— Final Rinse (Step No. 4)

b.’ Check valve No. 2 on service line for OPEN position.

C. .

i N 7 * P PP —
. ! 7 -
7

.

4 above sta.rted the unit on slow rinse at rat7
0.75 GPM. /

vy ;

Leave solo valve in position No. 2. SN
Close valve No; 1 after 30 minutes of slow rinsc.
Set-solo valve in RUN, tposition No. 3.

Open valve No. 3.

Adjust valve No. 1 to 1.6 GPM'

Open valve No. 4 for 10 seconds to flush salt from brine: tank pipe.

N

\ \

Close-valve No. 3 when water has no-salty taste. Ce

5. Service or Rin Cycle (Step No. 5).

Solo valve remains in position No. 3. '

Control the ma.xxmum flow at 1. 6 GPM by opeaing valve No. 3 a:l‘;d adjusting

flow with valve No. I. . ‘

NOTE: This i‘low rate was set correctly during final rinse and will likely need
no further adjustment at this time.

t 4

This unit neddl to be regenerated w_bcn-chomical tests indicate that the replace-
able anions (C'O3, HCO3) in the raw “water are no longer exchanged for chloride

ions.

o L - -

0
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REGENERATION OF -THfI SODIUM ZEOLITE UNIT
. Prg;a‘aring Regenerate Solution - cC

/ NOTE: This step can be omitted if the brine tank contains four or more inches of
brine solution. Furthermore, there should be undissolved salt in the

. bottom of the tank.

’

1. - For cach four inches the brine level is below ita uppe e level in the tank, add 15 poumli::
of salt to.the brine tank, For example, if the brine is cight inches low, add 30 pounds
ol salt. ’ ‘

Ll

2. Place solo valve in service position No, 3. Valve Mo, 1 should be open.
3,- Open valve No. 4 and add mater up to the "upper brine level, " then close.
Res-ener;ting Sodium Zeolite Unit

1. ' Backwash {Step No, 1)

a, Close valves No, 1 and No, 2.

T

b, Open valve No. 3 momentarily to release pressure in tank and then close,

c. P%acﬁ solo valve on BACKWASH, position.No. 1. - ~

3

d; C%u:;%rol influent bby valve.No. 1at 4‘ GPM for 10 mix:u,tes, then close.
‘2, Regéni%étion (Step No. 2) ‘ L=
- a. Adjust solo valve for regeneration and slow rinse in position No, 2.
b, Open yalve No. 1. Flow rate is co:xtroued by the solo valve. :

Qpen valve No. 4 to permit addition of sait brine to water gainé’ through the

c.
resin column, Total brine drawdown is four inches and usualttime is about,
16 minutes. .
. ‘ -6

6. Close valve No., 4 when regeneration is completed, .

-

3., Slow Rinse (Step No, 3)

- N

Sixteen minutes after valve No. 4 is closed, begin the slow rinse, Continue

slow rinée foF¥ 30 minutes. —

e

’ b‘. Close vilv.e No. l.after the 30 minutes.”

®




4. Final Rinse (Step No. 4) . . o ;/
Ex-] 4
a. -Place solo valve on service position No, 3. )

b. Fully open valve No. 3,

) -

c. O;)cn valve No, | to give a flow of 2 GPM, * .

de Rinse until salt cannot be tagted in effluent and then close valve No, 3, a
5. Service Run {Step l\'lo: 5) . -

a. Open valve No. 2 on service line.,

b: . To adjust to the desired maximum flow:

{1} Open valve No. 3. .
} (2) Using valve No. 1, adjus? the desired m;.ximmn flow of 6 GPM, -

_ {3) Then close valve No. 3. This places the ion exchanger back in service.

kl

»
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REGENERATION OF THE HYDROGEN ZEOLITE UNIT

CAUTION: Valve No. 3 3 should be used to release all internal pressure before

moving solo valve off posﬁxon No. 3.

NOTE: Step No. 2 below is to'be omitted in making a "practxce run" unless

. Backwash (Step No. 1)
A )

2.

b.

Ce.

d.

2. Preparing Regenerant Solution (Step No. 2)

2.

b.

Ce

d.

f.

directad otherwise by the instructor.
Close valve No. ! and No. 2 to remove unit from service.

Open valve No. 3 momentarily to release internal pressure to prevent spilling
of water on floor.

Place solo valve on WASH, position No. 1.

Open valve No. 1 to control influent at two gallons per minute (GPM), Let
backwash contmue for five mmutes or until effluent is clear.

Close valve No. 1.

Place solo valve on RUN,Mpo-ition-No. 3.

Open valve No. 4 to permit water to flow into tank.

Control flow with valve No. 1 up to two gallom per minute.,

Add water to within a.pproximately 20 inches from top of tank.

Add 7 1/2 pounds of concentrated ;uHuric (1/2 gallon) acid to tank.

Add water until solution is 7.5 inches from top of tank using valve No. 1.

3, Regeneration (Step No. 3)

2.

b.

Ce

¢ d.

Place solo valve on REGENERATION, position No. 2.
Open valve No. 1 at 1/2 gallon per minute.

Open valve No. 4 (ouly for about 5 or 10 seconds for practice during a
"practice run"). )

Close valve No. 4 when solution .il two inches from bottom of tank.

.
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4. Slow Rinse (Step No. 4) ’ - . : {‘5&
a. .C‘.oning of valve No. 4 in step Nou, 3 above started unmit on slow rinsé; Solo
valve remains on position No. 2.

b. Valve No. 1 remains open for 45 minutes (only momentarily for a "practice o
run, ')

«. Close valve No. U after the 45 minutes. ‘
5, Finzl Rinse (Step No. 5)
a, Set solo valve on RUN, position No. 3.
b. Open valve No. 3.
c. Adj‘ust flow at two gallons per minute, ulin; valve No. i.
~ d, Open valve No. 4 for 10 seconds .during-rinse to flush lines. of acid.
e, - Elose valve No. 3 when anﬁlysis indicates a complete rinse.

‘6, Service Run (Step No. 6)

a, Open valve No. 2 on service line.

b. Control the flow at desired rate up to two gallons per minute by valve No. i
and No. 3. ’ .

NOTE: This flow was sét correctly during the final rinse and will likely need no_
-further adjustment at this time.

NOTE: If the unit has not been operated overnight or longer, a short backwash is \
recornmended before putting it back in service. :




REGENERA TION OF DUAL BED DEMINERALIZER ’ ’ '

NOTE: All operations except final rinse and service are conducted separately on > ~
each column, - g - L)

- .

1. Backwash of Cation Unit

?

a, Remove unit from service by closing influent valve No. 9.
b. Place No. 1 ;clo valve in WASH, position No2 1.

c. Solo valve No. 2 should r;:puin at RUN, pon‘ition No. 3.

d. :Open valve No: 9 (influent) and backwash for five minutes at 2 gpm or until
effluent is cleazr. Start this backwash cycle slowly and increase gradually to -
the prescribed rate. The fast cycle will require placing sampling jar under
drain to catch the ion exchange material being discharged.

o

2. Backwash of Anion Unit
a, Close influent valve No. 9.
b. Place No. 1 selo valve in RUN, position No. 3. 2

-c. Place No. 2 solo valve in WASH, position No. 1. »

d. Open valve No. 9 (influent) and backwash for 10 minutes 2t 1 gpm or until
effluent is clear. T,

-

e. Close valve No. 9.

e

3, Preparation of Cation Regenerate

a. Place No. 1 and No. 2 sold’valves in slot {(No. 3) as part of preparation for
adding acid to acid tank.

b. Open valve No. 9 (influent) and open valve No. 5 to add water to acid tark
until water level is about 20 inches from “op of acid tank.

¢. Add required amount of HpS04 slowly. This amount is.approximately 1 gillon
acid with specific gravity of 1.29, or 1/2 gallon acid with specific gravity
N equal to 1,86,

d. Open valve No. 5 to add water to tank until level is two inches {rom top of
. <tank. Then close valves No. 5 and Ne. 9. -




L o
. e, T - b

.0 4, Regener;tion of Cation Bed ’ - . |

a. Place No. 1 solo valve in slot No. 2. .

h. Place No. 2 sclo valve lever in slot No. 3.
<

c. Open valve No. 9 (influent) until flow is 0. 75 gpm. Solo valve No. 1 is made

to limit flow to 0,75 gpm at common water pressures. ’

o-draw it into cation unit. Allow liquid level to drop ¢
f tank. Suction time is approximately 42 minutes. ?

-]

d. Open valve'No. 5 (acid) t
to two inches from bottom o

-

e. Close valve No, 5 after acid is withdrawn as instructed above:

- - o —
5, Cation Slow Rinse . .
a. When valve No. '5 was closed above, you placed cation bed in slow rinse. Flow ,
will generally be controlled at 0.75 gpm by No. 2 solo valve. T
b. Allow the cation unit to rinse for 30 minates. Then close valve No. 9.
6. Preparation of Anion Regenerant
a. In order to prepare regenerant for anion bed, place solo valve No. 1 and Qplo,
valve No. 2 in slot No. 3. . )
. E : ) "4
b. Open influent valve No. 9 and tank valve No. 6 in order to fill tank to within )
18 inches fr m top of tank. Then close valve No. 6. )
- - ’—n/—\
_c. Add 6 pounds of flake NaOH to caustic tank stirring as you add the flakes.
., d. Fill tank with water until level of water is 10 1/2 inches from top of tank by
** opening valve No. 6. ) .
e. Close valve Nc. 9 and leave valve No. 6 c;pen. .
7. Regeneration of Anion Bed . "
a. Place solo valve No. 1 in slot No. 3.
a b. Place solo valve No. 2 at regeneration slot No. 2.

c. Adjust valve No. 7 until water flow is 0.75 gpm. This action allows caustic
soda to be sucked upthrough valve No. 6. -7

o

) d, Close caustic valve No. 6 when solution level is approximately two inches
! from-bottom of tank. Time required is about 17 minutes.




8. Anion Slow Rinse S— -

i . NOTE:~The closing of valve No. 6 abdve placed the-anion bed in slow rinse, and
the flow rate is automalically controlied by the solu yalve,
a. Rinse for 20 minutes. .

3
b. Then close valve No. 9,’

9, F i:nal Rinse - Both Columns | ] -

‘ ) a. Place solo valve No. 1 in slot No. 3. .-

5. Place solo valve No. 2 in slot No. 3.
- ¢

Open valve-No, 12 wide open which will permit effluent to flow into gutter,

d. Set pointer of conductivity meter to 50,000 ohms, and adjust the temperature
cheostat to temperature of the effluent. Turn meter switch ON.

“

e. Adjust valve No, 9 to flow of 2 gpm apd allow units to rinse until green light on
conductivity metgr burns continuously.

.f, Open valves No. 5 and No. 6 for about 10 seconds during rinse to flush chemi-
cals out of linez. This will reduce corrosion.

g. Close valve No. 12 when green light comes on.__

. 10. Back to Service - Both Columns in Operation

NOTE: When you closed valve No. 12 above, you placed the demineralizer back to
service provided that-valve No. 13 is open. .

pValve No. 9 remains at present setting of 2 gptn so that this will be the maximum
N\, flow. For startup after shutdown overnight, a short backwash is recommended
before putting unit into operation.

“
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Aruitoxt provided by Eic:
«

comes out of the drain pipe.
- k-

« ‘ | A4S

REGENERATION OF ‘I'{IE MIXED BED DEMINERALIZER

Preoperational Procedures
1. Plagce all red handle valves in horizontal position. - -

¢, Open main ion exchangé’ water supply valve. . »

3. Close the decarbonator and automatic pH trainer influent valve.

4. We are going to use the water that comes from either the sodium or hydrogen cation
exchanger so place the solo valve of either in service position and open the influent
valve. Adjust flow between 3 and 4 gallons per minute. .

5. Use the drain valve behind the automatic pH trainer to flush the lines free of iron
rust. Open the valve until you have flushed about 5 gallons a1 water.

o
6. Open valves E, B, and H, l;rieﬂy, flow about 2 gallons of water then close these 1
valves., ’
Normal Operation s
1. Open valves E, A, and H. )
2. Check water pressure on the gage. It should read between 20 and 30 psi. * -
3. Check water purit;y by pressing the ohmmeter button. Any reading above 1 million
is good. . i
To Shutdown Operation . {
.
1. Close valves H, A, and é <

. T
2. Close the main ion exchange water supply valve.

o

3. Shutdown the-cation unit you are using and relieve the pressure in the unit.

Regeneration

I. Backwash and separate . .

-

2
All valves closed, (B), -(V)-valves-full-open. Open (H) valve until-a trickle of water

After five minutes of this slow flow rate observe the resin. If there is a slow movement

of the resins in an upward surge, the flow rate is fast enough. However; if there is no
apparent movement in the resin bed, increase the flow rate by «djusting valve (H). It is

very important that-the flow rate is-not excessive-as it will drive the resin bed com- o
pletely to the top of the column, thereby causing a plug that will not separate. If this

occurs, the resin bed will have to be driven down. This is easily accomplished by

closing all valves and opening valves (A), (H), and (E). When slug of resins is driven

down, proceed with backwash and separate cycle for 15 minutes.
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Regeneration of the Cation and Anion Resin :
Preparing the regeneration sSlutions - fill-a 3-gallon rubber bucket with 2 gallon . )
¢ softened or demineralized water gnd stir in 5 pounds of caustic flakes stirring - ™
ntil thoroughly dissolved, One ga;:n of 30 percent muriatic acid is used full .
strength for the cation regenerant. )

i

Drawing Up Anion Regenerant

° g
All valves closed, open valves in this order (C) and (C'). Slowly open valve (H}
until the pressure gage shows 15-20-pounds. Open valve (K) full, This regenerant
¢ycle should take at least 20 minutes so as to allow contact time with the anion
resin. Adjust valve (H) accordingly, Close all valves. .

Rinsing . —

All valves closed. Open valves in this order (H), (A), and (K). Continue in this
cycle for 20 minutes or until the pH of the drain effluent is approximately 8-9.
Close all valves. ’

» .~
Regenerating Cation Resin

Ko

All valves closed, Place acid draw-up tube in muriatic acid. Open valves in-this
order: (D%), (D), (K), and (H), Adjust (H) valve so that acid draw-up takes 10-15
minutes. When acid is drawn up, close (D') and (D) valves. Open (B) valve, read-
just (H) valve to slightly increase the flow rate. Rinse cation resin in this position
for 10 minutes. Close all valves. - 2

Air Mixing of the Resing
(1) To drain water level to approximately 4' above resin bed.

All valves clogded. Open vaives (V) and (E). When water level is reached, close ’ IS
(V) and (E). _ -

. “

(2) Open valves (B}, (V), and open valve {J) slowly until agitation of the resin bed
starts. A mild agitation is all that is necsssary, Observe resin for complete raix.
This cycle will take approximately 4 mintues. Close all valves.

1IOTE: If resin bad appears too dry and not mixing, properly add water by opening
valve (H). - ¥

N

B S - - -

Final Rinsing, .

Fill the tank by backwashing rapidly, open valves (V), (B), and (H), to drive the
bed down. Close (V), (B) and (H), Open valves in this order. (A) (H), and (E).
Turn on conductivity meter. When minimum conductivity is reached,. turn on (F)
and close (E). Unit is'now in servi‘cg. *

- o~
" .

Flow- control can be adjusted by valve (H) up to 120 gph or wide open.

NOTE: If unit shows preliminary exhaustion, go through the ai> mixing cycle. This
usually adds about 20 percent more to the .run cycle.
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